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Introduction
Whenever researchers investigate technologies to be used
by humans, perceptual or behavioral studies have to be
conducted. In case of research in the domain of spatial
audio for augmented reality, perceptual test in the form
of listening test is the method of choice. The standard
procedure in our lab, and probably many others in that
research domain, is to invite co-workers or students be-
cause they are easy to reach. However, this introduces
significant bias: Mostly people interested in tech and au-
dio take part. They are often motivated and mostly ex-
perienced. Furthermore, certain genders and ages are
overrepresented compared to the general society. The
second challenge towards more generalizable results is
the increase the number of participants. The effort for
laboratory tests scales linearly with the number of par-
ticipants.

In a recent study, we aimed to use perceptual data to
train a model to predict the perceptibility of acoustic
changes within rooms. Based on pretests in the labora-
tory we estimated the need for 100+ participants and
therefore decided to go for a large-scale online study.
In this publication, we want to share our experiences
with the online plattforms Clickworker [1] and Survey-
Circle [2]. We discuss pros and cons of our approach and
try to give advice for other groups interested in large-
scale online perceptual tests.

Data Acquisition
The listening test is based on spatial room impulse re-
sponse (SRIR) measurements from [3]. Parts of this
dataset were used to generate the test stimuli. For the lis-
tening test, three room configurations were selected with
mean reverberation times of 0.25 ± 0.01 s (one wall), 0.60
± 0.11 s (three walls), and 1.05 ± 0.04 s (five walls). A
detailed description of this can be found in [3, 4]. All
chosen positions are shown in Fig. 1. For each speaker,
we select a frontal position (at 0◦, colored in orange),
side position (at 30◦, colored in blue), far-side position
(at 90◦, colored in yellow), and back position ( 180◦, col-
ored in green). In the listening test, only positions of the
same color, i.e. the same source-receiver relative angle -
are compared against each other. The publicly available
Binaural SDM Toolbox [5] and the preprocessed KEMAR
HRTFs from [6] were used to derive binaural room im-
pulse responses (BRIRs) from the SRIR measures.

For data collection via listening test, we conducted a dis-

Figure 1: Floor plan, room configurations, speaker posi-
tions and listening positions used in the listening test. For
each speaker (SiL, FC, FR, SiR, BC), listening positions in
the same relative direction and distance are defined. Frontal
positions in orange, Side positions in blue, Far-side positions
in yellow, and back positions in green. Figure modified from
[3]

crimination test using an ABX interface. These tests
are commonly used to assess the ability to detect sub-
tle differences between two stimuli [7]. In our test, we
explicitly asked about the difference between the sample
and the reference. If they perceived a difference, they
could rate it on a 6-point Likert scale using the eight
attributes coloration, loudness, distance, direction, rever-
beration, externalization, apparent source width and ease
of localization. All attributes, a group, or just one at-
tribute could be selected according to their relevance.
The listening test presented here was performed online,
whereby the publicly available framework AVRateVoy-
ager [8] was used. The system was hosted on a university
server with a high bandwidth connection. The auraliza-
tion was static due to the absence of a tracking system
at the participant’s place. By random assignment, each
participant had to rate 40 ABX-like trials from one of the
available room configurations with either a voice or a gui-
tar signal. For clarification, every test run only featured
one audio signal and only positions within one room con-
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Figure 2: Distribution of participant demographics and test-related factors across participant groups; Definition of headphone
abbreviations: OE: Over-Ear; C: Closed; O: Open; HO: Half Open

Table 1: Categorization of participant feedback with examples

Type Subgroups # Examples

Positive

General positive feedback 34 ”Great test.”; ”Interesting study.”; ”It was an enjoyable
task.”

Challenging but rewarding 25 ”I really enjoyed the challenge.”; ”Some of these were hard
to figure out, but still interesting.”

Gratitude and support 5 ”Thanks for the opportunity!”; ”Good luck with your
study!”

Negative

Hard/too long/monotonous 42 ”It was too long.”; ”Listening to the same thing was ex-
hausting.”; ”After 20 tasks, it was hard to concentrate.”

Difficulty distinguishing differences 27 ”Very difficult to do!”, ”Some differences were too small to
notice.”, ”It was really hard to hear any change.”

Issues with comprehension 8 ”The descriptions were hard to understand.”; ”A listening
example would have helped.”

Neutral Neutral or non-informative responses 51 ”N/A”, ”.”, ”-”, ”No problems experienced.”

figuration. Before the test itself, the participants were
asked to complete a survey with general questions. This
was followed by introducing the test, setting the task,
and describing the attributes. The participants were also
asked to adjust the playback volume using a voice signal.
The signal was played at three different volumes. The
first volume was set to be almost too loud, the second to
be comfortable, and the third to be barely audible. The
calibration signal had to be played back at least once.

Participants for the study were recruited through three
different methods: first, via the Clickworker [1] platform;
second, via the SurveyCircle [2] platform; and third,
through self-acquisition, i.e., directly approaching par-
ticipants or reaching out via mailing lists. Clickworker
is a platform where individuals can participate in studies
for a fee. In this study, Clickworkers received a com-
pensation of 9 e1 All Clickworker participants are na-
tive English speakers. SurveyCircle is another platform
for recruiting study participants. Instead of monetary
compensation, participants earn points. The more points
they accumulate, the higher their study ranks in the sys-
tem, thereby increasing its visibility and generating more
points in return. To improve the ranking of this study,

1Estimated study duration of approximately 45 minutes; corre-
sponds to minimum wage.

participation in a total of 94 other studies was required,
ultimately securing a top 20 ranking.

The data was collected in the period from January to the
end of September 2024.

General Participant Information
Throughout the entire data collection period, 270 par-
ticipants initiated the test. Among them, 78 individ-
uals dropped out before completing it. Approximately
25.64 % of these dropouts exited after the first rating.
On average, 50 % of the dropouts left the test after 2.66
ratings. The number of dropouts gradually decreased
as the number of completed ratings increased, with the
highest number of ratings submitted by a dropout being
19. 53.8 % of dropouts came via SurveyCircle, 17.9 %
via Clickworker and 28.3 % via self-acquisition.

A total of 192 participants completed the test. Of these,
51.5 % (99) participated via the Clickworker platform,
39.6 % (76) via SurveyCircle, and 8.9 % (17) through
self-acquisition. Data was collected on participants’ age,
gender, experience with similar listening tests, devices
used, and headphones used. The distribution of responses
across the three groups is presented in Fig. 2. Comparing
the groups, it is noticeable that SurveyCircle participants
tended to be younger (18–39 years) and predominantly

DAS|DAGA 2025 Copenhagen

444



female, whereas Clickworker participants were generally
male and older (30–59 years). Self-acquired participants
were younger than 40 and predominantly male. Around
two-thirds of all participants stated that they had no ex-
perience with this type of listening test — 74 % for Sur-
veyCircle and 59 % for Clickworkers. As expected, the
proportion of self-acquired participants with no experi-
ence in such tests was lower, at 35%. Most participants
used a PC (24 %) or a laptop (63 %) for the assessment.
The most commonly used types of headphones were in-
ear headphones (46 %) and closed over-ear headphones
(39 %).

After the test itself, the participants had the opportu-
nity to provide feedback on the test. As Table 1 shows,
the feedback can be roughly divided into three groups.
Across all participants, 33.3 % gave positive feedback and
40.1 % gave negative feedback. The remaining responses
were neutral or lacked sufficient information. The Ta-
ble 1 also lists examples of responses from the subgroups.
The main points of criticism were the length of the test
and the monotony. Some feedback indicated that these
participants had problems understanding the task or the
attributes to be assessed. The request for audio samples
in advance was also expressed several times.

Participant Performance
This section will examine whether there are differences
in the ratings between the groups. It will also examine
whether there are participants who did not understand
the test or did not complete it honestly. Three aspects
are considered here: the average hit rate, how often a
stimulus was listened to on average, and how many at-
tributes were used on average to evaluate the differences.
This is always averaged over all 40 evaluations.
These three aspects are shown in Fig. 3 as a function of
the participant group. As already mentioned, the num-
ber of self-acquired participants is lower compared to the
other two groups. However, the distribution in terms of
room configuration is the same in all three groups.

Across all 192 participants, the average hit ratio is
72.14 %. The hit ratio of individual participants ranges
from 37.5 % to 100 %. Fig. 3 (top left) illustrates the dis-
tribution of hit rates among participant groups. It shows
that there is no significant difference between Clickwork-
ers and SurveyCircle participants (F = 0.62291; p =
0.92105). In contrast, self-acquired participants achieved
a significantly higher hit ratio than Clickworkers (F =
2.6473; p = 0.00799) and SurveyCircle participants (F =
2.0841; p = 0.00799).
A similar result appears in Fig. 3 (bottom left), which
compares the average frequency of repeated stimulus lis-
tening per participant. Clickworkers and SurveyCircle
participants listened to the stimuli an average of 1.15 and
1.14 times, respectively. No significant difference was ob-
served between these groups (F = 1.0166, p = 0.46707).
In contrast, self-acquired participants listened to the in-
dividual signals an average of 1.97 times. They differed
significantly from Clickworkers (F = 2.7483; p = 0.0001)
and SurveyCircle participants (F = 3.803; p = 0.0001).
The final section of Fig. 3 (top right) presents the distri-

bution of the mean number of attributes used to describe
perceived differences. No significant differences were
found between the groups in this regard (F = 0.99048;
p = 0.5252). The median number of attributes used per
assessment ranges from 1.72 to 1.83.
No significant difference between Clickworker and Sur-
veyCircle participants can be determined. Various fac-
tors may explain why self-acquired participants achieved
a better overall hit ratio. This group presumably con-
ducted the test with greater self-motivation, as they re-
ceived no compensation and a stronger relationship with
the test administrator. This is not the case for partic-
ipants recruited via Clickworker and SurveyCircle. In
these groups, motivation primarily stems from financial
compensation for Clickworkers and point-based rewards
for SurveyCircle participants.

Figure 3: Distribution of grouped participant for: top left
– mean hit ratio; bottom left – mean number of listen per
signal (≥ 1); top right – mean number of attributes used to
describe perceived differences (0 to 8)

Figure 4: Representation of the mean hit rate as a function
of the mean number of signals heard per stimulus (left) and
the mean number of attributes used to describe perceived
differences (right), for all participants; red area: Guessing
range; yellow: Participants who have listened to each signal
only once (no repetitions); purple: Participants who used
more than seven attributes on average to describe perceived
differences.

A conspicuous feature can be seen when looking at the
frequency of the attributes used to evaluate the perceived
differences (Fig. 3 (top right)). Some participants always
used all attributes to evaluate the differences in almost
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all evaluations. This does not seem plausible at this fre-
quency. In order to better understand the correlations
between the hit rate, the mean number of repeatedly
heard signals, and the mean number of attributes used
to evaluate the perceived differences, these are shown in
Fig. 4 for all participants. All participants who heard
each signal exactly once are marked in yellow, and those
who used more than 7 attributes on average to describe
the perceived differences are marked in purple. The red
area represents the guess range.

A total of 57 participants (29.7 %) are in the guessing
range. However, it cannot be concluded from this that
these participants did not take the test honestly. It can
be seen that no participant is below the guessing range.
It can therefore be assumed that each participant tried
to find the stimulus that differed from the reference. If
we look at the frequency of repetitions heard in relation
to the hit ratio (Fig. 4 on the left), the hit ratio gen-
erally appears to improve with repeated listening. The
values correlate significantly (p = 0.0001) with ρ = 0.60.
Looking at the participants who heard each signal ex-
actly once (yellow dots), it can be seen that some are
within the rate range, but others are also clearly outside
the guessing range. A low repetition rate of the stimulus
therefore does not automatically mean that the test was
not performed seriously. The situation is different when
it comes to the use of attributes. The average frequency
of attributes used in relation to the hit rate is shown in
Fig. 4 on the right. 16 of the purple-marked participants
are in the guess range. One of them also belongs to the
group marked in yellow. This indicates that the test de-
scription was not read carefully and/or the test was not
completed honestly. The evaluation of these participants
in terms of attributes must therefore be viewed very crit-
ically. Depending on the type of further analysis, consid-
eration should be given to excluding them from the data.
One could also consider the participants who never used
attributes. In the present study, however, this only ap-
plies to four participants, all of whom are in the guessing
range, but on average have heard the signals more than
once.

Conclusion and Takeaways
This was our first large-scale online study. Early on, we
realized that recruiting participants ourselves would not
yield the desired sample size or diversity. To address this,
we used the Clickworker and SurveyCircle platforms to
recruit participants. There were no significant differences
in performance between the two groups.
Since online studies on acoustic perception take place un-
der less controlled conditions, they should be designed to
either account for or minimize potential disruptive fac-
tors. In addition to collecting demographic data, it can
be beneficial to record the hardware used by participants.
Calibrating playback volume and verifying whether head-
phones allow for stereo rather than mono playback are
also valuable measures.
Mechanisms for checking honesty can also be useful. This
study shows that the use of attributes in conjunction with
the hit rate is a good indicator of this. The check is there-

fore integrated into the test design. A direct query about
honesty at the end of the test could have provided addi-
tional direct information about this question. However,
an affirmative answer to this question does not automati-
cally lead to the exclusion of the data. Overall, however,
the data show that most participants apparently com-
pleted the test honestly.
The listening test data are used to develop models for
predicting acoustic perception, similar to [9, 10].
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