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Abstract

Background
Traditionally, surgical residency training is more focused on obtaining surgical skills through a wellestablished coaching system worldwide. However, constant advances in medical science require
surgeons to learn not only surgical skills but also the ability of scientific research to improve clinical
practice and future professional development. The study aims to emphasize that professional education
in terms of scientific research is also significant for surgical residency training.

Methods
All residents who entered the surgery residency program of the Department of Surgery in Linkou Chang
Gung Memorial Hospital between years 2006 and 2015 were evaluated in the study. Generally, every
resident is assigned to a mentor since the first year of residency. Then, the mentor would help the resident
qualify a two-step evaluation in terms of scientific research during the residency training program.

Results
A total of 193 residents were evaluated in the study. All of them had completed the first step regarding
oral presentation of their designated research, and the majority of residents obtained 80–90 points that
were rated by referees. Overall, 102 residents (52.8%) had completed the second step with the publication
of a research manuscript. The percentage of residents who had fulfilled the criteria of this two-step
assessment ranged from 35.3–81.8% by year.

Conclusions
Surgical training has become more complex and challenging for residents nowadays. The continuing
education for surgical residents should not be limited in coaching clinical practice. Scientific research is
also essential for current surgical residency training, and a formal mentorship program may be beneficial
for the future professional development of surgical residents.

Background
The core of medical education is teaching and mentorship based on learning from patients. A learning
model established by Dr. William Halsted using repetitive opportunities for caring surgical patients under
the mentorship of a skilled surgeon has been applied for surgical training since then. Based on the model,
surgical residents would progressively gain an understanding of the scientific basis of surgical diseases
and gradually achieve the acquisition of patient management and surgical skills (1). Although most
surgeons have trained under this model, it has become increasingly noticeable that the current training
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system is inadequate for continuous professional development (2, 3). The acquisition of patient
management and surgical skills is undoubtedly crucial for patient care in terms of patient safety and
quality improvement, but continuous professional development related to the ability of scientific research
is also significant for the future academic career of surgeons.
Nowadays, both surgical skill and scientific research are essential for current training of surgical resident
to promote professional development of future academic career. Therefore, the Department of Surgery
initiated a program termed “R2 grand round” to enhance and train the ability of scientific research for
surgical residents in our institute since 2006. The purpose of this study was to assess the impact of this
training program on surgical residents and evaluate the ability of research performance throughout the
residency training course.

Methods

Surgery residents
Linkou Chang Gung Memorial Hospital is the largest medical center and teaching hospital in Taiwan. All
residents who entered the surgery residency program of the Department of Surgery in this institute
between years 2006 and 2015 were enrolled in the study. The Department of Surgery includes seven
subspecialty departments including General Surgery, Plastic Surgery, Proctologic Surgery, Cardiovascular
and Thoracic Surgery, Urologic Surgery, Neurologic Surgery, and Pediatric Surgery. The surgical residency
program contains five- and six-year training courses that consisted of 2 years of general training in the
Department of Surgery and 3 to 4 years of subspecialty training in the subspecialty department.

Mentorship
In accordance with the rule for the surgical residency training of Taiwan Surgical Association, all
residents should rotate to each subspecialty at the basis of monthly course. During the course of their
training, residents are exposed to a wide variety of clinical knowledge and skills in each specialty surgery.
In addition to the clinical training, each resident is assigned to an attending physician staff as mentor
who is a senior researcher from the Department of Surgery since their first year of residency. The mentor
serves as an instructor for teaching research design, literature review, data curation, presentation, as well
as manuscript writing over the period of surgical residency. Generally, the mentor would propose a
research topic in terms of either clinical or basic science for the resident. Then, the resident could start to
collect informative data and literature review and further prepare an oral presentation related to their
research content at the end of the second year of residency.

Evaluation of research performance
To assess the research performance of surgical residents, a two-step evaluation including oral
presentation of research project and completion of manuscript writing was arranged at the second year
of residency and the end of residency training, respectively. The oral presentation of research project was
termed “R2 grand round,” which contained a 15-min structured presentation and 5-min question and
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answer. Generally, the structured presentation consisted of introduction, methods, results, and discussion
based on their research topic instructed by the assigned mentor. There were 5 to 7 senior researchers as
referees selected from the Department of Surgery who assessed their performance according to a score
sheet that was based on 60% of research project and 40% of presentation skill (Table 1).
Table 1
The score sheet for the oral presentation of “R2 grand round”.
Major components

Evaluation items

The content of research project.
(60%)

Is the background content and conclusion of the research
topic logical and consistent?
Is data collection and analysis reasonable and clinically
meaningful?
Is the argument based on evidence base medicine?

The presentation skills and on-site
performance. (40%)

The quality of slide preparation.
Is the presentation clear?
Appropriately respond to comments and questions?

Total scores (100%)
The second step evaluation mainly assessed the ability of writing a research paper at the end of
residency training. By the end of the training for the surgical residency program, residents must complete
at least one research paper accepted for publication in the Science Citation Index (SCI) journal. Surgical
residents who met both the aforementioned criteria were qualified to advance into an attending physician
staff at the subspecialty of the Department of Surgery.

Statistical analysis
The primary end point of this analysis was to describe the surgical residency program in the medical
center. The secondary end point aimed to evaluate the outcome of the research training for surgical
residency. All analysis and illustration were conducted using Prism 5.0 (GraphPad Software, San Diego,
CA, USA) for Windows.

Results
The number of surgical residents allowed for training in each teaching hospital every year was based on
the accreditation of the Taiwan Surgical Association and Ministry of Health and Welfare of Taiwan.
Among all medical teaching hospitals, the Department of Surgery in Linkou Chang Gung Memorial
Hospital holds the largest capacity of surgical residents in Taiwan. A total of 195 residents were recruited
in the surgery residency program of the Department of Surgery in this institute between years 2006 and
2015, in which 17 to 24 residents had been recruited for surgical training each year in the institute.
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All residents had completed the oral presentation for “R2 grand round” related to their designated clinical
research, and scores assessed by the referee are illustrated in Fig. 1. Based on the score sheet, the total
score was gained by the sum of 60% related to the novelty and quality of research topic (Fig. 1a) and 40%
regarding on-site performance of presentation (Fig. 1b). The majority of residents obtained between 80
and 90 points (Fig. 1c). Few residents had a score of less than 80 points, whereas several had more than
90 points.
Overall, 102 residents (52.8%) had completed the research manuscript accepted for publication in the SCI
journal by the end of residency training. Figure 2 shows the number and percentage of residents who had
successfully completed the research assignment. Year 2013 had the highest percentage of residents
(81.8%, n = 9) who had research paper publication and fulfilled the criteria of promotion to become an
attending physician staff at the subspecialty of the Department of Surgery whereas only 35.3% (n = 6) of
residents met the criteria in year 2008.
Table 2 summarizes the comparison of residents according to the accomplishment of research
publication. The majority of features related to residents and mentors were similar between the two
groups. Residents were more likely to select mentor and research topic related to general surgery and
plastic surgery. Nonetheless, pediatric surgery was the less popular subspecialty. Additionally, middlegeneration surgeons who had clinical experience between 10 and 20 years were most likely to be a
mentor. Meanwhile, the majority of mentors were assistant and associate professors in terms of
academic positions.
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Table 2
The comparison of residents according to the accomplishment of research
assignment and publication of research manuscript.
Yes

No

n = 102(%)

n = 91(%)

21:81

13:78

p value

Resident
Sex
Female: Male
Average score

0.264
0.240

< 80

1(1.0)

4(4.4)

80–90

95(93.1)

84(92.3)

≥ 90

6(5.9)

3(3.3)

Mentor
Subspecialty

0.408

General surgery

35(34.3)

36(39.5)

Proctologic surgery

11(10.8)

5(5.5)

Cardiovascular and Thoracic Surgery

12(11.8)

11(12.1)

Urologic Surgery

8(7.8)

11(12.1)

Neurologic Surgery

10(9.8)

10(11.0)

Plastic Surgery

26(25.5)

17(18.7)

Pediatric Surgery

0(0)

1(1.1)

Years of practice

0.622

≤5

2(2.0)

2(2.2)

5–10

22(21.6)

27(29.7)

10–20

63(61.7)

51(56.0)

> 20

15(14.7)

11(12.1)

Academic position

0.573

No

2(2.0)

1(1.1)

Lecturer

3(2.9)

6(6.6)

Assistant professor

35(34.3)

37(40.6)
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Yes

No

n = 102(%)

n = 91(%)

Associate professor

38(37.3)

30(33.0)

Professor

24(23.5)

17(18.7)

p value

Discussion
Along with the growing knowledge of medical science, medical education has become more complex and
challenging nowadays. Specifically, surgical residency training has also become more difficult compared
with previous training because of the advancement of surgical techniques and instrument (4, 5).
Meanwhile, the implementation of working hour that decreased to 80 hours has also minimized residents’
total clinical time as well as learning opportunity (6, 7). However, continuous professional development
related to scientific research is also pivotal for the future academic career of surgeons. This study
presents the training program in terms of medical research and assesses the effectiveness of the surgical
residency training in an educational medical center.
Although training and accreditation system for surgical residency vary among different countries, the
main goal of residency training as such is the same, that is, to gain the ability of providing quality patient
care worldwide. However, today’s medical education requires surgical residents who are capable of
meeting increasingly complex challenges (8, 9). Meanwhile, professional development in terms of
scientific research could be another significant issue of medical education apart from learning of clinical
patient care. Usually, the majority of residents graduate from a medical school without any experience in
scientific research. The most critical task is to initiate or participate in a scientific research during the
training program of surgical residency. Therefore, the implementation of mentorship may be a promising
strategy for guiding residents to gain research ability step-by-step (10–12).
Generally, mentorship implies that a designated mentor provides guidance in areas for gaining not just
medical knowledge or surgical skills but also clinical research as well as continuous professional
development over a period of surgical residency. Additionally, mentors may also share advice with
residents on broader areas such as work–life balance, residency program selection, as well as long-term
goals of career paths. However, the mentorship program is more specific on guiding residents related to
scientific research in terms of selecting research topics, data curation, data analysis and presentation,
and finally manuscript writing in our institute. Moreover, mentors could play a role to encourage the
residents, ask them questions, and help them stay on the right track till the end goal. Actually, the majority
of mentorship may be informal and unstructured nowadays, but the establishment of formal mentorship
programs is increasingly getting attention worldwide (13–15).
Nonetheless, the success of mentorship program remains largely dependent on mentor–mentee
relationships with commitments from both sides. A good mentor should be able to generate enthusiasm
and inspire confidence and security in the mentee. In addition, mentees must also fulfill their role to define
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their goals, responsibility, and willingness to learn as well as improvement in the mentorship relationship.
However, finding the right mentor may also be pivotal to success in any field, and a successful
mentorship is more likely to secure completion of research activity (16–18). Meanwhile, areas of interest
in research topic and motivation in terms of obtaining a desire job and/or a fellowship promotion in a
department are possibly significant concerns for residents’ participation in clinical research (17).
Therefore, the Department of Surgery usually provides a list of available research projects and mentors
for residents at their first year of residency program to better support residents to perform research
activity.
Similar to most other countries, the number of years for residency training in Taiwan is fixed (5 or
6 years). The training program of surgical residency is a continuous process including general surgery
training for at least 2 years, followed by subspecialty training for another 3 to 4 years. The majority of
residents would select research topic and mentor based on their intent of continuing development of
subspecialty. As such, surgical residents who involve in scientific research as earlier as possible are more
likely to make decision on their career path as well as whether to participate in clinical research in the
future. Indeed, the initial motivation of involving research for most surgical residents is obtaining a desire
fellowship promotion in a subspecialty department. However, the principle concept of this mentorship
program is positive for future professional development of surgical residency not only in gaining research
experience but also in building up confidence of clinical research.
Accordingly, the observational study may be limited by its retrospective nature from a single medical
center. It is conceivable that the result in this study may not be representative of the whole resident
population in the nation. However, the educational community has begun to be aware of the several
challenges involved in residency training program due to changes in rapidly increasing knowledge and
technology and limited education time because of increasing clinical, academic, and research demands.
Additionally, larger and broader studies are needed to further elucidate the impact of the mentorship
program in residency training in terms of future professional development and research performance in
their future career paths.

Conclusion
Although surgical training has become more complex and challenging for residents nowadays, there is
growing attention that current continuing medical education should not be limited in providing quality
patient care. The ability of conducting scientific research is also necessary for current training of surgical
resident for the sake of future professional development related to academic performance. Therefore, the
implementation of this training program may possibly inspire the next generation of surgical residents as
well as offer benefits related to their long-term career planning.

Abbreviations
SCI
Page 8/12

Science Citation Index

Declarations

Ethics approval and consent to participate:
This study was an observation study and educational report, and no medical data was collected in this
study. Ethics approval and consent to participate is not applicable for this study, and a local ethics
committee ruled that no formal ethics approval was required in this particular case.
Consent for publication:
Not applicable
Competing interests:
The authors have no conflicts of interest.

Availability of data and materials:
All data generated or analyzed during this study are included in this published article.

Funding:
This manuscript is made by author’s own work without receiving any funding. There was no financial
support for this research and publication.

Authors' contributions:
Study concept, design and drafting the manuscript: Kun-Ming Chan
Acquisition of data and analysis: Kun-Ming Chan, Jun-Te Hsu, Chun-Nan Yeh, Ta-Sen Yeh, Wei-Chen Lee,
Hsin-Yi Lien
Substantively revised the manuscript for important intellectual content: Hsin-Yi Lien

Acknowledgments:
The authors would like to thank faculty mentors from Department of Surgery, Chang Gung Memorial
Hospital at Linkou for the mentorship program.
Page 9/12

References
1. Grillo HC. To impart this art: the development of graduate surgical education in the United States.
Surgery. 1999;125:1–14.
2. de Santibanes M, de Santibanes E, Pekolj J. Training in hepato-pancreato-biliary surgery during
residency: past, present and future perspectives. J Hepatobiliary Pancreat Sci. 2016;23:741–4.
3. Hawkins RE, Welcher CM, Holmboe ES, Kirk LM, Norcini JJ, Simons KB, Skochelak SE.
Implementation of competency-based medical education: are we addressing the concerns and
challenges? Med Educ. 2015;49:1086–102.
4. Lewis FR, Klingensmith ME. Issues in general surgery residency training–2012. Ann Surg.
2012;256:553–9.
5. Mohamadipanah H, Perrone KH, Nathwani J, Parthiban C, Peterson K, Wise B, Garren A, et al.
Screening surgical residents' laparoscopic skills using virtual reality tasks: Who needs more time in
the sim. lab? Surgery. 2019;166:218–22.
6. Huang EC, Pu C, Huang N, Chou YJ. Resident burnout in Taiwan Hospitals-and its relation to
physician felt trust from patients. J Formos Med Assoc. 2019;118:1438–49.
7. Kim SG. New start of surgical residents training: the first survey of program directors in Korea. BMC
Med Educ. 2019;19:208.
8. Meier AH, Gruessner A, Cooney RN. Using the ACGME Milestones for Resident Self-Evaluation and
Faculty Engagement. J Surg Educ. 2016;73:e150–7.
9. Watson RS, Borgert AJ, CT OH, Kallies KJ, Sidwell RA, Mellinger JD, Joshi AR, et al. A Multicenter
Prospective Comparison of the Accreditation Council for Graduate Medical Education Milestones:
Clinical Competency Committee vs. Resident Self-Assessment. J Surg Educ. 2017;74:e8–14.
10. Bingmer K, Wojnarski CM, Brady JT, Stein SL, Ho VP, Steinhagen E. A Model for a Formal Mentorship
Program in Surgical Residency. J Surg Res. 2019;243:64–70.
11. Champion C, Bennett S, Carver D, El Tawil K, Fabbro S, Howatt N, Noei F, et al. Providing mentorship
support to general surgery residents: a model for structured group facilitation. Can J Surg.
2015;58:372–3.
12. Salles A, Liebert CA, Esquivel M, Greco RS, Henry R, Mueller C. Perceived Value of a Program to
Promote Surgical Resident Well-being. J Surg Educ. 2017;74:921–7.
13. Kibbe MR, Pellegrini CA, Townsend CM Jr, Helenowski IB, Patti MG. Characterization of Mentorship
Programs in Departments of Surgery in the United States. JAMA Surg. 2016;151:900–6.
14. Lin J, Reddy RM. Teaching, Mentorship, and Coaching in Surgical Education. Thorac Surg Clin.
2019;29:311–20.
15. Stephens EH, Goldstone AB, Fiedler AG, Vardas PN, Pattakos G, Lou X, Chen PC, et al. Appraisal of
mentorship in cardiothoracic surgery training. J Thorac Cardiovasc Surg. 2018;156:2216–23.
16. Benson CA, Morahan PS, Sachdeva AK, Richman RC. Effective faculty preceptoring and mentoring
during reorganization of an academic medical center. Med Teach. 2002;24:550–7.
Page 10/12

17. Dahn HM, Best L, Bowes D. Attitudes Towards Research During Residency Training: a Survey of
Canadian Radiation Oncology Residents and Program Directors. J Cancer Educ 2019.
18. Lalani N, Griffith KA, Jones RD, Spratt DE, Croke J, Jagsi R. Mentorship Experiences of Early-Career
Academic Radiation Oncologists in North America. Int J Radiat Oncol Biol Phys. 2018;101:732–40.

Figures

Figure 1
Scatterplot of R2 grand round for each resident. (a) The novelty and quality of research topic accounted
for 60% of the total score. (b) The on-site performance of presentation accounted for 40% of the total
score. (c). Total score. Black line represents the mean score.

Figure 2
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The number (blue bar) and percentage (yellow line) of residents who had successfully completed the
research assignment and fulfilled this two-step evaluation. Green bar represents the residents who were
unable to pass this evaluation.
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