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ABSTRACT

Background: Neurophobia is a chronic disease of medical students and junior doctors.
Early detection is needed to facilitate prevention and management as this fear can

negatively impact patient care.

Methods: We conducted a two-part mono-centric study at the faculty of Medicine,
Sorbonne University, in Paris. Part one: a cross-sectional study to validate a newly
constructed neurophobia scale, NeuroQ. Part two: a prospective longitudinal study to
assess the impact of The Move on student neurophobia using NeuroQ. A population-
based sample of second-year medical students of the 2019 and 2020 class of the

Faculty of Medicine of Sorbonne University were invited to participate.

Results: NeuroQ incorporates the main themes of the neurophobia definition and
demonstrates uni-dimensionality. Three hundred and ninety-five medical students
participated in the study (mean age was 20.0 years, SD: 2.1 years) assessing the effect
of The Move teaching on neurophobia. Two hundred and eighty-eight (72.9%) students
were female. After the Move teaching the mean NeuroQ score was significantly lower
compared to the baseline NeuroQ score (mean [SD] variation, -1.1 [2.6], p < 0.001).
There was a 22.3% relative reduction in the number of neurophobic students after The

Move teaching.



Conclusion: Our results highlight the utility of NeuroQ in assessing (i) baseline
neurophobia and (ii) the impact of pre-clinical educational interventions on neurophobia.
Furthermore, we have shown the importance of pre-clinical educational interventions,

such as The Move, in tackling neurophobia.

1.1 INTRODUCTION
Neurology is considered a difficult medical discipline by medical students and junior

doctors *™°. Neurophobia is a fear of neural science and clinical neurology, mostly due
to an inability to apply knowledge of neural science to clinical situations ’.

3,5,8-14

Neurophobia is a global phenomenon , and was originally cited as affecting 50%

of medical students ’. Recent literature suggests it affects approximately 30% of

3,9,15,16 3,10,12

medical students , one-third of junior doctors and general practitioners

Neurophobia begins in pre-clinical years when medical students are first exposed to
academic neuroscience and increases over the course of medical school *°*2,
Interventions for phobias are most effective when started early. Pre-clinical years in
medical school represent a therapeutic window for neurophobia. A scale which can
detect neurophobia at onset, is needed. Several scales exist in the literature. However,
most rely on students with prior exposure to neurology patients %23 Similarly,

proposed alternate teaching models usually target medical students during the

neurology clinical clerkship *1#*>18-24 Fyrthermore, many existing scales have not



been properly validated and some include questions not directly related to neurophobia
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The Move is a pre-clinical simulation teaching method developed at the Sorbonne
University in Paris. It uses an intuitive learning style to understand how neurological

disease manifests clinically #°.

The aim of our project was two-fold. Firstly, we sought to validate a neurophobia scale
suitable for pre-clinical medical students. Secondly, using this scale, we aimed to see if
the Move teaching approach could reduce neurophobia amongst undergraduate

medical students.

1.2 METHODS

1.2.1 Study design and setting

General design of the study is presented in Figure 1.

We conducted a mono-centric study at the Faculty of Medicine of Sorbonne University
over a two-year period and comprising 2 steps: i) a cross-sectional study to validate a
neurophobia scale (in 2019); ii) a prospective longitudinal study to assess the effect of
The Move program in undergraduate medical students using the neurophobia scale

validated in the first step (in 2020).

1.2.2 Standard protocol approval and registration.



All students participating in the study received written information on the objectives of
the study to meet full regulatory compliance. Data collection was anonymized using
inclusion number randomly assigned. Second-year medical students (of the 2019 and
2020 class) at the Faculty of Medicine of Sorbonne University who had completed their
neuroscience teaching block and The Move semiology teaching program were eligible
to participate in the study. This study received approval from the Inserm ethics

committee (CEEI-IRB).

1.2.3 Scale construction

Following review of the existing literature, a scale was constructed to incorporate core
elements of the neurophobia definition: perceived difficulty, complexity of the subject
matter and student lack of confidence for neurology. We were careful not to include any
guestions pertaining to the clinical encounter, as this item is unsuitable for medical
students in pre-clinical years. Preliminary longer versions of the scale were refined to
avoid repetition of the themes and to optimize the time taken to fill out the questionnaire,
A preliminary version of the scale was circulated between authors to reach a consensus
agreement. An initial version of the scale (NeuroQ-i) was finalised and comprised of six

items.

Students were instructed to respond to each statement on NeuroQ-I using a five-item
Likert scale (strongly disagree to strongly agree). To limit acquiescence response bias,

the statements were balanced between sentences reflecting high or low neurophobia.



Statements reflecting low neurophobia were reversed-scored. The maximum score was
30: higher scores correspond to a greater neurophobia.

A second questionnaire by Schon et al (Schon questionnaire), was used for the
purposes of convergent validation *. This questionnaire has previously been used to
assess neurophobia amongst medical students and junior doctors *. It comprises four
items and assesses the following themes: interest, knowledge, difficulty, confidence at
assessing a neurology patient. The last two questions, which measure difficulty and
confidence at assessing a neurology patient are scored from 1 to 5 and form a
composite score for neurophobia. Lower scores indicate greater difficulty and low
confidence. A total score of 4 or below for these 2 items indicates a heurophobic

individual *.

1.2.4 Scale validation

NeuroQ was validated on the basis of (1) the internal validity of the instrument (item
analysis, reliability and factor structure) (2) convergent validity (comparison with Schon
guestionnaire).Therefore, we invited one class of second-year medical students after
completing their neuroscience teaching block to fill NeuroQ-i (for internal validity) and

Schon questionnaire (for convergent validity).

1.2.5 The Move teaching intervention
Second-year medical students of the Faculty of Medicine of Sorbonne University
received The Move teaching as part of their regular curriculum after the neuroscience

teaching block. Students were divided into groups of 30-35 students. They received five



three-hours teaching sessions (one per week) led by two to three neurologists acting as
The Move coaches. During the sessions, student volunteers were taught neurology
semiology (how neurological disease clinically manifests) and trained to roleplay a
patient with various neurological syndromes. Other students roleplayed the physician
examining the patient. The importance of not mocking students or patients was
emphasized. Students not comfortable with roleplay were given the option to be
observers. During the final 2 hour session, students from each group performed pre-
prepared sketches of clinical scenarios of the various neurological syndromes in front of
their peers and a jury (panel of experts). See video in supplementary files. The students
gave their written informed consent for the purposes of videotaping and publication of

this video.

1.2.6 The Move effect on neurophobia

Second-year medical students of the next academic year were asked to complete the
final validated version of the scale (NeuroQ) at the start of the 1st teaching session of
The Move program (baseline), and at the end of the 5th teaching session (follow-up).
Additionally, baseline demographic data was collected and included: age, sex, presence
of: i) a physician; ii) a neurologist; iii) a person with neurological disease in the family

circle, and the interest in a career in neurology.

1.2.7 Statistical analysis

1.2.7.1 Scale validation



i) Internal validation

Firstly, we calculated the rate of non-response for individual scale items. The floor and
ceiling effect of individual scale items was calculated with visual observation of
histograms depicting individual responses. Pearson’s correlation coefficient was used to
examine item redundancy and the scree plot to assess scale uni-dimensionality. Finally,

Cronbach’s alpha was used to explore the internal consistency of scale items.

if) Convergent validation
Using Pearson’s correlation coefficient, Neuro-Qi was correlated with the Schon

guestionnaire. Listwise deletion was used for incomplete or missing data.

1.2.7.2 Determination of a cut-off score

We used purposive sampling to divide 100 students' responses into three groups based
on their neurophobic score: weak, medium and high score. Three examiners (two
neurologists, one speech and language therapist), blinded to the sampling
methodology, determined if the student was neurophobic or not based on individual
responses. ROC curves were generated for each examiner and the score with the best

sensibility and sensitivity were retained for each examiner.

1.2.7.3 The Move effect on neurophobia



Descriptive statistics were performed on demographic parameters and the NeuroQ
score (global and for each question). The statistical significance of the modification of
the NeuroQ score at follow-up compared to baseline was performed using a paired t-
test. Signed rank Wilcoxon test was used to compare NeuroQ items at follow-up versus
baseline. The difference in the proportion of students with neurophobia at follow-up
versus baseline was tested with a Fisher test. The associations between i) the initial
NeuroQ score; ii) the NeuroQ score change, and the demographic characteristics were
assessed using linear regression model for numerical variables, t-test or ANOVA for
categorical variables. Non-parametric tests were used for testing the association
between NeuroQ items and demographic characteristics. Two-sided p < .05 was
considered statistically significant. Data analyses were performed in Python using
Pandas package version 1.0.3, Scipy v1.4.1 and Statsmodels v0.11.1. Listwise deletion

was used for incomplete or missing data.

Data availability statement

All data is available at the Department of Neurology of the Salpétriere Hospital (Paris, France).

1.3 RESULTS

1.3.1 Internal validation of NeuroQ

During the academic year 2019, 352 students completed NeuroQ-i comprising 6 items.
An item-by-item analysis of the entire sample was carried out and showed no floor or
ceiling effect. Parallel analysis using the scree plot demonstrated one main theme,

suggesting uni-dimensionality of Neuro-Qi.



Pearson’ correlation coefficient between item’s score showed a satisfactory correlation
between all items, except item 2, which correlates little with the other ones.

The internal consistency evaluated by Cronbach's alpha coefficient for 6 items was
0.55, which is relatively low - but expected - due to the low total number of items. By
removing item 2, this coefficient increased to 0.58. This indicates that this item does not
assess the same dimension and must be removed from the initial questionnaire.

We therefore obtained a 5-item scale. Each item being listed from 1 to 5, the minimum
value is 5 and the maximum value is 25. The validated version of NeuroQ is presented

in Table 1.

1.3.2 Convergent validation of NeuroQ

Among 352 students completing both NeuroQ-i and the Schon questionnaire, we
obtained incomplete or missing data in the Schon questionnaire (n = 26), mainly
because this questionnaire is not entirely suitable for students who have not been in
contact with neurological patients. Therefore, a total of 326 student responses were
included in the convergent validation analysis. We found a positive correlation between

the two scales with a Pearson coefficient of 0.173 (p=0.003).

1.3.3 Cut-off of NeuroQ
Using ROC curves to assess the sensibility and specificity of NeuroQ score threshold to
define neurophobia according to the 3 examiners, we obtained a cut-off score of 18 for

2 examiners and a cut-off of 16 for the third one. We therefore chose that a NeuroQ
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score above 16 is a cut-off score defining a neurophobic student, and a neuroQ score

above 18 is a cut-off score defining marked neurophobia.

1.3.4 The Move effect on neurophobia

During the academic year 2020, 395 medical students participated in the study
assessing the effect of The Move teaching on neurophobia. The demographics of the
students are presented in Table 2. Mean age was 20.0 years (SD: 2.1 years), and 288
(72.9%) students were female. Notably, 358 (91.1%) students were previously told that
neurology was a complicated subject, but 244 (62.4%) stated that they were interested

in a career in neurology.

Table 3 presents the results of NeuroQ score in total and by item, at baseline and after
The Move teaching. At baseline, the mean NeuroQ score was 14.1 (SD: 2.4). By
applying the cut-offs determined above, 99 students (25.1%) were considered
neurophobic, and 29 (7.3%) had marked neurophobia.

Females had higher NeuroQ scores compared to male (mean [SD] neuroQ, 14.3 [2.4]
versus 13.5 [2.2], p=0.002). Item 2 and item 4 scores assessing confidence were the
most different between females and males (p < 0.001 and p=0.002 respectively).
Students being told that neurology was a complicated subject had higher NeuroQ
scores (mean [SD] NeuroQ, 14.2 [2.4] versus 13.2 [2.1], p=0.03), while students
interested in a career in neurology had lower NeuroQ scores (mean [SD] NeuroQ, 13.7

[2.3] versus 14.7 [2.4], p < 0.001).

11



Other demographic characteristics were not significantly associated with baseline

NeuroQ score.

After The Move teaching, mean NeuroQ score was 12.9 (SD: 2.8) and was significantly
lower compared to baseline NeuroQ score (mean [SD] variation, -1.1 [2.6], p < 0.001)
(Table 3 and Figure 2A). The number of students with neurophobia at follow-up was 77
(19.5%), with a trend toward statistically significant difference compared to baseline
(p=0.07) (Figure 2B). This corresponds to an absolute risk reduction of 5.6% and a
relative risk reduction of 22.2%. The number of students with marked neurophobia at
follow-up was 20 (5.1%). This corresponds to an absolute risk reduction of 2.3% and a

relative risk reduction of 31.0% (p=0.24).

The items that were significantly improved after The Move teaching were items 1, 3 and
5, the largest difference (-0.5) being for item 5 (“I find it difficult to apply theoretical

knowledge in neurology to the clinical examination of the patient”) (Table 3).

The difference in NeuroQ score was negatively correlated with the initial NeuroQ score,
meaning that improvement in NeuroQ score was greater in students with a higher initial
NeuroQ score (r=-0.39, p < 0.001). The difference in NeuroQ score was not associated

with any of the baseline demographic characteristics.

1.4 DISCUSSION
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We developed and validated a brief neurophobia screening scale (NeuroQ) suitable for
medical students in pre-clinical years. Second, we applied NeuroQ before and after a
teaching intervention called “The Move” and found that it reduces neurophobia in pre-
clinical medical students. This scale quantifies baseline neurophobia and can be used
to assess the effect of pre-clinical educational interventions in neurology. In addition,
our findings highlight the potential utility of pre-clinical educational interventions, such as

The Move, in tackling neurophobia.

Our validation process had limitations. No gold standard neurophobia scale exists for
pre-clinical medical students. Therefore, we selected a scale already in use in the
literature for convergent analysis (Schon questionnaire). This scale was published in
English. We directly translated this scale into French rather than applying a rigorous
adaptation process. The observed correlation between both this scale and NeuroQ was
moderate. The Schon questionnaire does not cover all dimensions of the current
neurophobia definition. In addition, the Schon questionnaire and existing neurophobia
guestionnaires rely on prior exposure to neurology patients, making them less suitable
for medical students in pre-clinical years *. In our study, 27 students (7% overall study
population), failed to complete a clinically related question in the Schon questionnaire,
resulting in missing data. The remaining 93% of responses may be hypothetical or
relate to clinical exposure outside of the neurology curriculum. As there is no existing
gold standard questionnaire in the literature covering all aspects of neurophobia we
decided to perform convergent validation rather than external validation. For this
reason, the Pearson correlation coefficient was expected to be relatively low. This

justifies the need for a new scale.
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NeuroQ fills an important gap in the medical education literature. This scale can be
used for medical students after completing the neuroscience teaching block and prior to
starting neurology clinical clerkships. NeuroQ incorporates the principal components of
the neurophobia definition: perceived difficulty and student lack of confidence in
neurology '°. No questions pertained to actual patient encounters, making it suitable for
medical students in pre-clinical years. Incorporating these themes only, our scale
demonstrated uni-dimensionality. In other words, NeuroQ measures a single construct,
neurophobia. Each scale item is derived from the neurophobia definition and therefore
captures different aspects of the underlying construct ?’. Including unrelated items, not
part of definition, makes test score less representative of the underlying construct 2’. In
our study, the preliminary version of the scale included a question on the theoretical
idea of examining a patient. This question, deviated from the neurophobia definition,
correlated poorly with other scale items and reduced the internal consistency. This
question was therefore omitted. Screening is an important part of prevention 2. Ideally,
screening tools should be easy to complete, to ensure adequate response rates and

accurate incidence rates of the construct being measured.

Neurophobia is acquired during pre-clinical years *°. Late detection of phobias can
lead to avoidance behavior and unsuccessful corrective strategies 2°. We know that
neurophobia worsens over the course of medical school '8 and persists in clinical

practice®*?. This can lead to diagnostic inaccuracies *°, an increase in neurology
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referrals and poor patient outcomes®'. Therefore, strategies are needed to tackle this
problem at onset. We identified that neurophobia affected 25% of our study population
at baseline with a female preponderance. This is comparable to incidence rates in the
existing literature *>®*2, While neurology has been highlighted as a difficult subject

matter>1°

, Interest level amongst medical students and GPs is comparable to other
medical specialties **. In our study, 62% of medical students report having an interest in
neurology. This is despite 92% being informed that neurology was a complicated
subject. This likely reflects growing societal neurophilia *2. A previous study highlighted
more than half of graduating medical students out-ruled neurology as a future career
choice, compared with 20% during pre-clinical years 2. This incremental decline in
interest suggests neurophobia is an acquired trait and may relate to how we teach
neurology. Several studies support this hypothesis and highlight poor teaching as a
driver of neurophobia *>*3. Innovative teaching methods can capitalize on the pre-

existing interest for neurology, as exemplified by our finding that The Move reduces

neurophobia.

One of the principal drivers of neurophobia is difficulty integrating neuroscience
concepts with clinical signs. The scale item demonstrating the most improvement post-
teaching intervention was difficulty applying theoretical knowledge of neurology to the
clinical scenario. The Move teaching program adopts an immersive and intuitive
approach to understanding how neurological disease manifests 2>, Through role-play,
students assume the patient role, the clinical signs, and thus acquire greater empathy
and understanding for how neurological disease manifests clinically. Intuitive teaching

approaches can help teach theoretically difficult subjects such as neuroanatomy 3%,
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Other examples include the martial art aikido which has been incorporated in high-
school physics teaching *. Watching masters perform aikido techniques helps students
understand difficult physics concepts like the moment of inertia. A teaching movement
in the US called STEAM (Science, technology, engineering, arts and mathematics)
incorporates arts to facilitate deeper learning in STEAM subjects *. Despite a growing

literature supporting innovative teaching approaches, traditional lecture-based models

seem to predominate in most medical schools worldwide. Incorporating innovative
approaches to teaching fundamental neurosciences with The Move teaching may have a

synergistic effect on neurophobia.

The learning environment also plays an important role in how we learn and how we
consider the discipline we are learning. Optimal learning occurs when the learner
perceives mental and emotional well-being *'. When students feel psychologically safe
they imprint newly acquired information into working memory more effectively *. The
Move has been shown to improve long-term retention and delayed recall of neurology %
but has also been assessed by medical students as an emotionally pleasant learning
environment %°. This may in part explain the observed effect this teaching has on

neurophobia.

After The Move teaching, the mean NeuroQ score was significantly lower and there was
a 22.3% relative reduction in the number of neurophobic students. First exposure to any

neurological teaching might also have similarly improved neurophobia. In the absence
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of control group we cannot evaluate the difference between teaching approaches. Itis
noteworthy that The Move can be implemented and adapted as a pre-clinical teaching
program in different Universities and cultural settings. NeuroQ will allow future studies to
evaluate and compare various preclinical educational interventions in neurology. It
would also be interesting to understand the impact cultural influences may have played
on the neurophobia incidence rates. Similar studies could be replicated using NeuroQ in
cohorts of students from other countries. Further study would be also needed to
examine the long-term effect of this pre-clinical educational strategy on neurophobia,
clinical behavior, and patient care through a long-term longitudinal follow-up of the

students.
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Figure 1: Design of the study
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Table 1: NeuroQ — validated neurophobia scale

Original french version

Translated English version (publication purposes)

Propositions

Cochez votre réponse

Statement

Select your answer

1. Je trouve que les
concepts en neurologie
sont difficiles a
comprendre

1 = fortement en désaccord

2 = pas d’accord

3 =ni d’accord ni en
désaccord

4 = d’accord

5 = tout a fait d’accord

1. I find neurological
concepts difficult to
understand

1 = strongly disagree

2 = disagree

3 = neither agree nor
disagree

4= agree

5 =totally agree

2. J'ai confiance en ma
capacité a comprendre
la neurologie

5 = fortement en désaccord

4 = pas d’accord

3 =ni d’accord ni en
désaccord

2 = d’accord

1 = tout a fait d’accord

2. | have confidence in my
ability to understand
neurological concepts

5 = strongly disagree

4 = disagree

3 = neither agree nor
disagree

2 = agree

1 = totally agree

3. En comparaison aux
autres spécialités de
médecine, je trouve
que la neurologie est
plus compliquée

1 = fortement en désaccord

2 = pas d’accord

3 = ni d’accord ni en
désaccord

4 = d’accord

5 = tout a fait d’accord

3. Compared to other
medical specialties | find
neurology is more
complicated

1 = strongly disagree

2 = disagree

3 = neither agree nor
disagree

4 = agree

5 =totally agree

4. Jai confiance en ma
capacité a étudier la
neurologie

5 = fortement en désaccord

4 = pas d’accord

3 =ni d’accord ni en
désaccord

2 = d’accord

1 = tout a fait d’accord

4. | have confidence in my
ability to study neurology

5 = strongly disagree

4 = disagree

3 = neither agree nor
disagree

2 = agree

1 = totally agree

5. Je trouve qu’il est
difficile d’appliquer les
connaissances
théoriques en
neurologie a 'examen
clinigue du patient

1 = fortement en désaccord

2 = pas d’accord

3 =ni d’accord ni en
désaccord

4 = d’accord

5 = tout a fait d’accord

5. Ifind it difficult to apply
theoretical knowledge in
neurology to the clinical
examination

1 = strongly disagree

2 = disagree

3 = neither agree nor
disagree

4 = agree

5 =totally agree
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*Note that scoring did not appear in the student’s questionnaire. It is present in the table for the
purposes of ease of scoring

Table 2: Demographics of students participating in the study assessing The Move effect on neurophobia

All Female Male
Number of Students 395 288 107
Age, mean (SD) 20.0 (2.1) 19.9 (2.2) 20.1 (2.0)

Presence of doctor
among family members,
n (%)

159 (40.2%)

116 (40.3%)

43 (40.2%)

Family or close circles
working in neurology, n
(%)

16 (4.1%)

13 (4.5%)

3 (2.8%)

Family or close friends
affected by a
neurological disease, n
(%)

167 (42.4%)

122 (42.5%)

45 (42.1%)

Previously told that
neurology was a
complicated subject, n
(%)

358 (91.1%)

264 (92.3%)

94 (87.8%)

Interested in a career in
neurology, n (%)

244 (62.4%)

176 (61.7%)

68 (64.1%)
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Table 3: NeuroQ at baseline and follow-up.

Baseline Follow-up p-value

Total NeuroQ 14.1 (2.4) 12.9 (2.8) < 0.001

Q1: I find neurological 3.4 (0.8) 3.1(0.9) <0.001
concepts difficult to
understand

Q2: | have confidence
in my ability to 2.2 (0.7) 2.1 (0.7) ns
understand

neurological concepts

Q3: Compared to
other medical
specialties, | find that 3.4 (0.8) 3.1(0.9) <0.001
neurology is more
complicated

Q4: | have confidence
in my ability to study 2.0 (0.7) 2.0 (0.7) ns
neurology

Q5: I find it difficult to
apply theoretical 3.1(0.9) 2.6 (1.0) <0.001
knowledge to the
clinical examination of
the patient

Results are expressed as mean (standard deviation). P-values are calculated from paired
t-test (for total NeuroQ) or signed ranx Wilcoxon test (for individual items) comparing up
and baseline scores. Ns: non-significant.



Figure 2 NeuroQ scores and proportion of students with neurophobia before
and after The Move teaching

A. Difference in neuroQ score, by paired t-test, at baseline (Before) and follow-up (After)
B. Difference in the number of students classified with neurophobia (orange) as defined

by NeuroQ score = 16, at baseline (Before) and follow-up (After), by Fisher exact test.
ARR: absolute reduction risk; RRR: relative reduction risk
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HIGHLIGHTS

e Neurophobia is a fear of neuroscience and neurology

e Neurophobia starts in pre-clinical years in medical school

e NeuroQ questionnaire is a validated tool to measure neurophobia in medical
students and the effect of a teaching intervention

e The Move neurology teaching program improves neurophobia
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