
Voice cue and vocal emotion perception in adult hearing aid users

Our pilot study has shown that our experimental paradigm measure relevant abilities and provide the results similar to previous studies [5, 7, 9, 11, 13]. In particular, for Exp 1, 2, and 3, 
the performance was within the normal-hearing range, and the JNDs for F0 and VTL were in line with the previous studies [3, 5, 7,  9, 10, 13]. However, the results do not differ between 
HA and non-HA groups. This could be explained by the HA participant being a user of a unilateral HA, and being able to restore normal-hearing performance through the bone 
conduction. This raises a point for discussion on the further inclusion of participants with unilateral hearing loss. Moreover, for Exp 4, we see that the HA participant actually 
performed worse than the non-HA group, especially in the condition with a TMR of -6 dB. So it seems that for this particular task, there was less bone conduction compensation. 
From that condition we also see that the HA participant benefited from F0 manipulations, and combined F0/VTL manipulations, but not VTL changes alone, which is also in line 
with previous research [7, 11]. We also aimed to reconsider the number of TMR conditions in CCRM experiment, and from the pilot study, we see that a TMR of +12 dB might be 
redundant. However, further piloting with bilateral HAs is needed to refine the protocol.
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The critical information about a speaker's identity, such as gender, age, and size, 
as well as emotional state, is typically conveyed through voice cues, including 
fundamental frequency (F0) and vocal-tract length (VTL) [1, 2, 3].

In normal hearing (NH):
● Voice perception and vocal emotion recognition develop early in life, refine 

during adolescence, and mature in adulthood [4, 5, 6, 7, 8].
● Adults seem remarkably sensitive to detecting small differences in voice cues. 

It has been shown that adults can detect F0 and VTL differences of 5% 
(between 0.8 and 1.2 st) [2, 9].

In hearing loss (HL):
● Children with hearing aids (HAs) have a lower sensitivity to voice cue 

perception compared to their NH peers, and this difference is age-dependent. 
For F0, HA children reach the perception of NH at the age of 12; for VTL, the 
perception remains delayed up until 18 [5, 10].

● Voice gender categorisation in adult cochlear implant (CI) users differs from 
NH performance: CI users primarily rely on F0 cues for voice gender 
categorisation, whereas VTL cues are not used at all [9, 11].

No longitudinal studies, data gaps for the young adults (20 - 50 years), little 
data on voice cues perception in adults with HAs.

7th Virtual Conference on Computational Audiology 2026
25th – 26th June 2026

Participants:
● Target group = 100 HA users, Control group = 100 non-HA users
● Age-matched adults with no upper age limit
Pilot study: 
● 4 participants (mean age = 24.25 years): 3 non-HA with hearing within normal 

range (PTA4 < 20 dB HL); 1 HA user with unilateral HA (AC PTA4 = 67.5 dB HL)

Procedure:
1) Hearing screening (for control group);
2) Questionnaires on demographics and HA use history;
3) Cognitive screening (MoCA-HI) + Stroop, trail-making, and digit span tasks;
4) Experimental tasks from PICKA-XL test battery, which was used in previous 
studies with children with HAs [5, 7, 10, 12, 13].

How do adults with HAs perceive and integrate voice cues, vocal emotions, 
and speech, compared to adults without HAs? 

Hypothesis: Adults with HAs will show reduced sensitivity to voice cues 
(particularly VTL) and lower accuracy in vocal emotion recognition compared to 
age-matched adults without HAs with age-normal hearing thresholds. 
Additional exploration: effect of age, duration and consistency of HA use, 
severity of hearing loss, and cognitive abilities. 

Fig.1.2 — Just-noticeable differences (JNDs) in semitones 
shown for the voice cues of F0 and VTL per age

Fig.2.2 — Voice gender categorisation judgments for nHA (n=3) and 
HA (n=1) groups (blue = 100% “man” responses, yellow = 100% 
“woman” responses). Each pixel corresponds to a combination of F0 
and VTL cues manipulations, relative to the original female voice (top 
right corner).

Fig.3.2 — Sensitivity index d’ for vocal emotion recognition, 
averaged across the three emotions, shown as a function of age. 
The d’ values of the nHA group are shown in blue circles, for HA 
group - in red triangles.

Fig.4.2 — Accuracy scores for speech with speech maskers perception per 
age, Target-to-Masker Ratio (TMR), and voice condition (F0/VTL). 
TMR conditions included (from top panels to the bottom) -6dB TMR, 0dB TMR, 
+6dB TMR, and +12dB  (only for HA group as a trial test). Each row consists of 
four plots that show the accuracy scores per masker speech voice condition.

Background
Experiment 1: Voice cue 
discrimination task [5, 12] (Fig.1.1): 
Adaptive 3I-3AFC to determine 
just-noticeable difference (JND) for F0 
and VTL. Stimuli: triplets of CV syllables.

Experiment 2: Voice gender categorisation 
task [13] (Fig.2.1): Task is to tell whether the voice 
gender matches the gender of the displayed 
face. Stimuli: single words, with F0 and VTL 
manipulated in a matrix from female to male. 
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Fig.1.1 — Interface of the the 3AFC-task for voice 
cue discrimination [12] Fig.2.1 — Interface of the “Gender” game 

for voice gender categorisation [13]

Experiment 4: Speech perception in 
competing speech[7] (Fig.4.1):  Children 
Coordinate Response Measure (CCRM) with a 
gibberish masker made of random segments, 
which gradually differ from the target in TMR 
(target-to-masker ratio), F0 and VTL. Task is to 
click on the color and number of the target 
sentence.

Fig.4.1 — Interface of the “CCRM” game for 
speech with speech maskers perception [7]

Experiment 3: Vocal emotion 
recognition task [7, 10] (Fig. 3.1): Task is 
to listen to the sentence, and then identify 
the vocally expressed emotion. Stimuli: 
non-language-specific pseudo speech 
sentences expressed in three emotions: 
happy, sad, and angry.

Fig.3.1 — Interface of the “EmoHI” test for 
vocal emotion recognition [7, 10]

Discussion

Pilot study
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Which of the three sounds is different from the other two?
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