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SECTION 01

Executive Summary

Rare diseases are diagnosed late, treated incorrectly, and too often simply missed — not
because the knowledge to do better does not exist, but because that knowledge has not
reached the clinicians who need it. The average rare disease patient sees seven or more
healthcare professionals before receiving a correct diagnosis, and the majority of those
encounters represent missed opportunities: clinicians who encountered a presentation

they did not recognize, or recognized it but did not know where to direct the patient next.

The conventional response to this knowledge gap has been conventional education: conference
presentations, medical journal articles, online modules, and product monographs. These formats
have their place, but the evidence on how adults learn — and how clinicians specifically retain and
apply new clinical knowledge — suggests that passive, didactic education is a poor match for the
challenge of building rare disease recognition in a busy, cognitively overloaded healthcare
workforce.

7. 7,000 4,.

physicians seen known rare diseases average diagnostic delay

BEFORE CORRECT DIAGNOSIS AN UNNECESSARY ODYSSEY

Interactive education techniques offer a demonstrably better approach. Simulation, case-based
learning, peer discussion, gamification, virtual patient encounters, and immersive digital tools have
all been shown to produce superior knowledge retention, greater confidence in applying new
learning, and — crucially — measurable changes in clinical behavior. This white paper examines
the evidence for these approaches, the specific techniques best suited to rare disease education,
and the practical considerations for designing and deploying interactive programs that achieve
real clinical impact.



7,000+

known rare diseases vastly exceed what any individual
clinician can hold in memory — yet passive education
continues to treat the problem as one of information
delivery rather than pattern recognition.

THE GAP IS NOT KNOWLEDGE. IT IS THE METHOD OF TRANSFER.



SECTION 02

The Rare Disease Knowledge Gap: Why It Exists
and Why It Persists

Rare diseases present a structural knowledge problem that conventional medical
education is not equipped to solve. With over 7,000 known rare diseases — the majority
with a genetic basis — the total volume of rare disease knowledge vastly exceeds what
any individual clinician can be expected to hold in memory. A general practitioner might
reasonably expect to encounter a patient with a given rare condition once or twice in their
entire career. A pediatrician in a non-specialist setting may encounter a dozen different

rare conditions over a lifetime of practice, each one unfamiliar.

Medical school and postgraduate training provide a foundation, but rare diseases are typically
underrepresented in curricula relative to their aggregate burden. The focus on common
presentations, combined with the sheer breadth of conditions that students are expected to
master, means that rare diseases are often covered superficially — memorable enough to pass an
examination, but not sufficiently embedded to trigger recognition in a clinical encounter years

later.

® THE CORE PROBLEM

Continuing medical education has historically offered more of the same: lectures, slide
decks, and written materials that deliver information but do not build the pattern recognition,
clinical confidence, or behavioral change that translating knowledge into practice requires.
The result is a persistent gap between what is known about rare diseases and what is acted
upon at the point of care.

SECTION 03



Why Interactive Education Works Better

The scientific case for interactive over passive education is well established in the
learning sciences and increasingly supported by healthcare-specific evidence. The core
principle is straightforward: adults learn and retain information more effectively when they

are active participants in the learning process rather than passive recipients of content.

The key mechanisms are well understood. Active engagement with material — making decisions,
solving problems, receiving feedback, discussing with peers — drives deeper cognitive
processing than passive reading or listening. Retrieval practice, the act of recalling information
rather than simply re-reading it, is one of the most robust findings in learning science, producing
retention benefits that dwarf those of restudying. Spaced repetition — returning to material across
intervals of time — further strengthens retention. Emotional engagement, including the mild stress
of clinical decision-making in a simulated environment, activates memory consolidation processes
that enhance long-term recall.

Retrieval
Practice

Spaced
Repetition

Recalling information strengthens memory Returning to material over intervals cements

far more than re-reading long-term retention

® KEY INSIGHT

For rare disease specifically, the implication is clear: the goal is not to transfer information to
clinicians, but to build the pattern recognition and decision-making confidence that enable
them to act on that information in a real clinical encounter. Interactive techniques are the
educational methods best matched to that goal.




The goal is not to transfer information to
clinicians, but to build the pattern recognition
and decision-making confidence that enable
them to act on that information in a real clinical

encounter.



SECTION 04

Interactive Techniques: A Practical Guide

Case-Based Learning

Case-based learning places the clinician at the center of a patient story, requiring them to
interpret symptoms, order investigations, consider differential diagnoses, and make management
decisions. In rare disease education, the case format is uniquely powerful: it replicates the actual
clinical challenge — an unfamiliar presentation arriving without a label — and forces the learner to

develop the pattern recognition skills that make a difference at the bedside.

Well-designed rare disease cases typically begin with a presentation that could plausibly be
attributed to common conditions, gradually revealing features that should prompt consideration of
a rarer diagnosis. Embedding decision points throughout the case — with immediate feedback on
choices made — builds the confidence to think beyond the obvious differential. Cases authored or
reviewed by patients with lived experience of the condition being taught add an authenticity that
enriches the learning and the emotional engagement.

Digital case libraries, accessible via smartphone or web browser, allow this format to be deployed
at scale across diverse learner populations. They can be tiered by specialty and clinical role,
ensuring that the cases encountered by a general practitioner are calibrated differently to those

presented to a pediatric metabolic specialist.

Simulation and Virtual Patient Encounters

Clinical simulation has transformed procedural skills training in medicine and is increasingly being
applied to diagnostic and communication skills. For rare diseases, virtual patient platforms allow
clinicians to conduct a full diagnostic encounter — taking a history, examining the patient,
interpreting investigations — with a simulated patient whose presentation reflects the authentic

clinical reality of a specific condition.



® WHY SIMULATION MATTERS

The value of simulation lies in its safety: learners can explore unfamiliar diagnoses, make
mistakes, and receive corrective feedback without any risk to a real patient. In rare disease
education, where a clinician may never have seen the condition before, simulation provides a
form of experiential learning that would otherwise require a real patient encounter that might
not happen for years.

Advances in digital technology have made high-quality virtual patient simulation increasingly
accessible and affordable. Platforms now exist that allow medical affairs teams and medical
education organizations to build rare disease virtual patients with realistic clinical presentations,
adaptive branching pathways, and detailed performance feedback — deployable on demand,
without the logistical requirements of in-person simulation.

Gamification and Diagnostic Challenges

Gamification applies game design principles — points, progression, competition, achievement —
to learning contexts. In medical education, gamified formats have demonstrated significant
improvements in engagement, time spent learning, and knowledge retention, particularly among

younger clinicians who have grown up in digital environments shaped by gaming.

For rare disease education, diagnostic challenge formats are particularly effective. Presenting
clinicians with a timed series of cases requiring differential diagnosis, with scores tracked against
peers, taps into competitive instincts that drive repeated engagement with material over time.
Leaderboards, achievement badges, and progression through complexity levels sustain motivation
in a way that a one-time lecture cannot. Disease identification challenges — presenting imaging,
phenotypic photographs, or clinical vignettes and asking for diagnosis — build the rapid pattern
recognition that is the foundation of rare disease detection.

Gamified rare disease education programs have been deployed successfully through professional
society platforms, pharma-sponsored medical education portals, and standalone apps. The key
design principle is that the game mechanics must serve the learning objectives: the competitive
element should drive engagement with content that is clinically meaningful, not distract from it.



Peer-to-Peer Learning and Expert Networks

One of the most powerful educational influences on clinical practice is the behavior and opinion of
respected peers and local experts. Peer-to-peer learning programs harness this influence
deliberately, connecting clinicians who have developed expertise in rare disease recognition with
their colleagues who encounter these patients less frequently.

Structured peer exchange formats — small group case discussions, tumor board-style
multidisciplinary meetings focused on undiagnosed patients, mentored case review sessions —
provide the combination of expert guidance, group discussion, and reflection on real cases that
produces durable changes in clinical practice. In rare disease, where specialist expertise is
geographically concentrated, digital platforms now make it possible to connect a primary care
physician in a rural setting with a rare disease specialist hundreds of miles away for real-time case
consultation.

Patient advocates and patient community leaders can also play a
meaningful role in peer-to-peer education, bringing the perspective of
lived experience to conversations among clinicians. The most effective
rare disease education programs increasingly incorporate patient voices
not as supplementary content but as a central feature of the learning
experience.

Immersive and Emerging Technologies

Virtual reality (VR) and augmented reality (AR) are beginning to find application in medical
education, and rare disease is a natural fit. VR allows a clinician to experience a clinical encounter
from the patient's perspective — a powerful tool for building empathy and understanding of the
lived experience of rare disease, as well as for practicing the clinical encounter itself. A VR
simulation that places the learner in the position of a child with a metabolic disorder undergoing a
diagnostic odyssey — or of a clinician conducting a genetics consultation — creates an emotional
resonance that no passive format can replicate.



Artificial intelligence is also beginning to transform educational personalization. Adaptive learning
platforms that adjust content difficulty, case complexity, and topic focus based on individual
performance data can ensure that each clinician receives the education most relevant to their
current knowledge gaps and clinical context. In rare disease, where the range of conditions is vast
and the relevance to any individual clinician depends heavily on their specialty and patient
population, this kind of personalization is particularly valuable.
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THE INTERACTIVE TOOLKIT

Five Techniques That Change Clinical
Behavior

Case-based learning — replicates the real diagnostic challenge and builds pattern
recognition at the bedside

Virtual patient simulation — experiential learning in a risk-free environment,
deployable on demand
sustain engagement

H Gamification — diagnostic challenges with scoring, competition, and progression to

Peer-to-peer learning — connecting frontline clinicians with rare disease specialists
and patient advocates

n Immersive technologies — VR, AR, and Al-driven adaptive platforms for personalized
learning



SECTION 05

Modern Online Techniques: Practical Tools for
Everyday Engagement

Alongside the more immersive formats described above, a range of lighter-touch digital
techniques has emerged that are well suited to the realities of busy clinical practice.
These formats do not require a clinician to set aside an hour for a simulation — they meet
professionals where they are, in the margins of a working day, and deliver learning in
formats that are familiar, fast, and shareable. Used well, they form the connective tissue
of a rare disease education strategy: maintaining awareness, reinforcing knowledge, and

driving repeated engagement between more intensive learning encounters.

Quizzes and Knowledge Checks

Short, targeted quizzes are one of the most evidence-backed tools in online education. Their value
lies not in testing what clinicians already know but in the act of retrieval itself: attempting to recall
information strengthens memory consolidation more effectively than re-reading the same content.
Even answering a question incorrectly and receiving immediate corrective feedback produces

stronger retention than passive study.

In rare disease education, quizzes work best when they are embedded in clinical context rather
than presented as abstract knowledge tests. A five-question diagnostic challenge built around a
realistic patient vignette — "Which of the following features would prompt you to consider a
lysosomal storage disorder?" — is more effective than a decontextualized recall question, and
more likely to trigger the kind of pattern recognition that transfers to a real clinical encounter.
Quizzes distributed via email, professional society apps, or medical news platforms can reach
clinicians at scale with minimal friction, and completion data provides valuable insight into

knowledge gaps across the audience.

Infographics and Visual Summaries

Rare disease presentations are often characterized by a constellation of symptoms that,
individually, could belong to many common conditions but together form a recognizable pattern.

Infographics are particularly well suited to communicating this kind of multi-feature pattern in a



format that can be absorbed quickly and recalled easily.

A well-designed rare disease infographic might present the diagnostic red flags for a specific
condition as a visual map of the patient journey — showing the typical sequence of specialist
encounters, misdiagnoses, and investigations before eventual diagnosis. Alternatively, it might
present a side-by-side comparison of a rare condition's presentation against the common
conditions it is most frequently confused with, making the differentiating features immediately
visible. The key design principle is clarity over completeness: an infographic that communicates
three things memorably is more valuable than one that attempts to convey a comprehensive

disease overview and communicates nothing distinctly.

® DISTRIBUTION STRATEGY

Infographics distributed through professional social media channels — particularly LinkedIn
and specialist medical communities — reach clinicians through platforms they already use
and can be shared peer-to-peer, extending reach organically beyond the original audience.
They are also highly effective as leave-behind materials in clinical settings, where a well-
designed visual summary pinned near a workstation serves as a persistent point-of-care
reminder.

Scrollable and Modular Digital Content

The linear, chapter-based structure of traditional medical education does not map well onto how
busy clinicians actually consume digital content. Scrollable formats — long-form digital articles or
landing pages designed to be read on a mobile device — allow content to be structured as a
progressive narrative, with the most important information surfaced early and deeper detalil
available to those who want it. Each scroll represents an active choice to continue engaging, and
the format naturally accommodates the interrupted reading patterns of clinical environments.

Modular content design takes this further by breaking educational material into self-contained
units — each covering a single concept, clinical feature, or decision point — that can be consumed
independently or assembled into a structured learning pathway. For rare disease education,
modaularity is particularly valuable: a clinician with two minutes between patients can absorb a
single module on the key differentiating features of a condition, while one with more time can work
through a full diagnostic pathway. Modules can be sequenced differently for different audiences,
allowing the same underlying content to serve a general practitioner, a pediatric neurologist, and a

clinical geneticist without requiring separate content creation for each.
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Polls, Surveys, and Audience Interaction

Live and asynchronous polling tools transform passive digital content into participatory
experiences. In webinars and virtual meetings, real-time polls that ask clinicians to commit to a
diagnostic or management decision before revealing the expert view create the kind of active
engagement and mild cognitive tension that drives retention. Seeing how one's own response
compares with peers — and with expert recommendation — produces a reflective learning

moment that a one-way presentation cannot replicate.

Asynchronous polls embedded in digital content or distributed via email serve a different but
complementary function: they provide a low-barrier engagement mechanism that maintains a
relationship with the audience between more intensive learning encounters. A monthly clinical
question sent to a subscriber list — "How confident are you in recognizing the early neurological
features of Fabry disease?" — serves simultaneously as a knowledge prompt, a confidence signal,
and an audience insight tool for the education team. The data gathered from repeated polling
across a clinician audience is also a valuable indicator of where knowledge gaps are most acute

and where educational investment will have the greatest impact.

Social and Peer-Amplified Learning

Professional social media platforms, closed specialist communities, and messaging groups have
become informal but significant channels for clinical knowledge exchange. Clinicians share
interesting cases, flag new publications, post diagnostic puzzles, and discuss management
dilemmas in these environments daily — a form of peer learning that happens organically and at

scale.

Rare disease education programs that are designed to be shareable tap
into these existing behaviors deliberately. Content that poses a diagnostic

challenge, presents a striking clinical image, or frames a common
presentation as a potential rare disease trigger generates discussion and
sharing that extends its reach far beyond the initial audience.




Short-form video content — a two-minute walkthrough of a rare disease presentation, or a patient
and clinician describing the diagnostic journey together — performs particularly well on
professional social platforms and can achieve organic reach that no paid distribution strategy can
match.

Clinician influencers and respected voices within specialist communities are increasingly
important amplifiers of rare disease education content. Identifying and engaging these individuals
— whether through formal medical education partnerships or simply by creating content worth
sharing — is a distribution strategy that mirrors how clinical knowledge actually spreads through
professional networks.

Microlearning and Push Notifications

Microlearning — educational content delivered in very short, focused units of two to five minutes
— is well matched to the attention patterns and time constraints of clinical professionals. A daily or
weekly push notification delivering a single clinical pearl, a brief patient vignette, or a one-
question diagnostic prompt maintains rare disease awareness continuously rather than

concentrating it in periodic educational events.

® CUMULATIVE IMPACT

The cumulative effect of microlearning delivered consistently over months is substantially
greater than that of a single intensive session, and the format aligns well with what the
learning science shows about spaced repetition. Medical apps, professional society
platforms, and pharma-sponsored education portals all offer channels through which
microlearning content can be delivered directly to a clinician's device. The design challenge
is brevity without superficiality: each microlearning unit must be short enough to be
consumed in a clinical break but substantive enough to move the needle on knowledge or
confidence.

SECTION 05 — CONTINUED

Designing Effective Interactive Programs



Start With the Behavioral Objective

Effective educational program design begins with a clear articulation of what the learner should be
able to do differently after completing the program — not what they should know, but how they
should behave. In rare disease education, the ultimate behavioral objective is usually some
combination of earlier consideration of a rare diagnosis in the differential, more confident ordering
of appropriate investigations, and more efficient referral to specialist services. Every educational
design decision should be evaluated against whether it serves that objective.

Match the Format to the Learner

Different healthcare professional audiences have different learning needs, different constraints on
time and access, and different existing levels of rare disease familiarity. A program designed for
general practitioners who may encounter a rare disease presentation once or twice in their careers
should look very different from one designed for pediatric neurologists who see complex
undiagnosed cases regularly. Segmenting the audience and tailoring format, content depth, and
delivery channel to each segment is essential to program effectiveness.

Embed Retrieval and Spaced Practice

A single educational encounter — however well designed — will not produce durable change in
clinical behavior. Effective programs build in mechanisms for repeated retrieval practice over time:
follow-up case challenges sent at intervals after the initial program, push notifications with clinical
pearls, and regular refresher encounters timed to reinforce learning before it fades. The logistics
of spaced repetition are now manageable through digital delivery, and the learning science

evidence for its value is unambiguous.

Measure What Matters

Rare disease education programs are too often evaluated on satisfaction scores and completion
rates — metrics that measure engagement but say nothing about learning or behavioral change.
Rigorous program evaluation should include knowledge assessments before and after the
intervention, confidence ratings on the specific clinical behaviors targeted, and — where possible
— downstream metrics such as referral rates or time to diagnosis in participating clinicians' patient
populations. These harder metrics are more difficult to collect but infinitely more valuable in
demonstrating and improving program impact.
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SECTION 06

Recommendations

For medical affairs teams, medical education organizations, and patient advocacy groups
designing rare disease educational programs, the following principles reflect the weight

of the evidence:

Replace passive content with case-based formats

Replace or supplement passive didactic content with case-based formats that place the
learner in the role of clinical decision-maker, with immediate feedback on diagnostic and

management choices.

Invest in virtual patient simulation

Invest in virtual patient simulation platforms that allow clinicians to encounter authentic rare
disease presentations in a risk-free environment, building the pattern recognition that only

experiential learning can provide.

Incorporate gamified diagnostic challenges

Incorporate gamified diagnostic challenge formats to sustain engagement over time and drive

repeated retrieval practice with clinically meaningful content.

Build peer-to-peer learning components

Build peer-to-peer learning components that connect frontline clinicians with rare disease
specialists and, where appropriate, with patient advocates — leveraging the most powerful

influence on clinical practice change.

Personalize by specialty and clinical role

Personalize program content by specialty, clinical role, and existing knowledge level, ensuring

that each learner receives education calibrated to their specific context and gaps.



Design for spaced repetition

Design for spaced repetition from the outset, building follow-up touchpoints into the program
architecture to sustain retention beyond the initial encounter.

Evaluate against behavioral outcomes

Evaluate programs against behavioral outcomes — diagnostic confidence, referral rates, time
to diagnosis — rather than relying on completion rates and satisfaction scores as proxies for
impact.

Explore emerging technologies

Explore emerging technologies including adaptive Al-driven platforms and VR-based empathy
tools, recognizing that these are moving rapidly from experimental to deployable, and that

early adopters in rare disease education stand to gain significant advantage.

SECTION 07

Conclusion

The knowledge gap that drives the rare disease diagnostic odyssey is not inevitable. It is,
to a significant degree, a consequence of educational approaches that have not kept
pace with what the learning sciences tell us about how clinical knowledge is built and
retained. The tools to do better are available, proven, and increasingly accessible.

Interactive education — case-based, simulation-driven, peer-supported, and gamified — does not
merely make learning more engaging. It produces fundamentally different clinical outcomes:
greater retention, deeper pattern recognition, and measurable changes in the diagnostic behavior
that determines whether a rare disease patient is identified early or spends another four years on

an unnecessary odyssey.

For medical affairs teams, medical education organizations, and patient advocacy groups, the
investment in interactive education design is not a marginal improvement on existing practice. It is

a shift in the ambition of what rare disease education can achieve — from information delivery to
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genuine clinical behavior change, and ultimately to earlier diagnosis and better outcomes for the

patients who need it most.

For further information, please contact the authors of this white paper.
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Rare Expertise

Rare Expertise is a strategic consultancy focused on helping companies
developing and marketing products for patients with rare diseases. Our
mission is to shorten the diagnostic and treatment journey in people with

rare diseases through better education.

Rare Expertise and the Rare Medical Network work at the intersection of
rare disease knowledge, clinical practice, and trusted professional
networks. Our focus is on supporting healthcare professionals with credible

information and access to expertise — when it matters most.

FOUNDED

Rare Expertise was founded in 2015 by Jack Davis and Jeff Sweeney, who
are parents of children with rare diseases, and who both have extensive
professional experience in marketing communications and medical

education in rare disease markets.



