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Abstract
BACKGROUND Reviewing and interpretation of cross-sectional imaging studies has become the main
part of Medical Imaging (formerly known as Radiology) practice over the past twenty years. The rapid
changes in the practice of medical imaging however has not been paralleled by development of new
teaching methods. In the current study, we present a teaching method for the radiology residents the
cross-sectional anatomy of the temporal bone as a psychomotor skill.

METHODS In this cross-sectional study, we included a total number of 21 radiology resident of Shiraz
University of Medical Sciences for a 2-month period. We provided a teaching scheme based on the
Gagne’s theory which consisted of 6 steps ie: 1-gaining attention, 2-informing the learner of the objective,
3-stimulating recall of prerequisite learning, 4-presenting the stimulus material, 5-providing learning
guidance, and 6-eliciting the performance, 7-providing feedback, assessing the performance and 8-
enhancing retention and transfer. The residents were evaluated before and after the training sessions
using objective structured clinical examination (OSCE), resident satisfaction and educational goal
achievement questionnaires.

RESULTS We have included a total number of 21 radiology residents with mean age of 27.9 ± 8.6 (range
from 26-38) years, 14 (66.6%) men and 7 (33.4%) women. We observed that the OSCE score improved
signi�cantly after the twenty-minute session (2.57 ± 1.62 vs. 8.02 ± 2.43; p<0.001 ). Mean resident
satisfaction score measured by standardized questionnaires was 7.63 ± 2.86 on scale of 10. Regarding
the achievement of educational goals, we observed that the score increased signi�cantly after the mini-
sessions (4.33 ± 1.22 vs. 8.27 ± 2.46; p=0.021 ).

CONCLUSIONS Considering the interpretation of cross sectional images as a psychomotor skill, may be
proven to be an effective teaching method. Using a standardized approach and de�ning predetermined
transition points in moving between orthogonal planes can enhance learning radiology as it is today.

Background
Achieving pro�ciency and skill for a radiology resident to independently review and analyze the cross-
sectional anatomy of the temporal bone in computerized tomography (CT) scans requires the acquisition
of unique and complex technical and cognitive skills. The radiology residents routinely learn the
interpretation of the temporal bone anatomy in cross-sectional CT studies using traditional case-based
learning technique (1–3). Normally the radiology residents will review the images independently, and
correlate the �ndings with the clinical data, and through three basic stages (perception,
interpretation/analysis and diagnosis) and then formulate the conclusion (2, 4). The study will then be
reviewed and discussed with the attending physician and feedback will be provided to the resident (3).
This long-established routine is designed to ensure optimal interactivity and daily communication
between the resident and attending physician; however, we believe that this traditional educational
method can be enhanced by introduction of a new element of interactivity.
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Given the primarily virtual nature of imaging data and the teaching material, and the ubiquity of handheld
devices, the radiologist has been increasingly endowed with a variety of new tools that enhance faster
and easier access to educational material. Wide availability of educational tools and information has
helped the radiology residents an easy access to information (5–7). However, online reviewing of the
radiology images is inherently different comparing to day-to-day clinical practice of radiology. An
essential part of part of an expert in radiology is the systematic style and consistency of scrolling through
the images, which unfortunately we believe is an overlooked part of radiology training and education,
which is immensely based on the digital technology for the next generation of medical imagers, the
millennium generation radiologists (8).(9).

So far, to the best of our knowledge, there have been very few attempts to adopt the models of
instructional design which were originally intended for teaching psychomotor skills to teaching
interpreting images. Ultrasound has been correctly approached as a psychomotor skill. (10) Also, a lesson
was planned to teach the medical students the interpretation of chest radiography based on Gagne’s
theory for teaching psychomotor skills (11, 12). In contemporary radiology, however, where cross-
sectional imaging constitutes the bulk of radiology workload, the three step model of perception,
interpretation and diagnosis appears like an over-simpli�ed representation of how a radiologist performs
in the daily clinical practice. The quick scrolling through hundreds, at times thousands of images,
choosing and applying appropriate reconstructions, and implementing proper tools from the software
menu, together with the basic knowledge that makes all the action coherent and purposeful necessitates
a more comprehensive model of teaching and learning radiology. In the current study, we present a
method for teaching the radiology residents basic temporal bone anatomy using the educational designs
traditionally employed in teaching psychomotor skill.

Methods

Study population
This cross-sectional study was conducted for a period of 2 months from September to November 2017 at
Namazi Hospital, a tertiary healthcare center, one of the teaching hospitals of Shiraz University of
Medical Sciences, in south of Iran. The protocol was developed at education development center (EDC)
and was implemented for testing at Namazi Hospital. We included a total number of 21 radiology
residents of Shiraz University of Medical Sciences. They were in PG1, PG2 and PG3. The residents were
selected using a random sampling method from a population of 76 radiology residents. The study
protocol was approved by institutional review board (IRB) of Shiraz University of Medical Sciences and all
the included residents provided their informed written consents to be included for this study.

Study protocol
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All the included radiology residents attended the instruction session in which the psychomotor skills were
taught using the Gagne’s theory of 6 separate steps. This method was based on the Gagne’s theory was
modi�ed for teaching psychomotor skills (13, 14). These steps are described below:

Step 1: Gaining attention
During a study interpretation session, a normal temporal bone CT scan was presented and the facilitator
changed the position or announced the commencement of the mini-session. Later at the time of practice
the attending physician gave the place to the included resident. This maneuver clearly signaled the
beginning of the mini-session.

Step 2: Informing the learner of the objective
A mini-lesson was introduced for teaching the cross-sectional anatomy of the temporal bone, based on
Gagne’s theory, designed to be interspersed informally in the daily image interpretation sessions. The
session was completed in 15–20 minutes and the late independent practice was postponed temporarily.
The goal was to provide a clear roadmap to cover all the major structures of the temporal bone if
followed consistently and systematically.

Step 3: Stimulating recall of prerequisite learning
For the resident in the top quartile, this consisted of a few open-ended questions such as, “Describe the
anatomy of the inner ear/facial nerve canal/middle ear/ossicular chain.” For the more struggling
residents, more speci�c stimulation was required. A quick survey of the residents’ previous encounters
and observations and their knowledge of the common indications for performing the study can also be
performed at this stage. This step could also be interpreted as the conceptualization step of teaching
psychomotor skills.

Step 4 and 5 Presenting the stimulus material and Providing learning
guidance
For these steps we used a very systematic approach. The detailed anatomy was then presented, starting
systematically from the coronal sections of the external auditory canal and the handle of the malleus,
using the 3D cursor to scroll back and forth between the reconstructions, the instructor thinking aloud
throughout the presentation, moving along the ossicular chain all the way to the oval window. We then
touched upon the inner ear structures.

For example, for the anatomy of the course of the facial nerve canal single path was introduced by the
facilitator starting from the internal auditory canal (IAC) in axial images, scrolling to the uppermost level
to demonstrate the genu, proceeding posterolaterally along the canal as far as it was fully visualized,
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then using the 3D cursor to transition to coronal sections, then following the canal to the posterior genu
and then using the 3D cursor to transit to the axial and sagittal sections. Similar structured predetermined
paths were designed for following the ossicles and inner ear structures.

We did not present the cochlear and vestibular aqueducts, the carotid canal and the jugular bulb for the
sake of simplicity in this stage, unless the resident has had more experiment and demands a more in-
depth discussion (Video 1).

Step 6: Eliciting the performance, providing feedback, assessing the
performance and enhancing retention and transfer
In this step we asked the residents to perform the task and think loudly while guiding us through the
anatomy in a logical and stepwise manner. The same structured approach that was �rst introduced by
the facilitator (visualization, verbalization) and then repeated by each resident in the group (practice).

Focusing on completeness and coherence as well as verbalization of both the thoughts and actions was
encouraged. An example of the narration is as follow: “I start here at the internal auditory canal seen on
the axial sections, scroll all the way up to the most cephalad slices to �nd the geniculate ganglion and the
greater petrosal nerve. Now I �nd the horizontal part of the facial nerve canal and put my 3D cursor here
to cross reference the nerve in the coronal view, above the oval window, which I can see it here.” Feedback
and corrections were provided in real time, as the course unfolds.

Outcome Assessment
We evaluated the residents’ ability to de�ne various aspects of temporal bone anatomy on CT images
using a pre- and post-session OSCE. We also evaluated the participants’ own ability to evaluate the
various anatomic structures of the temporal bone using a questionnaire before and after the mini-
session. The residents’ satisfaction with the session was evaluated using a “resident satisfaction
questionnaire”. Validity of all three questionnaires was endorsed by the faculty of Medical Education
Research Center and Medical Imaging Research Center. The internal consistency of the “resident
satisfaction” and “educational goal achievement” forms was also supported with a Cronbach’s alpha of
86% and 90% respectively.

Statistical analysis
All the data were entered into a computer database and were analyzed using statistical package for
social sciences (SPSS Inc., Chicago, Illinois, USA) version 18.0. All data are presented as mean ± SD and
proportion as appropriate. The pre-test and post-test OSCE results were compared using Wilcoxon Signed
Ranks Test. A two-sided p-value of less than 0.05 was considered statistically signi�cant.
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Results
We have included a total number of 21 radiology residents with mean age of 27.9 ± 8.6 (range from 26–
38) years. There were 14 (66.6%) men and 7 (33.4%) women among the participants. The baseline
characteristics of the residents are summarized in Table 1. We observed that the OSCE score improved
signi�cantly after the mini-session (2.57 ± 1.62 vs. 8.02 ± 2.43; p<0.001).. The resident satisfaction
scores were 7.63 ± 2.86 on scale of 10 as measured by the standard questionnaire. Regarding the
achievement of educational goals, we observed that the score increased signi�cantly after the twenty
minute sessions (4.33 ± 1.22 vs. 8.27 ± 2.46; p = 0.021) (Table 2). The trend in changes of the OSCE
score, resident satisfaction and the educational goal achievement is demonstrated in Fig. 1.

Discussion
The current study presented a new teaching method for interpretation of the temporal bone anatomy on
cross-sectional CT images as a psychomotor skill to the radiology residents. We demonstrated that this
method was associated with increased residents’ ability to identify anatomical structures of the normal
temporal bone on CT images as measured by OSCE examination score. Along the same lines, the self-
perceived knowledge was improved in the sample population. These �ndings demonstrate that the
psychomotor skills could be effectively taught using this method which is based on the application of the
steps of psychomotor skill educational design, a highly structured approach using predetermined
transition points between orthogonal planes, and using the steps designed by Gagne. Comparative
studies with routine teaching techniques are required to demonstrate the superiority of this method over
the previously described methods.

In 1985 Robert Gagne described the three phases of teaching technical skills, including the cognitive
phase (which includes the conscious development of a routine, under the guidance of a facilitator),
associative phase (indicating purposeful practice, aimed at integrating skills) and autonomous phase
(which indicate ability of independent and automatic performance of a skill) (12). His theory, based on
observation of the adult mind during learning sessions, have been applied to adult learning in diverse
settings from �ying planes to management and medicine. In medicine, focus has been on teaching
procedures such as chest tube insertion, airway management or peritoneal catheter insertion (15).

According to Gagne, there are 9 main steps in a well-organized instructional session. These include three
steps for preparing the learner for the instruction (gaining attention, informing the learner of the desired
outcome and stimulating recall of the prerequisite learning), two steps constituting the core of the
teaching process (presenting the stimulus material and providing learning guidance) and the �nal four
steps (eliciting the performance, providing feedback, assessing the performance and enhancing retention
and transfer) which are designed to enhance, check and further evaluate and contemplate on the learning
experience (11, 12). (Table 3)
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Dreyfus brothers, in a different attempt, outline the stepwise acquisition of expertise in 5 levels; i.e. novice,
advanced beginner, competent, pro�cient and expert. Moving from the novice level, where the learner (not
having any discretionary judgment) rigidly adheres to the taught fact and guidelines, to the expert level
where there is an intuitive grasp of the situation, founded on a background of tacit knowledge, the learner
integrates the complex structure of information, attitudes and skills that de�ne the expert practitioner.

Using the Gagne theory as a template, STEPS and SIS-FR methods have been designed for teaching
technical skills to novice learners (16). In brief the STEPS technique is a 5 step approach including setting
the foundation, the tutor demonstrating skill without explanation, the tutor providing explanation while
repeating the skill, the learner practicing under supervision and receiving feedback and then later the
learner practicing independently. The SIS-FR approach is devised for structuring non-technical skills,
including setting the context, immersing in roles and practicing, intervening for summary, feedback and
re�ning practice according to feedback (17).

Contemplating the one on one teaching sessions of anatomically complex structures such as the
temporal bone CT or MR imaging of the joints, we believe that skills such as following the course of the
facial nerve between various planes of reconstruction, which is done while using various cursor tools
should be categorized as a psychomotor skill and approached accordingly (18) (19).

In teaching a new skill, it is important to �rst access the prior knowledge of the participants on the subject
to avoid disengagement which may result in repetition of the learner’s previous knowledge (20). This was
accomplished during step 3. We also limited the anatomy to the ossicular anatomy and the facial nerve
canal for most learners in order to avoid cognitive overload (21, 22). We limited the cognitive knowledge
to the conceptualization step, the facilitator then demonstrated the standard approach, both silently and
then verbalizing the steps based on the design �rst introduced by Fitts et al. (23, 24). The learners then
repeated the steps verbalizing through their performance (10, 25).

We acknowledge certain limitations in our study. First, we included a limited number of radiology
residents using a small sample size. These residents were selected from PG1 to PG3. We could not
include the PG4 residents as the last year residents are not usually active in clinical services during
preparation for the upcoming board-examination. A larger sample size and inclusion of all of the
residents from all levels of training is recommended in future research. The other limitation was the
quasi-experimental design of the study. This study utilized only pre- and post-test analysis, in a single
population. Probably a parallel trial, comparing the routine, standard traditional teaching method and the
current psychomotor technique should be performed. Then the comparison of these two groups can shed
light on the impact of such technique on teaching/learning process. To the best of our knowledge, this is
the �rst study of its kind, evaluating the feasibility of teaching cross-sectional imaging as a psychomotor
skill.

Conclusion
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In conclusion, approaching the teaching of evaluation and reporting of cross-sectional imaging with
instructional designs originally developed for training psychomotor skills might be an effective and
e�cient approach in teaching radiology.
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Tables

Table 1 The baseline characteristics of 21 radiology residents of Shiraz University of

Medical Sciences included in the current study.
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Variable Value

Age (years) 27.9 ± 8.6

Gender  

Men (%) 7 (33.4%)

Women (%) 14 (66.6%)

Year  

PG1 7 (33.3%)

PG2 7 (33.3%)

PG3 7 (33.3%)

 
 

 

Table 2 Outcome measures of the study.

  Pre-test Post-test p-value

OSCE 2.57 ± 1.62 8.02 ± 2.43 <0.001

Resident satisfaction 5.63 ± 2.86 12.3 ± 5.31 <0.001

Educational goal achievement 4.33 ± 1.22 8.27 ± 2.46 0.021

OSCE: Objective structured clinical examination

 

 

 

Table 3 The nine events of Instruction according to Gagne
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Figures

Figure 1

Line diagram demonstrating trends in change of objective structured clinical examination (OSCE),
resident satisfaction and educational goal achievement in 21 radiology resident before and after
psychomotor skill teaching.
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