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Abstract

The field of radiology education is undergoing a paradigm shift due to technological advancements and the increasing
complexity of medical imaging. Traditional didactic teaching methods are progressively being supplemented or replaced
by innovative pedagogical approaches that enhance engagement, competency, and clinical preparedness. This review
examines the evolution of radiology education, highlighting novel teaching methodologies such as simulation-based train-
ing, artificial intelligence assisted learning, virtual and augmented reality, flipped classrooms, and case-based learning.
Furthermore, this manuscript discusses the challenges of integrating these methodologies into radiology curricula and

explores potential future directions in radiology education.
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Introduction

Radiology is an essential component of modern medicine,
playing a critical role in diagnosis, treatment planning, and
patient management. The increasing complexity of medical
imaging modalities, coupled with advancements in artificial
intelligence and digital technologies, necessitates a transfor-
mation in radiology education. Traditional models of radiol-
ogy training, including didactic lectures, textbook learning,
and educator lead methodologies, are now being augmented
by innovative educational strategies designed to improve
clinical decision-making, image interpretation skills, and
hands-on proficiency.

The purpose of this review is to evaluate contemporary
teaching methodologies that have emerged to enhance radi-
ology education. We will explore the advantages and limita-
tions of various modern teaching approaches, assess their
impact on student learning and competency development,
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and discuss future directions in medical education that can
further improve radiology training.

Bloom’s taxonomy and radiology education

Benjamin Bloom proposed an taxonomy describe cogni-
tive learning levels and categorizing educational goals and
objectives which was published in 1956 and revised in 2001
[1]. Bloom’s Taxonomy provides a valuable framework for
structuring educational objectives in radiology, progress-
ing from basic knowledge recall to complex creation and
innovation.

Bloom’s Taxonomy provides a hierarchical progression
of cognitive abilities, spanning from foundational remem-
bering to sophisticated creation, and serves as a fundamen-
tal framework in educational pedagogy (Table 1). In the
context of radiology, where artificial intelligence is increas-
ingly influential, the cultivation of higher-order thinking
skills, as emphasized by Bloom’s Taxonomy, is essential
for developing the critical reasoning necessary for accurate
image analysis and optimal patient care [1, 2].

The first level, Remembering, focuses on the recall of
facts, terms, concepts, and principles. This can be supported
through the use of flashcards with radiology terms and defi-
nitions, multiple-choice questions that test basic anatomy
or imaging techniques, and quizzes on imaging techniques

@ Springer


https://doi.org/10.1007/s00261-025-05010-x
http://crossmark.crossref.org/dialog/?doi=10.1007/s00261-025-05010-x&domain=pdf&date_stamp=2025-5-30

6226 Abdominal Radiology (2025) 50:6225-6234

Table 1 Summary of Bloom’s taxonomy

1. Remembering:

Objective: Recall facts, terms, concepts, and principles.

Content Examples:

*Flashcards with radiology terms and definitions
*Multiple-choice questions testing basic anatomy or imaging techniques

*Quizzes on radiology equipment or procedures

2. Understanding:

Objective: Comprehend the meaning of material, interpret information, and explain concepts.

Content Examples:

*Explanatory videos on imaging modalities (e.g., X-ray, CT, MRI)
*Case studies analyzing different radiological findings

*|nteractive simulations demonstrating imaging techniques

3. Applying:

Objective: Use knowledge and skills in new situations and solve problems.

Content Examples:

*Problem-based learning scenarios involving radiological diagnoses
*Role-playing exercises simulating patient interactions and imaging requests

*Clinical simulations using virtual patients and imaging equipment

4. Analyzing:

Objective: Break down information into parts, identify relationships, and draw conclusions.

Content Examples:

*Critical analysis of radiological images for abnormalities
*Comparative studies of different imaging modalities for specific conditions
*Research projects on emerging trends in radiology

5. Evaluating:

Objective: Judge the value of ideas, evidence, and methods.

Content Examples:
*Debates on ethicalissues in radiology (e.g., radiation exposure, patient consent)
*Peer review of radiological reports
*Case discussions evaluating the effectiveness of different diagnostic approaches

6. Creating:

Objective: Generate new ideas, products, or solutions.

Content Examples:

*Developing radiology protocols or guidelines
*Designing educational materials for radiology students or technicians
*Participating in research projects to advance radiology techniques

or procedures. For second level understanding, learners  on imaging modalities, case studies that present various
are expected to comprehend the meaning of material and  findings which were previously reviewed, and interactive
explain concepts. Effective tools at this level include videos ~ simulations.
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At the Applying level, residents use their knowledge and
skills to solve/interpret the unfamiliar problems. This can
involve problem-based learning scenarios centered around
interpreting findings in images using their knowledge and
ability to recall. This category involves residents daily prac-
tice including reading studies trying to figure out diagnosis
which they never seen before and make a decision based
on their clinical judgement. Also, during case conferences
residents use their knowledge and apply it to come up with
a diagnosis or make a recommendation based on images
available. The fourth level, analyzing, requires learners to
break down information, identify relationships, and draw
conclusions. This is achieved through critical analysis of
radiological images for abnormalities, comparative studies
of different imaging modalities for specific conditions, and
research on emerging trends in radiology.

In the Evaluating stage, residents are encouraged to
criticize. They can engage in debates on issues in radiology
such as radiation exposure or patient consent, conduct peer
reviews of radiological reports, and participating in case
discussions. Finally, the highest level, Creating, involves
generating new ideas, products, or solutions. At this stage,
residents may develop new radiology protocols or guide-
lines, design educational materials for students or techni-
cians, and participate in research projects aimed at advancing
radiology techniques. This hierarchical approach ensures a
comprehensive and progressive development of knowledge
and skills essential for effective radiology education.

Radiology education must prioritize the development
of critical thinking skills, facilitated by engaging with the
higher levels of Bloom’s Taxonomy. Failure to intentionally
cultivate these advanced cognitive processes can result in
learning deficits, ultimately compromising learners’ capac-
ity to analyze and evaluate essential radiologic data [2].
Although Bloom’s Taxonomy offers a powerful framework
for enhancing teaching effectiveness, its practical integra-
tion into daily practice is underdeveloped, primarily due to
the limited availability of tangible descriptions and exam-
ples illustrating its application in real-time clinical settings

[3].

Teaching tools in radiology education

The landscape of radiology education has undergone
significant transformation over the decades, following
advancements in medical technology and pedagogical
understanding. Historically, radiology education has pre-
dominantly relied on a set of established methods, each
with its inherent strengths and limitations. Didactic lec-
tures structured presentations formed a cornerstone of early
radiology education, providing residents with foundational

knowledge in anatomy, pathology, and imaging principles.
While efficient for conveying large volumes of informa-
tion to a group, their effectiveness can be limited by passive
learning, a lack of real-time interactivity, and challenges in
maintaining resident engagement over extended periods.
Furthermore, the one-size-fits-all approach may not fit to all
type of learning styles and paces of individual residents.

When structuring lectures educators should use Blooms
taxonomy to achieve their goals of teaching to residents
and review their methods and materials to see which lev-
els of Blooms taxonomy they are addressing. One method
to address all the levels in blooms taxonomy using active
learning strategies. Active learning strategies are methods to
engage learners to actively involve in learning process make
them do things and thinking about the things they are doing.
There are many active learning methods in radiology educa-
tion can be used by educators including Flipped Classroom,
Case-Based Learning, Peer Teaching, Audience Response
Systems (ARS) and Gamification.

1—Flipped classroom

The flipped classroom model represents a transformative
approach to teaching and learning, in which traditional
lecture content is delivered outside of class time, such as
videos, book chapters, papers, or online modules [4]. This
would allow educators to use class sessions for more inter-
active, student-centered learning experiences. Pre-class
assignments play a critical role in the flipped classroom
structure. Learners are tasked with materials such as watch-
ing lectures, reading selected materials, or completing
online quizzes that introduce fundamental concepts prior
to lecture (Fig. 1). Students would arrive with a baseline
understanding, ready to engage in more advanced appli-
cation of knowledge. During the lecture, the focus is on
active learning through problem-solving exercises, case
discussions, collaborative group projects, and even hands-
on activities. This would encourage students to apply and
deepen their understanding of contents before the class in a
dynamic environment.
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Before class
students prepare:
Watching videos,

reading, solving
problems

Class timeis
dedicated to active
learning, discussions

After class
students review
the material

Fig. 1 Flipped classroom model requires before, during and after class
involvement

In the flipped classroom system, learners are in the center
and information flows both ways. Contrary, in traditional
teaching information only flows one way from educator to
learner. This model allows a learning environment where
learners are empowered to take ownership of their learning
journey. Deeper comprehension is possible through interac-
tion, discussion, and applied practice.

The flipped classroom model offers numerous benefits.
It enhances learners’ engagement and allows for self-paced
learning. Additionally, it supports critical thinking and prob-
lem-solving skills, encourages peer collaboration, and max-
imizes class time for higher-order learning tasks in Blooms
taxonomy including creating [5].

Although there are many advantages, flipped classroom
model also has several challenges. Extensive planning and
preparation of easy-to-follow, high quality resources before
the class are required. Sometimes it is difficult to support

@ Springer

learners to adapt self-directed learning which requires self-
motivation [4]. Furthermore, the potential for uneven par-
ticipation presents a risk of demotivating engaged learners.
Basically, the flipped classroom model delivers an interac-
tive and personalized learning experience that aligns with
all levels of Bloom’s Taxonomy, inherently prioritizing
active learning.

2—Case-based learning

Case-based learning is a widely employed method in radiol-
ogy education, where educators, often attending physicians
in the reading room or lecture setting, present and discuss
real-life clinical cases with residents or fellows. The goal is
to prepare learner for real life problems. Learners individu-
ally or in a group try to solve the problem with the guidance
of educator who can answer their questions or ask more
questions [6]. While case-based learning offers significant
benefits, it requires a foundational understanding of the sub-
ject matter. Additionally, structured time management dur-
ing sessions is essential for achieving learning goals. The
strength of this approach lies in its ability to engage learn-
ers across various levels of Bloom’s Taxonomy, prompting
them to recall, comprehend, and critically apply knowledge
to unfamiliar scenarios. This method aligns well with the
new Diagnostic Radiology Oral Certifying Exam, as it
necessitates residents to articulate their detailed reasoning
and formulate a diagnosis or recommendation.

3—Peer-teaching

Traditional radiology education typically relies on attending
teaching residents or fellows during lectures or in the read-
ing room, as well as on self-study through textbooks, online
resources, or recorded lectures. However, a non-traditional
approach—peer teaching—has become increasingly com-
mon in radiology training. In this method, residents at the
same level teach their co-residents on specific topics or
cases, either in a lecture format or through case discussions
[7].

Peer teaching offers several advantages. Resident instruc-
tors are familiar with the background knowledge of their
peers and can communicate using language and examples
that resonate more effectively, fostering better engagement.
Learners benefit from explanations that are often more relat-
able and delivered in a comfortable, supportive environ-
ment. Studies have shown that peer-led sessions can match
or even exceed traditional teaching in terms of learner sat-
isfaction and knowledge retention [8—10]. Additionally,
residents who take on teaching roles often develop a deeper
understanding of the subject matter, addressing higher levels
of Bloom’s taxonomy and promoting long-term retention.
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Despite its benefits, peer teaching has many challenges,
primarily due to the limited teaching experience of resi-
dent educators, which can lead to misinformation or sub-
optimal delivery. However, these can be minimized with
faculty oversight, clear feedback mechanisms, and the use
of standardized educational materials. Active involvement
of experienced educator in planning and supervising peer-
teaching sessions ensures content accuracy and reinforces
core learning objectives.

4—Audience response systems

ARS are increasingly utilized in radiology education to
promote interactive, learner-centered teaching. These sys-
tems allow participants to respond to questions in real time
using wireless keypads or web-based platforms, encourag-
ing active engagement and providing opportunities for all
learners, including those less inclined to speak publicly, to
contribute. ARS enhance attentiveness, reinforce knowl-
edge retention, and support a psychologically safe learn-
ing environment through anonymous participation. They
also allow educators to assess understanding immediately,
clarify misconceptions, and change their method accord-
ingly. The ability to track responses and collect data further
supports educational research and continuous improvement.
In radiology, ARS can be particularly effective during case-
based sessions, fostering diagnostic reasoning and promot-
ing discussion around imaging findings. With components
such as a base station, input devices, response software, and
online access, ARS offer flexible, scalable solutions that
enrich both in-person and remote learning experiences.

Poll Everywhere and Nearpod are popular ARS that
enable educators to effectively engage their audience [11]
(https://mearpod.com,  https://www.polleverywhere.com).
Nearpod is feature-rich with interactive question types,
gamified quizzes, strong educational integrations, and real-
time analytics—but requires user accounts and a subscrip-
tion for full access. Poll Everywhere is easier to access (no
accounts needed), integrates well with presentation tools,
and supports versatile questions, though advanced analytics
and large-group use require a paid plan (Table 2).

5—Gamification

Gamification refers to the use of game design elements in
non-game contexts with the goal of enhancing participation
and user engagement [12]. In medical education, gamifica-
tion is emerging as a promising tool to improve learning,
engagement, and cooperation while increasing learner satis-
faction [13]. Incorporating game elements such as point scor-
ing, leaderboards, and timed challenges allows educators to
transform passive learning experiences into interactive and

rewarding learning environments. In radiology education,
various gamified platforms are used to simulate diagnostic
decision making and promote active learning [14]. Exam-
ples of gamified platforms used in radiology include but
are not limited to Kaizen Education, Second Life, Sono-
Games, RADGames, RapRad, Kahoot, and ARS [14].
These platforms utilize various strategies from 3D virtual
world designs for anatomy education to audience response
systems integrated within resident lectures to improve both
learner engagement and academic performance [14]. Stud-
ies have shown that these strategies are particularly effec-
tive among millennial and generation Z learners who are
accustomed to digital interactivity [14—16]. However, the
introduction of gamified elements must be aligned with edu-
cational objectives to promote effective learning. Gamifica-
tion in education can sometimes delay learning when game
elements such as chats, forums, or customization features
become distractions rather than tools that enhance educa-
tional outcomes. Features like leaderboards may also demo-
tivate lower-performing students, potentially exacerbating
disparities in engagement. Moreover, many studies evaluat-
ing gamification lack strong results, most are descriptive,
justification, or clarification studies, often without appro-
priate control groups. This makes it difficult to determine
whether observed improvements in academic performance
are directly attributable to gamification itself or to other con-
founding factors [17,18]. Future implementation of gamifi-
cation in radiology should maintain the level of detail and
rigor required for radiology training while incorporating the
entertainment and motivational benefits of game elements.

6—Simulation-based learning

Simulation-based education has transformed numerous
fields by providing a structured, risk-free environment
where users can develop and refine their methods, enhance
procedural skills, and strengthen decision-making abili-
ties. Many industries have been impacted, such as aviation,
where flight simulations are essential for pilot training. In
medicine high-fidelity simulators, digital platforms, and
immersive virtual reality environments provide opportuni-
ties for hands-on practice without compromising patient
safety. For example, in endovascular procedures, virtual
reality simulators such as the ANGIO Mentor and Vascular
Intervention System Trainer (VIST) offer promising plat-
forms for teaching simulation-based endovascular interven-
tions to trainees [19,20].

The primary goal of simulation in radiology education
is to replicate real-world clinical scenarios and procedures,
allowing trainees to refine their skills in a controlled set-
ting [21]. There are various types of simulations employed
in radiology training. Diagnostic imaging simulations help
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Table 2 Comparison of widely used ARS in radiology education: nearpod and poll everywhere

FEATURE

NEARPOD

POLL EVERYWHERE

Website

Question Types

Gamification

Software Integration

Tagging of Questions

User Account Necessary

Data Analytics on
Performance

Advantages

https://nearpod.com

Multiple-choice, open-ended, quizzes,
polls, matching pairs, fill-in-the-blank,
and drag-and-drop activities

Features like “Time to Climb” quiz game
with real-time feedback

Integrates with Google Classroom,
Microsoft Teams, and LMS platforms

Allows tagging questions by standards,
searchable in the content library
Required for teachers and students;
students join via link or code
Real-time data on individual and class

performance to guide instruction

Interactive content and gamification;
useful analytics; strong integration

https://pollev.com

Multiple choice, survey, image hot
spot, free text, rank order

Yes

PowerPoint, Google slides, Keynote

No

None necessary

Only as a premium feature

No user account needed, versatile
questions, gamification

Disadvantages

Some features require a paid subscription Cost associated with data analytics

and users of more than 40
participants

residents interpret radiological studies, improving their pat-
tern recognition and diagnostic reasoning. Procedural simu-
lations replicate interventional techniques such as biopsies,
injections, and fluoroscopy-guided procedures, enhancing
technical proficiency. Additionally, call-taking simulations,
often web-based, allow trainees to experience on-call sce-
narios, helping them build confidence in managing urgent
radiological findings.

The integration of simulation into radiology education
serves multiple objectives and can be implemented at vari-
ous stages of training (Fig. 2). During residency, structured
simulation-based curricula refine both diagnostic and pro-
cedural expertise. A common example of simulation in
residency training is first-year residents reading out cases
with an attending radiologist. During these sessions, resi-
dents present and discuss imaging findings before finaliz-
ing reports, simulating real-world decision-making while
receiving direct mentorship. Another example involves

@ Springer

creating a simulation of an image-guided biopsy for resi-
dents to practice before performing the actual procedure on
patients.

Despite its many advantages, simulation-based educa-
tion in radiology presents certain challenges. Developing
and maintaining high-quality simulation programs requires
significant financial and infrastructural investment. Faculty
training is essential to ensure effective simulation-based
instruction, yet many institutions struggle with limited
resources. Additionally, integrating simulation into already
demanding residency schedules can be complex, requiring
careful planning to balance clinical responsibilities with
educational activities. Another critical consideration is
ensuring the validity and reliability of simulation scenarios
to maintain educational effectiveness [21].
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Fig. 2 Adapting simulation-based learning
(SBL) into the curriculum requires multiple
steps, including establishing a feedback system,
incorporating diverse modalities, allowing for Feedback
repetitive practice, and possessing the ability to SyStem
adapt

Integratin :

i%to 9 Different
Curriculum Modalties
Simulation
Based
Learning
Ability to Repetitive
Adapt Practice

7—Al and teaching

Artificial intelligence (Al) is increasingly being utilized
in radiology education to enhance educational outcomes
within the field [22]. Prior to the introduction of Al, radi-
ology education centered on rigorous anatomy training,
hands-on practice with various imaging modalities, and
clinical problem-solving with complex cases [23]. However,
these methods are limited by availability of educational
cases and variability between teaching radiologists [24].
The emergence of Al-powered platforms can now simulate
real-life diagnostic challenges using extensive annotated
datasets, which allows learners to interact with complex
imaging cases in a personalized manner [25]. These sys-
tems are designed to provide immediate and personalized
feedback which enables to learner to improve without direct
faculty supervision [25]. There are numerous examples of
Al-powered platforms developed specifically for medical
education, as many institutions are developing their own
models and software to integrate Al into teaching work-
flows. Platforms such as Stanford University’s Artificial
Intelligence in Medical Imaging (AIMI) Center provides
open-access annotated imaging datasets and research tools
that facilitate hands-on Al training for medical students and
radiology residents. Other tools, like the Adaptive Radiol-
ogy Interpretation and Education System (ARIES), is an
open-source software that integrates clinical and imaging

data to teach probabilistic reasoning in forming differential
diagnoses [26]. These developments expand access to high-
quality educational materials and allow for standardization
in learning experiences across different training environ-
ments. Despite its promise, integrating Al into radiology
education requires careful oversight, as early reliance may
hinder trainees from developing essential interpretive skills.
Inexperience can increase susceptibility to automation bias,
emphasizing the need for structured integration of Al tools
at appropriate stages of training [27]. Al and large language
models (LLMs) have raised concerns that students may
become overly dependent on these tools, potentially lead-
ing to a loss of independent critical thinking and a decline
in active learning skills [28]. As Al technology continues to
advance, programs should teach trainees to critically assess
Al-generated results and understand their limitations while
encouraging involvement in quality improvement initiatives
that promise the refinement of Al tools.

8—Role for VR

Virtual reality (VR) is emerging as a novel educational tool
in radiology that offers immersive three-dimensional envi-
ronments for interactive learning [29]. VR platforms offer
the ability to simulate an environment and interact with spa-
tial relationships that are challenging to convey through tra-
ditional two-dimensional models [29]. VR has been utilized
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in medicine since the 1990s to aid in procedural training
and revitalize educational experiences. In education, VR
has been shown to be effective in helping students master
radiographic technique, cooperate with virtual patients, and
understand complex anatomy through immersive, three-
dimensional exploration [30]. In interventional radiology,
VR serves as a valuable tool for procedural training. It
provides a risk-free environment where trainees can prac-
tice techniques such as central venous catheter placement
[31] and videoscopic phantom-based angiographic simu-
lation—procedures that require careful spatial orientation
and real-time decision making without the consequences of
patient harm [32]. Moreover, VR has been utilized to cre-
ate virtual radiology workstations, allowing trainees expo-
sure to imaging studies in a simulated Picture Archiving
and Communications Systems (PACS) environment [33].
This is particularly beneficial as it promotes the develop-
ment of diagnostic skills in an interactive and controlled set-
ting [33]. Similarly to gamification elements, the immerse
nature of VR encourages learner engagement and may lead
to improved knowledge retention compared to conventional
teaching methods [34]. While the future of VR in radiol-
ogy education seems promising, the technology still faces
several challenges. These include high costs, limited access
to VR hardware across institutions, and the need for faculty
training and integration within the training curriculum [35].
In the future, further validation studies are needed to deter-
mine the long-term education efficacy of VR technology
and maintain consistent learning outcomes across different
learning environments.

Discussion

Each teaching strategy brings its own unique strengths
and limitations, highlighting the importance of tailored
integration into radiology education based on institutional
resources, educator availability, and learner needs. An
important point is the necessity of incorporating continu-
ous feedback mechanisms. These mechanisms should not
be confined to simulation-based learning alone, but embed-
ded across all teaching strategies to both motivate learn-
ers and enable educators to adaptively refine instructional
design. Continuous assessment is essential to evaluate not
just learner progress, but also the efficacy of the educational
programs themselves. Also another limitation is teach-
ing staff availability, especially in radiology with growing
workload where faculty often has limited time, plays a cru-
cial role in determining the optimal strategy. For instance,
the flipped classroom approach can be highly efficient when
faculty time is limited, allowing learners to absorb foun-
dational knowledge independently and reserving sessions
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for higher level discussions including clinical reasoning.
When attending radiologist is not available, peer-teaching
offers a pragmatic alternative, especially when coupled with
standardized materials and oversight to ensure educational
integrity.

The success of any teaching strategy depends on underly-
ing curriculum. Structured frameworks ensure comprehen-
sive coverage of clinically relevant scenarios. Without such
curricular scaffolding, even the most advanced pedagogical
tools risk being underutilized or misaligned with clinical
practice needs. Ultimately, the integration of diverse teach-
ing strategies should be guided by their alignment with edu-
cational objectives, logistical feasibility, and the dynamic
feedback loops between learners and educators.

Conclusion

The evolution of radiology education from traditional
didactic methods to technologically driven, interactive
learning approaches represents a significant advancement in
medical training. The integration of AI, VR/AR, simulation-
based learning, and active learning models would enhance
learning ability, critical thinking, and hands-on proficiency.
However, successful implementation requires addressing
timing, financial, logistical, and faculty training challenges.
As medical education continues to evolve, embracing these
innovative strategies will ensure that radiologists are well-
equipped to meet the demands of modern healthcare.
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