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Subliminal audio-visual temporal congruency in music videos enhances 
perceptual pleasure 
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A B S T R A C T   

Human perception is inherently multisensory, with cross-modal integration playing a critical role in generating a 
coherent perceptual experience. To understand the causes of pleasurable experiences, we must understand 
whether and how the relationship between separate sensory modalities influences our experience of pleasure. We 
investigated the effect of congruency between vision and audition in the form of temporal alignment between the 
cuts in a video and the beats in an accompanying soundtrack. Despite the subliminal nature of this manipulation, 
a higher perceptual pleasure was found for temporal congruency compared with incongruency. These results 
suggest that the temporal aspect of the interaction between the visual and auditory modalities plays a critical role 
in shaping our perceptual pleasure, even when such interaction is not accessible to conscious awareness.   

1. Introduction 

The positive affective response elicited by sensory stimuli is referred 
to as perceptual pleasure. Biederman and Vessel [1] associate perceptual 
pleasure from visual pathways to modulation of mu-opioid receptors 
located in gradients with increasing density from early to later visual 
processing stages. Utilizing naloxone antagonism, another experiment 
by Goldstein [2] also demonstrated an association between thrills in 
music perception and modulation of opioid receptors, potentially within 
the auditory pathways. Such findings are consistent with opioid re-
ceptor’s involvement in reward processing, liking, behavior reinforce-
ment, motivation, and pain regulation [3–7]. The field of 
neuroaesthetics has been speedily growing in the past decades, with 
accumulating findings on the sensory attributes and neural correlates of 
aesthetic judgments on a wide range of stimuli, visual and auditory 
primarily [8–14]. However, perceptual pleasure naturally depends on 
perceptual processing, and perception is a function of not only inputs 
from individual sensory modalities but also the interactions among 
them. Despite the fact that perception, in daily life, involves concurrent 
processing of inputs from multiple modalities, previous research on 
perceptual pleasure has been largely restricted to one sensory modality 
alone, resulting in a major limitation in this field of study. Therefore, 

how cross-modal interactions contribute to perceptual pleasure and 
principles governing such effects have yet to be investigated. 

As vision and hearing are essential for one’s ability to interact with 
the environment, the integration between the two senses has been 
extensively scrutinized in recent years. However, the effects of the 
integration on perceptual pleasure have remained largely unknown. A 
few studies have utilized audio-visual materials, such as music videos, to 
investigate emotional responses [15,16]. It has been proposed that 
observation of music performances, which activates both auditory and 
visual channels, enhances emotional responses owing to multiple 
converging sensory cues [17,18]. Along this line of research, Pan et al. 
[19] demonstrated that, compared to audio-only presentation, audio- 
visual presentation of music in which the two modalities are 
congruent in valence enhances one’s emotional responses, with the 
integration effects larger for positive than for negative music. One study 
pairing affective pictures with musical stimuli found more accurate 
qualities of emotional responses, assessed by both psychometrical rat-
ings and physiological measurements, in the audio-visual combined 
condition, compared with audio or visual only conditions [20]. Another 
study pairing dance movements with instrumental music also revealed 
shifts in affective responses to the movements through both subjective 
ratings and physiological measures [21]. The above findings on cross- 
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modal affective bias support the bidirectional relationship between the 
affect detection structures in the visual and auditory modalities [21,22]. 

In this study, instead of focusing on the audio-visual congruency in 
valence, we aimed to examine the effect of temporal congruency in 
cross-modal features on reported perceptual pleasure. In film studies, it 
has been suggested that audio-visual synchronization provides mean-
ings and emphasis and points of synchronization have emotional values 
[23]. The influence of congruency in onset, duration, and temporal 
frequency of auditory and visual stimuli on multisensory integration has 
been studied extensively [24–27]. The temporal discrepancy between 
audio and visual in videos of talking heads has been reported to lead to 
experience of displeasure [28]. Therefore, it is reasonable to propose 
that temporal congruency in audio-visual stimuli enhances one’s capa-
bility for cross-model integration, which may lead to a higher perceptual 
pleasure. 

Here we examine a more subtle temporal feature, the alignment of 
the timing of cuts in a video with the timing of the beats in the 
accompanying music. Because both audio and visual streams are 
ongoing, the onset and duration of the auditory and visual stimuli are 
congruent, and yet depending on the rhythm and tempo of the music and 
the exact position of cuts in the video, the points of emphasis in the two 
streams may be aligned or misaligned. Because this is a subtle feature, it 
may not be available to the observer consciously, and in fact, our data 
revealed that almost none of the observers reported noticing the dif-
ferences between the aligned and misaligned conditions. 

Considering that this perceptual variable is largely subliminal, we 
asked whether it would influence the experience of pleasure. A change 
in the experience of pleasure despite the subliminal manipulation would 
demonstrate that cross-modal interactions play an important role in the 
experience of pleasure at an early sensory stage when the cross-modal 
relationship is not even consciously accessible. 

2. Experiment 1 

2.1. Materials and methods 

2.1.1. Participants 
A total of 143 subjects participated in this experiment. Participants 

were undergraduate students enrolled in psychology courses at the 
University of California, Los Angeles. They were compensated with 
course credits in exchange for participation. All participants provided 
written, informed consent, and this study was approved by the Institu-
tional Review Board at the University of California, Los Angeles. 

2.1.2. Stimuli 
Six video clips were used in this experiment. All six video clips were 

30–40 s long and were cut from the same original video, which consisted 
of time-lapses of Los Angeles at night. The original video was called 
PANO | LA – 10 K [29] and was selected due to its relatively homoge-
neous visual content and purely instrumental soundtrack. The sound-
track had clear rhythmic patterns with the first beat within each 
measure being the accented beat. 

Each video-soundtrack pair was presented in one of two conditions: 
“congruent” or “incongruent”. In the congruent version (which was 
mostly the same as the original video), the cuts in the video between 
scenes were aligned with the accented first beat of a measure in the 
soundtrack. In this manner, there was temporal congruency between the 
video cuts and the auditory accents of the stimulus. In the incongruent 
condition, the cuts in the video were displaced such that they fell a little 
less than halfway between the first beats of two consecutive measures in 
the soundtrack. This was accomplished by shifting the placement of the 
soundtrack relative to the video. In this manner, there was temporal 
incongruency between video cuts and auditory accents (See Fig. 1). The 
video cuts in the stimuli simply corresponded to the transitioning from a 
time-lapse of one location to a time-lapse of another location in LA. The 
cuts occurred as designed in the video, and thus did not occur every 

measure. Rather, each clip might contain around half a dozen cuts but 
many more measures of music. 

The reason for placing the visual cuts a little less than halfway be-
tween the auditory accents in the incongruent condition was to avoid 
participants perceiving an implied congruency between the auditory 
and visual accents. Music is theoretically infinitely sub-dividable into 
smaller and smaller equally spaced beats, but a common theme in 
Western music theory is the division into groups of four beats per 
measure. Within these groups of four, the first and third beats are always 
implicitly accented, with slightly more emphasis on the first over the 
third. As such, if the incongruent condition consisted of visual cuts 
placed halfway between auditory accents, landing on the third beat of a 
measure, there is a possibility that participants would still perceive 
temporal congruency between the two modalities. 

The visual stimuli were presented on a CRT monitor, and the audi-
tory stimuli were presented from two speakers positioned symmetrically 
adjacent to the two sides of the monitor. The videos filled the screen of 
the monitor. 

2.2. Design 

Participants were presented with the 6 video-soundtrack clips across 
the 6 trials. All participants were presented with the same video (and 
soundtrack) clips, however, the order of the clips and the version 
(congruent vs. incongruent) varied across participants. For each 
participant, the order of the video clips was randomized, and the version 
of the clips was selected pseudo-randomly, with the constraint that an 
equal number of congruent and incongruent clips were presented (See 
Fig. 2). 

2.3. Procedure 

Participants sat 35–40 cm away from the screen where the visual 
stimuli were presented. Participants were instructed to rate how 
pleasant they found the videos to be on a continuous rating scale. The 
scale itself was marked, at the left end, the center, and the right end 
respectively, “Very Unpleasant”, “Neutral”, and “Very Pleasant,” cor-
responding to values of − 100, 0, and 100. After participants completed 
the experiment, they were asked if they had noticed anything unusual 
about the videos they had seen. They were also asked about the factors 
behind their ratings - for example, some participants cited lighting as 
influencing their rating choices. 

2.4. Results 

Because the two versions of each video were not both presented to 
each subject, to account for variabilities in the usage of the rating scale 

Fig 1. Schematic representation of congruent (top) and incongruent 
(bottom) conditions. In the soundtrack the first beat of each measure is 
accented (as is generally the case in most music genres). 
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across participants, the scores of each participant were normalized and 
data analysis was performed using Z-scores. Analysis was also conducted 
taking into account which video clip was being rated, given that indi-
vidual differences between the video clips may have also influenced 
pleasure ratings. A mixed two-way ANOVA with a within-subject factor 
of condition (with 2 levels: congruent and incongruent) and between- 
group factor of video ID (with 6 levels corresponding to the 6 video 
clips) was conducted on subject perceptual pleasure z scores and showed 
a significant main effect of video (F = 32.6, p <.001), and a significant 
effect of condition (F = 5.32, p <.05). A paired-samples t-test confirmed 
this Condition effect (t = 2.07, p <.05, Cohen’s d = 0.33). Fig. 3 shows 
the violin and box plots for the congruent (M = 0.075, SEM = 0.036) and 
incongruent (M = -0.071, SEM = 0.035) conditions. 

With one exception, none of the participants reported noticing a 
difference between videos in terms of alignment of music and video cuts. 
The one participant (out of 145) who was consciously aware of the 
temporal congruency manipulation had extensive experience in video 
editing. All other participants reported that the visual characteristics of 
the videos influenced their ratings. 

2.5. Discussion 

Experiment 1 examined the effects of temporal congruency between 
temporal features of concurrent auditory and visual stimuli upon the 
pleasure experienced by participants from observing the stimuli. The 
results indicate that congruency can in fact play a role in our preferences 
of video clips, specifically in terms of temporal congruency between the 
accents in the music and cuts in the video. Observers showed an overall 
preference for the congruent condition despite lack of verbal reporting 
of the alignment difference between the congruent and incongruent 
condition. It is possible that the participants did in fact notice the 

alignment difference but were simply not equipped with the expertise to 
report it. However, our results do suggest that the possibility of the 
subliminal effects of audiovisual temporal congruency bears further 

Fig. 2. Stimuli and design of Experiment 1. a) A snapshot of the 6 different video clips used. b) Design of the experiment: The two rows represent schematically the 
order of trials for two participants. Each participant watched the same 6 videos in a random order, with the congruency condition of each video pseudo-randomized, 
such that each participant viewed a total of three congruent and three incongruent stimuli. 

Fig. 3. Normalized scores (z-scores) for congruent and incongruent con-
ditions. The left violin plot shows the distribution of the mean scores for 
congruent videos, while the right plot shows the distribution of mean scores for 
the incongruent videos across participants. Internal box plots depict the median 
and 1st and 3rd quartiles of each distribution. The asterisk indicates the sig-
nificant difference between the mean ratings of the two conditions (p < 0.05). 
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investigation. 

3. Experiment 2 

In Experiment 1, the number of video clips presented per participant 
was relatively small, and all clips were segments of the same video, 
having the same visual theme, music, and editing style. Moreover, 
subjects in Experiment 1 viewed each video either in a congruent or 
incongruent condition, making a within-subject comparison of the two 
versions of the same clip not possible and reducing the experimental 
power. The goal of this experiment was to address the limitations of 
Experiment 1 and test for the generality of the effect of temporal con-
gruency on the experienced pleasure of music videos. 

Furthermore, to minimize the possibility of a syncopation effect, the 
relative timing of the video cuts in the asynchronous condition was 
slightly modified. A within-subject design was employed allowing direct 
comparison of the two versions of the same exact video clip for each 
participant. Importantly, a larger set of stimuli, with a significant variety 
of visual themes and music was used to probe the generality of the effect. 

3.1. Materials and methods 

3.1.1. Participants 
A total of 30 subjects (12 males and 18 females ranging from 18 to 

22 years of age, with an average age of 19.87 years) participated in this 
experiment. Subjects were undergraduate students enrolled in psychol-
ogy courses at the University of California, Los Angeles. They were 
compensated with course credits in exchange for participation. All 
participants provided written informed consent and no participant re-
ported a medical history of epilepsy, stroke, or head trauma prior to the 
experiment. This study was approved by the Institutional Review Board 
at the University of California, Los Angeles. 

3.1.2. Stimuli 
Thirty video clips were selected for this experiment. All clips were 30 

± 1 s long. The clips were cut from thirty videos collected online, 
covering a wide spectrum of contents, including landscapes, animals, 
daily routines, and sports. (see Fig. 4). The clips had a similar number of 
cuts (M = 13.33, SD = 2.14) leading to a time interval of 2–3 s between 
two consecutive cuts. The clips were then paired with purely instru-
mental soundtracks edited to match the lengths of the videos (30 ± 1 s). 
All soundtracks and videos are non-copyrighted materials sourced from 
YouTube. The selection of the original videos excluded those with a 
negative valence or a clear narrative. The soundtracks had varying 

tempos and were selected based on clear rhythmic patterns with the first 
beat within each measure being the accented beat and the meters being 
in multiples of two. 

For each video clip, two versions were created: “congruent” or 
“incongruent.” In the congruent version, the cuts in the video between 
scenes were aligned with the accented first beat of a measure in the 
soundtrack. In the incongruent version, to reduce the effects of potential 
syncopations, the video cuts were placed between the third beat and 
third offbeat of a measure in the soundtrack. To achieve this, we 
temporally shifted the placement of the video relative to the soundtrack 
2–2.5 beats posterior to the congruent versions. In this manner, there 
was temporal incongruency between video cuts and auditory accents 
while the frequencies of the video cuts and the tempos of the sound-
tracks were separately maintained (See Fig. 5). 

3.2. Design 

Each subject participated in two sessions, with an approximately 24- 
hour gap in between. In both sessions, participants were presented with 
all the 30 video-soundtrack clips across the 30 trials, and the order of 
presentations of the videos was the same across the two sessions. The 
only difference between the two sessions was that the version of each 
video was alternated. The version (congruent vs. incongruent) of each 
video was selected with a random process in session 1, leading to an 
approximately equal number of congruent and incongruent clips pre-
sented in a randomly interleaved fashion. In session 2, the alternative 
version of each video was presented in the same order as in session 1 (see 
Fig. 6). The order of the presentation of videos in session 2 was identical 
to that of session 1 for the same subject. However, to increase the 
variation in the order of videos across individuals, two sequences of 
videos were used across participants. Half of the participants were 
assigned the first order, and half were assigned the second. 

3.3. Procedure 

Due to the occurrence of the COVID-19 pandemic during the time of 
the experiment, subjects in Experiment 2 participated in the study 
through the Qualtrics software [30], an online survey platform, under 
observance from a researcher over the Zoom conference [31]. Subjects 
were required to share their computer screens and turn on their cameras 
and microphones before the experiment, so the experimenter could 
remotely monitor the experimental sessions. 

After watching the video in each trial, participants were asked to rate 
how pleasant they found the videos to be on a continuous rating scale. 

Fig. 4. Examples of frames in the video stimuli used in Experiment 2. The videos cover a wide range of contents.  
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The scale itself was marked, at the left end, the center, and the right end 
respectively, “Very Unpleasant”, “Neutral”, and “Very Pleasant,” cor-
responding to values of − 100, 0, and 100. At the end of the second 

session, participants were asked to complete a brief post-experiment 
questionnaire consisting of a series of demographic questions and 
questions regarding past audio-visual experiences, such as video gaming 
and video editing. They were also asked if they had noticed any sys-
tematic patterns or anything unusual in the ways the videos were 
presented. 

3.4. Results 

A mixed two-way ANOVA, with a within-subject factor of condition 
(congruent vs. incongruent) and between-group factor of video order, 
was conducted. No significant interaction between the two factors and 
no significant effect of the video order was found. However, the results 
showed a significant effect of condition (F (29, 59) = 4.76, p <.05). The 
ratings of congruent videos were significantly higher than the incon-
gruent videos (t (29) = 2.16, p = 0.019, Cohen’s d_z = 0.395) (See 
Fig. 7). Additionally, none of the participants reported noticing any 
differences between videos in terms of the alignment between music 
beats and video cuts. 

4. General discussion 

Experiment 1 used a between-subjects design and showed a prefer-
ence for congruent music videos compared to incongruent music videos 
even though both the video and audio components were identical, and 
the difference in the relationship between the video and audio was not in 
an obvious temporal marker, such as onset or offset, but rather in a 

Fig. 5. Schematic representation of congruent (top) and incongruent (bottom) conditions. The longer ticks in the soundtrack timeline represent the accented 
beats of each measure. 

Fig. 6. Design of Experiment 2. Each subject participated in two sessions, 
with a ~ 24-hour gap in between. The congruency condition for each video in 
session 1 is randomized and is reversed in session 2. 

Fig. 7. (a) Mean difference scores (congruent - 
incongruent). The violin plot represents the distri-
bution of mean difference scores across participants, 
and the dotted horizontal line represents the overall 
mean difference score. A significantly higher mean 
perceptual pleasure was found for congruency than 
for incongruency. (b) Mean scores for congruent 
and incongruent conditions. The left violin plot 
shows the distribution of the mean scores for the 
congruent condition, while the right plot shows the 
distribution of mean scores for the incongruent con-
dition across participants. The mean scores for the 
two conditions were connected with lines for each 
participant. Solid lines show higher mean rating 
scores for the congruent condition, while the dotted 
lines show higher mean rating scores for the incon-
gruent condition.   
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subtle temporal feature that the participants were not aware of. Exper-
iment 2 aimed to investigate the robustness and generality of these 
findings. A within-subject experimental design and a larger number of 
trials were employed to improve the experimental power of the study. A 
larger set of stimuli, with greater variation in content across trials were 
used to examine the generality of the effect. Experiment 2 supported the 
results of Experiment 1 in that higher pleasure ratings were reported by 
observers for congruent versions of the video clips. This was despite the 
fact that observers, again, were not reporting any noticed difference 
regarding the manipulation of temporal congruency between the beats 
in the soundtracks and the cuts in the videos. In fact, the participants did 
not report noticing any manipulation of any relationship between the 
audio and video. The effect of congruency is not only robust but also 
relatively sizable. The effect sizes in both experiments were also quite 
consistent (0.33 stds in Exp. 1, and 0.39 stds in Exp. 2) despite the dis-
crepancies in design and stimuli. 

The experiments were planned in a way that the change in the 
temporal relationship between the audio and video is so subtle that it 
would not be consciously noticeable to the participants. Strictly 
speaking, we cannot entirely rule out the possibility that some of the 
participants were aware of the difference but decided not to report it. 
However, in the open-ended questions, in which we probed whether 
they noticed any pattern in the presentation of the stimuli or whether 
they noticed any manipulation of the videos, none of the participants 
reported any clue about any relationship between the audio and video, 
with the exception of one participant (the experienced video-editor in 
Experiment 1). Instead, they reported other suspicions and guesses. 
Therefore, these results strongly support a lack of participants’ aware-
ness of the temporal relationship. 

According to Hekkert’s Principle of “maximum effects for minimum 
means’’ for design aesthetics [32], human brains are designed such that 
sensory stimuli that could be processed with a minimal amount of brain 
capacity and, in other words, are more perceptually fluent are preferred. 
Another study by Reber et al. [33] also supported that perceptual 
fluency enhances liking and positive affective judgment. Additionally, 
previous research has shown that temporal congruency plays an essen-
tial part in multisensory integration [24–27,34–40]. Therefore, it would 
be reasonable to propose that an enhanced cross-modal integration be-
tween the auditory and visual modalities may lead to better audio-visual 
perceptual fluency, which in turn increases perceptual pleasure. Such an 
interpretation may invite counter arguments, however, as the debate has 
long existed between aesthetic pleasure of novel versus familiar/fluent 
sensory stimuli [41]. Empirical evidence also revealed that visual 
complexity, instead of linearly reducing pleasure in perception, as the 
perceptual fluency theory might predict, actually associates with 
aesthetic pleasure following a Berlyne’s U-shaped curve [42]. However, 
as Biederman & Vessel [1] suggested, the ultimate point is the subject’s 
understanding of the sensory stimuli. Here, our interpretation of the 
results is grounded on the fact that the subjects were exposed to the 
stimuli for only twice across two days and were thus fairly unfamiliar 
with them. Therefore, while the general level of novelty remains com-
parable between the stimuli in the two sessions, a higher fluency in 
perception resulting from temporal congruency may facilitate the un-
derstanding of the stimuli and thus increase aesthetic pleasure. It still 
remains to be investigated whether, over a longer term of repetitive 
exposures, subjects would experience a higher degree of boredom to-
wards congruent videos, and thus whether Biederman and Vessel’s 
theory could be applied. Secondly, while the rhythmic auditory stimu-
lation from the music results in an auditory entrainment, the temporal 
synchronization between the video cuts may formulate a type of subtle 
audio-visual entrainment, which would lead to a more pleasurable 
subjective experience. Previous research focusing on audio-visual 
entrainment has also found its association with different positive ef-
fects, including attention enhancement, calmness, and pain relief over a 
long term [43,44]. How such a technique could be used to induce pos-
itive affective response to sensory stimuli in a short term needs further 

investigation. Finally, the higher preference for temporal congruency 
may be the consequence of a better fit with predictive coding, in that the 
prediction errors of expecting the locations of video cuts in the contin-
uum of the music is reduced when the cuts lie on the accented first beats 
in a measure, compared to when they lie on an unaccented place. As less 
weight would be put on the incoming stimuli in the congruent condition, 
less cognitive effort would be needed in correcting the prediction errors 
or updating the mental model derived from one’s prior perception. 

A limitation of the present study is that Experiment 2 was conducted 
online. Even though the participants were monitored by experimenters 
via video conference, environmental factors, such as the locations and 
devices, could not be controlled as strictly as in a lab setting and might, 
therefore, interfere with the effects of audio-visual temporal congruency 
we expected to see. Additionally, the measurements in the present study 
were restricted to subjective reports of pleasure rating. Future studies 
may consider using additional dependent variables (such as physiolog-
ical recordings), including a wider variety of videos, and exploring the 
role of arousal in the ratings. 

5. Conclusion 

This study investigated the effects of a subliminal congruency be-
tween two subtle features of audio and video on perceptual pleasure, 
specifically in terms of the temporal congruency between the cuts in the 
video and the accents in the accompanying music. The results indicate 
that subliminal temporal congruency enhances perceptual pleasure. 
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