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ABSTRACT
A new quality assessment test was carried out to examine the relationship between the perception of audio and 
video resolutions. Three video resolutions and four audio resolutions were used to answer the question: “Does 
lower resolution video influence the perceived quality of audio, or vice versa?” Subjects were asked to use their 
own equipment, which they would be likely to stream media with. They were asked to watch a short video clip 
of various qualities and to indicate the perceived audio and video qualities on separate 5-point Likert scales. Four 
unique 10-second video clips were presented in each of 12 experimental conditions. The perceived audio and 
video quality ratings data showed different effects of audio and video resolutions. The perceived video quality 
ratings showed a significant effect of audio resolutions, whereas the perceived audio quality did not show a 
significant effect of video resolutions. Subjects were divided into two groups based on the self-identification of 
whether they were visually or auditorily inclined. These groups showed slightly different response patterns in the 
perceived audio quality ratings.

1 Introduction
Many individuals watch films on small devices, such
as their laptops or phones, streaming films or videos
over the internet as convenience [1, 2]. A stipulation
with streaming is buffering, which could cause a dip
in video and audio quality at any time from various
factors [3, 4]. This occurs when the internet
connection tries to stabilise to the required
resolution. Network conditions and other factors
contribute to the quality of the experience when
streaming videos, sometimes to the effect that

streaming degradation hinders the viewing
experience.

This study investigates the perceived quality
differences in various audio and video resolutions
and their interactions. The interest was to determine
if the lower resolution audio or video affected the
perceived quality when paired with higher
resolutions in the opposite domain. Stimuli included
high-resolution video played with lower bitrate
audio, and uncompressed audio with low-resolution
video.
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The research questions were “Will the perceived
audio quality be affected by different video
resolutions?” and the opposite “Will the perceived
video quality be affected by different audio
resolutions?” With streaming on small devices being
so popular, and with the quality complications that
may come with streaming, the goal of this study was
to examine how different combinations of picture
and sound resolutions may affect the perception of
one another.

With the media industry transitioning further into
streaming, it is important to understand how viewers
will perceive the quality of the audio and video,
along with how they interact together. This project
will help us better understand the interaction
between higher and lower resolutions in audio and
video. The findings from this study will be relevant
to streaming media providers.

2 Prior Art
Much of the existing studies on multimedia and
perceptual factors are related to the threshold of
detectability of audio-visual asynchrony. They have
shown that the auditory system responds
significantly faster than its visual counterpart;
however, visual information has been reported to
override the auditory information when there are
conflicts in audio and visuals [5–9]. According to
these studies, the visual system will generally
significantly influence the auditory system, even
though visuals are processed more slowly in the
brain.

The two most recent studies regarding audio and
video quality were conducted in 1999 and 2001 [10,
11]. Unfortunately, they were just at the beginning of
the digital era, so what they used as the standard of
home media and reproduction during the period is
far before high definition or even ultra-high
definition media available today. Streaming was also
not available during this time. Joley, Montard, and
Buttin concluded that the audio significantly
influenced the video [11], whereas Berrends and De
Caluwe reported the opposite [10]. In 2015, a similar
experiment was conducted, although solely on audio
changes. The experiment used manipulations of the

audio by adding noise or degrading quality to study
its perceived impact when paired with the video.
The results showed that the perceived video quality
ratings of unaltered videos were lower when they
were combined with poor-quality audio [12]. In
2014, Schoeffler and Herre conducted a study to
examine if there was a relationship between audio
quality and the influence it had on user ratings on
the quality reduction from a file-sharing website, in
this case YouTube. They reported no correlations
with the user’s preference ratings and the quality
degradation from YouTube’s compression [13]. In
other words, the audio quality did not have any
effect on the users’ ratings.

Fig. 1. Netflix streaming plan, including video
resolutions per plan (captured from a NETFLIX

account on October 16, 2020).

The specifications for various streaming platforms
provide the base resolutions for the presented
experiment. Netflix reports that they use adaptive
bitrate streaming for the audio, the transfer rate of
which ranges between 192 kbps to 640 kbps for
standard 5.1 arrangements and 448 kbps to 768 kbps
for Dolby Atmos arrangements [14, 15]. For video
resolutions, Netflix offers three services based on
user subscription tiers: “basic,” “standard,” and
“premium” (Fig. 1). “Basic” offers standard
definition (while not specified, the current norm for
standard definition is 480 progressive scan, or 480p
henceforth), whereas “standard” offers Full HD at
1080p. “Premium” offers videos in 1080p and
2160p, also known as 4k or Ultra HD [16, 17].
Amazon Prime Video supports “standard” definition,
with a minimum of 640 x 260 pixels, “high”

AES 152nd Convention, In-Person & Online, 2022 May
Page 2 of 9



Bartel and Chon Watching on the Small Screen

definition (HD), with a minimum of 720p, and
“ultra-high” definition (Ultra HD), with a minimum
of 2160p [18, 19]. While Amazon Prime Video
reports the specifications of their surround sound
capabilities, the objective quality of the audio could
not be found; however, Amazon Music reports that
current “standard audio” is a bitrate up to 320 kbps.
Beyond the “standard” quality, Amazon Music also
features HD music that has 16-bit encoding and an
average bitrate up to 850 kbps, and Ultra HD tracks
with 24 bit encoding and an average bitrate of 3,730
kbps [20, 21]. Music streaming providers also
report a range of objective audio quality
measurements. Spotify reports that transfer speeds
for free users can vary among “low” (~24 kbps),
“normal” (~96 kbps), and “high” (~160 kbps)
conditions (Fig. 2). Spotify allows premium users to
reach transfer speeds around 320 kbps [22]. Tidal, a
lossless music streaming provider, reports that their
streamed quality is 1,411 kbps (which appears to be
the FLAC encoding rate, although not clearly
mentioned), which is supposed to be equivalent to
16 bit and 44.1 kHz CD quality [23]. Other
streaming sites, such as Hulu [24] and YouTube
Music [25] have reported similar quality
specifications.

Fig. 2. Spotify audio quality specifications. (captured
from SPOTIFY’s support website on April 14, 2022).

Many problems in streaming such as stalling, initial
delay, memory requirements, and bandwidth
utilization are related to buffer size and segment

size; however, a small buffer of a few segment
lengths has proven to be sufficient while streaming
for most bandwidth conditions [26]. Streaming
algorithms are proprietary between services and the
specifications are unknown, although there has been
an attempt to reconstruct and analyze algorithms
with limited success [27]. This means that various
streaming platforms are affected differently by
suboptimal internet connections, which may affect
the audio and video quality differently. Audio
quality can be negatively affected by lower internet
speeds—often the audio loses clarity and data
compression causes undesirable artifacts [28]. The
perception of audio and video are multisensory in
that they affect each other; therefore, when there is a
change in the perceived quality in one domain, it
could affect the other sense even without any change
in the perceived quality in the relevant domain. By
utilizing various audio and video resolutions and
combinations, we can study how the perception of
one sense affects the other.

3 Methods
The reported resolutions of audio and video from
different streaming providers form the basis for the
selected resolutions for our experiment: 16 kbps, 24
kbps, 56 kbps, and 320 kbps for audio resolution,
and 240p, 480p, and 1080p for video resolution.
Therefore, 12 conditions (= 4 audio resolutions × 3
video resolutions) were examined based on the
factorial design. We excluded 4K, as we could not
expect most subjects to own a screen of that
resolution.

3.1 Subjects
Participants were recruited from former and current
students in Belmont University, who were 18 years
and older. Many subjects were from the Mike Curb
College Of Entertainment & Music Business, which
encompasses the University’s audio engineering,
video production, motion picture, music business,
and songwriting majors. Some others were from the
commercial music program in the School of Music.
Therefore, our subjects include individuals who are
trained with critical evaluation of media, more so
than the general public. Overall, 42 subjects
participated in this online experiment.
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3.2 Stimuli
There were 48 unique clips of 10-second duration
created for the experiment, organized in four sets of
12 clips each. Each set included all 12 conditions
while each condition was represented with a
different clip. No videos were repeated during this
study. All the clips consisted of program material
from past senior capstone student films from
Belmont University. They were chosen to minimize
previous viewing familiarity, which could impact the
subjective quality ratings. Consent was obtained
from the students who created these films for the use
of their work in this experiment. Each film was
originally shot in 4K picture and recorded with 48
kHz and 24-bit audio. The selected segments were
adjusted in video and audio resolutions for the
experiment: The video resolutions consisted of
240p, 480p, and 1080p. The audio resolution
consisted of 48 kHz and 24-bit audio with AAC
bitrate reductions to 16 kbps, 24 kbps, 56 kbps, and
320 kbits. There were no conditions with 4K video
because it was not practical to present in an online
test; most subjects could not be expected to own 4K
viewing screens.

The entire set of stimuli was exported through
Adobe Premiere, which can export video clips at
various video resolutions and audio AAC bitrates.
Each of the exported clips were sorted into a
timeline on VLC Media Player to be screen recorded
though OBS Studios. The OBS Studio export
settings were set to the highest uncompressed and
lossless video quality, while the audio quality was
set to 320 kbits. This consolidated the complete set
of stimuli into a single video file that can be easily
downloaded and watched. A second set of the same
clips in a different randomized order was created so
as to minimize any unexpected order effects of
stimuli presented. This was a compromise necessary
in the format of an online experiment, which was the
only possible option at the time of this experiment
due to COVID-19.

3.3 Procedure
The experiment was accessed through a Qualtrics
survey. After the consent and demographic
information, subjects were asked to download the

appropriate version between the two stimuli files
through a Google Drive link. The selection criterion
was the subject’s birth month; for example, subjects
born between the months of January and June were
asked to select version A, while those born between
July and December version B. The reason for
allowing a download of the video instead of
embedding it on a website was to minimize any
inadvertent effect of the internet connection for the
experiment. Subjects were also asked to identify
whether they were more auditorily or visually
inclined. The purpose of this was to examine
whether individuals’ inclination would lead to
different perception patterns.

Fig. 3. A screenshot of  two Likert scales for perceptual
ratings for a trial (captured from Qualtrics).

One of the requirements for this study was to own a
computer or laptop with a viewing screen of 1080p
or higher and a secondary device, such as a
smartphone or tablet. The purpose was for subjects
to play the video for the study in the full screen
mode without any distractions while answering the
questions on their secondary device. The only usage
of the primary computer device was to download the
video from the Qualtrics link and play it in full
screen mode; the remainder of the questions were
answered on the secondary device.

The experiment consisted of separate perceptual
evaluations of visual and auditory quality. Each trial
presented a clip that was exactly 10 seconds long.
Once the clip ended playing, subjects had seven
seconds to separately rate the quality of the audio
and the quality for the video. Seven seconds was
selected as an adequate time between trials, so that
subjects who take longer to answer had sufficient
time while those who answer quickly did not spend
much time waiting. Subjects responded using two
five-point Likert scales to indicate the perceived
audio and video quality separately, with 1
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representing the lowest quality and 5 for the highest
(Fig. 3). Randomly placed between every 4 to 6
trials, there was a three second clip which consisted
of noise and glitch video. The purpose of this was to
reset the subject’s perception of the stimuli to
minimize any inadvertent effects of prior trials.
Lastly, there was a five-minute break at the
half-point of the experiment (between the second
and the third sets), therefore the entire experiment
took a total of a little over thirty minutes.

4 Results
Data from 42 subjects showed different effects of
audio and video resolutions on the perceived audio
and video qualities. First, consider the perceived
video quality ratings across all subjects in Fig. 4.
The horizontal axis denotes the four audio
resolutions, whereas the three video resolutions are
specified by three separate lines on the graph. The
three lines are clearly separated, which suggests a
significant main effect of the video resolution.
Indeed, a two-way repeated-measures analysis of
variance (ANOVA) on the perceived video quality
showed a significant main effect of the video
resolution (F(2,2052) = 347.99, p < .001) and a
significant interaction effect between audio and
video resolutions (F(6,2052) = 10.31, p < .001). The
audio resolution showed an almost significant main
effect, F(3,804) = 251.27, p = .057.

Fig. 4. The average perceived video quality ratings
across all subjects. The y-axis represents the video
quality ratings and the x-axis represents the audio

resolution. Different video resolutions are specified in
separate lines. The error bars indicate standard error.

A two-way repeated-measures ANOVA on the
perceived audio quality showed a significant effect
of the audio resolution (F(3,2052) = 134.25, p <
.001) as did the interaction between audio and video
resolutions (F(6,2052) = 3.47, p < .05). The video
resolution did not have any significant main effect
(F(2,2052) = .08, p = .92). This analysis result is in
agreement with Fig. 5, where we can clearly see the
significant main effect of the video resolution. The
significant interaction effect reflects that the audio
quality ratings are almost identical for 56 kHz and
320 kHz audio resolutions regardless of the video
resolutions combined.

Fig. 5. The perceived audio quality ratings across all
subjects. The y-axis represents the audio quality ratings

and the x-axis represents the video resolution.
Different audio resolutions are specified in separate

lines. The error bars indicate standard error.

Since our subjects identified themselves as either
visually inclined or auditorily inclined, we also
analyzed the ratings including this inclination. In
Fig. 6, the two groups (auditorily inclined in the left
panel, and visually inclined in the right panel) show
the same response patterns for perceived video
quality ratings. A three-way repeated-measures
ANOVA confirms that there is no significant effect
of inclination, F(1,41) = 0.04, p = .845. Significant
main effects were observed for the video resolution,
F(2,82) = 185.91, p < .001, and for the audio
resolution, F(3,123) = 6.06, p < .05. The interaction
between audio and video resolutions was also
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significant, F(6,246) = 10.53, p < .001. No other
effects were statistically significant.

Similarly, the perceived audio quality ratings by the
two groups are shown in Fig. 7, which suggests
some group differences. A three-way
repeated-measures ANOVA on the perceived audio
quality ratings show a strong effect of inclination
approaching significance, F(1,41) = 3.33, p = .075.
The audio resolution shows a significant main effect,
F(3,123) = 166.84, p < .001. Additionally, the audio
resolution shows significant interactions with two
factors: F(3,123) = 2.76, p < .05 with inclination;
F(6,246) = 3.43, p < .05 with the video resolution.
No other effects were significant.

Notice that the auditorily inclined group showed
lower perceived audio quality ratings on average for
16 kHz and 24 kHz stimuli than the visually inclined
group. An independent-samples t test on the 16 kHz
ratings showed a significant difference between the
two groups, t(514) = –3.44, p < .001. The results for
24 kHz ratings also showed significant difference
between the two groups, t(514) = –3.41, p < .001.
The ratings of stimuli in higher audio resolutions did
not show any significant group differences.

Fig. 6. The perceived video quality ratings from the
subjects divided into two groups.  The y-axis

represents the video quality ratings and the x-axis
represents the audio resolution. Different video

resolutions are specified in separate lines. The left
graph represents the auditorily inclined subjects,

whereas the right represents the visually inclined
subjects. The error bars indicate standard error.

5 Discussion
In this study, we examined the relationship between
the perceived audio and video quality ratings in
terms of the audio and video resolutions.
Furthermore, the subject group was included in
analyses as an additional factor that could impact the
perceived quality ratings based on subjects’
self-identification as auditorily- or visually-inclined.

Fig. 7. The perceived audio quality ratings from the
subjects divided into two groups.  The y-axis

represents the audio quality ratings and the x-axis
represents the video resolution. Different audio

resolutions are specified in separate lines. The left
graph represents the auditorily inclined subjects while
the right represents the visually inclined subjects. The

error bars indicate standard error.

First, a two-way ANOVA on the perceived video
quality ratings across all subjects (Fig. 4) showed a
significant main effect of the video resolution, an
almost significant main effect of the audio
resolution, and a significant interaction of the two
factors. It makes sense that different video
resolutions would lead to different perceived video
qualities. Note that the video quality ratings had a
strong influence on the audio resolution as well.
When we consider the results from a three-way
ANOVA (Fig. 6), the main effect of the audio
resolution becomes significant. This means that the
almost-but-not-quite-significant main effect of the
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audio resolution from the two-way ANOVA was due
to the not-significant effect of the group lumped
together. Therefore, the perceived video quality is
significantly impacted by both the audio resolution
and the video resolution, as well as the interaction of
the two. These findings are consistent with the
studies by Joly, Montard, and Buttin [11] and
Långvik [12] that auditory perception may influence
how visuals are perceived.

In contrast, the perceived audio quality ratings
across all subjects (Fig. 5) showed a significant main
effect of the audio resolution and not of the video
resolution. It means that different video resolutions
did not influence the perceived audio quality, which
is contradictory to the study reported by Berrends
and De Caluwe [10] or several other studies that
reported that the auditory system is dominated by
the visual system [5–9]. The interaction was
significant between the audio and video resolutions,
probably because the mean ratings were very similar
(and not statistically different) for the 56 kHz and
320 kHz audio resolutions.

When subjects are divided into two groups based on
their self-identification, a significant group
difference is found in the perceived audio quality
ratings, where the auditorily inclined group showed
lower mean ratings for stimuli in 16 kHz and 24 kHz
audio than the visually inclined group (Fig. 7).
These differences were indeed statistically
significant, suggesting that people might differently
perceive the same stimuli depending on their
inclination. However, this group difference was not
observed in the audio resolutions of 56 kHz and 320
kHz.

Note that both groups of subjects showed similar
(and statistically not different) quality ratings for 56
kHz and 320 kHz audio resolutions (Figs. 5 and 7).
This suggests that the objective resolution increase
from 56 kHz to 320 kHz does not lead to a perceived
quality improvement. This pattern appears to stay
constant regardless of the combined video
resolution, which hints at a possible ceiling effect.
Overall, these patterns indicate that increasing audio
resolutions from 16 kHz to 24 kHz or 24 kHz to 56
kHz leads to improvements in perceived audio

qualities; however, there appears to be little to no
perceptual merit of higher audio resolutions over 56
kHz.

Based on the limited number of subjects, all these
findings should be interpreted with caution. Further
studies are called for to validate the effect of
inclination as well as the perceptual difference (or
no difference) between the audio resolutions of 56
kHz and 320 kHz.

6 Conclusion
In this study, perceptual asymmetry was observed.
The audio resolution had a significant effect on the
perceived video quality, whereas the video
resolution did not influence the perceived audio
quality. The video resolution increase from 240p to
480p then to 1080p led to improvement in perceived
video quality. An increase in audio resolution from
16 kHz to 24 kHz or from 24 kHz to 56 kHz also
resulted in the improved perceived audio quality.
However, the audio resolution change from 56 kHz
to 320 kHz did not lead to any significant difference
in perceived audio quality, despite a large increase in
objective audio resolution. Additionally, the two
subject groups showed different audio quality
perception of lower resolution audio; the
auditorily-inclined subjects were more critical of
lower resolution audio.

As this study is our first endeavor on this topic,
further studies are required. An in-person version of
this experiment is planned to be conducted in a
controlled theatre, which is equipped with a 4K
projector and surround sound speakers. In this
current design of an online experiment, 4K video
condition was excluded as subjects could not be
expected to own such high resolution monitors. We
will be able to include the 4K video condition to
better understand the relationship of the perceived
audio and video qualities when the video resolution
is very high.

The findings of this study are directly relevant to the
streaming media industry such as Netflix, Amazon,
and Hulu. Our results suggest that, within the video
and audio resolutions considered, the audio
resolution influences both the perceived audio and
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video qualities, whereas the video resolution
influences only the perceived video quality.
Interestingly, the audio resolution appears to reach a
perceptual ceiling at 56 kHz. Therefore, the
streaming media providers may want to make sure to
provide audio at 56 kHz at least before increasing
the video resolution as the bandwidth allows.
However, these findings should be re-examined with
more diverse stimuli and more subjects and more
conditions before making a conclusive
interpretation.
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