
Page 1/13

The Role of Residents in Medical Students’
Neurology Education:Current Status and Future
Perspectives
Zafer Keser  (  Zafer.keser@uth.tmc.edu )

University of Texas Health Science Center at Houston https://orcid.org/0000-0001-6415-0874
Yvo A Rodriguez 

University of Texas Health Science Center at Houston
Jennifer Tremont 

University of Texas Health Science Center at Houston
Peggy H Hsieh 

University of Texas Health Science Center at Houston
Louise D. McCullough 

University of Texas Health Science Center at Houston
Stefano Sandrone 

Imperial College London
Erin F Stimming 

University of Texas Health Science Center at Houston

Research article

Keywords: Neurology Education, Clerkship, Medical Students, Near-peer teaching

Posted Date: April 2nd, 2020

DOI: https://doi.org/10.21203/rs.2.18068/v3

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.  
Read Full License

Version of Record: A version of this preprint was published at BMC Medical Education on April 16th,
2020. See the published version at https://doi.org/10.1186/s12909-020-02036-1.

https://doi.org/10.21203/rs.2.18068/v3
mailto:Zafer.keser@uth.tmc.edu
https://orcid.org/0000-0001-6415-0874
https://doi.org/10.21203/rs.2.18068/v3
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1186/s12909-020-02036-1


Page 2/13

Abstract
Background: Neurophobia, a well-described fear of neurology, affects medical students worldwide and
may be one of the factors contributing to a shortage of neurologists in the United States. Residents spend
a considerable amount of time with medical students; therefore, we sought to understand better the
impact neurology residents have on medical students during their neurology clerkship and their
subsequent interest in neurology. We aimed to identify and implement strategies to decrease neurophobia
and increase the number of students pursuing neurology as a career.  Methods: Third-year medical
students (n=234) of UTHealth’s McGovern Medical School rotating through their neurology core clerkship
completed two surveys regarding their rotation experiences. Surveys were completed anonymously before
and after the clerkship to measure their interest and con�dence in neurology and the impact of their
interactions with the neurology residents during the clerkship. In parallel, residents participated in a
teaching workshop focused on small group teaching to improve their teaching effectiveness. Non-
parametrical comparison and ordinal regression analyses were utilized for data analyses. Results:
Medical students reported a statistically signi�cant increase in their con�dence in managing neurological
conditions and interest in pursuing a neurology residency after their clerkship. There was a signi�cant
association between the medical students’ overall rotation experience and the residents’ teaching
effectiveness. The overall clerkship experience correlated with the medical students’ interest and
con�dence in neurology. There was a trend towards an increase in residents’ teaching effectiveness and
students’ rotation experience after a resident teaching workshop. Additionally, of note, students who
rotated on both and outpatient and inpatient sites during their clerkship reported an increased interest in
neurology. Conclusion: Our study supports that resident-led teaching efforts are important in improving
medical students’ neurologic education and their interest in neurology . Our data also supports that the
interest in neurology increased for medical students after their neurology clerkship. We examined future
strategies to implement “near-peer” teaching activities to enhance the medical students' neurologic
educational experience. These strategies could potentially mitigate neurophobia and ultimately lead to a
much-needed increase in future neurologists.

Background
Despite the high lifetime risk of disabling and fatal neurological conditions1 and the increasing aging
population2, the number of medical students pursuing neurology remains low3; hence a shortage of
neurologists of  19% is predicted by 2025.4 To counteract this shortage and increase interest in pursuing
neurology as a career, it is essential to evaluate fundamental aspects of the neurological educational
system.

One of the putative causes contributing to the diminished interest in neurology is ‘neurophobia,’ a term
coined by Dr. Jozefowicz in 1994.5  Neurophobia is characterized as intimidation and boredom with the
neurosciences as well as di�culty grasping the main concepts in neurology.  The incidence of
neurophobia among medical students has been reported to be as high as 50%.5 Over the last 25 years,
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several strategies have been proposed to mitigate neurophobia, increase medical students’ interest in
neurology,6,7, and further increase the pursuit of neurology as a career path.

A recently proposed strategy is educating the educator, as resident-as-educator training might help with
improving educational experiences for students.8 A study from an obstetrics and gynecology clerkship
revealed that a resident-driven mentoring program was bene�cial for medical students' career selection.9

The importance of daily interactions between medical students and neurology residents has been
hypothesized to be a vital component of the medical students’ education during their neurology
rotation.10

Residents play a signi�cant role in teaching the basics of neurology during the third-year neurology
clerkship, where they have direct interactions with students and, therefore, are at an opportune time to
stimulate student interest in neurology. Although the neurology residents are anecdotally known to
contribute to the medical students’ neurology education, the components of this contribution are not well
characterized in the literature. In this study, we attempted to characterize the main determinants of the
perceived impact of neurology residents on medical students’ attitudes towards neurology. In addition,
the residents participated in a teaching workshop, after which we investigated the secondary effects on
the medical students’ overall perceived experience.

Methods
Third-year McGovern Medical School (MMS) students rotating through their core four-week neurology
clerkship between May 2017 and October 2019 were asked to participate in this study. Participants
completed two anonymous online surveys regarding their perceptions of neurology and their overall
experience during the clerkship. Surveys were completed before and immediately after completing the
clerkship. The Qualtrics© online forum was used for the administration of the surveys
(https://www.qualtrics.com/).  The study overview is highlighted in �gure 1.

The neurology residents underwent a one-time interactive hour-long workshop on small group teaching
strategies led by a Ph.D. educator from the O�ce of Educational Programs at MMS. The objective of the
workshop was to introduce effective teaching strategies and improve residents’ teaching skills.  It
included topics such as how learners process information, use of questioning skills, and the one-minute
preceptor model. There was no assessment of residents’ teaching skills before and after the workshop.

Pre-rotation and post-rotation questionnaires included students’ level of interest in pursuing neurology as
a career (scale: 1=not interested at all, 2=undecided, 3=slightly interested, 4=very interested) and
con�dence in managing neurological conditions (scale: 1=not con�dent at all, 2=not con�dent,
3=somewhat con�dent, 4=extremely con�dent). Post-rotation questionnaire also included students’
perception of the adequacy of time residents took to teach  (scale: 1=no teaching at all, 2=not a lot of
time spent on teaching, 3=limited time, 4=adequate time), the effectiveness of resident teaching (scale:
1= extremely ineffective, 2=somewhat ineffective, 3=effective, 4=very effective), the impact of residents
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on overall rotation experience (scale: 1=very negative, 2=negative, 3=positive, 4=very positive), overall
value of the rotation (1=not valuable at all, 2=not valuable, 3=somewhat valuable, 4=very valuable) and
residents’ bedside manner and professionalism (scale: 1=de�nitely no, 2=no, 3=yes, 4=de�nitely yes). See
the appendix for the internally generated survey.

Statistical Analyses

Descriptive statistics and the Mann Whitney U test were used to analyze the change in the students’
interest in neurology along with their con�dence level in neurology before and after the rotation. The
pre-/post rotation data is collected from the same students, as were collected anonymously. As the data
was gathered using Likert scales, ordinal regression analysis was used to determine the correlates of
students’ overall experience during their clerkship, residents’ impact on their experience, their interest in
neurology, and con�dence in managing neurological conditions. We created four univariate regression
models for the regression analyses. In the �rst model, the overall value of the clerkship was the
dependent variable, and the time the residents spent teaching, the residents’ teaching effectiveness, and
residents’ professionalism and bedside manner were independent variables. In the second model, the
residents’ impact on the students’ neurology experience was treated as the dependent variable, and the
time the residents spent teaching, the residents’ teaching effectiveness, and residents’ professionalism
and bedside manner were independent variables. In the third and fourth models, the students’ interest in
neurology and con�dence in managing neurological conditions were the dependent variables respectively,
and the time the residents spent teaching, the residents’ teaching effectiveness, residents’
professionalism, and bedside manner, residents’ impact on students’ neurology experience and students’
overall experience were the independent variables. The students rated residents’ teaching effectiveness
before and after the teaching workshop. The residents’ teaching effectiveness and impact on students’
rotation experience was assessed by students who rotated through the neurology clerkship and interacted
with the residents before the resident workshop (n=58) and after the workshop (n=176) using the Mann
Whitney U Test. The means of residents' teaching effectiveness and their impact on students’ rotation
experience rated by the students before and after the resident workshop were compared by the Mann
Whitney U Test.

We also collected site-speci�c information from a subset of our students (n=149). A group of students
only rotated on inpatient sites (n=50), and the other group rotated in both inpatient and outpatient sites
(n=99). We compared their overall experience of neurology, the perceived resident teaching effectiveness,
the impact of residents’ teaching on students’ rotation experience, students’ interest, and perceived
con�dence in neurology. False discovery rate (FDR) of 10% was performed for the correction of multiple
comparison analyses, and R statistical software (https://www.r-project.org/) was used for statistical
analyses.

Results
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371 students were invited, of which 234 (63%) students completed the surveys. We did not collect
demographic data from the students.

Change of students’ interest and con�dence in neurology after the rotation

Among the students who completed the surveys (n=234), the mean con�dence was 2.15±0.03 in
managing neurological conditions before the rotation, and this increased to 3.12±0.02 (p<0.001) after the
rotation (Figure 2A). The mean interest in pursuing neurology as a career increased from 1.84±0.02 to
2.14±0.05 (p=0.001) upon completion of the rotation (Figure 2A).

Components of the residents’ effect on the students’ rotation experience

The ordinal regression analyses showed a signi�cant association between the students’ overall rotation
experience and resident teaching effectiveness (Figure 2B and Table 1). Although the residents’ teaching
effectiveness did not show a signi�cant association with students’ interest in neurology and their
con�dence in managing neurological conditions (Figure 2C and Table 1), their overall neurology clerkship
experience was associated with interest (Figure 2D and Table 1) and con�dence in neurology (p<0.001
and p<0.001). Residents’ impact on the students’ rotation experience was signi�cantly associated with
residents’ teaching effectiveness, professionalism, and bedside manner, and time spent by residents to
teach (Table 1).
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Summary of Findings 

  Coef ± SD p-value

Time spent by residents to teach 0.11±0.06 0.07

Residents' Teaching Effectiveness 0.36±0.08 <0.001

Residents' Professionalism and Bedside Manner -0.09±0.08 0.3

Residents' Impact on Students' Neurology Experience

Time spent by residents to teach 0.18±0.05 <0.001

Residents' Teaching Effectiveness 0.38±0.05 <0.001

Residents' Professionalism and Bedside Manner 0.47±0.06 <0.001

Students' Interest in Neurology

Time spent by residents to teach -0.42±0.79 0.59

Residents' Teaching Effectiveness -0.02±0.14 0.87

Residents' Impact on Students' Neurology Experience 0.08±0.19 0.65

Residents' Professionalism and Bedside Manner 0.001±0.20 0.93

Overall Value of the Clerkship  0.62±0.15 <0.001

Students' Confidence in Managing Neurological Conditions

Time spent by residents to teach 0.78±0.37 0.03

Residents' Teaching Effectiveness 0.10±0.07 0.15

Residents' Impact on Students' Neurology Experience 0.10±0.09 0.26

Residents' Professionalism and Bedside Manner 0.07±0.09 0.44

Overall Value of the Clerkship  0.36±0.07 1.36e-06

 Table 1. Summary of the results of ordinal regression analyses for the determinants of the
overall value of the rotation, residents’ impact on the students’ clerkship experience, students’
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confidence, and interest in neurology.

Residents’ teaching effectiveness was signi�cantly associated with improved overall clerkship experience
of the students. Overall rotation experience was a positive predictor for students’ con�dence and interest
in neurology. Residents’ impact on medical students’ rotation experience was positively related to their
perceived teaching e�ciency and bedside manners as well as the amount of time they spent with the
students.

Abbreviations: p-val: p-values, SD: Standard deviation. Signi�cant results are shown in red font.

Effects of the resident workshop

Residents’ mean teaching effectiveness (from 3.71±0.55 to 3.75±0.43) and their mean impact on
students’ rotation experience (from 3.68±0.67 to 3.75±0.42) showed a trend of increase after the
workshop, but this did not reach statistical signi�cance (p=0.35).

Effects of site-speci�city

The additional outpatient experience did not lead to a signi�cant difference in their overall experience
(p=0.75), their perceived con�dence in managing neurological conditions (p=0.39), the residents’ impact
on their rotation experience (p=0.9), residents’ perceived teaching effectiveness (p=0.13). The students’
interest in neurology was higher in the group who rotated through an outpatient and inpatient site
(2.20±1.16 vs. 1.78±1.04, p=0.03). This signi�cance became insigni�cant after FDR correction.

Discussion
Our results demonstrate that, not surprisingly, third-year medical students’ report a positive and
statistically signi�cant correlation with their interest and con�dence in neurology after their neurology
clerkship. The students also reported substantial bene�ts from the residents’ involvement and teaching
skills during the clerkship. Our study supports that residents provide additional value for the neurologic
education of medical students. While this is not unexpected, this has not previously been quanti�ed and
published.

Near-peer teaching has the advantage of providing social and cognitive congruence between the student
and the teacher.10 Our �ndings align well with previous studies showing that students bene�t
academically and professionally in a near-peer teaching setting.11,12 However, students taught by peers
do not have different outcomes from those taught by faculty.13

A training workshop on teaching strategies to the residents may potentially optimize medical students’
experience during their neurology rotation and increase their con�dence in managing neurological
conditions. Although there was a slight increase in students’ overall experience after the workshop, the
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difference did not reach statistical signi�cance, possibly because the workshop was provided only once. 
We, therefore, believe that residents should be introduced to core educational concepts through formal
online or in-person teaching workshops. Minimal investments in enhancing residents’ teaching ability can
lead to signi�cant improvement in medical student education.

We also investigated whether the rotation site-speci�city impacted the students’ clerkship experience. Our
results indicated that the students’ interest was signi�cantly higher in the group who rotated through an
inpatient and an outpatient site, however, this relation became insigni�cant after FDR correction. Our
�ndings are consistent with the previous studies, which showed an improved experience with the
ambulatory rotation.14  

As a future direction, additional interventions, such as resilience skills training program15, the arts-based
curriculum for neurology residents16, and increasing resident involvement in the design and development
of the neurology clerkship rotation17 can be implemented to improve residents teaching skills and
medical student experience and education.

Our study is limited by the lack of a comparator group and longitudinal follow-up of medical students’
career choices, identi�cation of other factors that affected students’ experience, such as the impact of
neurology faculty and objective measures of con�dence in managing neurological conditions. Another
limitation is that we have used an internally-generated four-point Likert scale (with no further tests for
further internal consistency-see appendix) as a rating tool that has not been previously validated. Also,
the residents did not complete any surveys, and there was no assessment of residents’ teaching skills
before and after the workshop. Studies with previously validated measurement tools are needed to
con�rm our �ndings.

Conclusion
In light of the current and anticipated shortage of neurologists, coupled with the increasing incidence of
various neurologic conditions, developing additional future neurologists, is imperative. Efforts are
underway to increase medical student interest in neurology and decrease neurophobia. We evaluated the
impact neurology residents have on third-year medical students during their core neurology clerkship and,
in fact, con�rmed our hypothesis. Resident teaching has a positive impact on medical students’
perception and understanding of clinical neurology.

In this study, we demonstrated that through the effective teaching of neurology residents, there was an
improvement in medical students’ neurologic educational experience and an increase in their interest in
neurology. Empowering residents to take an active teaching role during the core neurology clerkship, after
adequately equipping them with training, seems to be an effective method for improving medical
students’ neurologic experience and education during the clerkship. This increased interest may have
bene�ts at the societal level in terms of career choice. The role of residents in medical students’
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neurology education is crucial and holds great promise, but it needs to be reconsidered at a national level
to ensure proper high-quality standards on both the students’ and the residents’ side.

Abbreviations
MMS: McGovern Medical School, p-val: p-values, UTHealth: University of Texas Health Science Center at
Houston, SD: Standard deviation.

Declarations
Acknowledgments

We thank biostatistician Dr. Liang Zhu for revising the manuscript for statistical analyses.

Author Contributions

ZK drafted and revised the manuscript for intellectual content and analysis and interpretation of the data.
YAR revised the manuscript for intellectual content. JT had a major role in the acquisition of data. PHH
designed and conceptualized the study and revised the manuscript for intellectual content. LDM
contributed to the conceptualization of the study and revised the manuscript for intellectual content. SS
contributed to drafting and revised the manuscript for intellectual content. EFS designed and
conceptualized the study and revised the manuscript for intellectual content. All authors have read and
approved the manuscript.

Funding

This study was funded by UTHealth McGovern Medical School Department of Neurology at Houston. The
funds were utilized to support the researchers' efforts and time (ZK, YAR). The funding body had no
in�uence on the design of the study and interpretation of data and in writing the manuscript. 

Availability of data and materials

The datasets analyzed during the current study available from the corresponding author on reasonable
request.

Ethics and consent to participate

The study was registered with the quality improvement registry of the UTHealth Committee for the
Protection of Human Subjects (CPHS), and it did not meet the regulatory de�nition of human subjects’
research and therefore does not need to be submitted to the UTHealth CPHS for review and approval.
Also, CPHS waived the requirement of obtaining informed consent from the students to �ll voluntary and
anonymous surveys.

Consent for Publication



Page 10/13

Not applicable.

Competing Interests

The authors declare that they have no competing interests except Dr. Sandrone receives royalties from
Oxford University Press (USA). Also, Dr. Sandrone is a member of the editorial board (Associate Editor) of
this journal.

References
1. Albert DV, Yin H, Amidei C, et al. Structure of neuroscience clerkships in medical schools and

matching in neuromedicine. Neurology 2015;85:172–176.

2. Dall TM, Storm MV, Chakrabarti R, et al. Supply and demand analysis of the current and future US
neurology workforce. Neurology 2013;81:470–8.

3. GBD 2016 Lifetime Risk of Stroke Collaborators, Feigin VL, Nguyen G, et al. Global, Regional, and
Country-Speci�c Lifetime Risks of Stroke, 1990 and 2016. N Engl J Med 2018;379:2429-2437.

4. Seshadri S, Beiser A, Kelly-Hayes M, et al. The lifetime risk of stroke: estimates from the Framingham
Study. Stroke 2006;37:345-50.

5. Jozefowicz RF. Neurophobia: the fear of neurology among medical students. Arch Neurol
1994;51:328–9.

�. Shiels L, Majmundar P, Zywot A, et al. Medical student attitudes and educational interventions to
prevent neurophobia: a longitudinal study. BMC Med Educ 2017;17:225.

7. Hall S, Stephens J, Andrade T, et al. (2014), Perceptions of junior doctors and undergraduate medical
students as anatomy teachers: Investigating distance along the near‐peer teaching spectrum. Am
Ass Anatomists 2014:7:242-247.

�. Sandrone S, Berthaud JV, Chuquilin M, et al. Neurologic and neuroscience education: Mitigating
neurophobia to mentor health care providers. Neurology 2019;92:174-9.

9. Sobbing J, Duong J, Dong F, Grainger D. Residents as Medical Student Mentors During an Obstetrics
and Gynecology Clerkship. J Grad Med Educ 2015;7:412-6.

10. Heckmann JG, Dütsch M, Rauch C, et al. Effects of peer‐assisted training during the neurology
clerkship: a randomized controlled study. Eur J Neurol, 2008;15:1365-1370.

11. Yu TC, Wilson NC, Singh PP, et al. Medical students-as-teachers: a systematic review of peer-assisted
teaching during medical school. Adv Med Educ Pract. 2011;2:157–172.

12. Secomb J. A systematic review of peer teaching and learning in clinical education. J Clin Nurs
2008;17:703-716.

13. Rees EL, Quinn PJ, Davies B, Fotheringham V. How does peer teaching compare to faculty teaching?
A systematic review and meta-analysis. Med Teach 2016;38:829-837.

14. Kalet A, Schwartz MD, Capponi LJ, Mahon-Salazar C, Bateman WB. Ambulatory versus inpatient
rotations in teaching third-year students internal medicine. J Gen Intern Med. 1998;13(5):327–330.



Page 11/13

15. Bursch B, Mulligan C2, Keener AM, et al. Education Research: Evaluation of curriculum to teach
resilience skills to neurology residents. Neurology 2019;92:538-541.

1�. Harrison MB, Chiota-McCollum N. Education Research: An arts-based curriculum for neurology
residents. Neurology 2019;92:e879-e883.

17. Rashid MS, Sobowale O, Gore D. A near-peer teaching program designed, developed and delivered
exclusively by recent medical graduates for �nal year medical students sitting the �nal objective
structured clinical examination (OSCE). BMC Med Educ 2011;11:11

Figures

Figure 1

The diagram of the study over�ow.
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Figure 2

Change in students’ interest and con�dence in neurology after the clerkship rotation and their correlates.
Bar-plot illustration of students’ con�dence in managing neurological conditions and interest in pursuing
neurology residency before and after neurology clerkship as mean±2 SEM (standard error of the mean)
(A). Scatter-plot illustrations of the association between the overall value of the neurology rotation
experience for medical students and the residents' teaching effectiveness (B), students’ con�dence in
managing neurological conditions (C), and interest in pursuing neurology residency (D). Of note, minimal
random noise added to scatter plots to illustrate number of data points better. Scales for con�dence and
interest are as follows; 1= not interested/con�dent, 2= undecided, 3=somewhat con�dent/interested,
4=extremely con�dent/interested. Scale for overall rotation value is as follows; 1= not valuable at all,
2=not valuable, 3= somewhat valuable, 4= very valuable. Scales for residents’ teaching
effectiveness/residents’ impact on students’ rotation experience are respectively as follows; 1=very
ineffective/affected very negatively, 2= ineffective/affected negatively, 3=somewhat effective/affected
positively, 4=extremely effective/ affected very positively.

Supplementary Files

This is a list of supplementary �les associated with this preprint. Click to download.



Page 13/13

Appendix.docx

https://assets.researchsquare.com/files/rs-8696/v3/Appendix.docx

