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ABSTRACT
Introduction: This discussion paper reviews and
synthesises the literature on simulated learning
environment (SLE) from allied health sciences, medical and
nursing in general and audiology specifically. The focus of
the paper is on discussing the use of high-fidelity (HF) SLE
and describing the challenges for developing a HF SLE for
clinical audiology training. 

Methods: Through the review of the literature, this paper
discusses seven questions, (i) What is SLE? (ii) What are the
types of SLEs? (iii) How is SLE classified? (iv) What is HF
SLE? (v) What types of SLEs are available in audiology and
their level of fidelity? (vi) What are the components needed
for developing HF SLE? (vii) What are the possible types of
HF SLEs that are suitable for audiology training?
Publications were identified by structured searches from
three major databases PubMed, Web of Knowledge and
PsychInfo and from the reference lists of relevant articles.
The authors discussed and mapped the levels of fidelity of
SLE audiology training modules from the literature and the
learning domains involved in the clinical audiology courses.
Results: The discussion paper has highlighted that most of
the existing SLE audiology training modules consist of
either low- or medium-fidelity types of simulators. Those
components needed to achieve a HF SLE for audiology
training are also highlighted. 

Conclusion: Overall, this review recommends that the
combined approach of different levels and types of SLE
could be used to obtain a HF SLE training module in
audiology training. 

KEY WORDS:
Simulated learning environment, simulator training, computer-
based simulation, audiology simulator training, simulated
learning program, High-fidelity simulation, High-fidelity
audiology, simulated training

INTRODUCTION
The increasing awareness of hearing, hearing impairments
and related treatments and interventions have resulted in
increased demands on quality professional audiological
services. A quality professional audiological service is

contributed by many factors; however, it mainly reflects the
quality of higher education training received by the
respective audiologists. In view of providing quality
educational audiology training throughout the world, most
of the institutions involved face the same challenges for
providing sufficient and quality supervised clinical
experience, either in the university audiology clinics or
external hearing care centres.1,2

Audiology education varies worldwide, with some countries
offering programs at the undergraduate level and some at
postgraduate levels.3 Despite the differences in the levels of
the degree, all audiology programmes worldwide consist of a
core clinical training module that is normally divided into
basic clinical training and advanced clinical training.4 Basic
clinical training requires students to apply their theoretical
knowledge and efficiently to perform routine audiological
procedures including case history taking, speech audiometry,
acoustic immittance and pure-tone audiometry procedures.
Advanced clinical training typically involves non-routine
procedures, such as hearing aid clinics, auditory-evoked
potentials cases and irregular cases, such as auditory
neuropathy spectrum disorders or auditory processing
disorders. Traditionally, the teaching and learning activities
for both routine and non-routine audiological procedures
and cases may require the student to, (i) attend a
demonstration session, (ii) perform the procedure among
colleagues and, (iii) attend observation sessions for real
clinical cases in addition to their normal instructional course
lectures. Students will then be assessed in a practical
examination and/or with the practical report. Once
completed, audiology students will proceed to their actual
clinical placement where they will be seeing audiology
patients under clinical supervision (in certain circumstances
and institutions, advanced non-routine procedures may be
learned concurrently with their clinical placements). This
standard training methodology creates problems, especially
for some students who may still not be competent,
particularly when they are still at the beginning of their
clinical placement. This is considered as acceptable in
teaching and learning because the competency development
varies between students.5 Some students may achieve the
learning goal early, while some students may take more time
than their colleagues to achieve the same learning goal.
Without a proper pre-clinical training, there is possibility that
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the students’ incompetent clinical skill may affect the quality
of audiological services and reduce the level of patient
comfort.6 Sending students who are just at the beginning of
their clinical placement also creates an issue, such as
variations in the quality of the basic training between
audiology centres.1 This leads to different learning exposures
among students and thus leads to differences in developing
their clinical skills based on the required learning goal. 

Researchers and audiology academic instructors have now
turned their interest to integrating the simulated learning
environment (SLE) training within the existing clinical
audiology curriculum.7 This technique has been widely used
in many fields, such as in the field of aviation for training
pilots, medical and nursing and allied health sciences,
including audiology. SLE is operationally defined as a
training module that attempts to mimic reality. In a recent
systematic review, SLE audiology training has been shown to
provide a positive outcome for the students.7 Because of the
importance of integrating the SLE training into the audiology
curriculum, this paper discusses seven questions with the
aims of (i) providing general information about SLE in
audiology and, (ii) highlighting the use of high-fidelity (HF)
SLE in other fields and discussing the challenges to develop a
HF SLE training in audiology for basic or advanced clinical
training (involving a comprehensive module of history-
taking, acoustic immittance, otoscopic examination, speech
audiometry, pure-tone audiometry with other necessary
advanced assessments). Therefore, this paper deals with
seven questions, (i) What is SLE? (ii) What are the types of
SLEs? (iii) How is SLE classified? (iv) What is HF SLE? (v) What
types of SLEs are available in audiology and their level of
fidelity? (vi) What are the components needed for developing
HF SLE? (vii) What are the possible types of HF SLEs that are
suitable for audiology training?

What is SLE?
The terms simulations, SLE, simulated learning program and
simulated training have been used interchangeably in the
healthcare education literature.1,8,9 While there is no standard
term, SLE has been used for the purpose of this paper of
describing different levels and types of SLEs available in
audiology, specifically. SLE aims to substitute the whole or a
part of the real clinical working environment. SLE could be
used for clinical training by linking the existing knowledge
the student has learned in lectures or through practical
sessions and extending their experience through the
“experiential learning”.9 It is anticipated that with SLE,
students will expand their knowledge, gain new experiences,
receive feedback, and reflect and relate what they have
learned from the SLE into true clinical environments. 

What are the types of SLE?
SLE training can be conducted in several ways and requires
different modules that may or may not require specific
training devices and tools. Among the SLE types described
previously are, (i) integrated mannequins simulators10,11, (ii)
computer-based simulations (CBS)12,13, (iii) virtual reality14,15,
(iv) an integrated virtual reality with a haptic system16,17, (iv)
part-task trainers18, (v) multimedia19 and, (vii) standardised or
simulated patients.20–22 Table I provides definitions of these
training tools based on descriptions from Cant and Cooper
(2010)23, and Maran and Glavin (2003)9 for reviews. 

How is SLE classified? 
Fidelity reflects how closely the respective SLE training is to
the actual clinical training environment and tasks. In
general, fidelity is categorised into three levels, (i) low fidelity
(LF), (ii) medium fidelity (MF) and, (iii) high fidelity (HF).9 LF
SLE consist of entry-level clinical tasks that minimally reflect
actual patient behavioural and physiological responses.9 LF
SLE would not involve any device or mannequin to simulate
the respective behavioural and physiological activities.
Examples of LF SLE include the teaching of clinical skills via
role-playing, demonstrations or through case studies. MF
may involve mannequins or certain computer-based devices;
however, it may be lacking in terms of the reactions in
producing realistic sensations and physiology responses. As
in audiology, the SLE may be lacking in producing certain
scenarios in the testing, for example, pediatric diagnostic
cases that occasionally may involve a difficult child who is
maybe crying or moving during the test that may not be
provided with a very basic CBS software. HF SLE, as the focus
of this paper, is a high-end technology SLE that consists of
training modules that are closer to reality, because they
simulate both the behavioural and physiological activities of
the patients. 

What is HF SLE?
HF SLE is a module consisting of any method of SLE that
could simulate the actual training very closely to reality.
Among the training modules classified as HF being used in
the field of medicine, allied health, dentistry and nursing are,
(i) computerised-based mannequins,24-29 (ii) integrated virtual
reality haptic systems,16,17,30 (iii) Standardised or simulated
patient31-33 or (iv) a combination of these approaches. 

Computerised mannequins have been used in medical,
physiotherapy and nursing education with great success.25,34-37

The use of a mannequin could substitute for the patient’s
anatomical landmarks and would closely represent the real-
case scenario for the students. This allows the students to
practice their clinical psychomotor skills with a simulated
mannequin. The computerised system within the mannequin
generates physiology responses, such as pulses, heart sounds,
breath sounds and pupil responses to light, and shows blood
circulation within the system. 

Virtual-reality, on the other hand, substitutes patients with a
virtual patient and therefore a patient-client interaction
could be accomplished through the 3D virtual system.
Virtual-reality simulates not only the patient, but also the
clinical environment and at the same time creates an illusion
for the student that they are engaging directly with the
patient in that virtual environment. The integrated haptic
system would generate the feelings of touch and the
resistance that would create an illusion as if the student were
performing a procedure on a real patient.16 Virtual reality
allows the student to implement their decision-making and
analytical skills to the pre-programmed cases in the system.9

The sensation of haptic can be produced to trigger false
alarms to the student, to simulate physiological responses
such as breathing and to simulate patient sensations of touch
to the clinician.9 Among them all, virtual-reality has been
successfully used for training manual dental dexterity,30 oral
implant surgery16 and assessments in stroke patients.17
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The use of HF SLE in medicine and nursing has shown that
the techniques are more superior than the LF and MF SLE25,38

while there is also a finding that shows no differences
between the SLEs training with different levels of fidelity.22,24

The HF SLE is perceived by the student as improving
knowledge, critical thinking, competency in practical skills,
confidence and the integration of knowledge and practice.27-

29,39-41 These results suggest similar findings could be obtained
for SLE training in the field of audiology if HF SLE training
were developed and implemented. 

What types of SLE are available in audiology and their
fidelity? 
Various types of SLE tools have been developed since the
1970s for audiology and its related fields. These SLE tools are
used for basic clinical training: for example, basic
audiometry,2,42-46 otoscopic examination,47 case history and
clinical feedback2,22 or for advanced clinical training
involving non-routine testing such as auditory brainstem
response48 and to enhance inter-personal and
communication skills through audiologic counselling.49-50

Table II summarises all papers identified from the database
searches that describe, summarise the developments or
implement the SLE training methods in audiology. As shown
in Table II, there are thirteen studies using SLE in the field of
audiology with two using LF SLE, eight using MF SLE and only
three using an HF SLE module. Four different types of SLE
were identified out of the ten SLE reports. These SLE training
tools included CBS, standardised patient, part-task trainer
and multimedia packages. The only modules that can be
considered as having a HF module are the case-history taking
and feedback module using a simulated-patient by Hughes et
al.22 and the audiology counselling module by Naeve-Velguth
et al.49 and English et al.50 The use of HF-standardised patient
in these studies is useful for history taking, clinical feedback
and counselling; however, as highlighted in the introduction
to this paper, clinical audiology training involves not only
these three components, but other basic and advanced
audiological assessments, such as pure-tone audiometry,
otoscopic examination, speech audiometry and acoustic
immittance with other necessary advanced audiological
applications. Thus, having a comprehensive HF SLE is
therefore essential for representing the real clinical scenario.

What are the components needed for developing HF SLE?
At least three relevant aspects must be considered by the
instructors before considering the use of a HF SLE as one of
the teaching and learning strategies, as highlighted by
Bradley53 and Issenberg and Scalese.54 These aspects are as
follows, (i) the identification of the learning goal and
mapping teaching and learning methods according to the
learning goal, (ii) incorporated feedback in the SLE modules
and, (iii) appropriate and validated assessment methods.
These will be further explained in subsequent sections.

Identifying the learning goal
As highlighted by Issenberg and Scalese,54 the use of SLE must
be driven by the learning goal of the courses and the
expected learning outcomes. The development and
acquisition of SLE must be tailored to the learning goal; as
opposed to the approach of developing the SLE
devices/modules first and then later determining the learning

goals. SLE, on the other hand, serves as the teaching and
learning strategies to achieve the learning goals and the
course expected learning outcomes.

The premises for identifying the learning needs among
educationists lie within the basic teaching and learning
taxonomy. The basic teaching-and-learning taxonomy was
first described by Bloom et al.55 and is widely known as
Bloom’s Taxonomy. Bloom’s taxonomy may assist
instructors in applying appropriate instructional strategies
towards each of the learning domains involved. The principle
underlying this taxonomy is that knowledge transfer is not
limited to simple information recall and comprises two major
domains including the cognitive (referring to intellectual
ability and knowledge) and affective domains (referring to
emotional or student attitudes towards the subjects).55,56 The
cognitive domains are further classified into different
cognitive levels to show differing complexity levels of lower-
and higher-order thinking based on the requirements of the
courses. The cognitive process is described in six different
levels, from the ‘remember’ (level 1), ‘understand’ (level 2),
‘application’ (level 3), ‘analysis’ (level 4), ‘evaluation’ (level
5), and ‘to create’ (level 6).56 Since the 1990s, the psychomotor
learning domains (referring to physical skills) and social
learning domains (referring to social interactions,
communication and soft skills) have been highlighted as
among the important components in teaching and
learning.57,58 

Table III summarises seven types of the most common
clinical tests for clinical training used in the audiology clinics
with their learning goals, possible teaching and learning
domains and levels of cognitive process.59 The level of the
cognitive process was mapped based on the revised Bloom’s
Taxonomy.56 The learning domain from Table III was
reviewed and mapped by three evaluators (AAAD, SR, MB).
From Table III, most of the clinical skills required for the
clinical audiology courses consist of learning goals governed
by the cognitive, affective, psychomotor and social learning
domains. Because of this, an HF SLE should incorporate these
four learning domains in the modules to achieve the learning
goals. As an example, the SLE training for pure-tone
audiometry involves cognitive, affective, psychomotor and
social learning domains, thus requiring the HF SLE to
emphasise these four domains. Specifically, for pure-tone
audiometry training, the HF SLE should cover the following
learning goals and learning domain/s: the student is able, (i)
to clearly instruct a patient prior to the pure-tone audiometry
testing (cognitive, affective and social domains), (ii) to select
correct transducers and accurately place the transducer on
the patient (cognitive, affective and psychomotor), (iii) to
accurately determine hearing thresholds for air conduction
and bone conduction using appropriate methods (cognitive,
affective and psychomotor), (iv) to identify the needs for
masking (cognitive), (v) to accurately perform air conduction
and bone conduction masking (cognitive and psychomotor)
and, (vi) to interpret audiograms and correlate their findings
with the other test batteries (cognitive). 

Therefore, HF SLE should serve as an avenue for student-
client interactions to enhance their verbal communication
skills, and an avenue for the use of critical thinking (cognitive
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domain) to achieve the learning goal and avenues to carry
out the practical skills. In addition, the majority of the
audiology SLE literature includes only cognitive and
psychomotor aspects in their training, with only four studies
cover the social and affective learning domains, as shown in
Table II. The learning domain from Table II for the respective
SLE audiology literature and level of fidelity was reviewed
and mapped by three evaluators (AAAD, SR, MB). This was
based on an agreed definition between the evaluators
towards the SLE training modules provided by the respective
papers, because none of the papers specifically mentioned
the learning domain as being involved in their studies.

Incorporated feedback to the SLE modules
Feedback is one of the sub-components that could enhance
the cognitive abilities among students.54 In any training
methodology, feedback is important for ensuring that
students can determine whether or not they are fulfilling the
requirements of the respective learning task for the required
course. Positive or negative feedbacks are both equally
important because positive feedback indicates that the
students are within the right direction, and this will motivate
them to move forward. On the other hand, negative feedback
is important for ensuring the students understand that they
have done things incorrectly and know that steps must be
taken to overcome their weaknesses. In a typical learning
environment, feedback is delivered by the instructor. 

For SLE training in general, feedback can be delivered by
either an instructor (as part of the SLE module) or from the
SLE devices themselves. As in HF SLE, feedback should consist
of at least a formative feedback where the SLE provides an
indicator that the student is carrying out a correct or incorrect
method throughout the procedure or clinical application. For
example, a study by Heitz43 highlights their virtual
audiometry software in which the system will tell the student
through a light indicator in the interface if that student does
not perform an otoscopic examination before performing the
pure-tone audiometry. It is possible, although difficult, to
design a simulation with objective “virtual tutor” abilities

specifically for summative feedbacks, because the amount of
mistakes made by students varies considerably and many
‘triggers’ are needed for that purpose.

Validity and reliability of assessment for SLE
To assess the performance of the student after undergoing SLE
training (integrated modules with traditional teaching
approaches), the instructor must select valid assessment
methods and a valid and reliable marking scheme.60 A valid
assessment method is characterised by the ability of the
assessment to reflect what it is supposed to measure. A valid
assessment type is characterised by the link between the
learning goals and the rubric. The alignment between the
course learning goal/outcomes and the rubric is important
for ensuring the SLE training (either alone or combined with
other teaching methods) has the ability to transfer the skills
in practice.53 As an example, if, in the learning outcome
stated by the end-of-course, the student should be able to
perform pure-tone audiometry (including the SLE as part of
the teaching and learning activities), the assessment should
focus more on the “practical” methods of assessment to align
with the learning goal instead of using multiple-choice
question (MCQ) or essay types of questions. This is similar to
the instructor including a “teamwork” component in their
course where the students are expected to be able to enhance
their “teamwork” skills. An instructor must use an
appropriate method to assess that learning outcome (for
instance, by judging the ability of each student to work with
their pairs during paediatric cases). 

In general, a valid rubric must undergo content validation by
both the academics and professionals involved and, in this
case, the audiology clinical preceptors.61 According to Allen
and Knight,61 there are several steps be taken by the academic
faculty to obtain a valid assessment rubric. First, they need to
evaluate the rubrics, whether they can differentiate between
weak and excellent student performances. Second, a sample
of the rubric must be evaluated by more than two instructors
or a jury panel. Modifications need to be made to the rubrics,
based on the consensus among the jury, to check for the

Table I: Summary of common simulated learning environment (SLE) types

Type Description
Standardised Patients A professional or semi-professional human actor who acts as a patient during simulation clinical 

exercises. Case history taking, basic examinations can be done through standardised patients.
Part-task trainers Commonly designed to partially replicate the real case. Usually used for training basic procedures

and techniques that include basic psychomotor skills. An example of part-task trainer is a low 
fidelity (LF) mannequin or a physical ear model with various diseases. 

Computer-based simulations (CBS) Simulated tasks or cases are given via a computer interface. This system mainly focuses on 
knowledge acquisition and decision-making skills. It is usually designed to be an interactive system
that incorporates feedback to the users 

Multimedia package Cases or tutorial notes are kept on a DVD for students to learn and practice. Mostly covers the 
cognitive domain rather than psychomotor skills

Virtual reality Cases are simulated close to the real experience via 3D computer-based technology 
Haptic system A system designed to produce real physical contact experiences. This system incorporates touch 

feedback, such as resistance and vibration, when the user is in contact with the simulated model.
This system will focus mainly on training the psychomotor skill. It is usually incorporated into other
types of simulators such as virtual reality, and part-task trainers.  

Integrated simulator The combination of two or more types of simulators to provide a close-to-real-case scenario. This
system also aims, where possible, to cover all related learning domains, such as cognitive, 
psychomotor skills and critical thinking. Examples of this type are the virtual reality with the haptic
system and the computerised manikin with a haptic system. 

Source: Adapted from Cant and Cooper (2010)23 and Maran and Glavin (2003). 9

7-Towards00158_3-PRIMARY.qxd  2/15/17  12:48 AM  Page 40



Towards developing high-fidelity simulated learning environment training modules in audiology

Med J Malaysia Vol 72 No 1 February 2017 41

Table II: Summary of SLE audiology modules from the literature with the descriptions on areas of applications, types of SLE
training, availability of feedback and source of feedback (human instructor/ simulator), learning domains and skills covered, types

of assessments and level of fidelity
Study Applications Type of Availability of Learning Types of Level of 

SLE feedback domains & assessments Fidelityc
training a (source of skills coveredb

feedback)
Durham Visual reinforcement CBS Yes (simulation) Psychomotor and Practical Medium 
et al. (1994)42 audiometry cognitive examinations 

using real 
clinical cases

Sistrunk (2002)45 Interpreting and Multimedia Yes (simulation) Cognitive Survey and Low 
integrating full package focus group
diagnostics discussions
audiology assessments 

Lieberth & Web-based audiometry CBS Yes (simulation) Psychomotor and Post-training Low 
Martin (2005)44 (pure-tone audiometry) cognitive practical 

examinations 
Wilson et al. Diagnostic CBS and Yes Psychomotor, Post-training Medium 
(2010)2 audiology assessments standardised (human) cognitive, social self-perceived

(pure-tone audiometry, patients surveys
tympanometry, 
acoustic reflex & 
speech audiometry)

Heitz (2013)43 Diagnostic audiology CBS Yes Psychomotor, Practical/role play, Medium 
assessments (pure-tone (simulation) cognitive self-perceived 
audiometry, case Learning
history and Speech questionnaire, 
Audiometry Paper-based 

examinations, 
Interview scale 
for case history

Kaf et al. Otoscopic Part task Yes Psychomotor Practical Medium 
(2013)47 examination trainer (human) and cognitive examinations 

using manikin, 
Paper-based 
examinations, 
Self-perceived 
skills evaluations

Dzulkarnain Auditory Brainstem CBS Nil Psychomotor and Paper-based Medium
et. al. (2014)48 Response cognitive examinations
Naeve-Velguth Audiology Standardised Nil Cognitive, Social, Questionnaire High 
et al. (2013)49, counselling patients Affective, survey about  

student feedback 
and learning 
experience with 
standardised 
patient

English et al. Audiology Standardised Nil** Cognitive, Social, Questionnaire High 
(2007)50 counselling patients Affective, survey about 

student learning 
experience with 
standardised 
patient

Kompis et al. Multi-lingual CBS Not clearly stated Cognitive, partial Nil Medium 
(2012)51 audiometer psychomotor skills 

of pure-tone 
audiometry

Slosberg & Levitt Pure-tone audiometry CBS Nil Cognitive, partial Nil Medium 
(1978)46 computerised system psychomotor skills 

of pure-tone 
audiometry

Yens (1969)52 Pure-tone audiometry CBS Nil Cognitive, partial Nil Medium
computerized system psychomotor skills 

of pure-tone 
audiometry

Hughes et al. Case history and Simulated Nil Cognitive, social, Practical High
(2016)22 feedback Patient psychomotor and examination 

Affective with 
simulated 
patient

a. Type of SLE training based on description in Table I
b and c The learning domain and level of fidelity were reviewed and mapped by the first, second and fourth authors
** No feedback included for the objective stated in the study although the actual SLE module consists of instructional feedback)
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Table III: Learning goals for most of the audiology common diagnostic evaluation test batteries
Type of applications Learning goal a Teaching and Cognitive 

learning domains levels b

Otoscopic examination • Give clear instructions and appropriate use of Cognitive, psychomotor Level VI
language to the patient and social learning 

• Perform the otoscopy with correct technique domains
• Identify normal and abnormal external auditory canal 

and tympanic membrane
• Check for collapsing ear canal
• Use the information from the inspection to integrate 

with subsequence diagnostic testings
• Acquire complete audiological history while at the same 

time attending to patient’s major concern/s
• Able to extract correct information from patient
• Deduce possible cause of auditory pathology or 

potential source of testing errors
Pure-tone audiometry • Give clear instructions and appropriate use of Cognitive, psychomotor, Level VI

language to the patient affective and social 
• Choose suitable transducer and correct placement learning domains
• Use correct technique to identify hearing threshold 

for air conduction and bone conduction
• Identify auditory masking, central masking and 

awareness of masking dilemma
• Perform air conduction and bone conduction masking 

using correct technique
• Structure the stimulus presentations to avoid false 

positives and take appropriate actions when these occur
• Awareness of inconsistent and unexpected responses 

including malingering and deal with these appropriately
• Able to obtain and interpret audiogram accurately and 

correlate their findings with the test batteries
• Identify potential cause of hearing loss through 

audiogram
• Awareness of inconsistent and unexpected responses 

and deal with these appropriately
• Re-explain test sequence in accurate detail

Speech Audiometry • Clear instructions and appropriate use of language Cognitive, affective, Level VI
to the patient psychomotor and social 

• Perform speech-audiometric threshold using learning domains
correct technique

• Identify the need for speech masking and perform 
masking accurately

• Correct interpretation of the speech audiogram
• Able to identify consistency between speech 

audiogram and pure tone audiogram
Acoustic Immitance • Clear instructions and appropriate use of language Cognitive, psychomotor Level VI

to the patient and social learning
• Correct probe selection and able to obtain good domains

acoustic seal
• Seek acoustic reflex threshold correctly
• Able to interpret reflex pattern
• Able to interpret tympanogram
• Relate reflex findings to the pure-tone audiometry 

and tympanometry results
Auditory Brainstem • Give clear instructions and appropriate use of Cognitive, psychomotor, Level VI
Response language to the patient affective and social

• Able to do pre-test procedures including skin preparation learning domains
and electrodes placement

• Perform impedance checking
• Seek auditory brainstem response threshold correctly
• Determine the presence and absence of auditory 

brainstem response
• Correct peak selection and interpretation of auditory 

brainstem response waveforms
• Determine the quality of the recording by looking to 

the signal-to-noise ratio and electroencephalogram 
activity monitoring

• Able to integrate with other test batteries

cont page 43
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cont from page 42

Type of applications Learning goal a Teaching and Cognitive 
learning domains levels b

Hearing aid • Perform pre-session preparation Cognitive, affective, Level VI
(cable and data information) psychomotor and social

• Able to prescribe suitable hearing aids based on patient learning domains
audiological results

• Taking ear impressions using correct procedure
• Able to program hearing aid and fit hearing aid to 

patient based on listening needs and with correct 
technique

• Do Client-oriented Scale of Improvement correctly
• Do hearing aid verification, and validation and outcome 

measures based on guidelines
Otoacoustic Emission • Perform pre-session preparation Cognitive, affective, Level VI

• Can choose appropriate probe size psychomotor and social
• Perform otoacoustic emissions using correct procedure learning domains
• Able to interpret otoacoustic emissions and relate with 

other test findings
• Able to relate any ear pathologies with the otoacoustic 

emissions results

a Learning goal  was based on International Islamic University Malaysia Audiology clinic protocol (International Islamic University Malaysia, 2016)59 

b Cognitive levels were categorised based on Revised Bloom’s Taxonomy (Anderson et al., 2001)56

consistency in the meaning and how it reflects by having a
discussion session when marking the same examination
paper. Third, the rubric must be tested and statistically
analysed. A highly-reliable rubric typically reflects the ability
of the scheme to be able to trigger a consistent marking
provided by the different instructors (inter-rating) and the
same instructors (intra-ratings). With this in mind,
developing a valid and reliable rubric following SLE training
or an integrated SLE curriculum is also crucial. This reflects
the readiness of the student to go for clinical placement (if the
aims of the SLE are for basic training) or prior to the
advanced clinical training.62 Most of the assessment methods
in the literature for measuring the effectiveness of the SLE in
audiology are lacking in aligning the learning goal with the
assessment methods in accordance with the learning
domains provided for the course. Most of the literature, as
highlighted by Dzulkarnain et al.,7 did not use (and/or did
not report) the validity and reliability of their assessment
rubrics, which raised questions on how effective was the SLE
training (or integrated SLE module). This is especially
important in view of developing HF SLE modules. Because HF
SLE modules may take up many financial resources, this
component (a valid and reliable marking scheme) is,
therefore, crucial. 

Assessment methods in SLE
There is no consensus on the best assessment methods for
measuring SLE performance specifically in audiology and
other related fields, such as medicine and nursing or allied
health sciences. Therefore, it is still unclear whether a student
should be examined practically, based on real clinical cases
or should still be examined using an SLE examination
module upon completion of the SLE training. The level of SLE
training needs to be taken into consideration when choosing
the appropriate assessment methods, that is, between “real”
and “simulated cases”. If the SLE training is aimed at basic
entry training (prior to the student entering the clinic), an
initial SLE examination may be more appropriate; whereas,

for intermediate or advanced training, “a real” case
assessment is more appropriate to reflect the effectiveness of
the integrated clinical audiology curriculum (consisting of
both the SLE training combined with the traditional training
methods). On the other hand, Scalese et al.63 highlighted the
advantage of using an SLE simulator because of its high
reliability that would provide a high-level of consistency in
the clinical cases of the students who had undertaken the
examination. 

As highlighted in Table II, the student-learning outcome after
undergoing SLE audiology training was assessed via several
assessment methods in the literature. In general, the
assessment methods in the literature used practical
examinations (through role-play or real cases or
standardised patients), paper-based examinations or self-
perceived levels of assessment. It is worth noting that a
holistic assessment approach using more than one
assessment method to cover all the learning domains
(psychomotor, affective, cognitive and social) could be used
to evaluate the students’ performances. Specifically, a
combination approach such as combining a practical
examination, (based on real clinical cases or based on SLE
examination module) or a paper-based and self-perceived
level are more appropriate, because it would cover all the
teaching and learning domains and thus would represent the
overall achievement of the learning goal. The use of more
than one assessment is supported in that it could provide a
high level of evidence to the instructor that learning is
occurring among their students and could provide a fair and
better opportunity for the student to achieve the respective
learning goal.63,64

What are the possible types of HF SLE that are suitable for
audiology training?
This review has listed the learning goals for all possible types
of SLE audiology training modules with the inference that the
majority of the clinical teaching modules involve the
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cognitive, affective, psychomotor and social learning
domains. In addition, this review has also listed a few
possible tools that must be included in HF SLE modules, such
as the inclusion of summative and formative feedback,
validated and reliable assessment methods and validated
and reliable marking schemes. This is to ensure the learning
goal of the integrated SLE training is accomplished and that
student performance can be validly evaluated and graded.
With this in mind, all the common types of HF SLE readily
available in medicine, dentistry and nursing are applicable
for use in HF SLE clinical audiology training modules with at
least two limitations. First, and to the authors’ knowledge,
none of the existing types of stand-alone HF SLE simulators in
audiology or in other health sciences related fields completely
cover the social learning domain, for example, none of the
HF SLE  incorporates the two-way verbal communications
between student and patients (except for a certain training
that only requires the use of standardised patients without a
simulator). Second, to the authors’ knowledge, none of the
stand-alone HF SLE could provide the opportunities for
students to enhance their soft skills (affective domain), for
instance, none of the HF modules included the strategies to
teach students in building a rapport with patients, especially
when dealing with paediatric or other special populations,
such as the elderly or disabled patients (except for a certain
training that only requires the use of standardised patients
without a simulator). Most of the current simulators employ
a non-verbal two-way communication, (for example, a
student is asked to key in a question using a keyboard with
the system answering the question and displaying the answer
on the computer screen), thus hindering both the social and
affective learning domains taking place. 

To resolve the above issues, it is therefore recommended that
SLE clinical audiology training use combination of HF SLE
taining modules or part-task trainers, rather than a stand-
alone HF simulator - at least, until such types of HF
simulators are available. HF SLE audiology training modules
may comprise a combination of standardised patients22 with
integrated MF CBS mannequins or a stand-alone virtual-
reality (for instance, the use of virtual-reality highlighted in
Heitz)43 or integrated virtual-reality with a haptic system (if
available or developed in the future). The feedback
component could be conducted by a HF virtual tutor or, as an
alternative, a human tutor (for on-going and summative
feedbacks for the whole simulation learning). A “haptic”
system (if available) can also serve to provide feedback to the
student, for instance, by providing a feeling sensation or a
trigger when audiology students make an error during the
audiological assessment. This HF SLE training model could be
considered by many institutions that accept SLE as one of the
training methodologies based on the availability of SLE
training tools, trained instructors and financial resources to
cover the costs of running the SLE training as a whole (such
as paying a professional standardised patients). 

Whilst this review emphasises developing HF SLE modules for
a comprehensive clinical training, it is acknowledged that,
for certain basic learning goals, the use of LF or MF SLE may
be sufficient. As an example, to improve student abilities in
interpreting and integrating audiological findings, the use of
a LF multimedia DVD with many case studies including
feedback should be sufficient to achieve the learning goal
without the need of an HF SLE. 

CONCLUSION
This review has highlighted a few important considerations
in developing an HF SLE training module. This paper,
therefore, has highlighted, (i) the importance of instructors
understanding their respective learning goals prior to
introducing SLE, (ii) the need for valid methods to assess
students following the SLE training with valid rubrics and,
(iii) that with the current scenario of  limited resources of HF
SLE in audiology, the importance of using combined methods
of different levels of SLE fidelity to achieve an HF SLE training
module for clinical audiology training. 

ACKNOWLEDGEMENT
The authors wish to acknowledge the Ministry of Higher
Education through the Fundamental Research Grant Scheme
(FRGS) (Grant numbers: FRGS15-236-0477) and International
Islamic University Malaysia through Research Initiative
Grant Scheme (RIGS) (RIGS 15-035-0035 and RIGS 16-125-
0289) for their financial support in conducting this review.
Special thanks are owed to our research assistants who have
helped us to conduct the database searches. The authors
declare there is no conflict of interest.

REFERENCES
1. Wilson WJ, Goulios H, Kapadia S, Patuzzi R, Kei J, Vitkovic J, et al. A

National Approach for the Integration of Simulated Learning
Environments into Audiology Education. Australia: Health Workforce
Australia; 2011.

2. Wilson WJ, Hill A, Hughes J, Sher A, Laplante-Levesque A. Student
audiologists’ impressions of a simulation training program. The
Australian and New Zealand Journal of Audiology 2010; 32(1): 19-30.

3. Goulious H, Patuzzi RB. Audiology education and practice from an
international perspective. Int J Audiol 2008; 47(10): 647-64.

4. Tharpe AM, Rassi JA, Biswas G. Problem-based learning: An innovative
approach to audiology education. Am J Audiol 1995; 4(1): 19-25.

5. Carraccio C, Burke AE. Beyond competencies and milestones: adding
meaning through context. J Grad Med Educ 2010; 2(3): 419-22.

6. World Health Organization (WHO). The Multi-professional Patient Safety
Curriculum Guide. Geneva: World Health Organization; 2011.

7. Dzulkarnain AAA, Wan MhdPandi WM, Rahmat S, Zakaria NA.
Simulated Learning Environment in audiology education: a systematic
review. Int J Audiol 2015; 54(12): 881-8.

8. Gaba DM. The future vision of simulation in health care. Qual Saf Health
Care 2004; 13(suppl 1): i2-10.

9. Maran NJ, Glavin RJ. Low- to high-fidelity simulation – a continuum of
medical education? Medical Education 2003; 37(suppl 1): 22-8.

10. Bingham AL, Sen S, Finn LA, Cawley MJ. Retention of advanced cardiac
life support knowledge and skills following high-fidelity mannequin
simulation training. Am J Pharm Educ 2015; 79(1): 12.

11. Crofts JF, Bartlett C, Ellis D, Winter C, Donald F, Hunt L, et al. Patient-actor
perception of care: a comparison of obstetric emergency training using
manikins and patient-actors. Quality Safety in Health Care 2008; 17(1):
20-4.

12. Kim JH, Kim WO, Min K, Yang JY, Nam YT. Learning by computer
simulation does not lead to better test performance than textbook study in
the diagnosis and treatment of dysrhythmias. J Clin Anesth 2002; 14: 395-
400.

13. Subramanian A, Timberlake M, Mittakanti H, Lara M, Brandt ML. Novel
educational approach for medical students: improved retention rates
using interactive medical software compared with traditional lecture-
based format. J Surg Educ 2012; 69(2): 253-6.

14. Botezatu M, Hult H, Tessma KM, Fors U. Virtual patient simulation for
learning and assessment: Superior results in comparison with regular
course exams. Medical Teacher 2010; 32: 845-50.

15. Jenson C, Forsyth D. Virtual Reality Simulation: using three-dimensional
technology to teach nursing students. Comput Inform Nurs. 2012; 30(6):
312-8.

16. Kusumoto N, Sohmura T, Yamada S, Wakabayashi K, Nakamura T,
Yatani H. Application of virtual reality force feedback haptic device for
oral implant surgery. Clin Oral Implants Res 2006; 17(6): 708-13.

7-Towards00158_3-PRIMARY.qxd  2/15/17  12:48 AM  Page 44



Towards developing high-fidelity simulated learning environment training modules in audiology

Med J Malaysia Vol 72 No 1 February 2017 45

17. Yeh SC, Lee SH, Chan RC, Chen S, Rizzo A. A virtual reality system
integrated with robot-assisted haptics to simulate pinch-grip task: Motor
ingredients for the assessment in chronic stroke. NeuroRehabilitation
2014; 35(3): 435-49.

18. Irvine S, Martin J. Bridging the gap: from simulation to clinical practice.
Clin Teach 2014; 11(2): 94-8.

19. Chen PT, Cheng HW, Yen CR, Yin IW, Huang YC, Wang CC, et al.
Instructor-based real-time multimedia medical simulation to update
concepts of difficult airway management for experienced airway
practitioners. J Chin Med Assoc 2008; 71(4): 174-9.

20. Hill AE, Davidson BJ, Theodoros DG. Speech-language pathology students’
perceptions of a standardised patient clinic. J Allied Health 2013; 42(2):
84-91.

21. Mounsey AL, Bovbjerg V, White L, Gazewood J. Do students develop better
motivational interviewing skills through role-play with standardised
patients or with student colleagues? Medical Education 2006; 40(8): 775-
80.

22. Hughes J, Wilson WJ, MacBean N, Hill AE. Simulated patients versus
seminars to train case history and feedback skills in audiology students: A
randomized controlled trial. Int J Audiol 2016; 55(12): 758-64.

23. Cant RP, Cooper SJ. Simulation-based learning in nurse education:
systematic review. J Adv Nurs 2010; 66(1): 3-15.

24. Adams AJ, Wasson EA, Admire JR, Pablo Gomez P, Babayeuski RA, Sako
EY, et al. A comparison of teaching modalities and fidelity of simulation
levels in teaching resuscitation scenarios. J Surg Educ 2015; 72(5): 778-85.

25. Basak T, Unver V, Moss J, Watts P, Gaioso V. Beginning and advanced
students' perceptions of the use of low- and high-fidelity mannequins in
nursing simulation. Nurse Educ Today  2016; 36: 37-43.

26. Cortegiani A, Russotto V, Montalto F, Iozzo P, Palmeri C, Raineri SM, et al.
Effect of high-fidelity simulation on medical students' knowledge about
advanced life support: a randomized study. PloS one 2015; 10(5):
e0125685.

27. Kaddoura M, Vandyke O, Smallwood C, Gonzalez KM. Perceived benefits
and challenges of repeated exposure to high fidelity simulation
experiences of first degree accelerated bachelor nursing students. Nurse
Educ Today 2016; 36: 298-303.

28. Przybl H, Androwich I, Evans J. Using high-fidelity simulation to assess
knowledge, skills and attitude in nurses performing CCRT. Nephorology
Nursing Journal 2015; 42(2): 135-48.

29. Smith K, Geletta S, Juels C. The students’ perspective in examining the use
of high-fidelity simulators in a podiatric medical curriculum. J Am Podiatr
Med Assoc 2015; 105(4): 338-43.

30. Gal GB, Weiss EI, Gafni N, Ziv A. Preliminary assessment of faculty and
student perception of a haptic virtual reality simulator for training dental
manual dexterity. J Dent Educ 2011; 75(4): 496-504.

31. Hampson SJ, Cantrell S. Does the use of standardized patients in maternal-
newborn simulation increase student confidence prior to entering the
clinical setting? J Obstet Gynecol Neonatal Nurs 2014; 43(S1): s48.

32. Lee CA, Chang A, Chou CL, Boscardin C, Hauer KE. Standardized patient-
narrated web-based learning modules improve students’ communication
skills on a high-stakes clinical skills examination. J Gen Intern Med 2011;
26(11): 1374-7.

33. Shirazi M, Labaf A, Monjazebi F, Jalili M, Mirzazadeh M, Ponzer S, et al.
Assessing medical students’ communication skills by the use of
standardized patients: emphasizing standardized patients’ quality
assurance. Academic Psychiatry 2014; 38(3): 354-60.

34. Blackstock FC, Jull GA. High-fidelity patient simulation in physiotherapy
education. Aust J Physiother 2007; 53(1): 3-5.

35. Boyle M, Dharamsey N, Healey S, Stanley A, J. Kuchenbecker K. CPR
Mannequin 2016 [cited December 2016]. Available from:
http://haptics.seas.upenn.edu/index.php/Research/CPRMannequin.

36. Hassam M, Williams M. Education via simulation: Teaching safe chest
percussion for preterm infants. Hong Kong Physiotherapy Journal 2003;
21: 22-8.

37. Kinney La Pier T. Preparing physical therapy students to evaluate and
treat cardiopulmonary patients in the intensive care unit. Acute Care
Perspectives 1997; 5: 2-6.

38. Wang AL, Fitzpatrick J, Petrini MA. Comparison of two simulation
methods on Chinese BSN students’ learning. Clin Simul Nurs 2013; 9(6):
e207-12.

39. Dwyer T, Searl KR, McAllister M, Guerin M, Friel D. Advanced life
simulation: high-fidelity simulation without the high technology. Nurse
Educ Pract 2015; 15(6): 430-6.

40. Kearns RD, Hubble MW, Holmes JH, Lord GC, Helminiak RCA, Cairns BA.
Advanced burn life support for day-to-day burn injury management and
disaster preparedness: stakeholder experiences and student perceptions
following 56 advanced burn life support courses. J Burn Care Res 2015;
36(4): 455-64.

41. Niell BL, Kattapuram T, Halpern EF, Salazar GM, Penzias A, Bonk SS, et al.
Prospective analysis of an interprofessional team training program using
high-fidelity simulation of contrast reactions. AJR Am J Roentgenol 2015;
204(6): W670-6.

42. Durham JA, Thelin JW, Muenchen RA, Halpin CF. Evaluation of a
behavioral audiometry simulator for teaching visual reinforcement
audiometry. J Am Acad Audiol 1994; 5(6): 417-25.

43. Heitz A. Improving Clinical Education Through The Use Of Virtual Patient-
Based Computer Simulations: University of Canterbury; 2013.

44. Lieberth AK, Martin DR. The instructional effectiveness of a web-based
audiometry simulator. J Am Acad Audiol 2005; 16(2): 79-84.

45. Sistrunk RS. The development of simulated case studies on CD-ROM for
audiology students: Ohio, US: University of Cincinnati; 2002.

46. Slosberg RM, Levitt H. Computer applications in clinical training. J
Commun Disord 1978; 11(2-3): 279-92.

47. Kaf WA, Masterson CG, Dion N, Berg SL, Abdelhakiem MK. Optimizing
otoscopy competency in audiology students through supplementary
otoscopy training. J Am Acad Audiol 2013; 24(9): 859-66.

48. Dzulkarnain AAA, Wan MhdPandi WM, Wilson WJ, Bradley AP, Sapian F.
A preliminary investigation into the use of an Auditory Brainstem
Response (ABR) simulator for training Audiology students in waveform
analysis. Int J Audiol 2014; 53(8): 514-21 

49. Naeve-Velguth S, Christensen SA, Woods S. Simulated patients in
audiology education: student reports. J Am Acad Audiol 2013; 24(8): 740-
6.

50. English K, Naeve-Velguth S, Rall E, Uyehara-Isono J, Pittman A.
Development of an instrument to evaluate audiologic counseling skills. J
Am Acad Audiol 2007; 18(8): 675-87.

51. Kompis M, Steffen P, Caversaccio M, Brugger U, Oesch I. A multilingual
audiometer simulator software for training purposes. Acta Otolaryngol
2012; 132(4): 428-33.

52 Yens, DP. The Development and Evaluation of a Computer Based
Audiometer Trainer. Pennsylvania: Department of Health, Education and
Welfare, US; 1969.

53. Bradley C. The role of high-fidelity clinical simulation in teaching and
learning in the health professions 2011 [cited November 2016]. Available
from: https://pdfs.semanticscholar.org/04cf/cf2e4f2b96acc0bbde80dae
73427beb5eb25.pdf.

54. Issenberg SB, Scalese RJ. Simulation in health care education. Perspect Biol
Med 2008; 51(1): 31-46.

55. Bloom BS, Engelhart MD, Furst EJ, Hill WH, Krathwohl DR. Taxonomy of
Educational Objectives, Handbook I: The Cognitive Domain. New York:
David McKay Co Inc.; 1956.

56. Anderson L, W., Krathwohl DR, Airasian PW, Cruikshank KA, Mayer  RE.
A Taxonomy for Learning, Teaching, and Assessing; a revision of Bloom's
Taxonomy of educational objectives. New York: Longman; 2001.

57. Cobb P, Yachel E. Constructivist, emergent, and sociocultural perspectives
in the context of developmental research. Educational Psychologist 1996;
31(3/4): 175-90.

58. Hauenstein AD. A Conceptual Framework for Educational Objectives: A
Holistic Approach to Traditional Taxonomies. Lanham, MD: University
Press of America; 1998.

59. International Islamic University Malaysia. Hearing and Speech Clinic
Audiology Protocol 2016, International Islamic University Malaysia; 2016.

60. Weller J, Nestel D, Marshall S, Brooks P, Conn J. Simulation in clinical
teaching and learning. Med J Aust 2012; 196(9): 594-9.

61. Allen S, Knight J. A method for collaboratively developing and validating
a rubric. International Journal for the Scholarship of Teaching and
Learning 2011; 3(2): 1-17.

62. Huang GC, Sacks H, DeVita M, Reynolds R, Gammon W, Saleh M, et al.
Characteristics of simulation activities at North American medical schools
and teaching hospitals. Simul Healthc 2012; 7(6): 329-33.

63. Scalese RJ, Obeso VT, Issenberg SB. Simulation technology for skills
training and competency assessment in medical education. J Gen Intern
Med 2008; 23 Suppl 1: 46-9.

64. Linda S. Assessing Student Learning: A Common Sense Guide. San
Francisco: Jossey Bass; 2009. 

7-Towards00158_3-PRIMARY.qxd  2/15/17  12:48 AM  Page 45




