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A B S T R A C T   

Objectives: This study aims to investigate the inter-rater reliability and agreement of the diagnosis of otitis media 
with effusion, acute otitis media, and no effusion cases based on an otoscopy image and in some cases an 
additional wideband tympanometry measurement of the patient. 
Methods: 1409 cases were examined and diagnosed by an otolaryngologist in the clinic, and otoscopy exami-
nation and wideband tympanometry (WBT) measurement were conducted. Afterwards, four otolaryngologists 
(Ear, Nose, and Throat doctors, ENTs), who did not perform the acute examination of the patients, evaluated the 
otoscopy images and WBT measurements results for diagnosis (acute otitis media, otitis media with effusion, or 
no effusion). They also specified their diagnostic certainty for each case, and reported whether they used the 
image, wideband tympanometry, or both, for diagnosis. 
Results: All four ENTs agreed on the diagnosis in 57% of the cases, with a pairwise agreement of 74%, and a 
Light’s Kappa of 0.58. There are, however, large differences in agreement and certainty between the three di-
agnoses. Acute otitis media yields the highest agreement (77% between all four ENTs) and certainty (0.90), while 
no effusion shows much lower agreement and certainty (34% and 0.58, respectively). There is a positive cor-
relation between certainty and agreement between the ENTs across all cases, and both certainty and agreement 
increase for cases where a WBT measurement is shown in addition to the otoscopy image. 
Conclusions: The inter-rater reliability between four ENTs was high when diagnosing acute otitis media and lower 
when diagnosing otitis media with effusion. However, WBT can add valuable information to get closer to the 
ground-truth diagnosis without myringotomy. Furthermore, the diagnostic certainty increases when the WBT is 
examined together with the otoscopy image.   

1. Introduction 

Otitis media is very common in children, with around 80% of chil-
dren having at least one episode during their first years of life [1]. The 
diagnosis of otitis media is challenging because the two main conditions, 
otitis media with effusion (OME) and acute otitis media (AOM), can 
appear with various signs and symptoms. Furthermore, performing 

specialized examinations of patients requires specific training and tools 
such as an endoscopic examination of the tympanic membrane, pneu-
matic otoscope, or tympanometry equipment. It is, however, crucial to 
diagnose the two conditions correctly, since clinical guidelines only 
recommend antibiotics for AOM, whereas OME will resolve on its own. 
AOM is the single diagnosis responsible for most prescriptions of anti-
biotics [2,3], and there are controversies about prescribing antibiotics in 
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early acute otitis media. Watchful waiting is considered best practice in 
most of Europe, and this approach shows no increased incidence of 
complications. However, watchful waiting has not gained wide accep-
tance in the United States, where antibiotics is still the most common 
treatment [1]. 

Historically, there has been a global tendency to overprescribe an-
tibiotics in cases where middle ear effusion is present, even if it is not 
clear that there is an infection [4]. The diagnosis of otitis media is still 
highly subjective, despite the publication of clinical practice guidelines 
in many countries around the world. Key problems in the diagnostic 
process include lack of specific training, lack of experience in handling 
otitis media, limited availability of necessary diagnostic tools [5,6], and 
lack of adherence to clinical guidelines, which can be due to the attitude 
and behavior of the physicians concerning guidelines [3,7]. 

Several studies have investigated the diagnostic process and accu-
racy of the diagnosis of otitis media by various medical professionals. 
Jensen et al. [5] assessed the performance of AOM diagnosis of Danish 
general practitioners (GPs) based on surveys. The study included 368 
children with AOM and 151 GPs, and the study found that the GPs’ 
certainty was 67% of new AOM cases regarding children younger than 2 
years old. For children over 2 years old, the diagnostic certainty 
increased to 75%. Key criteria for the diagnosis included symptoms of 
earache, fever, elevated audiometric threshold, and findings of bulging 
or red eardrum and purulent otorrhea. These signs and symptoms were 
present in more than 80% of the AOM cases. This suggests that diag-
nostic certainty is highly correlated with the visibility of the eardrum 
and with the use of pneumatic otoscopy. 

Pichichero et al. [6] compared diagnoses by 14 pediatricians with 
those of 188 ENTs by viewing nine videotaped pneumatic otoscopic 
examinations. This study focused on the distinction between AOM and 
OME, and found that pediatricians correctly distinguished between 
normal, OME, and AOM 50% of the time, while the accuracy of the ENTs 
was 75%. Lack of experience with pneumatic otoscopy was the biggest 
issue for pediatricians, and more experience would have increased the 
diagnostic performance. These results indicate the need for ENTs or 
properly trained primary care physicians to distinguish between AOM or 
OME. 

A similar study was performed by Blomgren el al. [8], who compared 
the diagnosis of 50 children examined by a GP, an expert ENT, and two 
experienced clinicians. The GP and ENT doctor performed an exami-
nation of the patient individually, while the two experts examined im-
ages of the tympanic membrane and a tympanogram and made their 
diagnosis from this information without examining the patient them-
selves. The four medical professionals agreed on the diagnosis in 64% of 
the AOM cases, and the ENT was less likely to diagnose AOM compared 
with the GP (44% compared to 64% of the cases). The two experts 
agreed on the diagnosis more often when both image and tympanogram 
were available, compared to only examining the image of the tympanic 
membrane. This study concluded that the diagnostic accuracy of AOM 
could possibly be increased if primary care clinics had access to 
appropriate equipment, such as tympanometry and pneumatic oto-
scopes, and that proper education is crucial when using these diagnostic 
tools. 

Pichichero [9] further compared the diagnostic accuracy across pe-
diatricians in different countries, including Italy, Greece, South Africa, 
and the USA. Each pediatrician assessed nine videos of otoscopic ex-
aminations of the tympanic membrane, and their ability to distinguish 
between OME, AOM, and no effusion (NOE) was then evaluated. The 
correct diagnosis was found by each group of pediatricians with the 
following frequencies: Italy 54%, Greece 36%, South Africa 53%, and 
USA 51%, and the frequency of over-diagnosed AOM was: Italy 18%, 
Greece 34%, South Africa 23%, and USA 26%. These results show how 
OME is frequently misdiagnosed as AOM. 

The great inter-variability in the presented studies shows how chal-
lenging it can be to establish the correct diagnosis based only on the 
opinions of doctors. The ground-truth diagnosis can only be found by 

performing myringotomy, where an incision is created in the tympanic 
membrane to relieve pressure or drain effusion, and then analyzing the 
content of the middle ear. Since this is not desirable, or ethical, in many 
cases, it is necessary to rely on the diagnosis of doctors. Since even 
specialized ENTs identify the condition correctly in only 75% of the 
cases [6], this is a challenging task. 

The presented work is part of a larger study aiming to provide an 
automated pipeline for otitis media diagnosis using deep learning. 
However, a ground-truth diagnosis is needed in order to employ su-
pervised learning. As predictive models require a large amount of 
training data, it is not feasible to use only myringotomy-confirmed cases. 
The ground-truth diagnosis can therefore only be established based on 
annotations by ENTs, where it is assumed that using annotations from 
several ENTs will provide the best possible estimated ground-truth. The 
automated analysis can be based on otoscopic images [10] and/or 
wideband tympanometry (WBT) [11]. WBT is a fairly new method of 
measuring the middle-ear absorbance as a function of both frequency 
and pressurization of the ear canal [12,13], where the normal tympa-
nogram only measures the absorbance at 226 or 1000 Hz. 

This study evaluates agreement among four experienced ENTs when 
diagnosing NOE, OME, and AOM cases. The aim is to evaluate how well 
the ENT doctors agree on the diagnosis of otitis media cases, and 
whether a WBT can add additional information valuable in the diag-
nosing process. Furthermore, we aim to establish an estimated ground- 
truth diagnosis for a large number of cases based on annotations by 
several ENTs. 

2. Materials and methods 

2.1. Study design 

The study includes 1409 cases collected during the clinical routine at 
Kamide ENT clinic, Shizouka, Japan, from patients aged between 2 
months and 12 years. The data was collected under ethical approval 
from the non-profit organization MINS Institutional Review Board 
(reference number 190221), and with either opt-out consent, or 
informed consent from all participants or their parent or guardian. The 
otoscopic images were captured with a digital endoscope. Fig. 1 shows 
examples from each diagnostic group. WBT measurements were per-
formed using the Titan system (Interacoustics, Denmark) in the range 
from +200 to − 300 daPa pressure and from 226 Hz to 4 kHz frequency. 
WBTs were not measured in patients that reported pain in their ears. The 
grand averages of the WBT measurements for each of the three diag-
nostic classes are shown in Fig. 2. 

During the clinical routine, an experienced ENT diagnosed each case 
based on otoscopic image, WBT, signs and symptoms, and patient his-
tory. These diagnostic labels were used to create the experimental study 
design. To decrease the amount of work for the four additional ENTs 
who annotated the cases, the study design was split into two parts. The 
first part consisted of 204 cases annotated by all four ENTs in a balanced 
and complete study design outlined in Table 1. The second part con-
sisted of 1205 cases, each annotated by two ENTs in a balanced 
incomplete block design. The second part is included as supplementary 
material in order to support the analysis made on the balanced and 
complete study of the 204 cases, but it is not a part of the main analysis 
presented in the paper. 

The 204 cases were equally divided among AOM, OME, and NOE, in 
which half of the cases only included an otoscopic image and the other 
half included both image and WBT. This even distribution among clas-
sification categories was recommended by Mitani et al. [14] in order to 
employ Kappa coefficients for inter-rater reliability estimation (as dis-
cussed later). The 204 cases were randomly selected from a larger pool 
of patient data from the normal clinical routine. The cases were not 
selected on a patient basis, rather each ear was selected individually. 
This was done to ensure the correct distribution across diagnostic groups 
and with/without WBT. Therefore, the cases were not necessarily from 
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both ears of a patient and can be from both left and right ears. 
The four ENTs never performed the physical examination of the 

patients in the present study, and are not related to the clinic where the 
data was collected, although they are all experienced with otoscopy and 
tympanometry for the diagnosis of otitis media. The ENTs have 
completed training for interpretation of WBTs, and they use the standard 
tympanogram regularly. The ENTs evaluated all 204 cases, resulting in a 
fully crossed study. The ENTs were presented with one case at a time and 
were shown the otoscopy image, the full WBT, the absorbance curve at 
ambient pressure, and the more familiar standard 226-Hz tympanogram, 
as shown in Fig. 3. They were asked to determine the diagnosis (AOM, 
OME, NOE, or Unknown), what data they used to decide the diagnosis of 
the current case (image, WBT, or both), and finally to perform a self- 
evaluation of the certainty of the diagnosis (very low, low, medium, 
moderate, or high), similar to the approach regarding certainty evalu-
ation found in Ref. [5]. 

2.2. Statistical methods 

One of the goals of this study is to determine the most correct 
diagnosis of each of the cases in the dataset, under the understanding 
that the ground-truth (determined from myringotomy) is not available. 

The final diagnosis is determined based on majority voting weighted by 
the certainty reported by each ENT. Thus, votes with higher reported 
certainty counted more towards the final diagnosis than votes with low 
reported certainty. The ENTs were allowed to answer Unknown diag-
nosis if they could not determine the diagnosis from the otoscopic image 
and WBT measurement. If a majority of the ENTs reported Unknown 
diagnosis on a case, the case was removed from the rest of the analysis. 

The statistical inter-rater reliability was computed to evaluate 
agreement across the four ENTs. Light’s Kappa [15] was employed, as 
the annotation data is categorical and the agreement between several 
raters was evaluated [16]. Light’s Kappa is computed as the arithmetic 
mean of the Cohen’s Kappa [17,18] for all rater pairs, which provides an 
overall metric of agreement. The Kappa coefficient ranges between 
0 and 1, and the scale of interpretation is [19]: slight agreement (0–0.2), 
fair agreement (0.21–0.4), moderate agreement (0.41–0.6), substantial 
agreement (0.61–0.8), and perfect agreement (0.81–1). The advantage 
of Kappa over percentage agreement is the ability to account for chance 
agreement, but it can be more challenging to interpret. As suggested by 
McHugh [20], both percent agreement and Kappa is reported for this 
study, as they both have advantages and limitations. 

The Mann Whitney U test was used to examine whether the changes 
in certainty and time spent on evaluation between different groups are 
statistically significant. The Mann Whitney U test is a non-parametric 
statistical significance test comparing two independent samples from a 
population with the same distribution. 

3. Results 

The weighted majority voting results for all cases are presented in 
Table 2 as a confusion matrix relative to the original annotations used to 
set up the study. This table shows that the OME group is now much 

Fig. 2. Grand average WBT of acute otitis media (a), otitis media with effusion (b), and no effusion (c) cases. Color scale shows the variance across the mea-
surements. (For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.) 

Table 1 
Overview of the balanced and complete study design consisting of 204 cases, 
divided equally between the three diagnostic groups, and between cases with 
and without a WBT.   

AOM OME NOE Total 

Image and WBT 34 34 34 102 
Only image 34 34 34 102 
Total 68 68 68 204  

Fig. 1. Otoscopy images of tympanic membrane with acute otitis media (a), otitis media with effusion (b), and no effusion (c).  
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larger, as 12 AOM and 31 NOE cases were moved to the OME group. 
Furthermore, six cases were removed from the study as they have been 
labelled as Unknown diagnosis and will not be used in the rest of the 
analysis. These cases are of such low data quality, that it is not possible 
to diagnose based on the data. This could be because the tympanic 
membrane is not visible, the image is too blurry, or similar. 

The overall agreement was evaluated and shows that all four ENTs 
agree on 57% of the cases, at least three of them agree on 81% of the 
cases, and they are split two and two on 19% of the cases. Table 3 shows 
Cohen’s Kappa together with the percentage-wise agreement on the 
diagnosis for each ENT pair. Based on the Kappa interpretation scale 
[19], the agreement ranges from moderate to substantial, with the pairs 
ENT2/ENT3 and ENT1/ENT4 achieving substantial agreement. Light’s 
Kappa (arithmetic mean of all pairwise Cohen’s Kappa) is 0.58, which is 
at the high end of the moderate range of agreement between the four 
ENTs on the otitis media diagnosis. The average pairwise agreement is 
74%. 

The relationships among the three variables, agreement, average 
certainty, and average time spent per annotation is evaluated using 
Pearson’s correlation coefficient. A moderately strong positive correla-
tion of 0.62 (p < 0.001) is found between average certainty and per-
centage agreement. The violin plot of the two variables in Fig. 4 (left) 
also shows that certainty increases as agreement increases. Similarly, the 
correlation with the time spent on each case was investigated. This 
resulted in a correlation between agreement and average time of − 0.27 
(p < 0.001) shown in Fig. 4 (middle), and between average time and 
average certainty of − 0.46 (p < 0.001) shown in Fig. 4 (right). All 
correlations are thus statistically significant, but only agreement and 
average certainty show a strong correlation, whereas time shows weak 
relationship with agreement and certainty. 

The certainty reported by each ENT can reflect several challenging 
aspects of the image or WBT. In Fig. 5, the five images with the lowest 
average certainty are shown. Some of the images such as a, b, d, and e 

are challenging since the eardrum is not clearly visible, and in some 
cases earwax is blocking the view, while other cases such as c show 
diagnostic signs that are not specific for a certain diagnosis. 

As presented in Table 1, the dataset was split into two groups: 102 
cases with both otoscopy image and WBT, and 102 cases only with an 
otoscopy image. Table 4 shows the agreement, average certainty, and 
average time spent per annotation for the cases in each of these two 
groups from each of the diagnostic groups. The table shows that in all 
three diagnostic groups, the agreement, certainty, and time increases 
when a WBT is presented together with the image. Statistical tests were 
run to examine whether the changes are significant. The χ2-contingency 
test was employed to determine whether agreement is different between 
the groups. The tests show that agreement is not significantly different 
for either of the diagnostic groups between with or without WBT. Thus, 
agreement does not significantly increase, as more information (the 
WBT) is presented for the cases. The Mann Whitney U tests indicate that 
both certainty and time is significantly increased when presenting the 
WBT compared with presenting only the image, except for the time in 
NOE cases, and certainty in AOM cases. 

Table 4 also presents clear differences among the diagnostic groups. 
Agreement and certainty are higher for the AOM and OME cases, while 
NOE shows much lower agreement and certainty. The time spent also 
varies a lot between AOM and NOE, where AOM is much faster to di-
agnose than NOE, and OME is in the middle between the two other 
groups. 

For the 102 cases with both image and WBT, the ENTs answered 
which data they used to determine their diagnosis. The ENTs reported 
that they used both image and WBT in 57% of the annotated cases, only 
otoscopy image in 38% of the annotated cases, and only WBT in 5% of 
the annotated cases. 

The supplementary material includes the analysis presented in this 
section performed on the balanced incomplete block study of 1205 
cases. The analysis in the supplementary materials shows the same 
tendencies as presented in this section. 

Table 2 
Confusion matrix between the original annotations used to set up the study and 
the majority voting results for all cases in the dataset.   

Original diagnosis  

OME AOM NOE Unknown Total 

Majority voting OME 63 12 31 0 106 
AOM 2 55 0 0 57 
NOE 3 0 32 0 35 
Unknown 0 1 5 0 6 
Total 68 68 68 0 204  

Table 3 
Pairwise Cohen’s Kappa and percentage-wise agreement for each ENT pair.   

ENT1 ENT2 ENT3 ENT4 

ENT1 – 0.56/72% 0.55/71% 0.71/83% 
ENT2 – – 0.65/77% 0.51/69% 
ENT3 – – – 0.52/70% 
ENT4 – – – –  

Fig. 3. Interface of the annotation system, which filled the entirety of a standard 17-inch computer screen monitor. To the left, the otoscopy image, WBT, ambient 
absorbance, and standard 226-Hz tympanogram are shown. To the right, the questions for the ENT are presented with response buttons. 
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4. Discussion 

The average pairwise agreement between the four ENTs of 74% 
compares quite well with the 75% accuracy of ENTs reported by Pichi-
chero et al. [6]. The two measurements do not directly correspond, as 
one is agreement, and the other is accuracy compared to a ground-truth, 
but both show that ENTs disagree on the diagnosis of around 25% of 
cases. Our results also correspond well with the agreement reported by 
Blomgren et al. [8], who reported that all four medical professionals 
agreed on the diagnosis in 64% of the cases, whereas the four ENTs in 
our study agreed in 57% of the cases. However, their study only included 
AOM, for which all four of our ENTs agreed on 77% of all cases. The 
responses of this study show a higher certainty regarding the diagnosis 
of AOM compared to the 75% certainty found by Jensen et al. [5]. In our 
study, the reported certainty of AOM cases was 90%. 

When comparing with previous work, it is important to note that this 
study only includes images and WBTs from the normal clinical routine. 
Thus, the quality of the data will vary greatly, as shown in Fig. 5. The 

image examples with the lowest certainties show some of the common 
issues with otoscopy images, such as earwax, blurry images, or lack of 
appropriate illumination to obtain a clear visual impression of the 
tympanic membrane. This is a very different dataset than the data used 
by Pichichero et al. [6], for example, where all cerumen was removed 
before examination. 

The reported certainties, computed agreement, and time for anno-
tations were further examined, and the correlations indicate relation-
ships between all three variables. These correlations are as expected, as 
time increases with lower certainty and lower agreement, indicating 
that more time is spent on annotating challenging cases. Furthermore, a 
strong positive correlation was found between agreement and certainty, 
which shows that self-reported certainty is a good indicator of how 
difficult a specific case is to diagnose. 

This study examines how ENTs diagnose when only presented with 
an image and a WBT, without examining the actual patient, similar to 
the study design of Blomgren et al. [8]. There is, of course, a huge dif-
ference in the diagnostic process if the face-to-face patient examination 
with a detailed medical history is not included. Thus, the results from the 
a posteriori examination of the four ENTs are more representative of 
what can be expected in a remote-care scenario, and moreover they 
correspond exactly with the conditions for the deep learning diagnostic 
system described in the introduction. Table 2 shows how the weighted 
majority voting diagnosis and the original diagnosis by the ENT who 
examined the patients differ. The largest differences are found in the top 
row, which shows that 31 NOE cases and 12 AOM cases have moved to 
OME when diagnosed only by studying the image and WBT. This 
observation, together with the low agreement and certainty for NOE 
cases, suggests that the ENTs struggled to differentiate between otitis 
media and NOE. It is possible that the ENTs were biased towards 
choosing a diagnosis, due to the design of the study. It is also possible 
that it is easier to spot symptoms than the lack thereof. It is therefore 
hypothesized that the ENTs were reluctant to diagnose NOE, and in-
clined to diagnose either AOM, or in most cases, OME. Furthermore, the 

Fig. 4. Violin plots between agreement and certainty, agreement and time, and certainty and time. Purple dot marks the medians, and the regression lines are 
computed based on the median values, as the data does not follow a normal distribution. The y-axis on the middle graph is the same as that of the left graph. (For 
interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.) 

Fig. 5. Low certainty images. Average certainty from left: 0.063, 0.31, 0.31, 0.31, and 0.38. Earwax and restricted visibility of the tympanic membrane due to 
anatomical constraints affects certainty of the diagnosis. 

Table 4 
Agreement, certainty, and time for annotations in each of the three diagnostic 
groups with either only image or image and WBT.    

Image and WBT Only image p-value 

OME All 4 ENTs agree 56% 51% 0.8 
Min. 3 ENTs agree 80% 81% – 
Average certainty 0.72 0.67 0.03 
Average time 16.1 s 12.1 s <0.001 

AOM All 4 ENTs agree 77% 77% 0.6 
Min. 3 ENTs agree 96% 90% – 
Average certainty 0.91 0.88 0.1 
Average time 13.2 s 9.0 s 0.003 

NOE All 4 ENTs agree 47% 20% 0.24 
Min. 3 ENTs agree 73% 40% – 
Average certainty 0.65 0.51 0.001 
Average time 17.6 s 15.9 s 0.08  
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most common sign of OME is lack of movement of the tympanic mem-
brane during pneumatic otoscopy examination. Since the ENTs were 
only presented with a static image, even the slightest signs of effusion 
would count towards an OME diagnosis, instead of NOE. Contrary to the 
belief that OME is frequently misdiagnosed as AOM, and that AOM is 
usually over-diagnosed [9], the results of our study show that the most 
common error is that NOE is misdiagnosed as OME. This is not as serious 
an issue, however, as long as doctors follow clinical guidelines and do 
not prescribe antibiotics for the treatment of OME. 

Blomgren et al. [8] showed that agreement increased when pre-
senting a WBT with the otoscopy image. Our results show that the time 
increased as expected, as the ENTs had to study and analyze more data 
when presented with both image and WBT. The results generally show 
that the ENTs are more confident in their diagnosis when the WBT is 
presented, which is likely to lead to higher confidence when advising the 
following treatment. However, agreement across examiners did not in-
crease significantly when the WBT was added. The ENTs responded that 
the WBT was the sole basis for the diagnosis in 5% of the cases, and 
contributed to the diagnostic decision in 57% of the cases, which sug-
gests that the WBT does add diagnostic value, especially in cases where 
the image is not useful, or in challenging cases. The WBT measurements 
are mostly used for OME cases, and rarely for AOM, since the children 
are in too much pain to perform the measurement. The signs for AOM 
are also much clearer in the otoscopy image, which explains the higher 
agreement and certainty for the AOM cases, as well as why the differ-
ence in certainty between with or without WBT is not significant for this 
diagnostic group. 

The results show that it is challenging to correctly identify otitis 
media in children from a static image and a WBT alone, and that ENTs do 
not always agree on the diagnosis. This makes it challenging to develop 
an automatic diagnostic tool, due to the lack of a consistent ground-truth 
definition based only on non-invasive examination. There are different 
ways of defining an approximate ground-truth when myringotomy- 
confirmed cases are not available. Some studies, such as Myburgh 
et al. [21], only included the cases where two specialists agree on the 
diagnosis. This ensures the most correct diagnosis of each case, but also 
removes a lot of challenging cases. This means that the performance of 
the diagnostic system is boosted but might not properly represent the 
performance of such a tool in real life cases. It also does not allow the 
diagnostic system to learn how to handle challenging cases. Based on the 
results from this study, that would mean removing 25–40% of the cases 
obtained from the normal clinical routine. On the other hand, if the 
ground-truth is based only on one ENT’s opinion, it will be biased, and 
possibly include 25% incorrect diagnoses. For this study, we decided to 
do a majority voting between the ENTs weighted with their 
self-evaluated certainties. A normal majority voting could also be 
employed without the weighting, but as we have an equal number of 
raters, the vote will in some cases be tied. The weighting thus allows for 
a diagnosis to be determined even when the raw voting is tied. 

4.1. Strengths and limitations 

This study has several major strengths. First, a large number of cases 
are included compared to the references studies, and the statistical 
analysis is more extensive than seen in previous studies. Furthermore, 
the study is blinded, as the ENTs did not have any prior knowledge about 
the patients. The quality of the data is generally good from both oto-
scopy images and WBT measurements. Finally, some cases include both 
otoscopic image and wideband tympanometry measurements, while 
others only include otoscopic image, potentially affecting the inter-rater 
agreement, as seen in Blomgren et al. [8], although they used a standard 
tympanometry, not a WBT. The main limitation of this study is that no 
myringotomy was performed, and thus no ground-truth diagnosis is 
available for comparison. Furthermore, despite the high quality of the 
data, the ENTs were only presented with static images. Thus, the ENTs in 
this study did not benefit from observing the full otoscopy examination, 

nor from gaining additional diagnostic information by interacting with 
the patient. 

5. Conclusion 

This study illustrates that, under these conditions, it is challenging to 
diagnose otitis media with effusion when the ENT is only provided with 
static images and WBT data. The inter-rater reliability between the four 
ENTs was high when diagnosing acute otitis media and lower when 
diagnosing otitis media with effusion. However, WBT can add valuable 
information to get closer to the ground-truth diagnosis without myr-
ingotomy. It was furthermore shown that diagnostic certainty increased 
significantly when showing both image and WBT, compared to when 
only presenting the image. This study provides a useful comparison 
benchmark for future work on an automated deep learning approach 
using the same diagnostic inputs, as well as an estimate of the ground- 
truth diagnosis for each case. 
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