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Abstract

We hypothesize that the cognitive load and heightened
attentional demands of active participation in conversa-
tions amplify sensitivity to speech quality degradations.
This heightened sensitivity is anticipated to yield dis-
tinct rating patterns between active speakers—who are
directly engaged in dialogue—and passive listeners, who
focus solely on listening without contributing to the in-
teraction. Our analysis leverages data from a compre-
hensive laboratory study with 127 participants, where
conversations were subjected to varying quality degra-
dations. A subsequent passive listening evaluation using
the ITU-T P.800 standardized listening-only test [1, 2]
with another 34 participants provides a complementary
perspective on quality perception for the same speech
samples. By juxtaposing the ratings from active and
passive listener groups, this study investigates how en-
gagement and cognitive load influence the perception of
speech quality. We anticipate that active participants,
due to increased cognitive demands, may exhibit height-
ened sensitivity to specific quality degradations. This
research ultimately aims to elucidate the interaction be-
tween cognitive engagement and auditory quality per-
ception, offering insights for more accurate assessments
of conversational audio quality.

Introduction

Speech quality assessment is critical in fields like telecom-
munications, speech synthesis, and assistive technologies,
where understanding listener perception of degraded au-
dio is key to optimizing user experience. Traditional eval-
uations rely on subjective Mean Opinion Score (MOS)
ratings collected under passive listening conditions. How-
ever, real-world speech perception often occurs in active,
conversational contexts, where cognitive demands differ.
Despite this, MOS assessments typically assume speech
quality perception is independent of engagement type,
potentially misrepresenting real-world experiences.

Motivation and Research Gap: While prior re-
search has explored cognitive load in auditory percep-
tion [3, 4, 5], few studies examine how conversational
engagement influences speech quality ratings. Unlike
passive listening, conversation imposes additional pro-
cessing demands—decoding speech, managing linguis-
tic structures, formulating responses, and navigating
turn-taking—which may heighten sensitivity to degrada-
tions [6]. Cognitive load theory further suggests that in-
creased mental effort could alter subjective ratings [7, 8].

Yet, the difference between active and passive engage-
ment on MOS ratings and cognitive load remains under-
explored. Standardized MOS tests may overlook cogni-
tive fatigue and adaptation in real conversations, limiting
their applicability to real-world speech communication.

Research Questions and Hypotheses: This study in-
vestigates how conversational engagement shapes speech
quality perception and how cognitive load interacts with
MOS ratings. We address three key research questions:

e RQ1: Does conversational engagement influence
speech quality ratings? H1: Active participants will
rate degraded speech lower than passive listeners.

e RQ2: Does conversational engagement impose
greater cognitive load than passive listening? H2:
Active participants will report increased cognitive
load.

e RQ3: Does cognitive load modulate speech quality
ratings in Active vs. Passive listening conditions?
H3: Higher cognitive load will correlate with lower
MOS ratings.

Method

The analysis consists of two separately conducted studies
to capture active conversations between two interlocutors
(N = 127), described in detail in [9], and data from a pas-
sive listening test with N = 34 participants. All spoke
German fluently (C1 level or above), with normal hear-
ing and no reported speech or cognitive impairments. All
participants provided informed consent and were com-
pensated for their time.

Experimental Design and Procedure: This
between-subjects study manipulated Listening Mode
(Active vs. Passive ) as the independent variable. Par-
ticipants rated speech quality using MOS ratings on an
overflow scale [10]. In the Active condition, participants
engaged in a real-time conversation while rating speech
quality. In the Passive condition, participants listened to
the final 30 seconds of the same conversations. This ap-
proach allowed us to compare ratings of identical speech
samples: once rated by the interlocutor (Active condi-
tion) and once by passive listeners without direct inter-
action. Conversations were conducted over a manipu-
lated WebRTC connection at four distinct quality levels
to simulate common signal impairments, such as packet
loss, bandwidth reduction, and delay —see [11] for a de-
tailed discussion of the conversational setup. To mitigate
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order effects , each participant in the Passive condition
rated 22 out of 88 pre-selected, randomized samples.

Measures and Data Collection: Two dependent
measures were collected: Speech Quality Ratings
(MOS): Overflow scale MOS ratings for each sample.
Cognitive Load (NASA-TLX): Self-reported scores
the NASA Task Load Index [12], recorded after each trial.

Statistical Analysis: Speech quality ratings were ana-
lyzed using Linear Mixed Models (LMM) with Listening
Mode and Quality Level as fixed effects. Spearman corre-
lations assessed relationships between cognitive load and
MOS ratings separately for Active and Passive partici-
pants. Effect sizes were reported using Cohen’s d where
applicable.

Results

MOS Rating Differences Between Active and Pas-
sive Listeners: Results revealed a significant main ef-
fect of Listening Mode (b = —0.450, SE = 0.199,z =
—2.266, p = 0.023), indicating that Active speakers rated
speech quality lower than Passive listeners, with a me-
dian difference of —0.45 MOS points (dcohen = 0.134),
see Figure 1. This supports the hypothesis that conver-
sational engagement increases sensitivity to audio quality
degradations, however the effect size suggest a negligible
finding.

Comparison of Speech Quality Ratings
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Figure 1: Box plot comparing MOS ratings between active
and passive listening modes.

Interaction Between Listening Mode and Stimu-
lus Quality Level: A LMM including a Listening Mode
x Quality Level interaction found that MOS ratings de-
clined as degradation severity increased. Quality Level
significantly affected ratings: Level 2 (b = —0.909,p <
0.001), Level 3 (b = —2.494,p < 0.001), and Level 4
(worst) (b = —3.807,p < 0.001), relative to Level 1
(best). A significant interaction revealed that differ-
ences between Active and Passive ratings were more pro-
nounced at higher degradation levels: Quality Level 3
had a 0.442 MOS point discrepancy (dcohen = 0.851),
while Quality Level 4 showed the largest effect, with
Passive listeners rating speech 0.713 MOS points higher
(dcohen = 1.683). Severe degradations impacted Active
speakers more strongly, resulting in harsher quality as-
sessments, see Figure 2.

Cognitive Load Differences Between Active and
Passive Listeners: An LMM on NASA-TLX scores
confirmed higher cognitive load for Active participants
(p < 0.001), with a median difference of —1.301 (medium
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Figure 2: Point plot of MOS ratings across quality levels for
Active and Passive listeners, with 95% confidence intervals.

effect size, doohen = 0.514), see Figure 3. This sup-
ports the hypothesis that conversational engagement in-
creases cognitive effort due to dialogue management,
speech monitoring, and turn-taking.

Comparison of Overall TLX Scores

|
I
.

0.0 2.5 5.0 75 100 125 150 175
Listening Mode

Passive - |

Overall TLX Score

Figure 3: Box plot comparing TLX scores between active
and passive listening modes.

Relationship Between Cognitive Load and Per-
ceived Speech Quality: Spearman correlation analy-
ses assessed how cognitive load influences MOS ratings
in each listening mode. Stronger correlations emerged
for Passive listeners, where increased mental demand, ef-
fort, and frustration were linked to lower MOS ratings.
Mental Demand: Passive (r = —0.753,p < 0.001),
Active (r = 0.011,p = 0.922). Effort: Stronger corre-
lation for Passive (r = —0.710,p < 0.001) than Active
(r = —0.294,p = 0.006). Frustration: Significant for
Passive (r = —0.769,p < 0.001), reduced effect in Ac-
tive (r = —0.423,p < 0.001). See Figure 4 for the full
correlation heatmap. This suggests Passive listeners allo-
cate full cognitive resources to audio processing, making
perceived speech quality directly influence cognitive load
ratings. In contrast, Active participants manage multi-
ple cognitive tasks (speech production, attention shifts),
buffering them against perceived workload effects. Prior
research in auditory cognitive load (e.g. [3]) suggests that
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when audio quality deteriorates, listeners engage com-
pensatory cognitive strategies (e.g., context repair, top-
down prediction) to maintain conversation flow. These
strategies may prevent cognitive load from reflecting only
raw speech signal quality.

Correlation Between NASA-TLX Dimensions and MOS 100
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Figure 4: Heatmap of Spearman correlations between
NASA-TLX workload dimensions and MOS ratings for ac-
tive and passive conditions.

Figure 5 shows how the responses to mental demands
varied with speech degradation. Passive listeners exhib-
ited an increasing mental demand at lower quality lev-
els, while active participants showed almost no change
throughout the various quality settings.

Discussion

This study examined how conversational engagement in-
fluences speech quality perception and cognitive load.
Our results confirm that active conversational engage-
ment leads to statistically significant differences in speech
quality ratings compared to passive listening-only condi-
tions. Specifically, passive listeners’ MOS ratings were
more directly influenced by cognitive load, whereas ac-
tive speakers exhibited weaker correlations, likely due to
compensatory listening strategies.

Additionally, active speakers rated degraded speech more
critically than passive listeners, with the effect intensify-
ing as degradation severity increased. Despite experi-
encing higher cognitive load, active participants’ speech
quality ratings were less affected by perceived cognitive
load. These findings suggest that conversational engage-
ment introduces perceptual adaptations — such as lin-
guistic prediction and error compensation — that miti-
gate the perceived cognitive burden of degraded speech.
As a result, passive speech quality evaluations might
overestimate cognitive costs by failing to account for
these adaptive mechanisms.

These insights highlight critical limitations in applying
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Figure 5: Box plot of mental demand ratings across quality
levels for active and passive modes.

passive listening tests to evaluate interactive speech per-
ception scenarios. In real-world applications — including
telecommunications, voice assistants, and hearing aid op-
timization — speech perception is inherently interactive.
Therefore, ratings obtained in passive conditions may not
accurately translate to active conversational settings. To
enhance ecological validity, we recommend the greater
adoption of active conversational methods, ensuring that
speech quality models account for interactive cognitive
demands. Additionally, datasets used for training quality
estimation models should incorporate active conversation
ratings to better reflect real-world speech perception.

Future research should examine longer, free-flowing con-
versations, incorporate physiological measures to assess
dynamic cognitive load, and explore how factors such
as background noise, conversational experience, and lin-
guistic complexity shape speech quality perception. Ul-
timately, our findings emphasize that speech quality per-
ception is an active, cognitively mediated process. Rec-
ognizing and accounting for this complexity is essential
for designing more ecologically valid assessment method-
ologies that better reflect real-world communicative de-
mands.
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