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Abstract: The COVID-19 pandemic has led to a sudden shift toward virtual learning in neurology education, which presents 
challenges for educators. However, virtual learning is here to stay for three key reasons: demand among students, ease of dissemina-
tion, and potential to improve educational quality. Despite challenges, educators can teach effectively using appropriate virtual tools 
and methods, with innovative approaches that will ultimately lead to sustained improvements in neurology education. Here, we aim to 
help educators effectively incorporate virtual instruction into their “new normal” by offering practical, evidence-based tips for 
balancing in-person and virtual learning, selecting the appropriate tools and methods for virtual teaching, and creating a supportive 
virtual learning environment. Using a systematic approach, educators can identify specific, achievable goals, determine the content’s 
scope, appropriate assessments, select appropriate teaching methods, and create the session schedule and materials. Here we described 
evidence-based strategies for best practices, developing virtual material, and creating the appropriate virtual learning environment. 

Plain Language Summary: This paper reviews how the COVID-19 pandemic has made it necessary for medical educators to switch 
to virtual learning for neurology courses. Even though it presents challenges, virtual learning is important because students want it, it’s 
easy to disseminate, and it can improve the quality of education. Educators can learn how to use virtual tools and methods effectively 
by being innovative and making sustained improvements in neurology education. This paper offers practical tips based on evidence to 
help educators balance in-person and virtual learning, select appropriate tools and methods, and create a supportive virtual learning 
environment. By taking a systematic approach, educators can set achievable goals, decide what to teach, pick the best ways to teach it, 
and create a schedule and materials for the course. 
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Introduction
Virtual learning platforms and technology have been widely adopted in higher education in recent decades with the 
dissemination of new teaching modalities such as the flipped classroom, massive open online courses, interactive virtual 
modules, and remote lectures. These methods can be used in addition to or instead of traditional in-person learning and 
have improved access for learners globally.1 Before the COVID-19 pandemic, adoption depended on the learning setting 
and acceptance from educators and students locally; implementation in neurologic education had been particularly slow.2

The COVID-19 pandemic caused a rapid shift toward virtual learning, with medical educators required to transform 
learning activities to virtual formats nearly overnight. This presented challenges in neurologic education at all levels 
(Table 1).3–5 Medical school neuroanatomy traditionally relies on cadaveric specimens, while clinical neurology training 
involves hands-on practice examining real patients. Virtual learning also carries the risk of feeling impersonal, as learners 
may feel isolated or unable to connect with faculty.6 This can exacerbate neurophobia among medical students and 
trainees. Despite these challenges, neurology can be taught effectively using appropriate virtual tools and methods,7 with 
novel and innovative approaches leading to sustained improvements in neurology education. In medical school courses, 
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for example, remote instruction is similarly effective to in-person sessions and leads to equivalent knowledge acquisition 
and higher student satisfaction.8–10

Although we have shifted some activities back to the classroom, virtual learning is here to stay. There are three key 
reasons for this: 1) demand – research shows that students still prefer some virtual component;11 2) dissemination – 
virtual teaching expands the reach of educational activities with opportunities for interinstitutional collaboration and 
global education;1 and 3) quality – virtual formats and platforms can improve the educational quality of sessions.10 With 
careful consideration, virtual teaching can augment in-person instruction, enhance courses, and increase student 
engagement.12

Here, we aim to help educators effectively incorporate virtual instruction into their “new normal” by offering 
practical, evidence-based tips for balancing in-person and virtual learning, selecting the appropriate tools and methods 
for virtual teaching, and creating a supportive virtual learning environment.

Best Practices for Teaching Virtually
Virtual instruction can be asynchronous (eg pre-recorded lectures or online modules) or synchronous (eg teleconferen-
cing or a virtual classroom). Asynchronous formats allow students to learn at their own pace, while synchronous formats 
occur in real-time and mimic traditional in-person sessions. Asynchronous formats can be used to introduce new 
material, typically as pre-work,13 while synchronous sessions are best suited to focus on interactive application of the 
material. Mixing asynchronous and synchronous formats can thus create more engaging and effective learner-centered 
experiences.14–16 Recent studies have highlighted the importance of utilizing multimodal, engaging, team-based learning 
to create successful neuroscience and neuroanatomy curriculum. For example, most students now prefer watching pre- 
recorded material over live, in-person lecture and generally prefer a “flipped-classroom” model.8,9

There are several pitfalls to avoid when utilizing virtual teaching (Table 2), and it is essential to understand the learner 
group to both select the appropriate amount and depth of asynchronous pre-work and to ensure a proper focus of 
synchronous activities. Medical students in a neuroscience course expect work outside classroom time and may be asked 
to watch concept videos to prepare for active learning during synchronous sessions. In contrast, residents must balance 
formal education with busy clinical responsibilities and may be more likely to complete shorter and more portable pre- 
work.

Table 1 Risks and Benefits of Virtual Learning

Risks

Impersonal, isolating learning environment for students

Uncertainty about how, when to participate and ask questions

Lack of hands-on practice (eg cadaveric dissection for neuroanatomy instruction, examination of patients)

Lack of comfort and experience among faculty with using virtual technologies

Time required to create new material

Learners may lack the focus or self-discipline to remain actively engaged

Benefits

Students prefer mixed modality instruction, utilizing technology and some virtual formats

Virtual formats allow for dissemination of educational material to a broader audience

Opportunities for cross-institutional and even international collaborations

When used appropriate, virtual methods can improve educational quality

Creates learner-centered experiences
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With creativity, most teaching formats can be carried out online. Chalk talks can be recreated using virtual whiteboards and 
annotation; tracing neuroanatomical pathways can use engaging online modules that allow learners to more easily visualize 
anatomic structures; and didactic patient interviews can be conducted virtually, offering benefits for both patient convenience and 
offering insights into their home living environment. When employed effectively, virtual tools such as polling and annotation 
encourage active learning,18 which promotes deeper understanding and retention.19–21 These can also encourage more universal 
participation by allowing students to respond anonymously and by whichever means they feel most comfortable.

Maximizing the Impact of Asynchronous Content
Many tools exist for curating and creating asynchronous (eg pre-recorded lectures or online modules) virtual content. 
Developing new asynchronous materials requires considerable time and energy to master new technology and adapt new 
teaching styles.22 The use of externally-created materials can reduce the effort in transitioning to virtual teaching, though 
it is essential to select materials that match the needs of learners. For those creating content themselves, simply recording 
a pre-existing 60-minute lecture is not recommended. It is better to divide the content into shorter 6–15 minute sessions, 
each focusing on 1–2 learning points, as viewing retention tends to decline over time.23 Recorded video tutorials using 
personal, engaging formats are most highly rated by preclinical learners.11,24 Students especially value multi-modal 
asynchronous options for neuroanatomy instruction, as properly designed materials can ease cognitive load when 
learning complex, 3D neuroanatomical structures.25–27

The success of the flipped classroom model critically depends on learners completing asynchronous pre-work. 
Assessing knowledge with tools like readiness assessment questions and community message boards can improve 
accountability and performance.13 In class, an instructor can additionally prompt learners to discuss the most challenging 
concepts (“muddiest point” exercise)13 and provide feedback. Flipped classroom models that utilize these strategies are 
associated with better learner performance.9

Have a Plan for Facilitating Student Participation During Synchronous Sessions
To minimize teleconferencing fatigue during virtual synchronous sessions, it is crucial to shorten session duration, 
actively engage learners, and establish ground rules for participation.28 For example, should learners raise their virtual 
“hand” or unmute to ask questions? During the initial transition to online learning during the pandemic, student 
participation decreased by 50%.21 To encourage participation, instructors can ask direct questions more often and 
allow more silence. These strategies are crucial for hybrid sessions with in-person and virtual attendees, as virtual 
participants may otherwise become silent observers or risk disrupting session flow.

Table 2 Key Strategies to Avoid Pitfalls in Virtual Teaching

Balance synchronous teaching sessions and asynchronous material

Instead of delivering traditional lecture formats via live teleconferences, rely on asynchronous formats to introduce new material

Focus on interactive application of material in synchronous sessions

Match expectations for asynchronous pre-work to the needs and competing demands of your learners

Divide recorded sessions (eg lecture) into shorter segments, each focused on 1–2 learning points

Give yourself plenty of time to practice with new virtual tools before relying on them in your teaching

Establish clear norms for participation

Use tools such as annotation, polling, and breakout rooms to foster student participation and engagement

Focus on the learning environment – ensure learners get to know you and have opportunities to interact with one another

Respect learners’ personal circumstances in virtual sessions

Acknowledge the difference between Emergency Remote Teaching (ERT), a temporary shift to the delivery of content, and e-Learning, where 

content is designed for online learning17
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Encouraging the use of the chat function is an effective way to increase participation in large groups, but there are 
limits.15,29 Given the challenges of monitoring the chat while teaching, it may be best to designate a teaching assistant to 
moderate and answer questions. Learners can also become distracted by the chat, contributing to teleconferencing fatigue. 
These strategies take time—course content may need to be curtailed accordingly compared to prior in-person sessions.

Use Specific Tools to Foster Student Engagement
Polling software can stimulate low-risk, anonymous, universal participation from learners.20 In hybrid sessions, the use 
of polling can also level the playing field between in-person and online participants, maximizing participation from both. 
Most polling programs allow participants to join from a smartphone, so in-person participants are not excluded.

In a virtual setting, teleconferencing software’s “annotation” function allows students to type text or draw directly on the 
shared screen or whiteboard as an alternative to chat. This encourages more advanced discussion than chat can offer, as 
students can anonymously affirm or disagree with each other’s annotations and answer questions directly.30 This also allows 
educators to focus on teaching material without dividing their attention between the chat and student comments (Figure 1).

Finally, breakout rooms can facilitate small-group discussions among students and facilitate case-based learning 
formats.31–34 Fixed small groups throughout a longitudinal course can build trust and comfort between learners, encouraging 
participation. “Warm-calling” breakout groups—pre-designating one or more group to report back to the class at large after 
discussion in breakout rooms—can also encourage participation from students who may be hesitant to speak up.

Creating Virtual Teaching Material
Once informed about the tools at their disposal, educators can begin to create virtual teaching material. Creating effective 
virtual teaching material should rely on a systematic approach, and educators should first identify concrete goals for their 
course or module.35 The optimal educational tools, assessments, and learning activities should flow naturally from there. 
Below, we highlight a five-step process based on the Understanding by Design framework.36 Table 3 demonstrates the 
application of this framework in developing a virtual learning activity.

Identify specific, achievable goals: Focusing on session goals first ensures alignment between learning activities and 
learner outcomes. This allows the educator to develop assessments and session content that are appropriately matched.

1. Determine the scope of the content: This step matches the identified learning goals to the methods for content delivery 
and considers whether the content should be delivered virtually. This helps the educator adjust the scope to ensure the 
content is covered appropriately in the virtual learning environment, and initiates the process of selecting the learning 
methods.

2. Determine which type(s) of assessment are most appropriate: Assessments can range from simple observation of 
participation to formal evaluation of knowledge or skills and should be matched to the session goals. Diagnostic 
assessments can be conducted as a part of pre-work and may allow educators to modify focus based on identified needs. 
In contrast, formative (for the benefit of the learner) or summative (for formal assessment of learning achievement) 
assessments can be conducted during or following a synchronous session to monitor learner progress and ensure goal 
achievement.

3. Select Appropriate Teaching Methods: This step focuses on selecting asynchronous and synchronous methods to 
ensure alignment with session goals and assessments. Asynchronous formats allow students to learn at their own 
pace outside formal classroom time and are well suited to introduce new material, typically as pre-work. 
Synchronous formats occur in real-time and mimic traditional in-person sessions. Delivering a traditional lecture 
over synchronous, live teleconferencing makes it difficult for learners to sustain attention. Focusing instead on 
activities that promote synthesis of concepts and interactive application of the material is recommended. Table 4 
outlines a framework for matching goals to teaching methods.

4. Create the session schedule and teaching materials: The creation of the schedule starts with consideration of the 
timing and logical order of activities. In general, sessions should progress from passive to active methods, and 
from knowledge attainment and understanding to skill development and application. Once the schedule is 
developed, content can be selected and created, always focusing on how content achieves the identified goals.
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Figure 1 Use Annotation to Facilitate Student Participation and Encourage More In-Depth Class Discussions. Two examples are provided to highlight the use of annotation 
during synchronous sessions delivered over teleconferencing software (Zoom, Inc.). (A) In a breakout room, a small group of students has independently drawn out the two 
ascending sensory systems. This active form of learning allows more students to test their current understanding of the material accurately. (B) A review question is 
delivered to students using PollEverywhere® software. Instead of fielding individual questions from students one at a time, the instructor has asked students to provide the 
rationale if they answered correctly or to ask a question if they do not understand the correct answer. Using simple reactions over annotation, students can emphasize 
questions they share, clearly and efficiently demonstrating to the instructor where to devote time to providing their own explanations.
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Creating the Learning Environment
While we develop, create and deliver virtual teaching material, we must always consider the learning environment. 
Robust research across disciplines demonstrates that the learning environment significantly impacts student learning.15 

A supportive environment promotes student well-being, empathy, professionalism, and academic success. In virtual 
learning, where face-to-face interactions are limited, educators must consider how to facilitate interactions between 
learners and between learners and educators.

Table 3 Example of the Development of a Virtual Learning Program Focused on the Teleneurology for Neurology Residents, Using 
the 5-Step Framework

Step Curricular Example

Identify learning goals ● Build comfort with the virtual neurologic exam
● Improve communication for virtual neurologic visits
● Understand remote assessment limits
● Comfortably use all technology
● Familiarize with billing and licensure issues
● Recognize telehealth’s impact on healthcare disparities

Determine the scope and structure of content Asynchronous learning objectives:
● Recognize limitations of teleneurology
● Develop comfort with technology
● Become familiar with billing and licensure

Synchronous learning objectives:
● Practice virtual performance of the neurologic exam
● Practice communication in teleneurology
● Practice use of technology

Select assessments Test knowledge and attitudes before and after 

Assess participation in sessions 
Review clinical vignettes with faculty 

Practice clinical skills with standardized patient observation

Select teaching methods Asynchronous learning activities:
● Readings on professionalism in telemedicine, conversion of the neurologic exam, and technol-

ogy and healthcare disparities
● Pre-recorded videos demonstrating the virtual exam and discussing medicolegal aspects of 

teleneurology

Synchronous learning activities:
● Case vignette review/group case-based learning
● Peer practice of the exam
● Observed clinical skills examination with standardized patient

Develop schedule and content Asynchronous content Module 1: Historical background 

Module 2: Medicolegal and licensure expectations 
Module 3: Webside manner 

Module 4: Privacy considerations and informed consent 

Module 5: Teleneurology skills

Synchronous active learning ● Outpatient teleneurology observations 

● Exam practice 
● Teleneurology in continuity clinic

Assessments ● Pre- and post-assessments (MCQ) 
● Clinic feedback 

● Virtual OSCE
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Establish and Maintain a Personal Presence as an Instructor
Faculty presence is essential for developing a social connection and creating a sense of community in online learning 
environments.15,37 While this may be less important for CME courses for practicing physicians, social connections are 
crucial for students, especially those considering a career in neurology, as socialization of students into neurology may 
combat neurophobia.2 Similarly, post-graduate trainees need to feel confident in their sense of belonging and build 
professional relationships to advance their careers.

One way for faculty to build relationships with students and establish a positive classroom environment is through 
“non-instructor” talk, such as short, personal video introductions. Faculty introductory videos can be a valuable tool to 
help students connect with their instructors on a personal level. These videos can provide information about the faculty 
members’ clinical and research interests, as well as personal details. A high degree of faculty engagement positively 
influences student satisfaction and retention in online learning.15,37,38

Encourage Learner Feedback and Collaboration
Students should be able to give frequent, anonymous feedback and receive communication from faculty when changes 
are made or when changes are not possible. This helps learners feel heard and fosters collaboration between learners and 
teachers. The engagement of learners in creating course content can be particularly fruitful, as many may be eager to help 
with curriculum design and material development.

Facilitate 1:1 Time Between Faculty and Learners
In-person interactions between learners and teachers can be challenging to replicate in a virtual setting. However, there 
are methods to optimize student access to their virtual instructors (Table 4). Virtual formats can additionally increase 
inclusion and access to faculty for all learners.39 In a traditional in-person format, much of the exchange of questions and 
ideas occurs after class, for a select few, often one-on-one between an instructor and student. In a virtual format, 
a concurrent chat allows all students to ask questions and voice comments, and communication with the instructor may 
be more accessible, personal, and immediate.39

Respect Diversity – Foster an Inclusive and Equitable Learning Environment
Creating an inclusive learning environment involves acknowledging students’ personal circumstances. For example, 
a student may not be able to turn on their video due to technical issues or personal circumstances rather than a lack of 
engagement. However, virtual professional conference and course formats can potentially improve diversity and inclu-
sion. Recent research found that with the transition to a virtual format, female attendance at virtual science and 
engineering meetings increased by 253%, and genderqueer scientist attendance jumped by 700%.40

Table 4 Matching Teaching Methods to Desired Outcomes in 
the Creation of Virtual Teaching Activities

Outcome Optimal Teaching Methods

Knowledge acquisition ● Reading
● Lecture or video review
● Case-based learning

Skills acquisition ● Video review
● Simulation
● Real-world application

Critical Thinking ● Reading
● Case-based learning
● Team-based activities
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Conclusion
The COVID-19 pandemic accelerated the adoption of virtual elements in medical education, presenting educators with 
both challenges and opportunities. Virtual learning is here to stay, driven by student demand, ease of dissemination, and 
the potential to enhance educational quality. With creativity, many curricular components can be adapted to a virtual 
format. When done well, such a transition can allow learners to approach material at their own pace and can promote 
more inclusive access to content and time with instructors. The careful use of tools like annotation, polling, and learner 
reactions can promote active learning and increase participation. These techniques can also enhance understanding and 
retention.18,30 By leveraging appropriate virtual tools and methods, educators can create a supportive and engaging 
virtual learning environment that complements in-person instruction, enhances learning experiences, and improves 
educational outcomes. A hybrid experience with an effective online learning community supplemented by live sessions 
may become the next gold standard in teaching trainees and students.

Suggestions for Further Reading
● Schaefer SM, Dominguez M, Moeller JJ. The Future of the Lecture in Neurology Education. Semin Neurol. 

Aug 2018;38(4):418–427. doi:10.1055/s-0038-1667042
● Reinholz DL, Stone-Johnstone A, White I, Sianez LM, Jr., Shah N. A Pandemic Crash Course: Learning to Teach 

Equitably in Synchronous Online Classes. CBE Life Sci Educ. Dec 2020;19(4):ar60. doi:10.1187/cbe.20–06-0126
● Anderson T. Teaching in an online learning context. Theory and practice of online learning. 2004;273

Key Points
1. Virtual learning is here to stay for three key reasons: demand among students, ease of dissemination, and potential to 

improve educational quality.
2. Mixing asynchronous and synchronous formats can create more engaging and effective learner-centered experiences. 

The success of using mixed modalities depends on learners completing pre-work and educators incorporating 
strategies like readiness assessment questions and community message boards.

3. Virtual learning activities should be individualized to the needs of the learners, and many tools exist for curating and 
creating asynchronous virtual content.

4. High-quality virtual curricula can be developed using a 5-step process that asks educators first to identify concrete 
goals, then develop assessments and learning activities.

5. A supportive virtual learning environment plays a critical role in student learning.
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