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Abstract. The WHISPER (Widespread Hearing Impairment Screening and 

PrEvention of Risk) platform was recently developed for screening for hearing loss 
(HL) and cognitive decline in adults. It includes a battery of tests (a risk factors (RF) 

questionnaire, a language-independent speech-in-noise test, and cognitive tests) and 

provides a pass/fail outcome based on the analysis of several features. Earlier studies 
demonstrated high accuracy of the speech-in-noise test for predicting HL in 350 

participants. In this study, preliminary results from the RF questionnaire (137 

participants) and from the visual digit span test (DST) (78 participants) are presented. 
Despite the relatively small sample size, these findings indicate that the RF and DST 

may provide additional features that could be useful to characterize the overall 

individual profile, providing additional knowledge related to short-term memory 
performance and overall risk of HL and cognitive decline. Future research is needed 

to expand number of subjects tested, number of features analyzed, and the range of 

algorithms (including supervised and unsupervised machine learning) used to 
identify novel measures able to predict the individual hearing and cognitive abilities, 

also including components related to the individual risk. 
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1. Introduction 

Hearing loss (HL) is among the top leading disabilities, according to the World Health 

organization (WHO) [1]. It typically develops slowly and progressively in older adults 

and is frequently related to cognitive decline, also triggering a cascade of effects in terms 

of social isolation, anxiety, and depression [2]. Screening and early identification of HL 

and cognitive decline can help slow down or prevent the progression of these conditions 

and their consequences. Recently, there has been growing attention towards adult hearing 
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screening, and particularly towards self-administered speech-in-noise tests that, 

differently than conventional pure-tone audiometry, can be executed remotely and in 

non-clinical environments (e.g., [3]-[5]). However, most of the currently available 

speech-in-noise tests use language-specific stimuli and, thus, need to be adapted to the 

native language of the target population. Also, they typically use univariate rules to 

predict HL (for example, based on the measured speech recognition threshold, SRT). 

Moreover, despite the growing interest in speech-in-noise tests for screening for HL, 

comparatively limited attention has been given to concurrent identification of cognitive 

decline and to the individual risk as, for example, current multivariable approaches tend 

to focus on the auditory and perceptual aspects (e.g., [6]). Recently, we have developed

a novel, modular system for screening for HL and cognitive decline, the Widespread 

Hearing Impairment Screening and PrEvention of Risk (WHISPER) platform. The aim 

of this contribution is to outline the main characteristics of the system and present the 

main results obtained through the currently available battery of tests.

2. Materials and Methods

The WHISPER platform was conceived as an integrated system to support screening and 

prevention of HL and cognitive decline in adults. The system is modular and is based on 

a battery of tests that can be administered locally and at a distance, and it provides an 

overall outcome based on the results of one or more tests, as outlined in Figure 1.

Figure 1. The WHISPER platform includes (i) a questionnaire about RF (lifestyle, noise exposure, and health 

history); (ii) a language-independent speech in noise test; (iii) a battery of cognitive tests (e.g., spatial span 

test, DST); (iv) AI models to classify individual performance; and (v) a traffic-light visualization of the test 
outcome.

Specifically, the platform includes: 

� a short survey, including 18 multiple-choice questions about modifiable and 

non-modifiable risk factors (RF) (e.g., lifestyle, noise exposure, and health);

� a novel, validated user-operated speech-in-noise test [7]-[10]. The test is 

minimally dependent on the listeners’ native language as it is based on an 

optimized, efficient adaptive procedure using meaningless vowel-consonant-

vowel stimuli (e.g., aba, ada) presented in stationary speech-shaped noise. The 

level of noise is adaptively determined at each trial based on an efficient one-

up/three-down staircase. In addition to the commonly measured SRT, the test 
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extracts a list of additional variables that can be used to identify HL, for example 

reaction times, percentage of correct responses, and self-adjusted test volume; 

� a battery of cognitive tests, including the visual digit span test (DST) (forward, 

backward, and ordering versions) and the spatial span test (forward and 

backward versions). In the DST, the ability to recall sequences of digits of 

increasing length is tested. In the forward, backward, and ordering version, the 

subject is asked to dial/type the sequence in the same, opposite, or ordered 

version, respectively. In the spatial span test, the ability to recall spatially 

distributed sequences of boxes is tested, either in the forward or backward recall 

task. The digit span score (DSS) and the spatial span score are defined as the 

length of the longest sequence recalled by the subject. The lower the scores, the 

lower the performance, and the higher the chance that cognitive decline may 

occur. In a similar way as in the abovementioned speech-in-noise test, the 

platform extracts a variety of variables in addition to the scores, e.g., the average 

digit typing time and the pattern of responses. 

The dataset collected using the WHISPER platform includes 442 records from 350 

participants tested in laboratory environment and at hearing screening and awareness 

events, as of June 2023. The sample includes 117 men and 233 women (age: mean 50 

years, range: 19-89 years) across 12 native languages. The study protocol was approved 

by the Politecnico di Milano Research Ethical Committee (opinion no. 2/2019, Feb 19, 

2019; opinion no. 13/2022, Apr 13, 2022). The dataset includes 44 features, specifically: 

� 18 from the RF questionnaire, e.g., presence/absence of a certain RF, and 

educational level (N=137 participants); 

� 7 from the speech-in-noise test, e.g., SRT, average reaction time, percentage of 

correct responses (N=350); 

� 7 from the forward DST, e.g., DSS, average digit time (N=78); 

� 5 from the general individual and session characteristics, e.g., age, gender at 

birth, native language, transducers (N=350); 

� 7 from pure-tone screening testing, e.g., pure-tone thresholds in the range 0.5-

4kHz (N=350), and in the range 6-8kHz (N=235), ear asymmetry (N=92), as 

measured using pure-tone audiometry with a clinical audiometer. 

As shown in Figure 1, a screening outcome is visualized using a traffic-light 

visualization and a pass/fail indication, computed using AI-based models that are 

currently under investigation. Recent research has shown that the features extracted from 

the speech-in-noise test can accurately predict HL [9]. Specifically, using different 

machine learning algorithms on different subsets of features on a population of 350 

participants, the accuracy of binary classification of HL of mild and moderate degree 

was equal to 0.85 and 0.84, respectively. The accuracy for multiclass identification of 

normal hearing (NH), mild, and moderate HL was equal to 0.72, i.e., similar to other 

validated (but language-dependent) speech-in-noise tests (e.g., [3]). In the followings, 

preliminary results obtained from the analysis of features extracted from the short-term 

memory testing module (specifically, the DST) and from the RF survey are presented.  

3. Results and Discussion 

Figure 2 shows preliminary results obtained from the DST (N=78 participants; no. of 

NH/HL: 47/31). Panel A shows that the DSS was, on average, higher (i.e., better) in 

A. Paglialonga et al. / A Screening Platform for Hearing Loss and Cognitive Decline172



individuals with lower SRT and in individuals with NH. Nevertheless, four individuals 

with HL and with high SRT (i.e., SRT>0 dB SNR) obtained DSS scores higher than the 

cut-off value of 5 (up to 7), suggesting that good short-term memory can be observed in 

individuals with impaired speech recognition (as measured by the SRT) and impaired 

hearing sensitivity (as measured by pure-tone thresholds). Panel B show that the median 

age in individuals with DSS>5 was significantly lower than that of individuals with 

DSS≤5, with 75% of individuals with DSS>5 being younger than 55 years old. A similar 

finding was observed for the single digit typing time shown in Panel C, confirming a 

complex relationship between age, average reaction times, and short-term memory.  

Regarding the RF questionnaire, Figure 3 shows a higher proportion of depression, 

high cholesterol, alcohol consumption, and lower educational level in individuals with 

HL, and a higher percentage of self-reported recreational noise exposure in individuals 

with NH. These findings are likely to be, at least in part, influenced by the different age 

range of NH and HL groups. Further analysis is necessary, on a larger, balanced sample, 

to investigate the differences in RF profiles between individuals with NH and HL. 
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Figure 2. DSS as a function of SRT in individuals with NH and HL (Panel A); distribution of age (Panel B) 

and average single digit typing time (Panel B) as a function of the DSS class (N=78 participants). 
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Figure 3. Distribution of RF related to health, noise exposure, lifestyle (Panel A) and education (Panel B) in 

individuals with NH and HL (N=137 participants). 

4. Conclusions 

Overall, the preliminary results described here suggest that the battery of tests included 

in the WHISPER platform may be able to capture different aspects of the individual 

performance, not limited to hearing sensitivity (as measured by pure-tone testing) and 

speech recognition performance (as measured by speech-in-noise testing). Future 
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research is needed to investigate more deeply the relationships between the different 

measures extracted from the test battery and their role in defining an individual profile. 

Moreover, the analysis of the most relevant confounding factors to correct for, e.g., 

subject’s age, is of primary interest. Further analysis of the set of features extracted from 

these two tests using unsupervised and supervised machine learning approaches, as well 

as causal models, could help identify homogeneous groups of individuals and unravel 

the causal associations between the identified RF and the different components of 

individual performance. This could, in turn, lead to a novel score that combines the 

speech-in-noise test and the DST, describing the individual overall performance. Further 

research is also needed to understand if, and to what extent, such score could be 

integrated with the RF questionnaire to define an global risk score that considers both 

the current overall performance and the risk of developing HL and cognitive decline. 
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