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Medical students often perceive neurology as the most difficult medical specialty. This perception is described

as ‘neurophobia’ in the medical literature. Several studies have cited poor teaching, complex examination, and

separation of basic and clinical sciences as major factors in the development of neurophobia. These negative

perceptions can have serious implications, such as decreasing the students’ desire to consider neurology as a

future career and increasing referrals from other specialists to avoid dealing with neurological conditions.

Faced with increasing demands of healthcare systems and the global burden of neurological conditions, there

is a rising need for further research and innovative strategies to improve students’ perceptions of clinical

neurology. This review discusses evidence-based recommendations and educational interventions to cure

neurophobia in medical education.

Keywords: medical students; neurophobia; neurology; solutions; education

Responsible Editor: David M. Harris, University of Central Florida, USA.

*Correspondence to: Nguyen Minh Duc, Lu Gia St., District 11, Ho Chi Minh City, Vietnam 700000, Email:

nguyenminhduc2011@gmail.com

Received: 4 June 2016; Revised: 29 August 2016; Accepted: 30 August 2016; Published: 27 September 2016

A
s defined by Jozefowicz in 1994, neurophobia is

‘the fear of neural sciences and clinical neurology

that originates from the students’ inability to

apply their basic science knowledge to clinical practice

leading to paralysis of thinking or action’ (1). Several

multinational studies have investigated students’ attitudes

toward neurology teaching and practice, focusing on

the risk factors and possible solutions (2�6). Considering

the results of these studies, neurophobia appears to be a

global phenomenon that affects students in various stages

of medical education (6).

In a recent study by Fantaneanu et al. (3), the factors

contributing to neurophobia were classified into modifi-

able and non-modifiable groups. The non-modifiable risk

factors include students’ past exposure to neurology on

clinical, personal, and educational levels, while modifi-

able risk factors include poor teaching, complex termi-

nology, separation of basic science teaching and clinical

application, lack of standardized patients with known

neurological illness during simulation sessions, and the

stigma that neurologists are unsatisfied with their careers

(2�6). Despite having no scientific data supporting his

claim, Jozefowicz stated that neurophobia is a disease

that starts early in medical school and reaches its peaks

during basic and clinical neuroscience courses. He also

claimed that it affects about 50% of medical students with

an equal gender incidence (1).

The implications of neurophobia are usually under-

recognized in medical education. According to the World

Health Organization, neurological diseases constitute

about 6.3% of global morbidity and contribute to about

12% of global mortality (7). These numbers are only

expected to grow as the population ages. Facing these in-

creasing numbers, there is a shortage of supply of clinical

neurologists to the healthcare system (8). Neurophobia

is believed to negatively influence the choice of medical

students against selecting neurology as a future career.

Moreover, primary care physicians tend to avoid dealing

with neurological conditions, resulting in increasing

numbers of referrals to neurology clinics (9).

A systematic review by McCarron (10) concluded that

the existing body of literature regarding interventions in

neurology education is deficient, and that there is a need

for high-quality research to develop strategies to tackle

this problem. This article discusses nine possible solutions

to cure neurophobia (Table 1), highlighting evidence-

based recommendations and educational interventions to

help students overcome their fear of clinical neurology.
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Implement team-based learning strategy in

educational sessions

Team-based learning (TBL) is a student-centered instruc-

tional strategy that incorporates small group discussion,

team work, and immediate student feedback in the

educational process (11). Through these activities, TBL

enhances students’ interactions while maintaining the

instructor’s control during the delivery of the educational

material (12). Recently, two randomized controlled trials

have compared TBL to other conventional methods of

teaching as lectures and problem-based learning (PBL) and

they concluded that students who attended TBL sessions

had higher confidence, less neurophobia, and achieved

higher scores on the post-test exam (13, 14). This was

further confirmed in a case series by Balslev (15), in which

students exposed to small group discussions had higher

diagnostic accuracy in approaching neurologic patients.

Practically, TBL comprises three stages: 1) preparing

students through explanation of the session’s objectives;

2) assessment of students’ preparation on the individual

level (Individual Readiness Assurance test) and the team

(Team Readiness Assurance test); and 3) providing a

clinical scenario for group discussion under instructor’s

supervision to direct the students’ clinical decisions in

the appropriate way. Finally, immediate feedback from

students regarding achievement of the session’s objectives

and the effectiveness of the teaching strategy is obtained

and documented (11, 12). As stated by Michaelsen et al.

(16), constructing a TBL session must satisfy four goals

listed as proper formation of the groups, holding students

accountable of their individual and group work, pro-

motion of both learning and team development, and

frequent feedbacks from the learners (16).

Combine the hypothesis-driven and pragmatic

screening approaches into teaching neurological

examination

Most medical schools teach students to perform a prag-

matic screening approach, comprising all elements of

neurological examination to elicit all possible clinical

findings (17). This is often performed during Objective

Structured Clinical Examinations (OSCE) to test the

student’s ability to perform a comprehensive neurological

examination (18). Besides the cognitive difficulty and

higher time consumption of this approach, failing to

recall and document all diagnostic findings in the broad

neurological examination is more likely (19). Hypothesis-

driven examination follows an iterative approach, in

which students formulate diagnostic hypotheses based

on minimal clinical findings from the patient’s history,

and then gather more information from examination to

support or reject these hypotheses (20).

In a randomized controlled trial by Kamel et al. (18),

students were randomized to perform either a checklist-

based neurological examination on a group of patients

with a history-based provisional diagnosis (hypothesis

testing), or a traditional screening examination. Students

in the hypothesis-testing group had a higher likelihood

of eliciting more abnormal signs in a slightly shorter

examination time.

However, depending solely on this approach increases

the liability of missing important clinical findings that

may indicate a significant pathology within the nervous

system as a separate condition, or as a part of a clinical

syndrome (17, 20). Moreover, it increases the possibility

of misinterpreting normal findings as abnormal to sup-

port the initially claimed diagnosis (18). Therefore, a

combination of both hypothesis-driven and screening

examinations may work better than a single approach in

enhancing students’ clinical and cognitive skills (17).

Optimize the use of three-dimensional simulators,

video recordings, and online resources in teaching

neurological examination

e-Learning, defined as ‘the use of internet technologies to

enhance knowledge and practice’, is often used to deliver

educational material through distance learning and to

supplement classroom learning (21). Utilizing digital

Table 1. Nine strategies for curing neurophobia in medical schools

1. Implement team-based learning strategy in educational sessions using small group discussion, teamwork, and immediate feedback.

2. Combine the hypothesis-driven and pragmatic screening approaches into teaching neurological examination.

3. Optimize the use of three-dimensional simulators, video recordings, and online resources in teaching neurological examination.

4. Expand the allocated settings for clinical teaching and mandate student training in outpatient clinics.

5. Integrate basic and clinical sciences through problem-based learning approach and sustain reinforcement of basic concepts during

clinical years.

6. Recruit standard patients to neurological examination teaching sessions and train them to provide both verbal and written feedbacks to

trainees.

7. Reform clinical neurology curricula to reflect the health priorities of the community, achieve social values, and encourage lifelong

learning.

8. Build a positive reputation for neurology and neurologists using key researchers and disseminate knowledge regarding recent

advances in neurology.

9. Conduct further research on neurology education and practice to introduce new educational interventions into neurology teaching.
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technology to formulate 3D computer simulators of the

nervous system can make the experience of learning

neuroanatomy more comprehensible and enjoyable (2).

Although some elements of the neurological examination

are better understood through hands-on experience, such

as testing muscle tone and power, a considerable part

of the neurological examination can be taught by view-

ing video clips of professional examination (22). This

approach maximizes the students’ neuroscience experi-

ence and allows for formulating and testing abstract

concepts (23).

Two randomized controlled trials showed that using

computerized interactive tutorials and 3D simulation

techniques were associated with higher post-test scores,

better visualization of concepts, and more preference of

these methods over conventional lectures (24, 25). These

results were further confirmed by several case series

which showed that the use of computer-aided neuro-

anatomical programs and videotaped vignettes improved

clinical examination scores, covered the shortage of patients

available for education, and decreased the students’ fear

of clinical neurology (22, 26, 27). Therefore, in insti-

tutions with lack of resources to recruit standard patients,

designing virtual electronic patients may satisfy this

purpose.

The wide availability of high-tech devices, such as

smart phones, tablets, audio response tools, social media

and podcasts, can contribute to adopting these tech-

nologies in neurology education (28). The current edu-

cational infrastructure should be manipulated to allow

introduction and use of these technologies (29). More-

over, their use should be balanced with traditional teach-

ing methods according to the students’ needs to optimize

the delivery of the educational content (30).

Online resources can present medical data in dif-

ferent formats, ranging from plain text to fully interactive

platforms (31). Greater access to these resources can

supplement patient exposure and bedside teaching with

lower costs (5). The existing literature suggests that online

resources can only complement rather than replace con-

ventional teaching techniques through improving the

accessibility of educational materials (32). The capabil-

ities of online resources can extend beyond providing edu-

cational materials, to helping physicians reach a clinical

diagnosis (33). A group of residents showed that Google

can lead to the correct diagnosis up to 50% of diagnostic

results upon the time when encountering challenging

clinical cases (34).

In a randomized controlled study by Lewis et al. (35),

providing a group of students with a web-based neuro-

anatomical localization program was associated with

higher post-test scores in the intervention group. Moreover,

in a published case series by Lim et al. (36), designing a

web-based game called ‘Neurolocalization Game; NLG

Box 1’ in which students are provided with a case

scenario of a virtual patient, including details of the

patient’s history and clinical examination findings, was

associated with a higher confidence in reaching a diag-

nosis and more satisfaction compared to conventional

learning techniques.

Incorporating online teaching methods in neurology

education still faces many obstacles, such as lack of

maintenance of distance learning websites and lack of the

trained manpower to manage these tools (31). Develop-

ing solutions to overcome these drawbacks can enhance

the role of these techniques in the educational process.

Expand the allocated settings for clinical teaching

and mandate student training in outpatient clinics

Several studies have cited poor teaching as a major con-

tributor to the development of neurophobia in medical

students. When students were surveyed about the possible

ways to improve neurology education, they highlighted

increasing the amount of planned teaching as a primary

solution to achieve this goal (3�6).

This can be achieved by extending the durations of

neurology rotations, providing more opportunities for

extracurricular learning, and expanding the settings in

which clinical teaching is delivered to include all health

resources of the community, such as hospital wards,

outpatient clinics, rehabilitation units and ambulatory

care facilities. Moreover, the contribution of all types of

health care providers, including primary care physicians

and nurses should be utilized and appreciated. Utilizing

medical practice resources and personnel in medical edu-

cation can help students link both theoretical and

practical aspects of clinical education (37).

Dividing the educational experience of clinical medi-

cine into separate rotations for different specialties con-

tributes to viewing the nervous system and its pathologies

as a distinct branch of medicine with more complex

rules than other branches (28). Integration of neurology

education into other areas of medicine may help reduce

that perceived gap by medical students. Moreover, bridg-

ing neurology with epidemiological and behavioral sciences

can help students develop a sense of the importance

of neurological principles for their future careers in

medicine (37).

Since the 1970s, neurologists have reported a discon-

nection between the clinical conditions encountered

during training and those encountered in practice (38, 39).

Health professionals attribute this to the inability

of inpatient hospital rotations to provide the optimal

training to manage outpatient conditions (38). Therefore,

spending more time in the outpatient clinic as a part of

the students’ neurology rotation is highly recommended.

This strategy will allow students to gain more exposure

to neurologic patients and acquire stronger skills to

identify the common presentations of neurological dis-

orders (33). Moreover, the confidence built through
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patient contact may contribute to lessening the students’

fear of neurological practice. Participating in reasoning

how a patient’s diagnosis is reached may help to eradicate

the sense of ambiguity of neurological conditions (40).

During training in the outpatient clinic, students should

not only be passive observers but should be allowed to

experience patient contact, especially with patients with

known Neurological conditions (41). This approach would

fulfill the Experiential Learning Cycles (ELC) educational

model, in which the learner’s subjective experience is of

critical importance to the learning process (40).

Integrate basic and clinical sciences through PBL

approach and sustain reinforcement of basic

concepts during clinical years

As defined by Jozefowicz, neurophobia originates from

the inability to apply basic science knowledge to clinical

situations (1). Several cross sectional studies have cited

the deficiency of basic science background as a barrier to

learning in clinical neurology (3�6).

According to Jozefowicz, an effective program that

integrates basic and clinical neuroscience may increase

the students’ motivation to learn the workings of the

nervous system and overcome neurophobia (1). This can

be achieved through integration of clinical scenarios

during basic science education through PBL, as well as

mandating basic science education in conjunction with

neurology rotations. These techniques have been found to

improve recall in neurology and clinical medicine gen-

erally (42, 43). Moreover, this integration would allow

medical students to view the basic science information

from a clinical perspective, helping them to focus on the

essential and clinically relevant information (1).

In a randomized controlled study by Heckman et al. (42),

students were randomized either to learn basic neuro-

science in a conventional manner through lectures and

conferences or through PBL. Students in the PBL group

had significantly higher scores at their final exams than

the conventional group. Two controlled cohort studies

found a beneficial effect for replacing conventional

neurology courses with a pilot integrated neuroscience

course in improving the students’ scores and attitudes

toward neurology (44, 45).

In a study of Canadian medical students, higher

comfort levels with neurology were reported, as well as

more confidence that they acquired the necessary knowl-

edge for their future practice when surveyed at the end of

their neurology block. However, this confidence tended

to decrease as students progressed to the next year of

medical school (3). This finding highlights the impor-

tance of constant exposure to neurology education

throughout medical school education, preventing neuro-

phobia from leaking into the students’ perception of

clinical neurology.

This strategy can be fulfilled by disseminating neurol-

ogy education sessions in different curricula along the

whole length of medical school and is termed ‘distributed

practice’. It has been shown to provide a sustained

positive attitude and a more competent performance in

neurological examination, even after 14 months from the

last educational intervention (46).

This sustained exposure should not stop at graduation,

and further resources must be allocated to provide

continuing medical education (CME) in clinical neurol-

ogy throughout a physician’s professional life (37). This

can be achieved through professional conferences, train-

ing sessions, and online CME courses, which have been

shown to increase physicians’ factual knowledge and

adherence to guidelines (47).

Recruit standard patients to neurological

examination teaching sessions

Despite the technological advances in medical education

and the ability to design virtual patients with proposed

neurological conditions, some elements of the neuro-

logical examination, such as eliciting muscle tone and

power are still better palpated than simply visualized

(22). Standard patients are chosen based on their medical

history and often trained to reliably portray or recall their

experience at medical encounters. They can also be

trained to provide patient-centered feedbacks regarding

the examinee performance and behavior (48).

In a controlled cohort study by Safdieh et al. (49),

students who were assigned to perform neurological ex-

amination on standard patients achieved higher OSCE

scores than their peers who did not have access to stan-

dard patients. In a randomized controlled study by Park

et al. (50), students who received both verbal and written

feedbacks from standard patients achieved higher post-

test scores than those who received written feedbacks

only.

However, using standard patients may require more

resources as skilled patients usually get higher payment

and it raises ethical questions regarding the physical and

psychological health of these patients (48). Following

examination, students should get immediate feedbacks

from these patients in both written and verbal forms.

Reform clinical neurology curricula to reflect the

health priorities of the community and achieve

social values
An ideal neurology curriculum should fulfill certain

criteria: 1) stratify its contents according to their im-

portance for the practicing physician; 2) reflect the local

health priorities and focus on the common and preven-

table conditions; and 3) ensure building of professional

competence and social values, not only data retention.

To assist with the stratification of contents, various

neurology associations have developed clinical curricula

containing a ‘must know guidelines’ for medical students
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and young physicians (41). These guidelines indicate that

medical students should learn how to perform an initial

evaluation for patients with neurological complaints and

to recognize when referral for further consultation is

needed (51).

Establishing a central educational unit at each medi-

cal school with the authority to modify the curriculum

according to the health needs of the community can

ensure that the curriculum reflects local priorities. The

curriculum should focus on the conditions which are

common and preventable or which present as emergen-

cies (37). It should also highlight the resource availability

within the community, and the national economic status,

to provide the best health care service within these

settings (8).

Finally, the neurology curriculum objectives should

extend beyond the cognitive retention of information.

The relationship between neurological disorders and

mental illness engages the patient’s personal values and

the ethical principles of the community in the manage-

ment of these conditions. Physicians must be aware of the

local cultural traditions, and their assessment should

consider the cultural and ethnic diversity of patients, as

well as matters related to gender (37).

Build a positive reputation for neurology and

neurologists

Several studies have shown that students believe that

neurologists are generally unsatisfied with their profes-

sion, and that neurology ranks lower than other special-

ties in terms of financial reward and contribution to their

patients’ lives. These beliefs have been found as early as

the first year of medical school, suggesting that these

preconceptions originate before admission into medical

school (3).

These negative beliefs can be eradicated through

building role models and establishing positive reputations

for both institutions and individuals based on scholarly

productivity. Exceptional researchers and practicing phy-

sicians are marketable. Recent evidence suggests that

professional development of teaching and assessment

staff can reverse the students’ negative attitudes toward

neurology (52).

Moreover, the current advances in the practice of

clinical neurology and the significant contributions by

neurologists to the quality of life of their patients should

be advocated and shared with the public. During medical

school, students should be granted the opportunity to

carry out research projects in neurology-related topics,

meet inspiring neurologists, and receive additional teach-

ing beyond the course curriculum (53).

Conduct further research on neurology education

and practice

In a systematic review by McColgan et al. (54), the

existing body of literature discussing neurology education

was marked as deficient with increasing needs to intro-

duce more effective educational interventions into the

teaching of neurology. Therefore, further research should

be conducted to develop educational strategies to reduce

neurophobia.

Conducting a high-impact educational study would

require: 1) collaboration between medical educators,

practicing physicians, and certification boards; 2) more

contribution of funding resources to support innovative

educational research; and 3) communicating the findings

of research to stakeholders and directors of medical

education facilities (55).

Future research should address several considera-

tions such as providing student-centered strategies while

maintaining the best available patient outcome, and in-

tegration of the recent diagnostic and therapeutic ad-

vances in developing new educational strategies to help

students keep pace with the ongoing evolution of clinical

practice (56).

Conclusion
This article presents nine evidence-based recommenda-

tions to address the students’ negative perceptions toward

clinical neurology. It offers stakeholders and directors

of medical education facilities a summary of the most

successful educational interventions in the field of neu-

rology education. More evidence-based strategies and

novel approaches should be introduced to meet the

increasing global burden of neurological disorders.

Therefore, future educational research is a top priority

to improve neurology education.

Authors’ contributions

Both authors (AIA) and (NMD) participated in the drafting

of and final editing of this manuscript.

Conflict of interest and funding
The authors have not received any funding or benefits

from industry or elsewhere to conduct this study.

References

1. Jozefowicz RF. Neurophobia: the fear of neurology among

medical students. Arch Neurol 1994; 51: 328.

2. Abulaban AA, Obeid TH, Algahtani HA, Kojan SM,

Al-Khathaami AM, Abulaban AA, et al. Neurophobia among

medical students. Neurosciences (Riyadh) 2015; 20: 37�40.

3. Fantaneanu TA, Moreau K, Eady K, Clarkin C, DeMeulemeester

C, Maclean H, et al. Neurophobia inception: a study of trainees’

perceptions of neurology education. Can J Neurol Sci 2014; 41:

421�9.

4. Youssef FF. Neurophobia and its implications: evidence from a

Caribbean medical school. BMC Med Educ 2009; 9: 39.

5. Zinchuk AV, Flanagan EP, Tubridy NJ, Miller WA, McCullough

LD. Attitudes of US medical trainees towards neurology

Curing neurophobia in medical schools

Citation: Med Educ Online 2016, 21: 32476 - http://dx.doi.org/10.3402/meo.v21.32476 5
(page number not for citation purpose)

http://www.med-ed-online.net/index.php/meo/article/view/32476
http://dx.doi.org/10.3402/meo.v21.32476


education: ‘neurophobia’ � a global issue. BMC Med Educ

2010; 10: 49.

6. McCarron MO, Stevenson M, Loftus AM, McKeown P. Neuro-

phobia among general practice trainees: the evidence, perceived

causes and solutions. Clin Neurol Neurosurg 2014; 122: 124�8.

7. WHO (2006). Neurological disorders: public health challenges.

Geneva: World Health Organization. Available from: http://

books.google.com/books?id=Z8uwPwlPUw4C&pg=PR1

8. Menken M, Munsat TL, Toole JF. The global burden of disease

study: implications for neurology. Arch Neurol 2000; 57: 418�20.

9. Morgan M, Jenkins L, Ridsdale L. Patient pressure for referral

for headache: a qualitative study of GPs’ referral behaviour. Br J

Gen Pract 2007; 57: 29�35.

10. McCarron M. 034 A systematic review of neurology education

interventions. J Neurol Neurosurg Psychiatry 2012; 83: e1�e1.

11. Parmelee D, Michaelsen LK, Cook S, Hudes PD. Team-based

learning: a practical guide: AMEE guide no. 65. Med Teach

2012; 34: e275�87.

12. Bosman FT, Arends JW. Teaching pathology in a problem

oriented curriculum: the Maastricht experience. Am J Pathol

1989; 159: 175�8.

13. Anwar K, Shaikh AA, Sajid MR, Cahusac P, Alarifi NA, Al

Shedoukhy A. Tackling student neurophobia in neurosciences

block with team-based learning. Med Educ Online 2015; 20:

28461, doi: http://dx.doi.org/10.3402/meo.v20.28461

14. Tan NCK, Kandiah N, Chan YH, Umapathi T, Lee SH, Tan K.

A controlled study of team-based learning for undergraduate

clinical neurology education. BMC Med Educ 2011; 11: 1.

15. Balslev T. Action learning in the paediatric neurology clinic.

Med Educ 2004; 38: 564�5.

16. Michaelsen LK, Knight AB, Fink LD. Team-based learning:

a transformative use of small groups. Westport, CT: Greenwood

Publishing Group; 2002. Available from: http://books.google.com/

books?id=8S8efQkqeqIC&pg=PR7

17. Counihan TJ, Anderson DC. Stamping out neurophobia: a new

hypothesis? Neurology 2011; 77: 1328�9.

18. Kamel H, Dhaliwal G, Navi BB, Pease AR, Shah M, Dhand A,

et al. A randomized trial of hypothesis-driven vs screening

neurologic examination. Neurology 2011; 77: 1395�400.

19. Vickrey BG, Samuels MA, Ropper AH. How neurologists

think: a cognitive psychology perspective on missed diagnoses.

Ann Neurol 2010; 67: 425�33.

20. Kassirer JP. Teaching clinical medicine by iterative hypothesis

testing: let’s preach what we practice. N Engl J Med 1983; 309:

921�3.

21. Ruiz JG, Mintzer MJ, Leipzig RM. The impact of e-learning in

medical education. Acad Med 2006; 81: 207�12.

22. Lim ECH, Ong BKC, Seet R. Using videotaped vignettes to

teach medical students to perform the neurologic examination.

J Gen Intern Med 2006; 21: 101.

23. Flanagan E, Walsh C, Tubridy N. ‘Neurophobia’ � attitudes

of medical students and doctors in Ireland to neurological

teaching. Eur J Neurol 2007; 14: 1109�12.

24. Estevez ME, Lindgren KA, Bergethon PR. A novel three

dimensional tool for teaching human neuroanatomy. Anat Sci

Educ 2010; 3: 309�17.

25. Bye AME, Connolly AM, Farrar M, Lawson JA, Lonergan A.

Teaching paediatric epilepsy to medical students: a randomised

crossover trial. Paediatr Child Health 2009; 45: 727�30.

26. Musacchio MJ Jr, Smith AP, McNeal CA, Munoz L, Rothenberg

DM, von Roenn KA, et al. Neuro-critical care skills train-

ing using a human patient simulator. Neurocrit Care 2010; 13:

169�75.

27. McKeough DM, Mattern-Baxter K, Barakatt E. Effectiveness

of a computer-aided neuroanatomy program for entry-level

physical therapy students: anatomy and clinical examination of

the dorsal column�medial lemniscal system. J Allied Health

2010; 39: 156�64.

28. Lim ECH, Seet RCS. Demystifying neurology: preventing

‘neurophobia’ among medical students. Nat Rev Neurol 2008;

4: 461�2.

29. Yarris L, Lin M, Lind K, Jordan J, Clarke S, Guth T, et al. A

suggested core content for education scholarship fellowships in

emergency medicine. Acad Emerg Med 2012; 19: 1425�33.

30. Mehta NB, Hull AL, Young JB, Stoller JK. Just imagine: new

paradigms for medical education. Acad Med 2013; 88: 1418�23.

31. Russell S, Vernon STE. Next generation neurology: e-learning.

ACNR 2015; 15: 18�19.
32. Al-Shorbaji N, Atun R, Car J, Majeed A, Wheeler E.

e-Learning for undergraduate health professional education: a

systematic review informing a radical transformation of health

workforce development. World Health Organization; 2015.

[cited 13 May 2016] Available from: http://www.abnt.org.uk/

elearning

33. Elkind MSV. Teaching the next generation of neurologists.

Neurology 2009; 72: 657�63.

34. Tang H, Ng JH. Googling for a diagnosis � use of Google as a

diagnostic aid: internet based study. BMJ 2006; 333: 1143�5.

35. Lewis EC, Strike M, Doja A, Ni A, Weber J, Wiper-Bergeron N,

et al. Web-based software to assist in the localization of

neuroanatomical lesions. Can J Neurol Sci 2011; 38: 251�5.

36. Lim ECH, Oh VMS, Koh DR, Seet RCS. Harnessing the IT

factor in medical education. Ann Acad Med Singapore 2008;

37: 1051.

37. Menken M, Hopkins A, Walton H. Statement on medical

education in neurology. Med Educ 1994; 28: 271�4.

38. Naley M, Elkind MS. Outpatient training in neurology: history

and future challenges. Neurology 2006; 66: E1�6.

39. D’Esposito M. Profile of a neurology residency. Arch Neurol

1995; 52: 1123�7.

40. Emsley H. Improving undergraduate clinical neurology bedside

teaching: opening the magic circle. Clin Teach 2009; 6: 172�6.

41. Nham B. Graded exposure to neurophobia: stopping it affect

another generation of students. Aust Gen Pract Training 2012;

3: 76.
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