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Enhancing knowledge mastery in resident =

students through peer-teaching: a study
in respiratory medicine

Chen Zhu'?", Heshen Tian'?", Fugui Yan'", Jing Xue?*" and Wen Li'""

Abstract

Aim The transition from medical students to competent physicians requires comprehensive training during resi-
dency programs. In China, resident students typically undergo 2- or 3-year training programs. While they learn
from patient interactions under the guidance of experienced doctors, integrating theoretical knowledge from text-
books into practical cases remains a challenge. This study aimed to explore the impact of medical interns acting

as peer-students on the knowledge mastery of resident students.

Method The participants of this study consisted of resident students specializing in respiratory medicine at the Sec-
ond Affiliated Hospital of Zhejiang University, School of Medicine. Resident students were given the opportunity

to volunteer as peer-teachers for medical interns in the respiratory department. Those who chose to instruct interns
were automatically placed into the test group, while those who opted not to partake in intern instruction formed

the control group. In their role as peer-teachers, resident students assumed the responsibility of guiding interns

in patient management throughout the entire continuum, spanning from initial engagement to discharge, a commit-
ment that extended over a minimum period of 2 weeks. The resident students’academic performance was evaluated
through a departmental examination consisting of 50 multiple-choice questions, which was administered upon com-
pleting their rotation. Statistical analysis was performed to assess the impact of peer-teaching on the resident stu-
dents’ performance.

Results Between January 2023 and June 2023, a total of 158 resident students completed their rotation in the res-
piratory department. Among them, 40 resident students willingly took on the responsibility of instructing medi-

cal interns, while 118 resident students did not participate in intern teaching. With a "one-to-one" teaching policy

in place, the overall satisfaction rate of the interns was an impressive 95.35%. Pre-rotation test scores for the test
group averaged 81.66+8.325 (Mean +SD) and the control group averaged 81.66 +8.002, without significance. The
departmental examination scores of the test group averaged 85.60+ 7.886, while the control group scored an average
of 82.25+8.292, with a statistically significant difference (p=0.027).
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Conclusion In conclusion, our study underscores the positive influence of peer-teaching on the knowledge mastery

of resident students.

Keywords Resident students, Peer-assisted learning, Near-peer assisted learning, Knowledge mastery

Introduction

The multifaceted role of physicians has evolved beyond
that of mere illness curers; it now encompasses that of a
skilled practitioner, a medical scholar, and a medical edu-
cator. Junior physicians embark on a rigorous five-year
undergraduate education, laying the foundation for their
medical careers. However, the chasm between theory and
real-world practice becomes evident when they begin
engaging with patients. Thus, clinical medical educa-
tion assumes paramount importance in the growth and
development of physicians. In China, a transformative
approach known as the residency training program [1].
has been implemented to bridge this gap.

Introduced in 2014, the residency training program
aims to enhance the medical knowledge and clinical
skills of junior physicians. Over the course of 2 to 3 years,
trainees undergo rotations in various departments of
internal medicine, including emergency, intensive care,
and anesthesia. Unlike their time in medical school, resi-
dent students now take charge of managing patients from
admission to discharge under the supervision of expe-
rienced physicians, transcending the realm of textbook
learning. However, due to limited exposure to diverse
cases during their rotations, cultivating comprehensive
competency in junior physicians remains a challenge
[2, 3]. To address this, senior physicians actively impart
their knowledge through various methods, including
regular lectures, bedside teaching, ward observation, and
case study discussions. Nevertheless, these traditional
approaches predominantly adopt a teacher-guided for-
mat, leading to passive knowledge reception among resi-
dents with uncertain efficacy [2, 4]. Consequently, some
residents may struggle to demonstrate strong knowl-
edge mastery, leading to difficulties in passing the final
examination.

As the landscape of medical education continually
evolves, it is imperative to identify innovative and effec-
tive teaching methodologies to elevate the capabilities
of resident physicians. In the pursuit of more effective
teaching methods, medical education has witnessed the
emergence of innovative approaches, such as problem-
based learning (PBL) [5]. team-based learning (TBL)
[6]. and case-based learning (CBL) [7]. These meth-
odologies have successfully shifted the dynamics from
traditional lecture-based formats to student-guided,
interactive platforms, fostering a sense of enthusiasm
among resident students [8]. Unsurprisingly, students

have shown a preference for these dynamic learning
methods, which have demonstrated promising results
in enhancing knowledge acquisition.

However, despite their advantages, these methods
are not without their limitations. The reliance on high-
quality scripted materials and the time-consuming
nature of implementation have hindered their continu-
ous adoption. In light of these challenges, educators
have turned their attention to peer-assisted learning
(PAL) as a potential solution [9]. PAL empowers medi-
cal students to take charge of their own learning with
the support and stimulation of their peers. PAL has
gained recognition for its effectiveness in medical edu-
cation, with numerous studies demonstrating its ben-
efits in elevating scores and clinical skills [10]. as well as
stimulating enthusiasm for learning. Huang et al. [11].
have highlighted the positive impact of PAL, showing
improved performance in Objective Structured Clinical
Skills Examination (OSCE) tests and overall academic
and clinical skills among participants. Notably, PAL has
proven to be particularly suitable for clinical students
compared to their preclinical counterparts [12].

Recognizing the potential of PAL to mobilize enthu-
siasm and enhance learning outcomes, we sought to
apply this approach in the training of resident students.
Additionally, we identified undergraduates, particularly
interns, as key participants in patient management,
often in need of guidance while navigating their clini-
cal experiences. In response, we devised a unique "one-
to-one" policy rooted in PAL principles. This policy
encourages collaborative learning through the forma-
tion of small medical groups comprising one under-
graduate and one resident student. Undergraduates
gain valuable patient management experiences while
benefiting from consultations with relatively "senior"
physicians. On the other hand, resident students may
be motivated to elevate their learning as they engage
with and support undergraduates [13]. To assess the
effectiveness of this novel policy, we have incorpo-
rated a bidirectional evaluation system, whereby both
resident students and undergraduates provide feed-
back upon completing their rotations. This evaluation
will serve as a crucial measure in validating the effi-
ciency and impact of the "one-to-one" policy in our
department.

Through the implementation and continuous refine-
ment of this policy, our aim is to explore its influence
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on knowledge mastery in resident students. By embrac-
ing the potential of PAL and fostering a collaborative
learning environment, we strive to cultivate competent,
enthusiastic, and empathetic physicians who are well-
prepared to meet the challenges of modern healthcare.
As we delve into the outcomes and experiences of this
initiative, we seek to contribute valuable insights to
the broader landscape of medical education, further
refining the training of future generations of medical
professionals.

Methods

Participants

This study involved resident students and undergraduates
participating in the respiratory medicine rotation at the
Second Affiliated Hospital of Zhejiang University School
of Medicine between January 2023 and June 2023.

For peer-teachers, participants should be resident stu-
dents who majored in internal medicine, emergency,
critical care or anesthesia. For peer-students, participants
should be interns enrolled in either the five-year program
(normal program) or the eight-year program (advanced
program with more basic medical education in the first
two years) at Zhejiang University School of Medicine.
The cohort included a total of 158 resident students and
43 interns, all meeting the criteria.

The recruitment process took place during the admis-
sion education sessions for both resident students and
interns at the first day in our department. Resident stu-
dents and interns collaboratively exercised their prefer-
ences to establish small medical groups on a voluntary
basis. The formation of these small medical groups
occurred through dual choices and was formalized
through the signing of an agreement.

All resident students who coupled interns as peer-
teachers were enrolled as test group, and the rest of
resident students (free from interns’ instruction) were
enrolled as control group. After the recruitment, 40
resident students participated in the policy to instruct
43 interns. Notably, three resident students took on the
role of instructors for two interns each, although their
instructional sessions occurred at different times. The
enrollment process is represented in Fig. 1, and baseline
statistics are shown in Table 1.

Procedures

Upon establishment, each resident student-intern medi-
cal couple was officially registered, and an agreement
with signs of each side was filled out. The resident stu-
dents in the coupled group assumed the role of instruc-
tors for their paired interns during their daily interactions
with patients and families. This comprehensive engage-
ment encompassed academic explanations (such as
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158 residencies
s
43 interns
s
Control
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n=118%

Fig. 1 Design and process of the study. * 3 resident students
instructed 2 interns at different time during their rotation

questioning and co-learning in textbooks or guidelines,
etc.), guidance on medical procedures (such as prescrip-
tion, skills and practice, and medical documentation,
etc.), analysis of ancillary examinations (such as blood
tests, electrocardiogram, ultrasonography and radiologi-
cal examinations), and initial clinical decision-making. A
valid instruction should meet following criteria: 1) Dura-
tion: The instruction should span a minimum of 10 week-
days. 2) Daily Duration: The instructor should dedicate
no less than 2 h per day to the instructional sessions. 3)
Patient Engagement: The instruction should involve at
least 5 patients during the specified period. All the peer-
teachers participated in our policy met these criteria in
our study.

Questionnaires were administered independently to
each coupled resident student-intern pair before depar-
ture of either participant. The questionnaire design drew
inspiration from published research [14]. incorporating
minor modifications. Broadly, the questionnaire com-
prised sections on general information, responsibility,
communication, participation, satisfaction, and recom-
mendations. A coupled group would be considered valid
if the evaluation was successfully completed by both the
resident student and the intern.

Assessments
To assess the performance of resident students, both a
pre-rotation examination and a rotation departmental



Zhu et al. BMC Medical Education (2024) 24:350 Page 4 of 7
Table 1 The Baseline Characteristics of resident students
Characteristics All (n=158) Test Group (n=40) Control Group (n=118) P value*
Sex, male, Frequency (Percentage) 58 (36.7) 13(32.5) 45 (38.1) 052
Age, yr 26.76+£293 26.98+3.33 26.68+2.78 0.58
Grade in residency training program

1st year 108 25 83 035

2nd year and above 50 15 35
Specialty

Internal Medicine 68 20 48 0.30

Not Internal Medicine 90 20 70
Education background

Doctorate 38 1 27 0.52

Master degree 9 1 8

Bachelor degree** 1 28 83
Whether Master candidate

Yes 36 8 28 0.63

No 122 32 90

" Pvalue is represented as Test group vs. Control group
* Master candidate is included

examination adhering to the principles of the residency
training program was conducted. Each examination com-
prised 50 multiple-choice questions assembled using the
Teaching Assistant of People’s Medical Publishing House
app. These questions were designed to reflect real-life
clinical scenarios, evaluating the comprehensive level
of knowledge mastery of the resident students, includ-
ing disease-related knowledge, diagnosis and differen-
tial diagnosis, analysis of ancillary examinations, clinical
skills, communication and ethics.

To mitigate potential result bias, resident students in
the same rotation period faced same questions in the
pre-rotation examination and rotation departmental
examination. However, due to variations in the rota-
tion periods assigned to different resident students, the
questions slightly varied between resident students for
each iteration, and careful calibration was employed to
ensure uniform difficulty levels across the different sets of
questions. The examination was graded on a scale of 100
points, and the results were subsequently exported and
subjected to analysis.

Withdrawn

Throughout the duration of the coupled group, both resi-
dent students and interns had the freedom to withdraw
from the arrangement if necessary. No withdrawn was
declared during our experiment.

Analysis
For categorical variable in Table 1, chi-square analy-
sis was conducted by SPSS ver. 25.0. For continuous

variables, student’s T test was performed and illustrated
by GraphPad Prism 8. The Kolmogorov—Smirnov test
was used to determine the examination score was distrib-
uted normally (p=0.2253). The results are presented as
Means + Standard Deviations and as frequency (percent-
age) for categorical variables. Overall, P-value <0.05 was
considered statistically significant.

Results

Satisfaction of undergraduates. In total, all 43 interns
enthusiastically participated in the "one-to-one" policy,
demonstrating a strong interest in this novel approach
to their clinical education. Among the participating
interns, 23 (53.49%) were male, while 20 (46.51%) were
female (Fig. 2A). Upon completion of their rotations,
interns were requested to provide feedback by filling
out a questionnaire, as detailed in the Methods section.
The feedback received from the interns was overwhelm-
ingly positive and highlighted the positive impact of the
"one-to-one" policy. Remarkably, 36 interns (83.72%)
acknowledged the sense of responsibility demonstrated
by the resident students in their instruction. A total of
6 interns (13.95%) provided moderate evaluations along
with valuable suggestions to further enhance the learn-
ing experience. Encouragingly, only one intern expressed
dissatisfaction with the instruction provided by their
coupled resident (Fig. 2B). Notably, the "one-to-one"
policy was well-received by the interns, with 41 of them
(95.35%) expressing high levels of satisfaction with the
sense of engagement and belongingness fostered by this
collaborative learning environment (Fig. 2C). Overall, the
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= 53.49% Male
3 46.51% Female

Total=43

B 4.65% 3 Point
3 18.60% 4 Point
B 76.74% 5 Point

Total=43
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= 83.72% Yes
3 13.95% Could be better
3 2.33% No

Total=43

E 95.35% Satisfied
3 4.65% Medium

Total=43

Fig. 2 Feedback of interns in “one-to-one” policy as peer-students. The data was collected by questionnaire. A gender distribution. B assessment
on whether resident students’ compliance with teaching obligations. C evaluation on sense of participation and belonging. The question
was marked as 5 levels, 5- very good, 4- good, 3- medium, 2- poor, 1- very poor. D satisfaction of interns

satisfaction rate of interns with the "one-to-one" policy
reached an impressive 95.35% (Fig. 2D).

Promotion of knowledge mastery on peer-teachers. In
the analysis of the rotation departmental examination,
a total of 40 resident students were enrolled in the test
group, while 118 resident students constituted the con-
trol group, as described previously.

Before the commencement of their rotations in our
department, a pre-rotation examination was adminis-
tered to resident students. The average score for the test
group was 81.66 + 8.325, while the control group obtained
an average score of 81.66 + 8.002 (Fig. 3A). There were no
differences in pre-rotation examination scores between
each group.

In the analysis of rotation departmental examination,
the score of test group was 85.60 +7.886, while score of
control group was 82.25+8.292, p=0.027 (Fig. 3B).

Discussion

The transition from medical students to competent phy-
sicians is a critical phase in medical education. To further
advanced their learning in clinic, we introduced the "one-
to-one" policy in our study, aimed at fostering a collabo-
rative learning environment between resident students
and medical interns. In our study, the majority of peer-
teachers were deemed responsible and satisfied based on

intern feedback. Through a comparison of scores in both
pre-rotation and departmental examinations, our finding
suggests that participating in the "one-to-one" policy had
a positive impact on the academic performance of volun-
tary resident students.

In a broader context, peer refers to individuals within
the same academic year, however, resident students and
interns are at different stage in their medical learning.
Recently, near-peer signifies someone one or more years
senior to another [15]. and near-peer assisted learning
(NPAL) has also proven to be efficient in medical learn-
ing, benefiting both peer trainees and peer teachers
[16]. Despite variations in grade levels between PAL and
NPAL participants, the fundamental principle of mutual
learning promotion remains consistent. Similarly, in
Alkhail’s research [15]. preclinical medical students took
on the role of peer-students, while interns assumed the
position of peer-teachers. As undergraduates progress to
their residency after graduation, resident students cou-
pled with interns were inspired by the interns, leading to
improved academic performance compared to resident
students in the control group. Therefore, our resident
students-interns "one-to-one" policy is rooted in PAL or
NPAL principles.

In modern medical education, competency-based
learning is strongly emphasized [17]. Competency places
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Fig. 3 Effect of ‘one-to-one” policy on resident students. Scores of departmental examinations were represented by column and scatter image.
A Pre-rotation examination. For control group (n=117), 1 resident did not have valid score because of absence. B Rotation departmental

examination. Error bar, SD. ns, no significance

a significant focus on outcomes, encompassing the abil-
ity to integrate knowledge, skills, values, and attitudes of
physicians [18, 19]. While examination scores can reflect
medical knowledge mastery, it is essential to recognize
that they do not fully encapsulate the overall competency
of resident students. Additional assessments, such as
peer-teaching, collaborative abilities, and interpersonal
communication skills [20]. should be conducted to com-
prehensively evaluate their development. In our design,
the policy affords an opportunity for students with lesser
medical knowledge to engage actively. As per the feed-
back gathered through questionnaires, the interaction
of lower-grade students with the environment, along
with their attempts to answer questions, enables peer-
teachers to self-assess their understanding of various
concepts. This process of self-inspection and self-educa-
tion is cultivated. Moreover, in their dual roles as both
a "senior physician" managing patients and an educator
guiding students simultaneously, peer-teachers refine
essential skills. This includes effective time management,
enhanced communication skills, and heightened teach-
ing awareness. We aspire that advancements in these
aspects will not only enhance their immediate roles but
also evolve into enduring assets, shaping them into exem-
plary physicians and medical educators throughout their
careers.

Our study has limitations. First, our study centered
on demonstrating the impact of the "one-to-one"
policy on the performance of resident students as

peer-teachers. While interns participated in the policy
as peer-students, it would have been ideal to evaluate
its effect on interns as well. Consequently, to compre-
hensively assess the impact of the policy on interns,
a subsequent study with an expanded sample size is
warranted. Additionally, there is a need for further
measures to evaluate competency beyond examina-
tion scores. The voluntary nature of participation, con-
stituting the inclusion criteria, implies that only active
resident students engaged in our policy, potentially
introducing selection bias. Furthermore, the presence
of other confounding factors remains unclear due to
the limited participant pool. While this study success-
fully demonstrates eligibility and the positive effects
of the policy, future research employing a randomized
design with a larger sample size could mitigate these
biases. Lastly, it is essential to acknowledge and explore
potential drawbacks of PAL or NPAL in subsequent
studies. Despite minimal complaints from resident stu-
dents about additional time and effort in participating
in the policy, concerns raised by Xu et al. [21]. regard-
ing a higher risk of burnout among resident students in
PAL groups necessitate further investigation and con-
sideration in future evaluations.

In conclusion, our study indicated that the "one-to-
one" policy had a positive impact on interested resi-
dent students, empowering them as peer-teachers to
interns and potentially promoting their competency
in medical learning. The benefits of PAL and NPAL
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extend beyond peer-teachers to also include peer-
students, fostering a dynamic learning environment
that enhances the overall educational experience. As
medical education continually evolves, embracing
innovative teaching methodologies, can optimize the
development of future physicians, equipping them to
deliver exceptional patient care and meet the chal-
lenges of modern healthcare.
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