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ORIGINAL ARTICLE

Pattern-Based Learning: An Educational Model for Radiology
Residents

Background: Studies show that planning, strategy making, and
modeling have greater impact on the achievement of learners than
other educational factors. The aim of the present study was to
evaluate the changes in clinical competency of radiology residents
by teaching and training educational models of radiologic Pattern
recognition - diagnostic Approach - Feedback on diagnosis (PAF).
Methods: This semi-experimental study was performed at Mashhad
University of Medical Sciences from 2018 up to 2020. The
participants were 60 radiology residents divided randomly into two
groups of 30 subjects in two educational centers. Eight training
sessions were held at one of the two educational centers for
teaching this model to assistants. Then, the clinical competency of
residents was evaluated by four exams. In addition, residents'
satisfaction was also determined by a confidential survey
conducted by the university. The parametric tests were used for
data analysis. P<<0.0.5 was considered as the significance level.
Results: Comparison of the scores of two groups in OSCE exam
showed that in the second and third-year of being assistance, the
scores of the intervention group were significantly better than the
control group (P=0.02 & 0.05), but no significant difference was
found between the two groups in the formative (qualitative) and
multiple-choice question exams. About 82.7% of radiology
residents were satisfied with this educational model.

Conclusion: Pattern-based learning, including PAF, is a practical
suggestion for problem-based learning in medical imaging. It can
lead to improvement of the clinical competency in radiology
residents, especially levels 2 or 3.

Keywords: Radiology, Clinical Competency, Educational Model,
Problem-based learning
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Pattern-Based Learning in Radiology

INTRODUCTION

In most medical sciences, science includes a set of mental
concepts (knowledge), as well as performing clinical skills.
There are several learning goals in these disciplines which
can be achieved through a variety of educational models or
patterns (1). Studies indicate that programming, planning,
strategy making, and modeling have a higher impact on
academic achievement of learners than other educational
factors. Therefore, the necessity of planning and designing
educational processes is evident in achieving educational
goals, as well as eliminating occupational needs and
academic achievement of students (1, 2, 3).

Compared to other disciplines, in radiology specialty the
images and visual intelligence play a major role in teaching
and learning, and this causes some differences in its domain
(4). In addition, although there are various teaching methods
in this specialty and students with different learning styles are
selected for radiology residency; however, the most essential
clinical competency and learning goal in this discipline is to
achieve the correct diagnosis through using images. The
combination of the two (i.e, domain and goal) has
differentiated this discipline from other medical disciplines
(5). This can justify the use of a specific educational model
for radiology.

In addition, the main textbooks are written as subject-
centered or disease-centered in radiology specialty, and
although there are numerous diseases, each group of
diseases has a specific and unique radiologic pattern or
appearance. The introduction and classification of these
patterns are presented sporadically in a variety of books and
articles.

Lack of proper understanding and short-term sustainability
of concepts are disadvantages of the traditional method of
learning, therefore new educational methods are required
).

In this study, the main purpose was to evaluate the changes
in clinical competency of radiology residents by teaching and
training educational models of radiologic Pattern recognition
- diagnostic Approach - Feedback on diagnosis (PAF).

This model has three stages: introduction of radiology
patterns or radiological classification of lesions, explanation
of a specific diagnostic approach or guidance for each type of
radiology pattern, and final diagnostic feedback obtained
from follow-up, search, or patient questioning (Table 1).

METHODS

This experimental study was designed and implemented in

the Radiology and Medical Education Departments of
Mashhad University of Medical Sciences from 2017 to 2019.
All radiology residents (60 residents) participated and
randomly divided into two groups in this study. Simple
randomization was performed, using envelopes enclosed by
an assistant manager who was not involved in the evaluation
and data analysis. As the intervention was an educational
program, blinding was not an option. Randomization, as well
as intervention, did not interfere with the routine education.
In the first step, the educational model of PAF in radiology
specialty, which was presented in the introduction, has been
edited by researchers. Then, the level of basic skills of the
residents was determined by performing a pre-test of
objective structured clinical examination (OSCE).

The variables of this study included the following skills:
diagnosis of the radiological pattern, description of the
radiological pattern by expressing at least three radiological
features, selection of correct diagnostic approach by
expressing the appropriate complementary diagnostic
approach, presentation of correct diagnosis and differential
diagnosis, scores of the OSCE, the formative (qualitative)
exam score, and scores of multi-choice exams in the mid-
term and the final of term.

The multi-choice exams in the mid-term and the final of term
were done with the usage of multi-choice questions. The
question paper consisted of 150 four-choice questions.

An objective structural clinical examination (OSCE) was used
for reliable assessment of clinical skills and competencies.
Thirty electronic OSCE 'station' were designed with the help
of computers to interpret the digital radiological images in
the context of a specific clinical scenario. Four elements were
necessary to the perfect presentation of any X-ray; describing
abnormal findings, expression of the classification of
predominant radiologic pattern of the lesion, suggesting an
appropriate approach or guidelines for each type of
radiologic pattern, expressing differential diagnosis and
probable diagnosis by linking the abnormalities with the
clinical scenario (Figure 1).

The multi-choice exams in the mid-term and the final of term
were performed through multi-choice questions. The
question paper consisted of 150 four-choice questions.

The formative assessment was the qualitative judgments of
assistant's performances in the day-to-day interactions using
various criteria (such as resident’s progress and the
effectiveness). This was done by 15 radiologists' colleague
during every course and was recorded at the end of each
course. The scores were collected during the academic year
and were recorded as formative scores after averaging.

Table 1. The steps, definition, and description of pattern-based learning as an educational model

Steps Definitions

Pattern Radiologic pattern recognition

Approach  Diagnostic approach (guideline)

Feedback

Feedback on diagnosis

Expression of classification of radiologic pattern of the lesion

Expression of specific diagnostic approach or guidelines for each type of
radiologic pattern

Feedback of final diagnosis from patient’s follow-up, search, or questioning

Descriptions
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Twelve-years child with fever and respiratory distress.

Please

> Describe abnormal findings?

> Explain the classification of radiologic
pattern of the lesion?

> Propose an appropriate diagnostic
approach?

> Whatis the differential diagnosis and

probable diagnosis by linkingthe

abnomalitiesto the clinical scenario?

Figure 1. One example of stations of OSCE exam

Eight training sessions were held in a programmed lecture
format with answering the questions, as well as guiding
discovery learning at one of the two educational centers
(Qa'em Hospital) for first, second, and third-year residents
was done. The application method of this model was taught
to residents in three modalities of simple radiography,
contrast radiography, and CT scans as follows: A number of
the radiologic patterns in each of these modalities was
introduced to the radiology resident, and the diagnostic
approach in each pattern instructed so that the student was
first able to recognize the radiological pattern of the disease,
and then select the relevant diagnostic approach. Afterward,
at the feedback step, the student needed to be actively
informed of the final diagnosis through follow-up,
questioning from colleagues, or literature searching.

Finally, the clinical competency of residents was evaluated
through participation in the OSCE (post-test), annual
standard upgrading tests of the university, including three
tests: OSCE exam, the formative (qualitative) exam, and
multi-choice exams in the mid-term and the final of term.
The validity of these tests was confirmed by the expert
opinions of radiology colleagues with attention to
compliance with the objectives. Since the way of question
selection is the same in each year, the reliability of the test
will probably be reliable based on the yearly exam. Residents'
satisfaction with the proposed model was also determined by
a confidential survey conducted by the university.

Statistical analysis was performed using SPSS software
version 16.0 (SPSS Institute, Inc., Chicago, IL, USA). All
experimental values were presented as mean = standard
deviation (SD) or frequency and frequency percentage.
Because of the normal distribution, parametric tests were

used for data analysis. A paired sample t-test was used for pre-
and post-intervention analysis. In all calculations, p<0.05
was considered as the significance level.

RESULTS

The 60 radiology residents (30 males) were included in this
study. The mean age of the residents was 28.41 = 1.74 years
in the intervention group and 30.24 *3.65 years in the
control group. According to the Mann-Whitney test, there
was no significant difference between the two groups (p =
0.05).

The male assistants were 8 (26.7%) in the intervention group
and 17 (56.7%) in the control group and there was a
significant difference (p = 0.01) in the two groups. The
effect of gender on the score of residents was evaluated by
the linear regression method and the results showed that in
both control and intervention groups, gender had no
significant effect on the residents' score (p> 0.05).

The results of the present survey showed that 82.7% of radiology
residents were satisfied with this educational method.

Comparison of the two groups with the OSCE post-test
results:

No significant difference was found in the evaluated variables
on first and second year residents; however, in third year
assistants, the difference in two variables of pattern
recognition in plain X- ray, and selection of the appropriate
diagnostic approach in CT scan modality was significant
(P=0.007, P=0.03 and P=0.02, respectively) (Table 2).
Among all the assistants, there was no significant difference
between the two groups in all variables in the post-test OSCE
scores.
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Table 2. Third-year students' scores in our variables
Variables Intervention group Control group P value
Pattern recognition 3.77+0.44 2.11+1.59 0.007
Pattern Description 2.66£1.5 2.6+1.17 0.91
Plain x-ray
Approach selection 2.55£1.66 1.10£1.59 0.06
Diagnosis 3.55£1.03 2.9+1.44 0.27
Pattern recognition 2.77£1.39 3.00+1.49 0.74
. Pattern Description 3.11+0.92 3.2+0.78 0.82
Contrast radiography
Approach selection 3.77+0.66 2.2+1.98 0.03
Diagnosis 3.8+0.75 2.80+0.91 0.1
Pattern recognition 3.00£1.41 3.6+0.51 0.22
Pattern Description 2.44+1.66 3+1.15 0.4
CT scan
Approach selection 2.77+1.39 1+1.69 0.02
Diagnosis 2.77£1.09 2.3£1.25 0.39

Comparison of pre- and post-test OSCE scores in the
intervention group:

For all the residents, recognition of the radiologic pattern
was significantly improved in plain X-ray modality (P=0.01);
however, there was no significant difference between the two
groups in terms of the variables of pattern description,
selection of the appropriate diagnostic approach, and
presentation of correct diagnosis.

In contrast, for radiography modality, each three variables of
pattern recognition, choice of appropriate diagnostic
approach, and expression of correct diagnosis were
significantly improved (P<0.05). In CT scan modality, only
the choice of appropriate diagnostic approach was improved
as negligible value (P=0.056); however, there was no
significant difference in pattern recognition and description,
nor in the expression of the final diagnosis.

Comparison of two groups in the standard university
exams

For first-year residents, no changes in the OSCE exam scores
were found, but the scores of formative (qualitative) and the
multiple-choice question exams were inversely one or two
scores less than the control group, although it was not
significant (P=0.33 and P= 0.80, respectively). For the
second-year residents, the scores of OSCE, formative
(qualitative), and the multiple-choice question exams were
significantly better in the intervention group than the control
group (P=0.002, P=0.048, and 0.043, respectively). For the
third-year residents, the score of the OSCE test of the
intervention group was significantly better than the control
group with some overlook; however, there was no significant
difference between the two groups in scores of formative
(qualitative) and the multiple-choice question exams
(P=0.05, P= 0.18 and P= 0.78, respectively) (Table 3)

In sum, for all residents, the OSCE test scores of the
intervention group were significantly better than the control
group (P=0.02), but no significant difference was found
between the two groups in the formative (qualitative) exam

and multi-choice exams in the mid-term and the final of term.

DISCUSSION

Nowadays, major educational strategies and models
(including SPICES and PRISMS), as well as new educational
approaches such as problem-solving methods, collaborative
methods (group discussion, and questions and answers
(QA)), meta-cognitive packages, and conceptual mapping
methods have urged the researchers to make significant
changes in instructing and training methods of various
medical disciplines (1, 6) among which the radiology field is
not an exception.

Medical imaging and similar disciplines such as pathology
and dermatology, in which images play a key role in teaching
and learning, are different from other medical disciplines (4).
Since visual diagnosis in radiology is a complex and difficult
skill, it is necessary to pay attention to research in relation to
the preferred educational model for this discipline (7).
Unfortunately, in the present literature review, few studies
have been found concerning this subject, the radiology
residency.

Up to now, a number of specialized teaching methods for
instructing radiological imaging have been studied, including
problem-based learning, group discussions, collaborative
learning and taking students’ feedback (QA), e-learning,
technological supplements (5, 8, 9, 10), case comparison
learning, case-based, and team-based learning (7, 11, 12).

In case comparison-learning methods, comparing the
relevant case with a normal image or image of a similar case
is considered as a teaching method of radiological findings
to students; anyway, both are effective learning methods (7,
12).

E-learning and technological supplement methods have
some benefits for fostering critical thinking, collaboration,
interactive, simulation, and self-testing as important sources
of teaching and learning. Consideration of accuracy and
usefulness of these materials, and sometimes excessive time
loss are the disadvantages of this method (4, 5, 9, 13-15).
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Table 3. The comparison of results after the intervention; the scores of control and intervention groups in three types of
standard university exams
Exam type Nl.lmber . Control group Intervention group P value
(control#intervention)
OSCE 9#11 119.33£3.9 119.18+5.3 0.94
First year Formative (qualitative) 9#11 50.334£5.36 48.09+4.06 0.33
Multiple-choice question 9#11 46.00+3.6 45.3+5.48 0.86
OSCE 10411 122.1+4.7 127.7242.32 0.002
Second year  Formative (qualitative) 10#11 38.146.5 43.36+4.84 0.048
Multiple-choice question 10#11 48.9+4.35 55.09+£8.01 0.043
OSCE 10#9 122.9+4.7 128.2+3.6 0.05
Third year Formative (qualitative) 1049 39.1£2.99 41.845.5 0.18
Multiple-choice question 1049 53.9+£9.2 55.00+7.85 0.78

In the collaborative or small-group discussion, members of a
group present their group discussion and search results to
other students, and the instructor has a facilitator role. This
method will improve the communication and leadership
skills of residents (5).

In most medical schools in the world, the problem-based
learning approach has replaced the traditional sequential
method of medical education from normal structure and
function to pathologic processes (16). In this approach,
students discuss a scenario or problem in a small group in
which the teacher plays the role of the facilitator. This
method is based on four key principles of learning as follows:
constructive learning, student-centered and self-directed,
social and collaborative, and clinical context-based. Although
this method has been fully applied in another discipline of
medical sciences, the possibility of its use in radiology is not
approved by all radiologists due to its numerous
disadvantages. The implementation of this method has been
proposed in two formats: 1) as a source for interpretation of
the final stages of a number of problem-solving scenarios,
and 2) problem design based on imaging findings (16-18).
The results of this study also showed that radiological
education in pattern-based learning format can increase the
clinical skills of students. The pattern-based learning process
has three steps: PAF, which can be taught by two methods of
lecture, and guided discovery learning. The student must be
actively informed of the final diagnosis through the patient’s
follow-up, asking from colleagues, or scientific search for the
final diagnosis. In this study, "Pattern-based learning" was
selected because the word of ‘pattern’ in radiology means
"appearance" of the lesion, and in education is a synonym of
"models".

New approaches of radiology researchers and associations
were suggested to introduce different lexicons for lesions of
various organs such as ACR-Reporting and Data Systems
(RADS)  in  the  breast,  thyroid/head  and
neck/liver/prostate/ovarian ~ adnexal/lung/.  Moreover,
introduction to guidelines or some protocols have been
proposed precisely by considering the application of science
and improvement of clinical skills of physicians in providing
better services to patients (19). All these have been presented

in the last decade and the applied pattern in the present
study has a similar structure, but in the medical education
field and format.

It seems that this educational model, leading to increased
clinical competency of radiology residents, has the following
strategic educational features: High satisfaction of residents
(in the survey), active learning (in the approach and feedback
stage), problem-based approach (in the abnormal pattern
stage of medical images), student-centered path (at the
feedback stage), integration of radiology with clinical
medicine (at the feedback stage), applied or product-
focused, relation with students and community needs (in all
three stages), inter-professional or symbiotic multi-modality
(at the approach stage), continuation (in all three stages from
observation of abnormal findings to reaching the diagnosis),
algorithmic or process-based (in all three stages), and being
concise and brief. This proposed educational model may be
the most practical proposal for teaching radiology concepts
in a problem-based learning format.

Nonetheless, many upgrading tests at different universities
are based on students’ scores of multiple-choice question
exams and formative (qualitative) exams which mainly
determine the level of residents’ knowledge.

Based on the results of this study, the lack of improvement
in scores of residents in written tests showed that this
educational method does not affect the level of residents’
knowledge. So, paying attention to this type of education
may be detrimental to students by its own. Moreover, most
major medical reference textbooks still provide content in
the subject-based format, which of course, needs to be
corrected.

Anyway, the greatest benefit of learning through using this
method of education was observed in the second and
somewhat third-year residents. For the second-year
residents, even the scores of written examinations showed
some progresses. Although no significant 1-2-point drop in
written test scores was observed among the first-year
residents, the results showed that, fortunately, this method
of instruction does not lead to a decline in knowledge scores
of students, especially at high levels.

As no similar study was found in the literature review section,

FME]J 10;3 mums.ac.ir/j-fmej September 25, 2020



Pattern-Based Learning in Radiology

therefore, this study has some limitations as follows:
Impossibility of fully dividing the residents into two distinct
groups with respect to a few overlaps in some collateral
rotations and consultation of students with each other,
limitation of sample number, the probability of presenting
the contents in pattern-based learning format by other faculty
members for both groups, lack of a pre-test exam for control
group's residents, and spontaneous effect of educational
sessions regardless of the learning pattern. Further studies
are required to codify and rectify these defects in the
radiology discipline, as well as in other similar fields.

The training and application of the PAF educational model
led to the increased clinical competency of radiology
residents, especially in the second and third years. Therefore,
it is recommended to use this approach to educate radiology
residents, and it seems necessary to study the residents of
similar fields.
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