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Abstract
Purpose: We sought to investigate whether there are any factors that may affect student interest in neurology 
among medical students at Penn State College of Medicine (PSCOM), and how the neurology curriculum impacts 
this interest. Methods: Penn State College of Medicine students were surveyed to evaluate their perception 
and exposure to neurology in two surveys. Publicly available match data from PSCOM and the United States 
were compared to determine neurology match trends. Results: PSCOM pre-clinical students reported less 
than satisfactory neurology exposure on two surveys, with clinical students reporting satisfactory exposure. 
Furthermore, PSCOM showed a higher proportion of students matching into neurology during 2011-2020 
compared to national data (4.05 ± 0.27%. versus 1.78 ± 0.086%; p < .00001). Conclusions: Career exploration 
programs such as Student Interest Group in Neurology, and early integration of clinical neurology can help 
combat neurophobia by increasing student exposure to neurology.

Background
Traditionally, neurology has been a field in which few 
medical students demonstrate a strong interest, which 
has been reflected in the residency match trends and 
data from graduating medical students. A study con-
ducted in 2019, which analyzed allopathic graduate 
data from the AAMC Graduation Questionnaire (GQ), 
demonstrated that of almost fifty-two thousand stu-
dents, only 1,456 or 2.8% were planning to go into neu-
rology after graduation1. This pattern is concerning, as 
the burden of neurological disease increases while the 
neurological workforce remains stagnant. In fact, the 
deficit in the adult neurology workforce is estimated to 
increase by 19% by 2025, with a similar trend seen with 
child neurology1,2. Studies demonstrate that the rea-
sons for this lack of interest and pursuit of neurological 
fields is linked to the concept of “neurophobia”, a term 
first introduced by Dr. Ralph F. Jozefowicz. He defined 
this phenomenon as “a fear of the neural sciences and 
clinical neurology that is due to the students’ inability 
to apply their knowledge of basic sciences to clinical 
situations3. Neurology is often regarded as one of the 
more difficult and comprehensive specialties, where 
students, residents, and practitioners are less confi-

dent than when dealing with other conditions4, 5. Some 
factors that have been thought to contribute to neuro-
phobia are complex neuroanatomy, insufficient teach-
ing, lack of exposure, and a misconception that neuro-
logical sciences are innately hard and complicated6,7.
Furthermore, medical students typically lack early and 
significant exposure to neurology. Neurology is not a 
universally required clinical clerkships at United States 
medical schools. In 2015, it was reported that only 56% 
of medical schools required any neurology clerkship. 
Furthermore, it was found that medical schools with 
required neurology clerkship had consistently high 
neurology match rates8. This may suggest that clinical 
exposure plays an important role in fostering neurolo-
gy interest. However, other contributing factors are still 
yet to be elucidated. 
Our objective was to elucidate whether there are fac-
tors beyond a required neurology clerkship that affect 
medical student interest in neurology, and how neurol-
ogy curricula may impact this interest. We postulated 
that PSCOM would either meet or outperform the na-
tional average of medical students matching in neurol-
ogy due to early exposure to clinical neurology and the 
presence of a required neurology clerkship. 
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Figure 1. Survey Results of Students Perceived Neurology Exposure and Interest in Neurology Opportunities.

Figure 1. A Demographic breakdown by training year of the 175 Survey respondents. B Survey results of the 175 M1-
M4s at PSCOM about their perceived amount of exposure to neurology their first and second years prior to the Neural 
Behavior Science course. C Survey results of the 175 M1-M4s at PSCOM when asked if they wished there were more 
opportunities to gain exposure to the field of neurology during their first and second years of medical school. D Survey 
results of the 151 M1-MS4s on the opportunities they are most interested in receiving within neurology.

Methods
We conducted two surveys; Survey 1 was distributed to 
a small group of students and Survey 2 was distributed 
to the student body of PSCOM. The goal of these sur-
veys was to investigate student perception, pre-clinical 
exposure and comfort level with the field of neurology, 
as well as their impression of the neurology curriculum 
at PSCOM (Appendix A). Both surveys were developed 
by three of the authors. All survey respondents were 
recruited voluntarily and responses were anonymous. 
Survey 1 investigated student perception of their neu-
rology exposure and the field, which was conducted 
in 2016 and structured as a combination of 5- and 4- 
point Likert scales with several dichotomous answers. 
It included one neurology faculty member’s mentees, 
serving as a means to gain a baseline understanding 
of student perceptions and interests. This survey was 
sent via email to one of the investigators’ mentees (21 
total) and had 19 respondents.  Survey 2 which investi-
gated students’ perception of the quality of the neurol-
ogy curriculum and their level of comfort in neurology, 
was conducted in 2017. This survey was structured as 
a combination of questions including a 4-point Likert 

scale, dichotomous answers, and one free response 
question.  This survey was distributed via email to the 
entire PSCOM medical student body (600 potential 
respondents) from all years of training and had 175 
respondents. Student interest in neurology was mea-
sured by residency match trends. We utilized public-
ly available neurology match results (adult and child 
M.D. neurology) from PSCOM were compared to data 
across the United States from 2011 to 20209,10.   All sta-
tistical analyses of these populations were performed 
in Microsoft Excel including a 2-population Z-test with 
a statistical significance level of 0.05. As only publicly 
available and de-identified information was used, Insti-
tutional Review Board (IRB) approval was exempt. 

Results
Survey 1 investigated student perception and comfort 
level with the field of neurology, a quantitative survey 
was conducted; this survey received 19 responses 
(90.4% of 21 potential; 5 M1, 4 M2, 6 M3 and 4 M4), 
however, some respondents did not complete all ques-
tions. This survey demonstrated that 64% (9/14) of re-
spondents felt that they received adequate teaching 
in neuroscience, feeling either “average” or “very com-
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fortable” performing the neurologic exam. Further-
more, 42% (8/19) of respondents considered neurol-
ogy as a specialty. Respondents in the free response 
section reported that they largely felt that lectures, 
problem-based learning sessions, and Neurology Day 
(an event where patients with neurological disease 
teach students about their conditions) were the most 
helpful in aiding in their understanding of neurology. 
While the majority of students felt the preclinical years 
integrated clinical neurology (86.7%, 6/7) respondents 
from Survey 1), most reported less than (36%, 63/175) 
satisfactory or no (30%, 53/175) neurology exposure.  

To further assess students’ satisfaction with the ex-
tent of exposure to neurology in preclinical years, a 
follow-up survey was conducted. This survey included 
questions that sought to explore whether they wished 
they had more exposure and whether they wished they 
had more opportunities in research, clinical areas, and 
mentoring. The small sample size of Survey 1 limits its 
generalizability, and was meant to be an initial screen 
of the perceptions of neurology at PSCOM. In order to 
gain a more comprehensive understanding of the stu-
dent population at PSCOM regarding neurology inter-

est Survey 2 was conducted.  Among 175 respondents 
from all training years (29.2% of 600 potential) (Fig. 
1A), the responses to perceived exposure to neurol-
ogy in preclinical years (prior to the neurology block) 
were 30.3% (53/175) “none”, 36% (63/175) “less than 
satisfactory”, 27.4% (48/175) “satisfactory”, and 6.3% 
(11/175) “more than satisfactory” (Fig. 1B). First and 
second year medical students (M1-2s) reported “less 
than satisfactory” and “none” (41/78, 52%; 30/78, 38%) 
to a greater degree than M3-4s (22/97, 23%; 23/97,24%), 
who reported “satisfactory” predominantly (43/97, 
44%). A majority of respondents wished for more op-
portunities to gain exposure to the field of neurology in 
preclinical years: 42.8% (75/175) “yes”, 28.5% (50/175) 
“unsure”, and 28.5% (50/175) “no” (Fig. 1C), with 56% 
(81/151) preferring clinical opportunities, and 22% in 
mentoring and research (Fig. 1D). We also investigated 
student’s preferences for different learning methods. 
This survey found that students felt that among differ-
ent teaching formats, lectures were the most helpful 
in aiding understanding of neurology, followed by neu-
rology day (bedside teaching case sessions during the 
second year NBS course), neuroanatomy lectures, and 
Problem Based Learning (PBL) case sessions. Data 

National Data Pennsylvania State University Data
Year Total Matches Neurology 

Matches
Neurology Percent Total Matches Neurology

Matches
Neurology

Percent

2011 17749 193 1.0874 151 3 1.9868

2012 18036 266 1.4748 130 4 3.0769

2013 19138 284 1.4840 138 3 2.1739

2014 19324 304 1.5732 130 7 5.3846

2015 19933 349 1.7509 129 8 6.2016

2016 20185 387 1.9173 143 8 5.5944

2017 21090 421 1.9962 130 2 1.5385

2018 22173 461 2.0791 142 6 4.2254

2019 23513 500 2.1265 136 7 5.1471

2020 25016 560 2.2386 134 7 5.2239

Mean 20615.7 372.5 1.7728 136.3 5.5 4.0553

SD* 2351.917 114.7202 0.3635 7.2579 2.2730 1.7140

95%CI** 10.1525 3.6840 0.0117 0.3853 1.0805 0.4530

SEM+ 5.1799 1.8796 0.0863 0.1966 0.3065 0.2691

Table 1. Comparison of Neurology Match Trends in the United States and Pennsylvania State College of 
Medicine by Year.

*Standard Deviation    **95% Confidence    +Standard Error of the Mean

Table 1 shows the number and percentage of U.S. M.D. senior matches for adult and child neurology nationally and at PSCOM. The 
mean and variability are summarized at the end of each column. 
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showed that a total of 206,157 M.D. medical students 
matched into a neurology residency (adult or child) 
program in the United States during 2011 to 2020, with 
an annual average of 1.78 ± 0.086% (standard error 
of the mean). During the same period, 1,363 PSCOM 
students matched into a neurology residency program 
with an annual average of 4.05 ± 0.27%. Table 1 shows 
the match numbers and percentages for each year 
(z-score 6.34, p < .00001).

Discussion

Early exposure to a specialty of interest is important 
in training future physicians. Specifically, clinical expo-
sure in preclinical years has been found to significantly 
influence students’ perceptions and interest in neurol-
ogy, as these appear to be intertwined with neuropho-
bia6.

Our study showed that PSCOM students perceive a 
lack of significant exposure to neurology in the critical 
preclinical years, which could affect student percep-
tion about neurology and further amplify the gap. Many 
students reported an early interest in neurology, but 
were unaware of how to obtain exposure prior to their 
preclinical neurosciences course. This lack of aware-
ness likely contributes to first and second year medical 
students perceiving limited exposure to neurology. In 
response to these results, the PSCOM Student Interest 
Group in Neurology (SIGN) chapter incorporated the 
Early Career Exploration in Neurology Program to pro-
vide opportunities for early exposure to neurology, in-
cluding clinical shadowing experiences. Furthermore, 
neurology was incorporated into a clinical immersion 
week, where all first-year students spend a half-day 
learning about the different neurology subspecialties 
and clinical neurosciences (localization, neurologic 
exam, diagnostic testing, etc.). These enhanced pro-
grams are consistent with literature demonstrating 
positive outcomes of students who obtained early ex-
posure, mentorship, and hands-on experiences1.

PSCOM’s neurology match data consistently showed 
a higher proportion of students matching into neurolo-
gy from 2011-2020 compared to national data. An ex-
ception was in 2017 as the few students that applied 
to neurology failed to match for unclear reasons. The 
cause of the neurology match trends at PSCOM are 
likely multifactorial, with the preclinical curriculum as 
a major contributor which demystifies neurology and 
increases student comfort. Prior studies show that in-
creased clinical integration and opportunities to apply 
neurology, student comfort and interest increases6, 8, 11.
Landmark changes that likely contributed to the reduc-

tion in neurophobia included the implementation of 
the SIGN in the 1990s and alterations in the preclinical 
neurosciences course in 2012, which includes clinical-
ly oriented neurological cases, the addition of “Neu-
rology Day”, and a neurology examination day during 
the course. Second year medical students learn basic 
neuroscience with relevant clinical correlates in an 
evidence-based learning environment, including prob-
lem-based learning (PBL) and flipped classrooms. In 
third year, knowledge learned in second year is applied 
to the clinical setting. The integration of these con-
cepts has been shown to help mitigate fears of neu-
rology being complicated and siloed, while reinforcing 
deeper learning. This is evidenced by a study conduct-
ed at the University of Rochester. As described in the 
article, a 10-week pre-clinical neurology course that in-
volves neurosciences with clinical medicine is integrat-
ed throughout.  Furthermore, the neurology clerkship 
boosts learning with other methods such as simulated 
patient encounters, interdisciplinary conferences, peer 
teaching and integrated science sessions.

The learning strategies identified in the current study 
are consistent with those implemented at the Universi-
ty of Rochester, which also has a higher-than-average 
neurology match rate.  The authors of that study attribut-
ed their findings to strategies administered to combat 
neurophobia, which included continued integration of 
clinical neuroscience material, active learning opportu-
nities, and student engagement6. Additional literature 
demonstrates factors aside from neurophobia that 
may influence neurology match rates, including ratings 
of the neuroscience course or clerkship, the effective-
ness of teaching, and a sense of “good fit” with per-
sonality, interest, or skills1. Furthermore, students with 
enthusiastic attitudes toward their neurology clerkship 
considered the field “more favorably as a possible ca-
reer”11.  These studies again highlight the impact that 
early exposure with clinical integration has on student 
interest and engagement with neurosciences. As pre-
viously described, the clinical learning opportunities 
combined with early clinical integration in the second 
year at Penn State, appear to increase in the third and 
fourth years, as students reported increased comfort 
(Survey 2), which ultimately  aligns with those found in 
the studies described here,  suggesting that they may 
contribute to the higher match rate in neurology.

Limitations
Limitations of our study include limited data access to 
only students who agreed to have their information be 
publicly available and our small sample size as a sin-
gle institution and survey response rates. Furthermore, 
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Survey 1 was sent to a small group of students who 
were mentees of a neurology faculty member. Given 
the small sample size and structure of survey ques-
tions allowing variability, the generalizability of Survey 
1 is somewhat limited. Our study also only included 
data from allopathic (M.D.) matches, not osteopathic 
(D.O.) matches. Lastly, our study investigated match 
trends as a surrogate for neurology interest, limiting 
our ability to account for students that failed to match 
to neurology.

Conclusion
We sought to understand factors influencing medical 
students’ interest in neurology after finding a statisti-
cally significant higher proportion of neurology match-
es at PSCOM compared to national data. Contributing 
factors identified by our survey results that may help 
mitigate neurophobia include: (1) early introduction of 
neuroscience in the preclinical years, (2) incorporation 
of innovative educational programs, such as “Neurolo-
gy Day” and PBL case sessions, and (3) implementing 
a Neurology Career Exploration Program. Future stud-
ies should include other medical academic centers to 
assess the generalizability of these results across neu-
rology as a specialty.
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Survey 1:  Student Perceptions of Neurology Exposure and 
Neurological Field	

1. Do you feel that you have received adequate teaching in 
neurosciences? 

a. Yes

b. No

2. How would you rate your level of comfort performing the 
neurological exam? 

a. Very comfortable

b. Comfortable

c. Average

d. Uncomfortable

e. Very Uncomfortable

3. Are you considering neurology as specialty? 

a. Yes

b. No

4. What opportunities were the most beneficial (free 
response) in helping your understanding of basic and 
clinical neuroscience? [free text] 

5. Do you feel that your preclinical years adequately 
integrate clinical neurology? 

a. Yes

b. No

6. How satisfied are you with the exposure you have had to 
neurology as a medical student? 

a. More than satisfactory

b. Satisfactory

c. Less than satisfactory

d. None

Survey 2: Neurology Exposure in Preclinical Years 

1. What year are you in? 

a. MS1

b. MS2

c. MS3

d. MS4

2. How much exposure to neurology did you/are you 
receiving in your first year & second year prior to the 
neurology block of medical school? 

a. More than satisfactory

b. Satisfactory

c. Less than satisfactory

d. None

3. If you responded with "satisfactory" or "more than 
satisfactory" to the above question, please identify what 
type(s) of exposure(s) you had (ex. shadowing, research, 
SIGN, etc.). One word answers, phrases, or longer 
explanations all acceptable. 

4. Do you wish there were more opportunities to gain 
exposure to neurology during your preclinical years (first 
year & second year prior to neurology block)? 

a. Yes

b. No

c. Unsure

5. Do you know where to find opportunities to gain exposure 
to neurology? 

a. Yes

b. No

6. In what areas would you be interested in receiving 
opportunities in neurology? 

a. Clinical: Shadow outpatient clinic/inpatient service 

b. Research: Participate in current research in neurology 

c. Mentoring: Individual career mentoring via a 
neurologist 

Appendix A: Survey Questions Utilized (Reproduced below)


