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Abstract
Background & aim: Machine learning (ML) is a growing field concerned with predicting novel situations
from previous observations. The aim of this study was
to determine medical students’ perceptions of ML in
otorhinolaryngology, head, and neck surgery and its
applications in diagnosis and management. Also, to
assess medical students’ awareness of current challenges facing the application of ML in medical practice in the Kingdom of Saudi Arabia (KSA).

Conclusion: Medical students in the KSA demonstrated a good knowledge of ML in general, although
many were not familiar with machine learning applications in the field.
Key words: Machine learning, Otorhinolaryngology,
Medical student, Kingdom of Saudi Arabia

Methods: A cross-sectional survey was conducted in
February–May 2021 among medical students in Saudi
Arabia. The participants were provided with questionnaires of the survey using electronic forms. Validation
of the questionnaire was done using exploratory factor analysis and confirmatory factor analysis. There
were 8 validated items on Attitude and 6 items on
Knowledge.
Results: A total of 538 students completed the questionnaire. The majority of the students were familiar
with machine learning in general 308 (57.3%). However, only a few of the participants were familiar with
machine learning applications in the field of otorhinolaryngology, head, and neck surgery 184 (34.2%).
There was a significant difference between knowledge and attitude with the current year of study and
GPA score, however, gender had no difference, yet
there was a significant association between attitude
among male and female medical students.
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Introduction
Machine learning (ML) is a subfield of artificial intelligence
(AI) constituting vast resources to combine computer
science and data by utilizing statistical algorithms to help
solve various medical problems. It is a growing field that is
concerned with predicting novel situations from previous
observations. ML has a great potential to deal with large,
complex, and disparate data commonly found in the
medical field. Due to its vast potential, it is considered as
the future of research in the biomedical field, personalized
medicine, and computer-aided diagnosis (1). The common
applications of ML across a range of specialties include
enhanced cancer diagnosis, adaptive clinical trial designs,
and prognosis prediction by integrating clinical and
genomic data (2,3). The deployment of ML models in the
healthcare domain can increase the speed and accuracy
of diagnosis and improve treatment planning and patient
care (4). Li W et al conducted a study for a more accurate
diagnosis of COVID-19 based on symptoms and results of
routine tests by applying ML to reanalyze COVID-19 data
from 151 published studies and they found that it was able
to distinguish COVID-19 patients from influenza patients
with a specificity of 97.9% and a sensitivity of 92.5% (5).
Deep learning is becoming the gold standard in ML
and is gradually becoming the most commonly used
computational approach in ML. It has the ability to learn
a large amount of information with great results (6). But
to improve the diagnostic performance, we cannot rely
solely on ML as it is also important to understand the role
of human decisions (7). AI has the potential to deliver more
precise results in clinical diagnosis. A study conducted in
China developed and utilized an AI system, Med3R which
became the first AI system to successfully pass the written
test of the National Medical Licensing Examination in
China 2017 with a total score of 456, exceeding 96.3% of
human examinees. Med3R with the help of real electronic
medical records has been used to provide aided clinical
diagnosis services (8).
Otolaryngology-head and neck surgery is the oldest
branch in medicine that carries unique opportunities to
show the potential of ML (9). Recently, there has been a
steep increase in the literature volume describing the vast
applications of ML in the field of otolaryngology–head and
neck surgery that include automatic recognition of auditory
brainstem response waveforms, genomic prediction of
oral squamous cell carcinoma, and acoustic voice feature
classification (10-12). ML with the use of deep learning
algorithms can be helpful in improving accuracy and can
also improve doctors’ confidence in both diagnoses and
decision-making with respect to this field. Fang SH et al (13)
and Fujimura S et al (14) utilized the use of ML in diagnosing
a plethora of diseases of the head and neck through
detection of the pathological voice using cepstrum vectors
and discrimination of “hot potato voice” using a support
vector machine respectively. Halicek M et al conducted
a study to detect tumours of the thyroid and salivary
glands using hyperspectral imaging and deep learning
(15,16). Bing D et al have reported its use in predicting
hearing outcomes in sudden sensorineural hearing loss
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(17). Formeister EJ et al predicted the postoperative
complications in head and neck microvascular free tissue
transfer (18).
The medical schools should be aware of the perception
of medical students about ML to enhance the students’
knowledge about this science and its importance in
diagnosing as well as treating diseases with accuracy along
with fewer side effects. Therefore, knowing the perceptions
of medical students in this field will be beneficial for medical
schools and the students to develop their understanding of
ML. Given the importance of computer science in medical
practice and advancement in ML, otolaryngologists and
head and neck surgeons are tasked with how ML can
identify the statistical patterns of data generated by tens of
thousands of physicians and billions of patients by training
computers to perform specific tasks with sometimes
superhuman ability (19). This study examines the medical
students’ perceptions of ML in otorhinolaryngology, head,
and neck surgery, and its importance in the medical field.

Methods
A questionnaire-based cross-sectional survey was
conducted in February 2021 among medical students in
Saudi Arabia. The study was approved by the Institutional
Review Board of the Medical Research Unit, College of
medicine, Imam Mohammad Ibn Saud Islamic University.
The study was conducted using questionnaires through
an electronic form which was distributed among medical
students. Validation of the questionnaire was done
using exploratory factor analysis (EFA) and confirmatory
factor analysis (CFA). There were 8 validated items on
Attitude and 6 items on Knowledge. The questionnaire
addressed demographic information, knowledge of ML in
otorhinolaryngology, head and neck surgery, sources of
information, and the level of awareness of its applications
in diagnosis, and management. Students’ consent to
participate in the survey was done.
The questionnaire was completed by 538 respondents.
Medical Students were asked about their gender, age,
year of study, and their Grade Point Average (GPA)
scores. Further questions addressed whether they were
familiar with ML use in otorhinolaryngology, head and
neck surgery to assess the extent to which the universities
and college of medicine in Riyadh informed the students
of ENT about ML and its importance in the diagnosis and
treatment of a variety of diseases, as well as, its benefits in
decreasing the time it takes to reach a diagnosis and offer
treatment in some diseases in otorhinolaryngology, head,
and neck surgery. The survey asked if medical students in
Riyadh agreed that they knew the importance of ML or not
or whether the ENT curriculum or even any curriculum in
the colleges introduced ML. Students were asked if they
thought this information would be offered in advanced-level
courses in medical school and if the students preferred to
know it during the residency in otorhinolaryngology, head,
and neck surgery, for example.
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Statistical analysis: Statistical analysis was performed
using SPSS 28.0 (IBM, Armonk-USA. Counts and
percentages were used to summarize categorical variables.
The mean ± standard deviation was used to summarize
the distribution of continuous variables. Chi-square test
of independence was used to assess the association

between categorical variables. The association of attitude
and knowledge was analyzed using the Chi-square test.
EFA and CFA were carried out to explore the factors
associated with machine learning in otorhinolaryngology
and also for validation of the instrument using SAS 9.4

Results
The questionnaire was completed by 538 respondents (70.6% males and 29.4% females). Respondents aged 18–20
years and 21–23 years represented 12.6% and 40.7% of the study sample, respectively, while respondents aged 24–26
years represented 44.6% of the study sample. Interns represented 13.1% of the study sample. Approximately half of the
respondents were in the 5th year of study (48.3%). Respondents in the pre-clinical years (1st, 2nd, and 3rd years) and
clinical years (4th year, 5th years, and interns) represented 27.1% and 72.8% of the study sample, respectively. Half of
the respondents (45.7%) reported a GPA of 3.75–4.49, and one-third (30.3%) reported a GPA of 4.5–5 (Table 1).
Table 1: Descriptive statistics of the study sample (n=538)
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Table 2 showed that three main challenges faced the application of ML: unfamiliarity with ML (35.1%), machine errors
that compromise patient care (29.2%), and affordability (28.2%). One-third of the respondents thought applying ML
in otorhinolaryngology was important due to the anatomical complexity (35.1%). Others (30.7%) thought that it was
important to improve physician’s decision-making skills and less than one-quarter (1.9%) thought that it was important to
reduce diagnostic errors. Suggested options to overcome these challenges included: exposing medical students to the
concept of ML in their curriculum (32.9%), advertising ML applications among physicians (26.0%), promoting research
importance in ML (24.9%), and increasing the affordability of ML applications (14.3%).
Table 2: Challenges and suggestions for overcoming the application of ML

Table 3 depicts the percentage of attitude and knowledge in ML. The majority of the participants 308(57.3%) were
familiar with ML. About 235(69.2%) considered that ML was important in health practice. But only 173(32.1%) had it
covered in the ENT curriculum. Most of the students 343(54.8%) felt that there was a great future for ML in ENT in KSA.
Only a few students felt that 162(30.1%) ML was not important to learn in the curriculum of ENT. The students were also
open-minded in responding to the not necessary instrument in ML in the field of ENT 166(30.9%). Only 297(55.2%) felt
that ML in ENT should be taught after graduation.
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Table 3: Distribution of the Machine Learning questionnaire in Otolaryngology.

*SA: Strongly Agree , A: Agree, U: Unsure , D: Disagree, SD: Strongly disagree- nobody strongly disagreed.
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Figure 1 represents the Scree plot of the exploratory factor analysis with Eigenvalue in the y-axis and the component (Questions) in the
x-axis. This is a pictorial representation of deciding the number of factors to enter into the final rotation. As per the previous literature,
it is wise to fix our Eigenvalue at 1.5 which gives us two factors namely one with an Eigenvalue at 4.618 and another at 2.143 namely
attitude and knowledge, respectively.

Figure 1: Showing Scree plot of the EFA with Eigen value in the y axis and the component (Questions) in the x axis
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Exploratory Factor analysis (EFA) and Confirmatory factor analysis (CFA): An EFA was done on the ML-survey
questionnaire with an Eigenvalue restricted at 1.5 or above which had given two factors with 30.78% and 14.29% variation
explained respectively. The Kaiser Mayer-Olkin (KMO) (20) which is a measure of sampling adequacy was found to be 0.815.
Bartlett’s test of Sphericity was found to be highly significant with a P-value <0.001. The factor analysis was performed based
on the Principal component analysis with including factor loading only 0.5 and above was considered further, which is indicated
as bold and italic in Table 4. Factor loading less than the specification was not included in the further modeling. Table 4 explains
the factor loading for each item. A Promax rotation with Kappa= 4 was chosen. This resulted in 10+6 items into two factors
which were named as Attitude (first factor) with 10 items and Knowledge for the second domain with 6 items. Question 23 “I
think that machine learning in ENT should be after graduation when choosing this specialty” was removed from the model as
it had the least factor loading which was not included in either of the factors. Question 20 “Do you think that machine learning
is not important to learn in ENT curriculum” had a negative factor loading for the factor Attitude but it had a higher and positive
factor loading in Knowledge factor so it was considered into the second factor. Negative factor loadings indicated that the
scoring has to be given in reverse order. CFA with the above 16 items was carried out where the Chi-square statistics had
a P-value of <0.0001 with an RMSEA (21) of 0.14, despite a Bentler’s CFI of 0.67 (21,22) which was considered to be low.
However, the fitted factor’s Cronbach’s alpha (23) was considerably higher with 0.827 for Attitude and 0.737 for Knowledge.
Table 4: Factor loading after Promax rotation with Kappa=4 in exploratory factor analysis:

Bold values indicate item retained in the scale. *q23 I think that machine learning in ENT should be after graduation when
choosing this specialty had a least factor loading.
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A path diagram in Figure 2 based on the principal component analysis was drawn which is displayed with the respective
factor loading according to the factors and items within the subscales.
Figure 2: Path diagram showing the respective factor loading according to the factors and items within the
sub scales
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Table 5 and Table 6 indicate the association between Attitude and Knowledge between the demographic variables.
From the derived items of factors Attitude and Knowledge above and below means were calculated. Attitude consisted
of 10 items with the least score of 8 and a maximum score of 31; 17.80±4.75 and for Knowledge domain had 6 items
with the least score at 6 to the highest score at 24; 16.85±3.71. The demographic variables such as gender, age,
current year of study, and GPA score were associated, of which age did not have any association between the attitude,
or knowledge. There was a significant association between male and female students with respect to the attitude but
not with the knowledge. There was a significant association between the current year of study and GPA in both attitude
and knowledge.
Table 5: Distribution of Attitude with demographic variables

*Statistically significant
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Table 6: Distribution of Knowledge with demographic variables

*Statistically significant

Discussion
The study was conducted to determine medical students’
perceptions of ML in otorhinolaryngology, head, and neck
surgery and its applications in diagnosis and management,
and also to assess medical students’ awareness of current
challenges facing the application of ML in medical practice
in the KSA.
The findings of our study revealed that more than half
of the participants (57.3%) have a good knowledge of
ML in general. In a similar study, the results showed that
78.9% of their respondents had a good understanding of
AI (24), and another study found that approximately 50%
believed they had a good understanding of AI; however,
when knowledge of AI was tested using five questions,
on average, only 22% of the questions were answered
correctly (25).
Our study showed that there is a significant difference
related to the familiarity of ML application in medical
practice as 55.2% of the participants were aware of it;
however, only 34.2% of the participants were familiar with
ML application in the field of otorhinolaryngology, head,
and neck surgery. These findings might be explained by
the short duration of the ENT course that is taught in the
medical schools in the KSA, during which, there is a limited
time to cover the fundamentals of ENT, and ML cannot be
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covered as well. This notion was supported by the findings
of a study conducted by Park SH et al which showed that
32% of the participants agreed that ML was covered very
well in the ENT curriculum in their medical school (26) which
is similar to the findings of our study where 32.1% had it
covered in ENT curriculum. A systematic review showed
that although using AI and ML in teaching and practicing
medicine is advised, they are still not taught in traditional
medical and health informatics curricula (27). To overcome
this drawback, ML should be taught as an elective subject
for undergraduate medical students. Even some medical
colleges in the Republic of Korea such as the University of
Ulsan and Yonsei University have recently started providing
AI-dedicated elective courses to the students (27).
In our study, we found that the main challenge in applying
ML in medical practice will be unfamiliarity with ML
(35.1%) and they believe that to overcome this challenge,
medical students need more exposure by adding ML to
the curriculum in medical schools (32.9%). Although this
was not the only challenge, there were other challenges
affecting the application of ML in the medical field, such as
machine errors that compromise patient care (29.2%) and
affordability (28.2%). A survey conducted in the UK showed
that 63% of the adults were uncomfortable permitting their
personal data to be used to improve healthcare and were
opposed to AI systems substituting medical professionals
in their usual tasks (28).
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The majority of the participants (25.1% and 45.7% were
strongly agreeing and agreeing respectively) in our
study thought that ML will be important in the field of
otorhinolaryngology, head, and neck surgery and have a
positive effect in terms of reducing the duration of ENT
surgery. Similarly, an online survey conducted on fellows
and trainees in Australia and New Zealand of different
specialties ophthalmology, radiology/radiation oncology,
and dermatology found that the majority (71.0%)
considered AI would advance their field of medicine and
that medical practitioner’s needs would be impacted by
the technology over the next decade (29). Sit C et al
received 484 responses from 19 UK medical schools and
found that 88% of the students believed that AI would play
an important role in healthcare and in health complications
(30). Similarly, 69.2% of participants in our study considered
that ML was important in health practice.
In the present study, a total of 54.8% felt that there was a
great future for ML in ENT in the KSA. A study conducted
by Park CJ et al among 156 medical students in the US
agreed that AI would have a significant role in the future
of medicine (75%) (31). Another cross-sectional study
conducted by Bin Dahmash A et al in the KSA found that
44.8% of the participants believed that AI would minimize
the number of radiologists needed in the future (25).
Deeper knowledge and a good understanding of ML can
be a shift toward specialties with high quality and fewer
mistakes, not only in ENT or in medicine in general, but
also in other careers (32,33). ML has many potential
applications in the medical field, not only with diagnosis and
treatment but also with the medical education of medical
students (34). AI can also help with training and improving
the surgical skills of residents (35), and ML can also
possibly help with evaluating medical professionals (36).
We faced some limitations in this study. Given the current
situation of the COVID-19 pandemic and the restrictions of
social distancing and lockdown, we had to work online at
the beginning of the study and some work was postponed
due to the pandemic. Further, there is limited research
on this topic published. Therefore, we could not compare
our findings to other studies. We were also limited by the
nascency of ML in the medical field; ML is not yet taught or
not taught enough in the curriculum in medical schools.

Recommendations
There should be more medical research conducted on
ML with clinical trials for an accurate assessment of the
efficacy of ML on patients’ health care to improve the
healthcare system and take the next step toward the future
and advancing medical science. Surveys should also
be conducted in the KSA to determine whether the adult
population is comfortable with allowing their personal data
to be used in ML to improve the healthcare system. ML
should be more covered in medical schools in the KSA to
enhance students’ understanding of the possibilities that
ML could provide.

Conclusion
To conclude, the medical students in the KSA demonstrated
a good knowledge of machine learning in general, although
many were not familiar with machine learning applications
in the field. Therefore, further research about medical
students’ attitude toward ML in other medical specialties
in the KSA is recommended to evaluate the awareness of
current challenges facing the applications of ML in medical
practice. Similar studies should also be conducted on
medical physicians in the KSA to assess their perception
and stance on applying ML to treat and diagnose patients
and to know obstructions faced while applying ML.
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