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PAPER

Mobile Applications in Otology: A Scoping Review

ABSTRACT
This scoping review aims to comprehensively synthesize current research on the use of 
mobile applications in otology, identify research gaps, and assess the feasibility of mobile-
based applications in this field. The aim is to support and direct future research studies on 
harnessing the potential of mobile technology in otology. Following the PRISMA-ScR guide-
lines, a literature profiling approach was adopted using the Google Scholar search engine 
from September 2022 to January 2023. Only articles published in English between 2012 and 
2023 were included, resulting in a final sample size of 32 papers. The results revealed an 
increasing focus on the remote delivery of healthcare, with the majority of the articles orig-
inating from the United States and authored by medical doctors. Two main categories were 
identified within the 32 selected journals: audiology and smartphone otoscopy. A total of 
124 mobile applications were identified in these journals, with 48 applications for hearing 
tests and 27 applications for smartphone otoscopes being the most commonly utilized. Mobile 
applications have the potential to serve as valuable tools in the field of otology, especially in 
the context of smartphone hearing tests and smartphone-enabled otoscopes. However, fur-
ther research is needed to assess their effectiveness, accuracy, and appropriate usage.
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1	 BACKGROUND	OF	THE	STUDY

Otolaryngology is a medical specialty that focuses on the diagnosis and treatment 
of diseases of the ears, nose, and throat, specifically within the anatomic region of the 
head and neck. It is a diverse field that encompasses a wide range of conditions and 
diseases [1], [2]. Within this field, otology is a subspecialty that specifically focuses 
on the anatomy, physiology, and pathology of the ears. Otology utilizes a variety of 
medical tools to diagnose and evaluate ear conditions, with the most common ones 
including otoscopes, audiometers, and tympanometers. Otoscopy is a medical pro-
cedure that involves visualizing the ear using a handheld tool called an otoscope 
[3–6]. This tool enables the specialist to identify potential problems within the ear 
and detect any existing issues [7], [8]. An audiometer is a device used to measure the 
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intensity of sound at different frequencies, while a tympanometer is used to assess 
the movement of the eardrum in response to changes in air pressure [9–11]. By 
utilizing these medical tools, otologists can conduct a comprehensive assessment of 
diseased ears to accurately diagnose and treat them [12].

Over the past few years, there have been a growing number of smartphone appli-
cations, or mobile applications, developed for the field of otology [18–20]. Examples of 
such applications include mobile hearing tests and smartphone-enabled otoscopes. 
These smartphone applications empower patients and clinicians to conduct remote 
consultations, follow-ups, simulation training, virtual teaching, and more [13], [14], 
[18–31]. Thus, access to medical care can be expanded for patients who lack access 
to healthcare due to geographic or logistical challenges [10], [25–27], [32–34].

The implementation of modern technology in healthcare is a complex process 
that involves a wide variety of factors [13], [15]. The use of mobile applications, 
such as OtoCare, Otoscope, hearing tests, and hearing assistants, represents just a 
few examples of mobile applications utilized in the field of otology [10], [18], [24], 
[29]. Some concerns and challenges that may arise when using mobile applications 
in otology include data security, privacy, interoperability, user experience, and the 
most effective method of integrating the mobile application into the otologist’s exist-
ing workflow and processes [15–18]. The use of mobile applications for patient edu-
cation, engagement, illness management, and telemedicine is an emerging trend in 
the field [25–27], [33], [34]. Furthermore, emerging technologies such as augmented 
reality, virtual reality, and artificial intelligence have the potential to revolutionize 
the way otologists communicate with and treat their patients [16], [35]. Furthermore, 
there is a lack of consistency in the research that provides a comprehensive synthe-
sis of the extent to which mobile applications are being used in otology.

The main objective of this study is to conduct a comprehensive review of the 
use of mobile applications in otology. This review aims to synthesize the existing 
literature on mobile applications in otology, explore the potential for mobile-based 
applications in otology, and identify research gaps to guide future studies.

2	 METHODOLOGY

2.1	 Literature	profiling

This review followed the 2018 Preferred Reporting Items for Systematic Reviews 
and Meta-Analysis—Scoping Review (PRISMA-ScR) guidelines [36–39], as illustrated 
in Figure 1. The authors employed a comprehensive search strategy using the Google 
Scholar search engine in January 2023, which yielded approximately 26,200 results. 
The keywords used were related to the following topics: “Mobile Applications,” 
“Smartphone,” “Otology,” “Telemedicine,” “Otolaryngology,” “Hearing Rehabilitation,” 
and “Smartphone Otoscope.” The search was further refined by limiting the results to 
articles published in English within the past eleven years (2012–2023) to ensure that 
the most current and relevant research was included. The total number of publications 
was further reduced to 4,800 by focusing solely on reviewed articles. Subsequently, 
132 articles were stored in a literature bank created in Google Drive after ensuring 
that the search phrase matched either the target article’s title, abstract, or keywords. 
To create a comprehensive directory of qualified articles, a journal assessment matrix 
in the form of a spreadsheet was utilized as a tool to analyze the journals by profil-
ing their title, year, authors, hypotheses, problem statements, objectives, methodolo-
gies, results, and the merits of the researchers for each journal [40]. The relevance of 
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each article to the study’s goals was taken into consideration when selecting the sixty 
papers, which were later categorized based on their themes. Furthermore, the sample 
size was reduced to thirty-two journal articles after confirming that each paper should 
be indexed in Scopus journals, Web of Science (WoS), and SCImago.

Fig. 1. PRISMA flow diagram as applied in the study

After conducting a comprehensive review and synthesis of the literature samples, 
the next step is to profile these studies in order to create an overview of their research 
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background. To enhance the study’s credibility, the researcher analyzed factors such 
as the publication year of the literature, the country where the study was conducted, 
the research methods used, the background of the authors, and the journal of publi-
cation. To further verify the credibility of the journals, the authors used the SCImago 
Journal Rank in addition to the Web of Science and Scopus databases, which provided 
additional information regarding the journals’ subject areas and categories.

The search strategy did not include a search for gray literature on the subject. 
This search was also limited to Google Scholar electronic search only.

2.2	 Scoping	synthesis

To gain a deeper understanding of the role of mobile applications in otology, the 
authors conducted a scoping review analysis of 32 journal articles. The researcher 
utilized the content, context, and process (CCP) framework, as depicted in Figure 2, 
to analyze the literature, providing a comprehensive approach to understanding 
the scope of mobile applications in otology [41–43]. This framework was originally 
utilized in organizational strategy to assess internal and external environmental fac-
tors in IS research, and it was modified to specifically consider the scope of mobile 
applications in otology [43]. By extracting key concepts from the literature and put-
ting them into practice, the researcher was able to identify the specific techniques 
and materials used in this area and comprehend the factors that lead to change. The 
utilization of the CCP framework enabled a comprehensive and systematic analysis 
of the literature, providing valuable insights for future research.

Fig. 2. Context-content-process [41–43]

This study conducted a comprehensive evaluation of 32 journal articles on 
mobile applications in the field of otology using a qualitative coding process. The 
analysis focused on the context (involving who and why) of these applications, 
which pertains to the individuals and entities involved in the workflow of using 
these mobile applications. Key variables in this study were identified from relevant 
journal articles and sources. The process of using mobile applications in otology, 
including the goals and methodologies outlined in the journal articles, was also eval-
uated. The content of the applications was analyzed, referring to the scope of study 
where these applications are being applied and the relevant subject areas [41–43]. 
A thematic analysis procedure was utilized during the qualitative coding process to 
reveal key variables and subject areas in the content of these mobile applications.
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The key variable identified using the context-content-process framework of anal-
ysis, along with other variables identified through thematic analysis, and were tab-
ulated in an electronic spreadsheet.

2.3	 Research	gap	analysis

In this section, we present the method for conducting a comprehensive research 
gap analysis of mobile applications in otology. The purpose of this analysis is to pres-
ent the most common findings from existing studies and to provide recommenda-
tions for future researchers. To accomplish this, the researcher initially conducted 
a scoping review to outline the context-content-process framework in the field of 
mobile applications in otology [41–43]. Subsequently, the conclusion and recommen-
dation sections of all thirty-two journal articles were analyzed to identify common 
findings and suggestions. To record and synthesize the information, a tally sheet 
was used. To overcome the limitations and deficiencies in the existing literature, an 
inductive coding approach was utilized to identify common recommendations for 
future research topics. Additionally, a mind mapping technique was utilized to cat-
egorize the common limitations and recommendations from the 32 journal articles 
and to illustrate common conclusions. Through a comprehensive review of existing 
studies, the researchers synthesized the most common recommendations for future 
research, which were organized using mind mapping.

3	 RESULTS	AND	DISCUSSION

3.1	 Literature	profiling	results

The sample articles were analyzed to demonstrate the annual publication trends, 
the country of the research setting, authorship, and journal of publication back-
ground [40]. Figure 3 illustrates a significant increase in published articles between 
2020 and 2021, which may reflect the growing importance of implementing health-
care from a distance, especially for high-risk patient groups, due to the COVID-19 
pandemic. This further emphasizes the importance of mobile applications in otology 
for addressing the healthcare challenges brought about by the pandemic.

Fig. 3. Studies published year
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In Figure 4, the distribution of articles per country is shown. The United States has 
the highest frequency among the thirty-two studies, with eighteen studies (56.3%) 
[2], [19–24], [26], [28], [31], [33], [44–50]. Following that, the United Kingdom has 
three studies (9.4%) [34], [51], [52], and both India and Denmark have two stud-
ies each (6.3%) [11], [40], [53], [54]. Other countries collectively have seven studies, 
making up 21.9% [10], [18], [55–59]. The “other countries” category includes only 
one publication from each of the following countries: Italy, Israel, Turkey, Finland, 
Switzerland, Canada, and South Africa.

Fig. 4. Overview of the sample literature per country
Note: Other countries only have one publication. They are Italy, Israel, Turkey, Finland, Switzerland, 
Canada, and South Africa.

Figure 5 shows the sample size of the literature contributed by 163 authors from 
15 different countries. Among these authors, 93 were from the United States [2], 
[19–24], [26], [28], [31], [33], [44–50], 13 were from the United Kingdom [34], [51], 
[52], [54], 10 were from India [11], [53], eight were from Israel [55], and seven were 
from Denmark [40], [54], while the remaining authors originated from other coun-
tries [10], [18], [26], [48], [54], [56–59].

Fig. 5. Authors’ geographic location
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Most of the authors in the field are Medical Doctors (MDs) [18], [20–22], [24], 
[31], [33], [40], [44–46], [55], [58], followed by Doctor of Philosophy (PhDs) [19], [20], 
[31], [46], [59], Doctor of Medicine and of Philosophy (MD, PhD) [20], [24], [40], [56], 
[59], and those with Bachelor of Science (BSs) degrees [21], [28], [33] (see Figure 6). 
Authors from the United States have the highest number of degrees, while authors 
from other countries have fewer degrees.

Fig. 6. Authors’ medical background

In addition to author profiling, the sample literature was also categorized based 
on the journal of publication. The results of this activity showed that six out of the 32 
articles were published in the Annals of Otology, Rhinology, and Laryngology [18], [22], 
[24], [31], [40], [55], and the International Journal of Pediatric Otorhinolaryngology [2], 
[26], [47], [48], [54], [59]. The primary subject area covered in these journals is med-
icine [2], [10], [11], [18–24], [26], [28], [31], [33], [34], [40], [44–56], [58], [59], and the 
main category is otorhinolaryngology [2], [10], [11], [18], [22–24], [26], [28], [31], [33], 
[34], [40], [45–55], [59], as depicted in Figure 7.

Fig. 7. Subject areas of the journals
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3.2	 Scoping	synthesis	results

To gain a comprehensive understanding of the context, content, and process 
of mobile applications in otology, the researcher conducted a systematic literature 
review to extract key concepts from 32 journal articles. These concepts will be ana-
lyzed using qualitative coding techniques, including inductive coding and thematic 
analysis. The aim of this analysis is to develop a more profound understanding of 
the nature of these applications and their role within the field of otology, which will 
guide future research and implementation efforts in the domain.

The sample size for this study consisted of 32 journal articles related to mobile 
applications in otology. Out of these articles, 18 specifically focused on smartphone 
otoscopes [2], [19–21], [26], [31], [33], [40], [44], [45], [47], [48], [50–53], [56], [58]. 14 
studies were found within the field of audiology [10], [11], [18], [23], [24], [26], [28], 
[45], [46], [48], [49], [52], [55], [57], as shown in Figure 8.

Fig. 8. Mobile applications used in the sample size

In this study, a total of 124 mobile applications were identified from 32 literature 
articles within the field of otology, as depicted in Figure 9. The most widely used appli-
cations were hearing tests, with 48 applications found in seven literature articles [10], 
[11], [18], [23], [28], [49], and [52]. Smartphone otoscopes with 27 applications have 
been discussed in 18 literature articles [2], [19–21], [26], [31], [33], [40], [44], [45], [47], 
[48], [50–52], [54], [56], [58]. Followed by hearing checks, 11 applications were found 
in three literature articles [23], [28], [52]. Followed by hearing aid and tinnitus applica-
tions, seven applications were found in three literature articles [18], [28], [57], and two 
articles [18], [57]. Followed by a hearing screening using six assessment tools identified 
in a single literature article [28]. Five audiometer tests were conducted, as described in 
a single literature article [28]. Followed by reviewing four applications mentioned in 
two literature articles [18], [28]. After learning applications, a single literature article 
[28], [49] presented three applications. Similarly, one literature article [22] featured 
three applications related to audiograms. Followed by the development of applications, 
as described in two articles [24] and [46] in the literature. Followed by hearing therapy, 
with one application found in a single literature article [28]. These findings demon-
strate the wide range of available applications in the field of otology, with the majority 
of usage concentrated on hearing tests and smartphone otoscopes. This information 
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sheds light on the current landscape of mobile applications in otology and provides 
valuable insights for future researchers and implementation efforts in this field.

Fig. 9. Breakdown of the mobile applications used in the sample size

Mobile applications in context of otology. This section of the CCP framework 
focuses on examining the context of mobile applications in otology, their user audi-
ence, and their usage. As illustrated in Figure 10, the analysis of 32 journal articles 
in the study indicates that the primary users of these applications are healthcare 
professionals, with twenty-eight articles identifying this audience [2], [10], [19–22], 
[26], [44], [45], [48], [50], [51], [53], [54], [58]. Figure 11 provides a breakdown of the 
representation of the target audience in the sample literature. The next largest group 
consists of researchers, with 12 studies including this audience in their literature arti-
cles. The authors noted that if the literature does not specify the user of the mobile 
application, it will automatically be counted as a researcher [11], [18], [20], [23], [28], 
[33], [40], [46], [49], [52], [55], [57]. Followed by the parents of the patient, five refer-
ences were found in five literature articles [2], [20], [31], [47], [56]. Four literature arti-
cles [24], [28], [46], and [57] identified four distinct audience segments for developers 
to target. Finally, a patient with a specific condition was found in a single literature 
article [24]. These findings imply that healthcare professionals, particularly those 
within healthcare facilities, predominantly use the majority of mobile applications 
in otology. This emphasizes the significance of comprehending the context in which 
these applications are utilized and their influence on the target audience.

Fig. 10. Context graph
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Figure 11 illustrates the distribution of healthcare professionals depicted in 
Figure 10. Most users of mobile applications in otology are medical students or resi-
dents, as referenced in eleven studies [2], [20–22], [26], [44], [50], [51], [53], [54], [58], 
followed by nurses, as referenced in three studies [44], [48], [54]. This was then fol-
lowed by otologists, as cited in three studies [20], [26], and followed by community 
health workers, as referenced in two studies [26], [45].

Fig. 11. Healthcare professionals’ breakdown

Figure 12 illustrates the target audiences for which the applications were used. 
Actual patients were referenced in twelve studies [10], [21], [23], [26], [33], [44–46], 
[53–55], [58], while children were present in five studies [31], [47], [56], [58], [59]. 
Students were the subsequent users, as identified in three studies [2], [45], and [50], 
followed by medical students, as highlighted in one study [51]. And someone with 
typical hearing was mentioned in one study [10].

Fig. 12. Used on audience

Mobile applications in process of otology. This section of the CCP framework 
focuses on examining the process of mobile applications in otology and exploring 
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the areas in which they are applied. As depicted in Figure 13, there are three main 
clusters: trial and study types, healthcare and medical settings, and app store plat-
forms. The trial and study type cluster includes three type, the healthcare and medi-
cal settings cluster includes two medical settings; and the app store platforms cluster 
consists of two platforms. Additionally, the analysis reveals two unclassified catego-
ries labeled as ‘others’ and ‘development’.

Fig. 13. Clusters

In Figure 14, we further explore the breakdown of trial and study types. This 
cluster includes three types of studies: clinical trials, with seven studies found in 
32 journal articles [10], [33], [44], [45], [50], [53], [55]; randomized controlled trials, 
with five studies found in thirty-two journal articles [19], [24], [44], [51], [58]; and 
randomized trials, with four studies found in 32 journal articles [11], [49], [55].

Fig. 14. Trial and study type

Figure 15 illustrates the breakdown of healthcare and medical settings within the 
CCP framework. This cluster primarily consists of two medical settings: the emergency 
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department, with five studies found in 32 journal articles [21], [23], [44], [49], [58]; and 
home-based, with four studies found in 32 journal articles [2], [20], [31], [47].

Fig. 15. Healthcare and medical settings

Figure 16 illustrates the breakdown of the app store platform. This cluster 
mainly comprises two application publishing platforms: the iOS App Store and the 
Google Play Store. Three studies related to these platforms were found in 32 journal 
articles [18], [28], [52].

Fig. 16. App store platforms

Finally, Figure 17 presents the breakdown of the unclassified categories. 
The development category includes four studies identified in 32 journal articles [24], 
[28], [46], [57]. The “others” category comprises 17 studies identified in 32 journal 
articles, which explore various aspects that do not fit directly into the predefined 
clusters but still contribute to the overall subject.

https://online-journals.org/index.php/i-jim
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Fig. 17. App store platforms

By visually representing these clusters and breakdowns, we can gain a compre-
hensive understanding of the various dimensions and areas of focus within the field 
of mobile applications in otology.

Mobile applications in content of otology. This section of the CCP framework 
examines the content of mobile applications in otology, including their areas of 
application. Figure 18 illustrates that the majority of the 32 journal articles ana-
lyzed in the study found that the most common subject area for these applications 
is screenings, with 17 studies cited in 17 journal articles [2], [10], [11], [24], [26], [28], 
[40], [44–50], [52], [55], [57]. The next largest subject area is diagnosis, with seven 
studies found in six journal articles [19], [23], [33], [53], [55], [56], [58]. Followed by 
learning tools, six studies were found in six journal articles [22], [40], [44], [50], [51], 
[58]. These results indicate that mobile applications in otology are extensively uti-
lized for screening purposes and are a subject of ongoing exploration and research. 
The examination of the content provides valuable insights into the use of these tech-
nologies in otology and will contribute to the advancement of the field.

Fig. 18. Content graph
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The researcher also presented twelve comparative studies in the thirty-two 
journal articles that examined the use of mobile applications in otology [2], [10], [11], 
[21], [24], [26], [33], [44], [45], [52], [58], [59]. These studies specifically compared the 
use of smartphone otoscopes to traditional otoscopes and also examined the accu-
racy and effectiveness of the mobile application compared to traditional methods. 
These findings provide valuable insights into the usefulness of smartphone oto-
scopes and their applications in the field of otology.

3.3	 Research	gap	analysis	results

Common conclusions. The sample size of this study primarily consisted of 
thirty-two journal articles related to mobile applications in otology. The results 
revealed several common findings among the studies, as depicted in Figure 19, which 
emphasize the utilization of mobile applications, especially in smartphone-based 
hearing tests or smartphone-enabled otoscopes within the field of otology. Mobile 
applications have the potential to become valuable tools in the field of otology. The 
use of these tests may reduce the need for traditional hearing tests in underserved 
areas and offer a cost-effective alternative, [10], [23], [33], [45], [48]. The accessibility 
and user-friendly nature of smartphone hearing tests make them a valuable tool for 
patients and healthcare professionals [20], [22–24], [28], [33], [40], [44], [47–51], [53], 
[55–58]. However, additional research is required to ascertain their effectiveness 
and accuracy [2], [18], [19], [28], [40], [46], [52], [55]. Additionally, it is important to 
provide adequate training for users and to exercise caution when interpreting the 
data to ensure the correct use of this technology [23], [52]. Despite these limitations, 
the smartphone-enabled otoscope has been found to be preferred over traditional 
otoscopy by patients and emergency physicians [10], [20], [21], [26], [31], [57–59]. 
The ease of use, portability, and excellent image quality produced by this technology 
make it a viable option for home-based testing and learning [20], [22–24], [28], [33], 
[40], [44], [47–51], [53], [55–58]. The use of these tests in remote settings may also 
facilitate the effective use of telehealth and remote consultations [10], [23], [33], [45], 
[48]. However, accurate instructions and guidance are essential for the effective uti-
lization of the technology [33], [34], [47], [49], [52], [54], [55].

Fig. 19. Common conclusions

Common limitations. The results revealed several common limitations, particu-
larly the need for a quiet room to prevent ambient noise during a hearing test [10], 
[45], as well as the absence of a standardized calibration procedure [10], [23], [28], 
[50], [54–56]. The studies also encountered selection bias, small patient cohorts, lim-
ited evaluation of outcomes, and a predominance of patients with normal or mild 
hearing loss [11], [20], [24], [33], [47–49], [59]. The training for using the smartphone 
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otoscope was limited to written instructions, and there was a lack of reference 
to diagnostic sources [20], [21], [40], [50]. Additionally, the study population was 
restricted to English-speaking patients, and most of the study was non-randomized, 
making it nearly impossible to blind the physician, parent, and child to the instru-
ment being used [33], [55].

Common recommendations. Figure 20 displays the recommendations that 
were most shared by the analyzed journal articles. These common recommenda-
tions emphasize the use of mobile applications, especially in the development of 
an optimal platform that gathers audiograms, otoscopy, otoacoustic emissions, and 
automated auditory brainstem recordings on the same interface [45]. It is recom-
mended to conduct future randomized controlled trials with larger sample sizes 
and a wider range of populations to validate the effectiveness of mobile applica-
tions [11], [24], [26], [34]. Furthermore, additional research is necessary to assess the 
clinical utility of these applications and to compare their accuracy with traditional 
diagnostic methods in otology [21], [26], [31], [44], [50], [52], [56], [57], [59], [60]. 
The proficiency of students, non-otolaryngology providers, and parents in using the 
smartphone-enabled otoscope should also be explored [50]. Additionally, the impact 
of smartphone-enabled otoscopy on clinical decision-making and its benefits for 
educators and learners [50], [51]. To ensure the validity of the results, it is important 
to compare the assessments with established “gold-standard” studies [34]. The issue 
of data protection also requires further research. It is recommended that application 
developers, healthcare professionals, and scientific associations collaborate to make 
these applications more accessible [18], [52]. Finally, integrating deep learning algo-
rithms to support real-time automated diagnosis could enhance the capabilities of 
these mobile applications [48], [61].

Fig. 20. Future studies

4	 CONCLUSIONS	AND	RECOMMENDATIONS

This study aimed to conduct a scoping review of mobile applications in otology, 
an underexplored area due to the lack of comprehensive synthesis on how mobile 
applications are being used in the field of otology and the limited research in this 
area. To fill this gap, the researcher utilized the context-content-process framework 
and inductive coding to integrate the existing literature. The study analyzed 32 rel-
evant journal articles from the Scopus and Web of Science databases published 
between 2012 and 2023. It employed a qualitative coding process to identify key 
themes and factors that influence the use of mobile applications in otology. The anal-
ysis revealed that smartphone otoscopes were the most frequently studied mobile 
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applications, primarily used for screening purposes in clinical trials. Based on the 
findings, the study emphasizes the necessity for additional research in this field and 
the potential advantages of mobile applications in otology for enhancing healthcare 
delivery, especially in the realms of telemedicine and remote examination.

The researcher suggests the following recommendations for future studies: 
Firstly, it is recommended that the development of mobile applications in this field 
be based on the content-context-processes framework identified within the scope. 
Secondly, the applications should comply with relevant laws and regulations, such 
as the FDA and the Health Insurance Portability and Accountability Act (HIPAA), 
to ensure the safety and privacy of the users. Thirdly, there must be a collabora-
tion between app developers and healthcare professionals to ensure the accuracy 
and validity of the results produced by these applications. Lastly, it is important to 
encourage the integration of electronic medical records (EMR) into these mobile 
applications to enhance the data privacy of the users.
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