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Abstract—Hearing Healthcare is in midst of a paradigm shift and the use of
mobile health technologies plays therefore a major role. Through the Bluetooth
connectivity between the hearing aids and the smartphone with an accompany-
ing app, the HCP can remotely access hearing aid settings during an online vid-
eo session. In this study, 30 subjects were divided into a tele-audiology inter-
vention and a clinic-based control group and followed up after an initial fitting
for four weeks. At the beginning, structured interviews were used to determine
the expectations on the service quality of a Hearing Aid Company, and these
were compared with the actual perceived performances at the end of the study
using the SERVQUAL model. Various advantages and disadvantages of both
forms of intervention were identified. It could be concluded that a combination
of both variants ensures the greatest possible perception of service quality.

Keywords—Hearing Healthcare, Mobile Health, Service Quality, Tele-
Medicine

1 Introduction

It is estimated that about 30% of men and 20% of women have a hearing loss
>30dB by age 70. At 80, this figure rises up to 55% for men and 45% for women [1].
Poor hearing and understanding leads to a decrease in quality of life due to a reduc-
tion in social activities, the feeling of being excluded, and an increase in symptoms of
depression [2]. In most cases, the provision of hearing aids by a Hearing Care Profes-
sional (HCP) is the only way to compensate the hearing loss [3]. These devices have
undergone an impressive development. Starting with an ear trumpet, which amplified
the acoustic signals in the simplest way, to today's high-tech system that automatically
detects the most diverse hearing situations and adjusts the hearing aid setting accord-
ingly [4]. The current generation of hearing aids is already equipped with Bluetooth
[5], which enables the connection to a smartphone. Using the associated apps, the
patient then has access in a limited way to the hearing aid’s settings. Over the men-
tioned applications, HCPs can invite the patients to a tele-audiology online video
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session and can change the hearing aid settings remotely from the clinic [6]. The sig-
nificance of hearing aid accompanying smartphone apps increased in Hearing
Healthcare in the last years [7] and the rapidly advancing digital transformation poses
new challenges for medicine in general [8]. To take these challenges into account, the
quantity of the small programs is also increasing in the field of telemedicine [9], [10].
The same trend can be seen in other sectors outside of medicine, such as tourism,
education and retail. Here, too, companies are increasingly turning to mobile
smartphone apps [11]-[13]. On the one hand, socio-economic reasons are central to
user acceptance and the associated actual use [14]; on the other hand, perceived added
value, such as time or money savings, play an important role [15], [16] which should
be noticed by app developers [17].

Several publications already addressed the audiological context of using
smartphone-based tele-audiology [7]. The purpose of this article is to examine in
more detail the perceived service quality and patient’s satisfaction when using the tele
- audiology subset of hearing aid accompanying smartphone apps. An exploratory
study was therefore conducted, and the participants divided into a tele-audiology
intervention and a clinic-based control group. Follow-up appointments for the inter-
vention group were realized via smartphone based tele-audiology, while the control
group received traditional face to face care in the clinic. The results were collected
and compared within the SERVQUAL method.

This paper aims to complete the research in smartphone-based tele-audiology be-
yond the boundaries of audiological aspects and to encourage HCPs to integrate this
form of patient care into the fitting process.

2 Literature Review

2.1  Tele-audiological background

The traditional route to hearing care is through visiting a clinic and fitting of hear-
ing aids by a HCP [3]. Due to the maldistribution of clinics in rural areas and the
associated time required for a clinic visit, the need for tele-audiology grew constantly
[18]. This type of service started very simple in the early 1960s, using a practitioner in
a surgery who adjusted hearing aids under the instruction of a HCP he received on the
phone or later via video session. The results were from the audiological aspect compa-
rable to traditional care in the clinic [19]. Today, this technology has evolved, and
synchronous fitting sessions can be conducted via smartphone apps during an online
session [6]. It could be concluded that this method does not have any detrimental
effects on hearing aid outcomes and can increase the patient’s engagement with the
HCP [20]. This issue may be part of a paradigm shift in Hearing Healthcare, away
from the traditional clinic centric model to a more flexible one, where the patient is
more empowered in the whole fitting process and the use of mobile apps plays there-
for a major role [21]. Tognola et. al. described this paradigm shift as a silent and dis-
rupting revolution in hearing healthcare due to the increasing use of e — health meth-
ods and technologies, in particular mobile smartphone applications [22].
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A study among 258 audiologists in the USA found out that HCPs are generally
open to the use of smartphone-based tele-audiology as it can generate benefits for the
clinic as well as for patients [23]. A similar willingness regarding the use of tele-
audiological practices could be confirmed in several older publications in the context
of traditional non-smartphone based tele-audiology [24], [25].

2.2 Mobile health technologies — user satisfaction and service quality

In the intersection of medical informatics, public health and business, e-health is an
emerging field, referring to health services and information delivered or enhanced
through the internet and related technologies [26]. M-health can be defined as a subset
of this, using mobile devices to deliver health services to the customers [27]. The use
of this technologies is increasing, due to benefits like the promotion of preventive
behaviors and health monitoring, enhanced patient-doctor engagement, improved
service quality and patient centered care [28]. That aspects have an impact in patient
satisfaction, which is one of the most important measures in healthcare provision [29].
Several studies have been conducted to evaluate user satisfaction from m-health,
which demonstrated high satisfaction rates among patients [30]-[32]. However, it
must be mentioned limiting that in these studies the m-health technologies were used
as an adjunct to conventional clinic treatment and not as the sole medical intervention
[33]. In a direct comparison between mobile health and clinic-based intervention for
Serious Mental Illness, it was found that both variants were able to achieve good re-
sults in treatment. The level of satisfaction was comparable in both groups and the m-
health treatment showed superior level of patient engagement [34].

In terms of user satisfaction, the application of mobile health technologies, espe-
cially in the field of telemedicine, must also pay attention to the practitioner side.
Various studies from 2020 during the Covid-19 pandemic could confirm that there is
a high degree of user satisfaction among Healthcare workers as well [35]-[37].

Especially with regard to the patient side, service quality plays a decisive role to
achieve a high degree of satisfaction [38]. It can be defined as the difference between
the actual consumers” perceptions of services and their expectations placed on them
[39]. For companies it is significant to measure those expectations because it leads to
an increase of the overall long-term quality [40]. Especially in healthcare, where
Hearing Healthcare is a part of it, the quality is highly important due to the aspect that
the service affects directly the well-being and expectation of life [41]. In literature,
several models with the purpose to measure the service quality can be found. In this
study, the SERVQUAL model was applied, as it considers the dimensions tangibility,
reliability, responsiveness, assurance and empathy. It measures the differences be-
tween expectations and perceptions along every dimension with totally 22 items using
a gap analysis [39]. The model is based on existing and tested psychological processes
and was initially designed to measure customer perceptions of service quality in retail
businesses [42], to which the distribution of hearing aids belong as well [43].
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3 Materials and Methods

3.1 Research methodology

The hearing aids were fitted to all participants in both groups under laboratory
conditions at a neutral location by the study director. Based on the hearing loss, the
devices were fitted to the target gain and the handling was explained in detail. The
hearing aids of the intervention group were connected to the prepared smartphones
and the subjects were instructed in the navigation of the app. Further, four follow-up
appointments were arranged at intervals of one week each for subjects of both groups.
The tele-audiology intervention group was followed up via online sessions from the
clinic, while the control group visited the clinic in person. The supervising HCP was
always the same in both groups. After the last session, an appointment was made with
the study director again at a neutral location to finalize the study.

In order to measure the service quality, a 22-item questionnaire was developed ac-
cording to the SERVQUAL method [42]. The subjects were interviewed two times,
first at the beginning of the study to inquire the expectations on the service quality of
a Hearing Care company and again at the end of the study to determine the actual
perceived performance. To assess the participant’s level of agreement with the state-
ments regarding expectations and perceptions, a 7-point Likert scale, from 1 = strong-
ly disagree to 7 = strongly agree, was applied to all 22 items. The individual scores
between the expected and actual perceived service were compared and the difference
was determined. These gaps were finally checked statistically to make the results
valid.

3.2 Participants

The study was conducted with 30 participants (17 male, 13 female). They were di-
vided into a tele-audiology intervention and a clinic-Based control group of 15 sub-
jects each. The inclusion criteria were as follows: < 75 years, average air conduction
hearing loss in the frequencies 0.5, 1, 2 and 4 kHZ between 25dB and 75 dB across
both ears. Experience with hearing aids > 2 years. In addition, care was taken in the
selection of participants to ensure that they were familiar with smartphone use. The
median age was 64 in the intervention and 63 in the control group.

3.3 Hearing aids and smartphone app

The hearing aid model used in this study was the Signia, Pure Charge & Go 7X, a
RIC (Receiver in Channel) hearing aid which counts to the premium segment of hear-
ing aid technologies. It is equipped with 2.4 GHz Bluetooth technology that enables
the communication with the patient’s smartphone. The hearing aid accompanying
smartphone App, Signia App, was used. With this app, an online video session can be
realized between the patient and the HCP. This sub-section of the app named Tel-
ecare, allows the professional a complete access to the hearing aid’s settings and fit-
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ting values, without any bigger limitations compared to traditional care in the clinic.
To ensure a consistent study design, all subjects of the intervention group were pro-
vided with Apple iPhone 8 smartphones.

4 Results

In the first step, the questionnaire setup was validated using the Cronbach Alpha
Test. In a pretest, the scale reliability of alpha = 0.79 for the expectations and alpha =
0.82 for the perceptions could be determined. Accordingly, the reliability results from
this test were supported.

Table 1 provides an overview about the items used in this study, as well as the
means of expectations and perceptions of the tele-audiology intervention and the clin-
ic-based control group. T-tests were used to confirm that the gaps are statistically
significant. All results were significant with p < .05. Further, the results were calcu-
lated for every dimension with the aim to improve the comparability. The means of
expectations were high in both groups and ranged in the tele-audiology intervention
group from 6.8 (Item: The HCP has a high level of competence and expertise) to 5.27
(Item: The interests of the patients are the main focus for the HCP). The range in the
clinic-based control group was from 6.73 (Item: The HCP has a high level of compe-
tence and expertise) to 5.2 (Item: The HCP is visually appealing).

In the tele-audiology intervention group, the mean scores of the perceived service
quality reached from 6.27 (Item: Services are executed in the promised time) to 4.47
(Item: The fitting environment is visually appealing) and in the clinic-based control
group from 5.94 (Item: The HCP conveys a sense of seriousness during the fitting
process) to 4.6 (Item: The services are convenient for disabled patients). The biggest
gaps between expectations and perceptions could be observed for the intervention
group in the dimension tangibility and for the control group in the dimension empa-
thy.

iJIM — Vol. 15, No. 10, 2021 25



Evaluating the Service Quality of Mobile Health Versus Clinic Based Intervention in Hearing...

Paper

Table 1. Service Quality Scores

oo ve's 90'9 L0 £v's vT9 Ayjenp 221a136 [|e42A0
T000'0 LT'S- €T L0'S 0z'9 9L20'0 60T €E0- 09's £€6'S sjuaned ay) o3 ajeldosdde sawiy Je Palayyo ale sadIARs 3y 'S
10000 O€'s- L9°0- €E'S 009 Z0000 8S'v- 08°0- Ly LTS dDH 3Y3 10§ SN0} ulew 3y} ale syualjed ayj JO sysaiajul YL 'y
S0000 8T'- £90- €SS 0Z9 | 00000 €06 LOT- (8% €6 sjuaned ay3 Jo spaau [euosIad By} SPUBISIPUN dOH BYL '€
00000 0T'9- L't 09’y L09 0Z00'0 8S'V- 09°0- L8V Lvr's sjualjed pa|qesip J0j JUSIUSAUOD e SIDIAIIS 3L ‘T
70000 8S'v- 090- Ov'S 009 | TE000 TZ'E- €L0- 00S  E€LS UOUaNE [ENPIAIPUI O 33.83p YBIY & 3AId31 sudned Ay T
06°0- 6rT's 60'9 vLo- 96’V oL's Ayredwiz
L0000 00'P- 08°0- £€6'S €L°9 T0000 8LV €L°0- L09 089 as1jJadxa pue a3ua3adwod jo [aA3] Y31y e sey dIOH 3YL 't
20000 8S'v- 09°0- 00's 09's 00000 €S°'G- 08°0- ov's 0z'9 sjuaned yum 1oejuod ul Ajpuaiiy shemie st dJH 3yl '€
€100'0 49t 09°0- v6'S €S9 00000 0S'9- L8'0 08'S L9'9 ssa204d Buimy ay) Bulinp ssausnoLI3s JO asuas e SASAUOD dDH 3YL ‘T
€v00'0 90°¢t- ov'o- 009 ov'9 70000 8S'v- 09°0- 08's ov'9 sjuaned ayj Yim Isni3 sajeasn ddH YL T
09°'0- ws €9 SL'0- Lrs 59 adjueinssy
0LZ00 OT'T ov'o- €E€'S €L'S 81000 0S'E- Lv'0- €6'S ov'9 sysanbai sjuaijed 0} puodsal 03 ASnq 003 JaA3U S| dDH 3YL ‘¥
90000 VvO'¥- €L°0 LTS 009 96000 S9°C €€°0- €T's a9v's sjuaned ayj isisse 03 Apeas shem|e s dDH YL '€
90000 vO'v- €L°0- ov's €19 96000 S9'C €E°0- L8'S 07’9 |[spouad Buniem 3uo|noylim pue Ajaelpawwi pajeasy ale sjuaijed syl 'z
vL00'0 8L'T €50 €6’V av's 10000 67°'S- £L9°0- 0z's L8'S Ajasipaid s1 sjuauijuiodde dn-mo||0j INOGe UOIIEWIOJUI 3YL °T
09'0- €T'S £€8'S Sv'o- €5'S 86'S ssauanisuodsay
€100°0 £9°E- 09°0- LTS L8°S 00000 ST'L- 00°T- ov's ov'9 papinoad s Buiyy pie Bulieay ayj 03 ujje|as uojjewIojul A1essadaN ‘g
vL00°0 8LT €570 €L'S 97’9 04200 OT'C ov'o- L9 £L9'9 3w pasiwoid 3y} 3e payndaxa ale s3dIAIBS 'y
00000 VTZ- €E'T- 09’y £€6'S ovioo Sv'z- ov'o- 08's 07’9 Aja3e1pawwi pan|os a.e spie Bulieay 3yl Yiim swa|qoid ‘€
GEO0'0 9T'E- L9°0- 09°'s LT9 ST00'0 LS'E- L9°0- 009 £9°9 wa|qoid e 3A|0S 03 JSUUBW PaAINIINI3S Ul Spaado.d dDH 3YL T
€EV00'0 90°€- ov'o- 00’9 or'9 00000 T16'G- €T'T- €S°S 99’9 3|qe1|a. 35! pasn ABojouydal ayl ‘T
L0 v's SsT'9 wo 08's 59 Aupgersy
10000 €T'S- £€6°0- Ly'S or'9 00000 E€T°L- €ET- €T's 9v'9 ssa20.d Builly ay3 1oy ajeridoidde s JUBWUOIIAUB YL 'p
81000 O0S'€- Lv'o- €Ly 0zT's 90000 60°v- £€6°0- L9 09°'s Buiieadde Ajjensin sl dOH YL ‘€
ST00'0  LS'€E- L9°0- 0T's L8'S 00000 969~ LO0'T- Ly vs's Bujjeadde AjjensiA s| JuawuoiiAua Buily 3y 'z
T000'0 €T'S- £€6°0- LO'S 009 94700 60T €€°0- €19 9v'9 juawdinba a1ep 03 dn Y3m sIOM d1UIP 3YL T
SL'0- s L8'S 6'0- otr's 209 Aupqisuey
anjea-d anea-y  (3-d) (d) (3) anjen-d anjea-L  (3-d) (d) (E)]
i ASojoipny-ajaL

http://www.i-jim.org

26



The several gaps between expectations and perceptions can be taken from figure 1
along all dimensions.
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Fig. 1. Gaps along all dimensions

5 Discussion

The study assessed the perceived service quality of the two intervention forms on a
stand-alone basis. Care was taken in the setup to ensure that there was a clear delinea-
tion between the two forms and that they were not mixed. Analyzing the average gaps
of the two variants across all 22 items, it is noteworthy that the overall service quality
differs only slightly. Accordingly, the overall expectations and perceptions were also
on a similar level. However, a closer look at the several dimensions, as well as the
several items, reveals various significant differences that play a major role in inter-
preting the results.

In the area of Tangibility it may be assumed that the advantages in terms of service
quality are in favor of the clinic-based control group. This can also be determined in
most items. For example, due to an appealing clinic design and the positive appear-
ance of the HCP, the visual aspects were rated better compared to the tele-audiology
intervention group. Very remarkable was the aspect that through the smartphone
based tele-audiological intervention, the equipment used was perceived as more mod-
ern. Here, the conclusion can be drawn that through this form of treatment, the hear-
ing care company is considered as more up to date than others who do not use this
variant.
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In the dimension of Reliability, too, the differences between the two variants only
become apparent when the individual items are analyzed in more detail. For the tech-
nique reliability, a smaller gap was found for the clinic-based control group. It should
be mentioned limiting here that three subjects of the tele-audiology group had connec-
tivity problems between the smartphone and the hearing aids due to Bluetooth issues
which made scheduled online follow ups not feasible. Accordingly, this point was
rated lower. Regarding the necessary information related to the fitting process, an
advantage for the clinical group could be determined, which may be because of more
extensive communication during face-to-face appointments. On the other side, the
Tele-audiology variant had a clear advantage in the area of speed of problem solving,
as well as in the punctual implementation of planned service. These conditions can
also be observed in the dimension of Responsiveness. The patients were treated with-
out longer waiting periods, the HCP was always ready to assist and never too busy to
respond to patients” requests. The explanation here is simple. It just took less time to
respond over the app or to perform a short follow up in between whenever it was
necessary. Compared to the Clinic Based control group, the HCP was much more
flexible, and the patients received a fast and uncomplicated service. In terms of in-
formation about follow-up appointments, smaller gaps were determined for the face-
to-face variant. Here again and based on the interviews it can be assumed that the
communication is more extensive.

In the dimension of Assurance, a higher degree of the perceived service quality
was found in interpersonal aspects such as trust, seriousness, and friendliness in the
clinic-based control group. In contrast, however, it must be emphasized that the per-
ception of the HCP's competence and expertise tended to be more positive in the in-
tervention group. This aspect coincides with the result from the Tangibility dimension
that the equipment of the intervention group was evaluated as more modern. Thus, the
study shows that the use of modern tele-audiology technologies has a positive influ-
ence on professional and technical conditions. In the dimension of Empathy, the items
relating to the level of individual attention, understanding of the patient's personal
needs, and attention to the patient's interests were rated better in the clinic-based con-
trol group. Lower gaps and thus a higher level of perceived service quality was de-
termined here. These values confirm the results from the previous dimension. It can
therefore be concluded that there are advantages at the communication and interper-
sonal level in the area of face-to-face communication.

6 Conclusion

The study demonstrated very clearly the strengths and weaknesses of both inter-
vention forms in the area of perceived service quality. Across dimensions, it can be
stated that the intervention via smartphone-based tele-audiology has clear advantages
in the area of speed in the implementation of processes compared to the traditional
clinic variant. In addition it has a positive impact on professional competence, as the
expertise of the HCP is perceived to be higher and the equipment used more modern.
On the other hand, a higher level of perceived service quality was found in the face -
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to - face intervention in other aspects. There were clear advantages in the interperson-
al area as well as in the provision of information, indicating more extensive commu-
nication compared to the tele-audiology variant.

It can therefore be concluded that the highest possible service quality is achieved
when the two forms are combined in a meaningful way. The personal appointments in
the clinic are the foundation of the patient relationship in the hearing aid fitting pro-
cess, which can be noticeably optimized by the digital accompaniment of smartphone-
based tele-audiology. The demand for this service will certainly increase significantly
in the coming years due to demographic changes. Further research is therefore indi-
cated to investigate the expectations of future patient generations on the application of
mobile health technologies in Hearing Healthcare as well as the requirements from the
practitioner side.
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