DAS|DAGA 2025 Copenhagen

Temporal Training Certificates in Crowdsourcing Multi-Dimensional Speech Quality

Assessment

Kirill Shchegelskiy!, Benedikt Schuh®, Sebastian Moller!-2
L Technische Universitit Berlin, Quality € Usability Lab, Berlin, Germany

2 Deutsches Forschungszentrum fir Kinstliche Intelligenz (DFKI), Berlin, Germany

Email: kirill.shchegelskiy@tu-berlin.de

Abstract

Subjective speech quality assessment is a traditional way
to evaluate quality of experience in communication sys-
tems. Such tests could be conducted in the lab envi-
ronments or via crowdsourcing: both methods are stan-
dardized (in ITU-T Rec. P.800 and ITU-T Rec. P.808,
respectively) and widely employed by researchers. This
paper evaluates the effect of forced participant retrain-
ing on crowdsourcing speech quality judgements. As de-
lays in the study participation, pauses and general work
cadence cannot be directly controlled in the crowdsourc-
ing paradigm, it is common to introduce some temporary
certificate that is granted to the crowdworker upon a suc-
cessful completion of a training task. In the paper, we
analyze the effect of different training certificate expiry
times on the quality ratings. We expand on the previous
research in this area by including the perceptual dimen-
sions of noisiness, coloration, discontinuity, and loudness,
as well as collecting and evaluating the impact of the de-
vice and hardware used by the crowdworkers. The find-
ings provide new insights into optimizing training proto-
cols for robust quality assessments in remote subjective
testing.

Introduction

Speech quality assessment is integral for evaluating the
Quality of Experience (QoE) in telecommunication sys-
tems. Traditionally, subjective listening tests have been
the gold standard for evaluating speech quality, and in
recent years crowdsourcing has proven to be a valid and
reliable method [1]. It has been formally standardized
in ITU-T Rec. P.808 [2] and is now widely accepted in
research and industry.

A typical workflow of an Absolute Category Rating
(ACR) crowdsourcing speech quality assessment study
includes a training stage, where participants are intro-
duced to speech samples that represent the range of
degradations encountered in the data. This stage helps
eliminate bias that could arise from the overall quality of
samples in the database under evaluation.
Multi-dimensional speech quality assessment has recently
gained prominence and was added to the existing inter-
national standards [3]. Perceptual dimensions for speech
quality were refined in [4] to the following four most rele-
vant dimensions: noisiness, coloration, suboptimal loud-
ness, and discontinuity. More recent studies conducted
with a conversational approach in mind confirmed the
importance of aforementioned perceptual dimensions in
the listening phase of the conversation [5].

Despite its advantages, crowdsourcing introduces several
challenges: unlike controlled laboratory settings, crowd-
sourced studies face issues such as worker inattentiveness,
uncontrolled listening environments, and variability in
playback devices. These factors necessitate additional
control measures to improve rating consistency [6, 7].
The introduction of temporarily expiring training cer-
tificates can serve as such a measure, improving the
reliability of crowdsourced test results [8]. In this ap-
proach, repeated training stages are enforced upon par-
ticipants after a certain period of time elapsed since the
previous training. Though previous research has demon-
strated the effectiveness of this method, its actual in-
fluence on quality judgements among participants using
various modern playback devices remains unexplored.

Research Questions: This study investigates the ef-
fect of a training certificate expiry times on the sub-
jective speech quality ratings, including its influence on
speech perceptual dimensions. We address two key re-
search questions:

e How often should the participants be re-trained in a
crowdsourcing speech quality assessment?

e How does re-training affect ratings of perceptual di-
mensions of noisiness, coloration, loudness and dis-
continuity?

The following sections detail the study design, followed
by results and key findings, and a brief discussion.

Methods

For this analysis we conducted three separate crowd-
sourcing studies of speech quality assessment. Stim-
uli were taken from the SwissQual P.OLQA database
and featured various types of degradations; four speakers
were recorded per condition (2 male and 2 female). Over-
all, 112 speech samples were selected across 28 condi-
tions that best covered the whole range of perceptual di-
mensions; each sample comprised two German sentences.
All participants were recruited from the D-A-CH region
(Germany, Austria, Switzerland) via the crowdsourcing
platform Crowdee [12]. Each study was designed in ac-
cordance with ITU-T Rec. P.808 and followed the stan-
dard procedure: qualification job and device setup; rat-
ing instructions and training job; training certificate and
rating job.

Qualification and Device Setup: The purpose of the
qualification job was to allow only native German speak-
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ers and naive listeners with normal hearing ability to par-
ticipate in further stages. We used a Digit Triplet Hear-
ing Test [6] to check the hearing ability. Participants
were required to wear in-ear or over-ear headphones and
to set the playback volume to an appropriate level; addi-
tional playback device information was collected during
this stage. We used a modified Just-Noticeable Difference
test [7] to check the suitability of crowdworkers’ environ-
ment.

Quality Evaluation: If a participant successfully
passed the qualification and device check, they were pre-
sented with rating instructions with detailed definitions
of the four perceptual dimensions. Afterward, they could
begin the quality assessment. Both the training and ac-
tual rating jobs followed the same quality evaluation pro-
cedure. Participants were required to listen through the
speech sample at least once before evaluating its quality;
further repetitions were allowed. They then rated over-
all speech quality on a discrete 5-point ACR scale, see
Figure 1. Speech perceptual dimensions were evaluated
on descriptive extended continuous scales, see Figure 2;
scale presentation order was randomized. To help naive
listeners better understand the perceptual dimensions,
the extended continuous scales were supported with ad-
ditional descriptive adjectives, as this has been shown to
improve the test participants’ responses [11].

Wie bewerten Sie die Gesamtqualitit der Sprachprobe?

Schlecht Diirftig Ordentlich Gut Ausgezeichnet
1 2 3 4 5

Figure 1: Overall Quality of Experience was rated on a 5-
point discrete scale.

Wie bewerten Sie die Lautstérke der Sprachprobe?

Optimale Lautstarke Nicht-optimale Lautstérke:
Angenehm Zu laut
Konstant Zu leise
Schwankend

Optimale lautstirke Nicht optimale Lautstirke

Figure 2: Perceptual dimensions of noisiness, coloration,
loudness and discontinuity were rated on an extended con-
tinuous scale with descriptive adjectives on poles.

The training job comprised evaluating five samples that
represented the entire range of degradations encountered
in the database, including the best and the worst sam-
ples. After completing the training a participant was
issued a certificate valid for a fixed amount of time, dur-
ing which they could take part in the rating job. In the
first study, this certificate was issued for 20 minutes; in
the second study, for 40 minutes; in the third study, for
60 minutes. Upon expiration of the training certificate,
re-training was enforced.

Each rating job consisted of 8 normal audio samples to
be evaluated, 1 trapping question and 1 gold-standard
question. In the trapping question, a typical audio sam-
ple from the database was interrupted by a synthetic
voice that instructed participants to provide a specific

DAS|DAGA 2025 Copenhagen

vote. The gold-standard questions had clearly expected
answers known to the experimenter.

Participants’ performance was evaluated online, and
workers were excluded from the study under any of the
following conditions: they failed the qualification; they
failed to correctly answer the trapping question; or their
answers to gold-standard questions were out of bounds
in the majority of rating categories for three consecutive
rating jobs.

Results

Overall, we aimed to collect 48 quality assessments for
each audio sample, which would comprise 5367 individ-
ual quality assessments. Every assessment consisted of
five quality ratings: overall Quality of Experience, and
perceptual dimension scores for noisiness, coloration,
suboptimal loudness, discontinuity.

Qualification and Outlier Detection: In all three
studies, the criteria for the participants’ results rejection
remained the same. Apart from the aforementioned
online performance monitoring, we removed abnormal
breaks and outliers from further analysis. An abnormal
break was defined as a pause of more than T + 10
minutes in any rating job, where T was the training
certificate expiry time for the current study. Out-
liers were detected by calculating their corresponding
Z-scores and comparing them to the critical value of
3.29 [2]. We also tracked the number of participants
who went through the whole database and rated each
audio sample. The results are shown in Table 1, sorted
by training certificate expiry times. All three studies

Table 1: Overview of rating statistics for different training
certificate expiry times.

Expiry |Ratings | Abnorm. | Detected | Rated
Time [Accept. Breaks | Outliers All
20 min | 1464 24 16 1
40 min | 1467 8 21 3
60 min | 1425 0 13 9

showed similar acceptance rates (the ratio of quality
assessments that were not rejected at any stage) of
80-82%, which is typical for crowdsourcing studies [1].
Of particular interest is the clear relationship between
the number of participants who rated each stimulus and
the training certificate duration. This indicates that
the imposed training frequency affects crowdworkers’
behavioural patterns.

Devices Used By Participants: To better under-
stand the assessment conditions, we asked participants
for their playback device type, manufacturer, and model.
This information was aggregated into broad categories.
First, according to the playback type: bone-conductive
headphones, in-ear headphones, over-ear headphones
(any type of loudspeaker was rejected during the
qualification). Secondly, according to the connection
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type: wireless connection, cable connection, unidentified
connection (in some cases, provided information was not
enough for precise identification). Figure 3 illustrates
these distributions. As expected, crowdworkers used a

Crowdworkers Devices Across Studies
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Figure 3: Stacked bar plot comparing the devices used by
participants across three studies. Patterns indicate playback
type, colors indicate connection type.

variety of playback devices for speech quality assessment.
Of note is that in modern times in-ear headphones with
cable connection type seem to be rarely used, as wireless
technologies provide a better overall experience and ease
of use.

Comparing Laboratory and Crowdsourcing: The
stimuli selected from the database were previously rated
in the laboratory conditions according to the discrete 5-
point ACR method of ITU-T Rec. P.800 by 24 native
German speakers who were naive listeners. Assessments
collected in all three studies were compared to these labo-
ratory assessments by calculating corresponding Pearson
correlation coefficients (PCC) and mean absolute errors
(MAE) in the quality judgements. As we collected per-
ceptual dimension ratings on extended continuous scales,
the appropriate third-order transformation was applied
to compare them to 5-point discrete scale [9]. The re-
sults of correlation analysis are summarised in Table 2.
All correlations are statistically significant (p < 0.01) and

Table 2: Overview of Pearson correlation analysis between
laboratory and crowdsourced ratings with different training
certificate expiry times.

Expiry] QoE NOI COL LOU DIS
Time | PCC PCC PCC PCC PCC
20min| 0.86 0.94 0.96 0.98 0.96
40min| 0.88 0.95 0.96 0.98 0.97
60min| 0.88 0.96 0.96 0.98 0.96

overall indicate a very strong relationship. This holds
true over all three training certificate expiry times and
demonstrates the reliability and validity of the data col-
lected across our studies. This claim is further supported
by mean absolute error analysis, see Table 3. It shows
that crowdsourced ratings are very similar to the labo-
ratory ones except for the perceptual dimensions of col-

Table 3: Overview of Mean Absolute Errors between labo-
ratory and crowdsourced ratings with different training cer-
tificate expiry times.

Expiry] QoE NOI COL LOU DIS
Time | MAE | MAE | MAE | MAE | MAE
20min| 0.41 0.26 0.47 0.13 0.15
40min| 0.39 0.22 0.39 0.16 0.11
60min| 0.43 0.22 0.41 0.18 0.13

oration.

To compare the participant rating diversity across stud-
ies, we analyzed the Standard deviation of Opinion
Scores and applied the SOS hypothesis [10]. Figure 4
demonstrates the results. Lower overall standard devia-
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Figure 4: SOS-MOS plot. The markers depict the tuple
(SOS, MOS) for each of 28 test conditions. The solid lines

show SOS fitting functions with the corresponding SOS hy-
pothesis parameters.

tion values for the 40-minute study point towards lower
user rating diversity when compared to the other two
crowdsourced studies. For all analysed data SOS hypoth-
esis parameter a is in line with the usual values found in
the speech quality evaluation results [10].

We also analyzed how ratings change over time since the
last training session. The results for the overall Quality
of Experience are depicted in Figure 5. Here, the values
were calculated on a temporal grid of 1 minute resolu-
tion. MOS values are calculated only after observing at
least 3 assessments, and correlations are calculated only
after MOS values become available for at least 5 con-
ditions. While more frequent retraining leads to earlier
saturation, the final plateau was better in the 40 minute
study. This is in agreement with the previous studies [8].
Similar saturation results were observed for all percep-
tual dimensions, and the final plateau levels are listed in
Table 2 and Table 3.
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Analysis of QOE over time
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Figure 5: Correlation (top) and mean-absolute-error (bot-
tom) between laboratory and crowdsourced ratings with dif-
ferent training certificate durations.

Conclusion

This work examined how training certificate expiry times
can affect crowdsourcing speech quality assessments. We
conducted three separate crowdsourced studies according
to ITU-T standards using SwissQual speech database.
In each study re-training was enforced upon the partic-
ipants after the expiry of their temporal training cer-
tificate. Using strict participant selection criteria and
additional tools to control their behaviour, we achieved
valid and reliable results that showed strong correlation
of 0.86-0.88 to the assessments collected under labora-
tory conditions. Longer training certificate expiry times
lead to fewer participants quitting their evaluation before
assessing the whole database, while shorter ones resulted
in interruptions and other unwanted behaviours. With
this consideration in mind we conclude that the optimal
period for re-training was found to be 60 minutes in our
studies.

We also investigated the judgements of speech perceptual
dimensions of noisiness, coloration, suboptimal loudness
and discontinuity. It was found that these dimensions
are well understood by the crowdworkers, and generally
their evaluation results are quite close to that of lab-
oratory participants, with mean-absolute-error in range
0.11-0.26. The only exception is the dimension of col-
oration (mean absolute error 0.39-0.47); possible expla-
nations here could be the playback device limitations
masking the more subtle coloration degradations or the
less frequent general use of the term ’coloration’ in day-
to-day life.

In the future, this work will be extended for the conver-
sational crowdsourcing tests and include additional per-
ceptual dimensions relevant to the speaking phase of the
conversation, as well as other factors quantifying inter-
action between participants.
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