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Abstract

Objective. Otologic diseases are common in all age groups
and can significantly impair the function of this important
sensory organ. To make a correct diagnosis, the correct
handling of the otoscope and a correctly performed exami-
nation are essential. A virtual reality simulator could make it
easier to teach this difficult-to-teach skill. The aim of this
study was to assess the face, content, and construct validity
of the novel virtual reality otoscopy simulator and the
applicability to otologic training.

Study Design. Face and content validity was assessed with a
questionnaire. Construct validity was assessed in a prospec-
tively designed controlled trial.

Setting. Training for medical students at a tertiary referral
center.

Method. The questionnaire used a 6-point Likert scale. The
otoscopy was rated with a modified Objective Structured
Assessment of Technical Skills. Time to complete the task
and the percentage of the assessed eardrum surface were
recorded.

Results. The realism of the simulator and the applicability to
medical training were assessed across several items. The
ratings suggested good face and content validity as well as
usefulness and functionality of the simulator. The otolaryn-
gologists significantly outperformed the student group in all
categories measured (P \ .0001), suggesting construct valid-
ity of the simulator.

Conclusion. In this study, we could demonstrate face, con-
tent, and construct validity for a novel high-fidelity virtual
reality otoscopy simulator. The results encourage the use of
the otoscopy simulator as a complementary tool to tradi-
tional teaching methods in a curriculum for medical
students.
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O
toscopy is the medical term for the visual examina-

tion of the ear canal and eardrum. Proper handling of

the otoscope and a correctly performed examination

are essential skills for the diagnosis and treatment of otologic

diseases, which are widespread in all age groups and can sig-

nificantly impair the function of this important sensory organ.

Acute otitis media is the most common reason why children

in the United States are prescribed antibiotics.1 Often a gen-

eral practitioner or pediatrician is consulted for ear pain, who

then has to assess the eardrum. Due to the anatomy, only part

of the entire surface can be seen through the otoscope such

that a systematic scanning is needed to assess the entire tym-

panic membrane. Although otoscopy thus represents a key

competence for various medical specialties, pediatricians and

general practitioners typically have a training deficit in ear

assessment. In 1992, Fisher and Pfleiderer demonstrated that

the otoscopic skills of general practitioners are comparable to

those of fourth-year medical students. Moreover, Pichichero

and Poole revealed that when assessing acute otitis media or

otitis media with effusion, general practitioners and pediatri-

cians had a diagnostic accuracy of 36% to 51%.2

To make the correct diagnosis, examiners need to interpret

the findings correctly and, more important, be able to spot the

pathologic findings. To achieve this, correct usage of the oto-

scope is key. Simulation-based learning provides a fruitful

setting to enable important learning and offers a variety of

opportunities to practice complex skills.3,4 Otoscopy simula-

tors to date use interchangeable ear pieces with different dis-

eases or a small 2-dimensional screen, serving as the

tympanic membrane, where physiologic and pathologic find-

ings can be displayed.5,6 Since most simulators do not allow
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the tutor to see what the student sees and do not provide feed-

back regarding the correct insertion depth, otoscopy is a skill

that is still difficult to teach.7

This study investigated a virtual reality otoscopy simulator

that is equipped with a lifelike model ear and an otoscope

handpiece. The handpiece allows the user to see, in real time,

a detailed 3-dimensional model of the outer and middle ear

when looking through the otoscope. Not only can regular

anatomy be selected but also common pathologies. Further-

more, the simulator has a scale indicating the insertion depth

of the otoscope, and virtual patients moan when the otoscope

is inserted too deeply. A second screen allows the tutor to see

the same image as the student. This feature and the feedback

on the insertion depth of the otoscope could improve the way

that this skill is taught. However, before implementation of

the simulator into a training program, the subjective and

objective validity has to be evaluated.

Therefore, the aim of this study was to assess the face, con-

tent, and construct validity of the otoscopy simulator for an

otologic training.

Methods

Sample, Study Design, and Hardware Used

We divided this validation study into 2 parts. In part 1, 39 medi-

cal students (after attending their otolaryngology rotation at the

University of Heidelberg) and 25 otolaryngologists were

invited to participate in a cross-sectional study to assess the

face and content validity as well as the applicability to medical

training. For the second part of this study, 51 medical students

(in their first week of their otolaryngology rotation) and 25 oto-

laryngologists were recruited to participate in a prospectively

designed controlled trial to assess the construct validity.

In both parts of the study, the validity of a commercially

available otoscopy simulator (Earsi Otoscope; VRMagic) was

investigated.

Study Part 1: Face and Content Validity and Applicability
to Medical Training

To assess the face and content validity, we developed a ques-

tionnaire based on the work of Wickens et al,2 as a validated

tool assessing otoscopy simulation was not available in the lit-

erature. The survey contained 2 assessment components. The

first component consisted of 11 items and had a 6-point Likert

scale (1, strongly disagree; 3, neutral; 6, strongly agree) to

assess the face validity of the auricle, the appearance of the

ear canal, and the eardrum in physiologic and pathologic con-

ditions. Face validity describes the extent of a simulator’s rea-

lism and appropriateness when compared with the actual task.

The second component assessed the usability of the simulator

and its applicability for training of medical students, otolaryn-

gology residents, and nonotolaryngology residents and

included questions to assess the content validity of the simu-

lator. In this case, content validity is defined as the extent to

which the content of a simulator represents the knowledge or

skills that have to be acquired in the real environment based

on detailed examination of the learning resources, tutorials,

and tasks.8

To evaluate the content validity of the simulator, 5 items

were scored with the same 6-point Likert scale regarding the

assessment of the external auditory canal and tympanic mem-

brane, the width of the pathologies, and the application as a

training tool for novices.

The questionnaire on face validity was answered by 39

medical students (after finishing their training in otolaryngol-

ogy), 12 otolaryngology residents, and 13 otolaryngology spe-

cialists. Only otolaryngologists were asked to determine the

applicability to medical training and the content validity.

Study Part 2: Experimental Setup and Procedure
for Construct Validity

Construct validity is defined as ‘‘a set of procedures for evalu-

ating a testing instrument based on the degree to which the

test items identify the quality, ability, or trait it was designed

to measure.’’ A common example is the ability of an assess-

ment tool to differentiate between experts and novices per-

forming a given task. To determine whether the training with

the simulator actually captures aspects of the skills needed to

perform a correct otoscopy, thus providing evidence for con-

struct validity, 51 medical students in their first week of their

otolaryngology rotation were recruited to form the novice

group. The otolaryngology specialists and otolaryngology res-

idents, forming the expert group, were asked individually

whether they would take part in this study. The novice group

received a standardized lesson on the anatomy of the ear and

the otoscopy procedure by 1 selected instructor.

The lesson was based on the Peyton 4-step teaching

method.9 A standardized introduction to the simulator was

presented to both groups, with short videos provided by the

manufacturer. Both groups could ask questions after the tech-

nical introduction; after which, they were asked to perform an

otoscopy to assess an eardrum. The eardrum examined during

the otoscopy contained a large plaque as a pathology (case

1207: tympanosclerosis). After the otoscopy, participants

marked the region and shape of the pathology. The procedure

was rated by an independent rater using a modified OSATS

checklist (Objective Structured Assessment of Technical

Skills).10,11 For each item, the OSATS checklist allowed the

choice between correctly done and not correctly done and

consisted of the following items: ‘‘Used the correct hand,’’

‘‘Otoscope was held correctly,’’ ‘‘Otoscope was stabilized

with a finger,’’ ‘‘Pinna was pulled upwards and backwards,’’

‘‘Otoscope was inserted to the correct insertion depth,’’ and

‘‘Otoscopy was performed atraumatically.’’ Furthermore, the

time to complete the task and the percentage of the assessed

eardrum surface were recorded. The sketch of the eardrum

pathology was rated with a 5-point Likert scale (1, no sketch

of the pathologic finding possible; 5, correct region and size

of the pathologic finding is marked). All sketches were rated

by 2 blinded otolaryngologists. Both were not otherwise

actively involved in this study and compared the sketches

with the displayed pathology of the eardrum.
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Ethical Approval

The study was conducted in accordance with the general

terms and conditions and approval of the Heidelberg Univer-

sity Ethics Committee (reference S-514/2018). All partici-

pants were voluntarily recruited and informed about the aims

of the study, and all provided informed consent prior to

participation.

Statistics

For face and content validity data, mean values and standard

deviations were calculated. Mean scores were calculated for

each statement as rated by novices and experts. Face validity

and general statement items were stratified by novice and

expert groups, while content validity data were collected in

the expert group only. Differences between novices and

experts’ ratings were analyzed with a nonparametric Mann-

Whitney U test, with a P value �.05 to indicate significance.

For the construct validity, the performances of the novice and

expert groups were assessed and consisted of the following:

the global scores of the modified OSATS, the time to com-

plete the otoscopy, the percentage of the assessed eardrum,

and the score achieved in the task of sketching the pathologic

finding. Data were tested for normality with the D’Agostino-

Pearson normality test. Since the data were not normally dis-

tributed, data were analyzed with a nonparametric Mann-

Whitney U test with a P value �.05 to indicate significance.

The interrater reliability for the rating of the sketches was

assessed with the nonparametric Spearman correlation coeffi-

cient, since the data were not normally distributed. The

assessment of the sketches was also analyzed with a Mann-

Whitney U test.

Results

Demographic Characteristics

Study Part 1. The questionnaires on face validity were

answered by 39 medical students: 19 men (49%) and 20

women (51%). Their average age was 25.3 years (range, 21-

31). Nine students had completed vocational training in a

medical profession (nurse) prior to their medical studies.

Twenty-five otolaryngologists, 10 women (40%) and 15

men (60%), answered the questionnaires on face validity and

applicability to medical training and on the content validity.

The average age was 36.5 years (range, 27-54).

Study Part 2. To determine construct validity, the expert

group was formed by the same 25 otolaryngologists as in

part 1 of the study. The nonexpert group consisted of 51 stu-

dents who performed the otoscopy.

The average age of the nonexpert group was 24.94 years

(range, 22-31). Twenty-one participants were men (41%) and

30 were women (59%). None of the participants had previous

experience in otolaryngology.

Face Validity and Applicability to Medical Training

The realism of the simulator and the applicability to medical

training were assessed across several items. The mean scores

of the statements are shown in Table 1, depicted as total

scores and subscores of the nonexpert and expert groups.

In summary, with the exception of the haptics of the pinna,

the rating of nonexperts and experts for the face validity para-

meters was between 4.4 and 5.39. The most satisfying was the

realism of the anatomic structures of the pinna (5.23), ear

canal (5.02), and the eardrum (5.31), falling between the

agree and strongly agree categories. This was considered an

acceptable realistic representation of the relevant anatomy.

The realistic feeling of ‘‘the fabric of the pinna’’ was rated

below average (mean score, 3.8), falling between mostly

agree and partly disagree. The evaluation for the applicability

to medical training parameters was between 4.51 and 5.68,

which was considered a useful application of the simulator.

Content Validity

The degree to which the simulator addresses all subject mate-

rial and curriculum requirements was specified with the same

6-point Likert scale across the following items: the model (1)

provides a useful introduction to otoscopy, (2) provides ade-

quate breadth of pathologies, (3) is useful for training the hand-

eye coordination, (4) should be embedded into the curriculum

of medical students, and (5) should be embedded into the train-

ing of otolaryngology residents. The detailed results are shown

in Table 2. The mean scores across all 5 items measured .4,

falling in the categories mostly agree, agree, and strongly

agree and were thus considered acceptable across all items. In

particular, the educational value of the simulator was high-

lighted by the experts when asked whether the model should be

embedded in the curriculum of medical students (mean, 5.4).

Construct Validity

All participants completed the otoscopy and marked their

pathologic finding on an illustration of a tympanic membrane.

Otoscopy was rated with a modified OSATS. Time to com-

plete the task and the percentage of the assessed eardrum were

recorded. The expert group significantly outperformed the

nonexpert group in all categories measured. The mean

OSATS score was 2.31 (SD, 1.31) for the nonexpert group

and 0.63 (SD, 0.83) for the expert group (P \ .0001). In par-

ticular, the expert group scored significantly better in the fol-

lowing categories: ‘‘Otoscope was held correctly’’ (P = .002),

‘‘Otoscope was stabilized with a finger’’ (P \ .0001), ‘‘Oto-

scope was inserted to the correct insertion depth’’ (P \
.0001), and ‘‘Otoscopy was performed atraumatically’’ (P =

.0227). Only 2 subcategories, ‘‘Used the correct hand’’ (P .

.99) and ‘‘Pinna was pulled upwards and backwards’’ (P =

.093), showed no significant difference between the groups.

The average time for the otoscopy was 56.01 seconds

(range, 20-140) in the nonexpert group and 30.59 (range,

10.4-71.8) in the expert group (P = .0001). The Mann-

Whitney U test showed that the task completion time in the

nonexpert group was significantly higher than that of experts

(P \ .0001). The mean percentage of the examined eardrum

surface was 66.43% (range, 0%-98%) in the nonexpert

group and 83.84% (range, 53.77%-98.5%) in the expert group

(P = .0027). In terms of the time required to complete the
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otoscopy in relation to the examined area of the eardrum, the

nonexpert group examined an eardrum area of 1.38% per

second (SD, 0.75%) and the expert group, 3.42% per second

(SD, 1.63%; P \ .0001). The items assessed during the

OSTATS are summarized in Table 3. Interrater reliability for

the rating of the sketches was assessed with the nonparametric

Spearman correlation coefficient and had an excellent correla-

tion (Spearman r = 0.9162; 95% CI, 0.8689-0.9469). The

mean score of the nonexpert group was 2.775, whereas the

expert group achieved a mean score of 3.84 (P = .0012).

Discussion

The primary objective of this study was to establish face, con-

tent, and construct validity as well as to evaluate the applic-

ability to medical training of a novel virtual reality otoscopy

simulator. The ability to perform an accurate otoscopy is the

crucial step to make an accurate diagnosis. Several publica-

tions reported alarmingly low diagnostic accuracy for otolo-

gic diseases among primary care physicians and pediatricians,

suggesting the need to improve otoscopy education for medi-

cal students.12-15

Table 1. Items Used to Determine the Realism of the Simulator and the Applicability to Medical Training on a 6-Point Likert Scale.

Total Nonexperts Experts

Validation parameters: face validity Mean SD Mean SD Mean SD P valuea

Pinna

The anatomic structures of the pinna appear realistic. 5.23 0.81 5.21 0.73 5.28 0.94 .441

The fabric of the pinna feels realistic. 3.89 1.32 3.95 1.34 3.8 1.32 .703

Ear canal

The anatomic structures of the ear canal appear realistic. 5.02 0.77 5.13 0.70 4.84 0.85 .209

The difference between a healthy ear canal and an ear canal

with pathology can be clearly identified.

5.08 0.9 5.10 0.94 5.04 0.84 .664

The ear canal with pathology looks realistic. 4.5 1.11 4.56 1.07 4.4 1.19 .515

The depth perception is realistic. 4.67 1.20 4.74 1.14 4.56 1.29 .643

Eardrum

The anatomic structures of the eardrum appear realistic. 5.31 0.64 5.39 0.63 5.20 0.65 .258

The difference between a healthy eardrum and an eardrum

with pathology can be clearly identified.

5.31 0.79 5.31 0.77 5.32 0.85 .830

The eardrum with pathology looks realistic. 4.66 1.12 4.51 1.30 4.88 0.73 .274

Applicability to medical training

The model is useful . . .

for teaching anatomy. 5.28 0.68

for the training of medical students. 5.68 0.56

for training of otolaryngology residents. 4.72 1.28

for training of nonotolaryngology residents. 5.0 1.08

the model is user-friendly. 5.32 0.63

aMann-Whitney U test.

Table 2. Items to Determine the Degree to Which the Simulator Addresses All Subject Material and Curriculum Requirements on a 6-Point
Likert Scale.

Experts

Validation parameters: content validity Mean SD

The model . . .

provides a useful introduction to otoscopy. 4.74 0.96

provides adequate breadth of pathologies. 5.16 0.89

is useful for training the hand-eye coordination. 5.0 0.82

should be embedded into the curriculum of medical students. 5.4 0.87

should be embedded into the training of otolaryngology residents. 4.48 1.41
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While high-fidelity and virtual reality simulation has a

long history in other training programs in domains such as

military and aviation, its appearance in the medical profession

is more recent and often limited to surgical procedures.16

Simulators offer several important advantages over didactic

teaching and learning by performing procedures on patients.

Simulator-based training provides a risk-free and error-

forgiving environment. It allows the procedure to be per-

formed many times in a compressed period without the trainee

having to consider the well-being of patients. Feedback

mechanisms allow error detection and testing of corrective

strategies.17,18 Simulators have been shown to prevent harm

and discomfort to patients and allow for shortened learning

curves.19

The commercially available virtual reality simulator offers

trainees a variety of physiologic and pathologic ear findings.

Moreover, trainees receive immediate and objective feedback

after each examination, such as pain caused, area of tympanic

membrane examined, and correct and missed findings. How-

ever, data on face, content, and construct validity were miss-

ing. The results of the face and content validity questionnaires

and the responses on applicability to medical training proof

the validity, usefulness, and functionality of the simulator.

Most important, all otolaryngologists agreed that the trainer is

useful for the training of medical students.

The perceived degree of realism of the feeling of the pinna

was reduced in both groups. The entire outer ear is made of

the same silicone, which feels somewhat rigid and offers no

noticeable difference between the earlobe and the cartilagi-

nous auricle. Since the difference between these subunits of

the outer ear is of marginal importance for otoscopy, more

attention was paid to the anatomy of the pinna. Here, the

degree of realism was found to be very satisfactory. However,

since the pinna is an exchangeable part, the realistic feeling

could be a possible target for improvement. Apart from that,

the realism of a simulator and its impact on learning are dis-

cussed controversially in the literature. Although the educa-

tional value of simulator-based training was found to be

valuable, the influence of realism is discussed controversially,

with studies reporting better, worse, or similar outcomes after

training on a low-fidelity simulator as compared with a high-

fidelity simulator.20-25

In addition to face validity, construct validity is regarded

as one of the most important aspects of simulator evaluation.

Construct validity determines whether the device simulates

the given task as in real life and thus can differentiate between

a novice and an expert.26 By rating all steps required to cor-

rectly perform an otoscopy, we were able to convincingly

demonstrate construct validity for the simulator.

Limitations

With providing evidence for face, content, and construct

validity of the simulator, there is room for improvement. The

simulator was able to differentiate between experts and non-

experts. Whether it can also differentiate residents with differ-

ent training levels was not tested and will be examined in

future studies. Even though a simulator proves to be valid,

conclusions cannot be drawn about knowledge and skill trans-

fer and thus improved performance on real patients. The simu-

lator comes with a variety of cases representing physiologic

and pathologic findings. The expert group rated the item

‘‘The model provides adequate breadth of pathologies’’ very

high (.5). Von Buchwald et al were also able to demonstrate

content validity evidence for the pathologic cases provided by

the simulator.27 With a validated simulator to learn the skill

and a validated selection of cases, it would be interesting to

implement the simulation-based training of otoscopy in future

curricula for undergraduate and postgraduate training.

Conclusion

In this study, we demonstrated face, content, and construct

validity for a virtual reality otoscopy simulator. Our findings

are encouraging to implement the otoscopy simulator into a

curriculum for medical students as a complementary tool to

traditional teaching methods.
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