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1. INTRODUCTION
Clinical teachers in teaching hospitals should develop the core 
knowledge, skills, and attitudes to teach, evaluate, guide, and 
remediate individuals or small/large groups. Residents are the 
predecessors of the attending physicians and play an impor-
tant teaching role in medical care teams composed of attend-
ing physicians, residents, and students, because residents have 
a long contact time with students and are their role models 
for learning professionalism.1–3 In some clinical circumstances, 
they are probably more suitable than attending physicians to 
pass on the required knowledge and skills in a timely manner 
to students. Furthermore, teaching also has a positive impact 
on the clinical training of residents themselves.4–6 Residents play 

such an important role as peer teachers and trainee teachers 
and spend considerable working hours in clinical teaching.7–11 
Effective teaching skills are critical not only for the learning 
quality of medical students and junior colleagues but also for 
saving their valuable working hours. As a result, “residents-as-
teachers” (RaT) programs have gradually emerged since 1970 
and increasing reports have depicted the design, experience, and 
effectiveness of RaT programs in various contexts.6,8,12–32 In an 
evaluation report in 2017, over 80% of program directors (PDs) 
were found to implement RaT, an increase of 26.34% compared 
to 2000–2001.33 These RaT programs were highly variable, 
from coaching one specific teaching skill in a specialty to a series 
of courses covering common teaching skills.

Nevertheless, almost all of these previously reported RaT 
programs were designed to be completed within a short dura-
tion, usually from one day to several months, and without effec-
tive objective evaluation and long-term follow-up. Besides, only 
a few studies were randomized controlled trials, and most were 
conducted between 1998 and 2006.12–19 Without comprehensive 
effectiveness evaluation, it is difficult to confirm whether the 
residents receive sufficient training to become effective teach-
ers. The Kirkpatrick model is a systemic approach suggested for 
evaluating the effectiveness of teaching programs.34 However, 
some reports have only described the experience or satisfac-
tion data of RaT. To evaluate the higher-level effectiveness, 
variable evaluation tools, such as clinical teaching effectiveness 
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Abstract
Background: Most residents-as-teachers (RaT) programs are delivered over days to weeks without comprehensive evaluation, 
and stepwise approaches have rarely been applied to RaT activities. This study aimed to depict the implementation experience 
and evaluate the effectiveness of a novel longitudinal 3-year, stepwise RaT program.
Methods: The longitudinal RaT program included three once yearly face-to-face courses according to the different teaching roles 
of the residents. To evaluate the effectiveness of the new longitudinal program, we designed a randomized controlled study for first-
year residents of all specialties in one medical center. The effectiveness was evaluated by the objective structured teaching exercise 
(OSTE), feedback from participants and medical students, and evaluation of clinical practice performance by program directors.
Results: A total of 35 (37.6%) of 93 residents participated in this study, and 13 (37.1%) of all enrolled residents completed all 
3-year courses, including seven for the longitudinal program and six for the traditional. The serial OSTE revealed significantly 
higher scores in the longitudinal group in the second and third years (13.43 vs 9.50, p = 0.001 and 14.29 vs 10.33, p = 0.015). 
Satisfaction was higher when advanced topics were taught in the second and third years compared with those taught in the first 
year (4.43 vs 3.89, p = 0.02). The feedback from medical students was similar between the two groups, and the evaluation from 
program directors revealed insignificantly better clinical performance among the longitudinal course participants.
Conclusion: It is challenging to conduct a multi-year longitudinal RaT program on young residents. Nevertheless, this longitudinal 
program was potentially associated with better learning retention and higher satisfaction and worthy to be promoted.
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instruments, student questionnaires, and observed structured 
teaching evaluations (OSTE), have been applied.23,25,35 OSTE is 
considered the most objective and reliable tool, although it is 
quite resource-intensive.19,36,37

On the other hand, competency-based medical education 
has been mainstream since the 2010s. The international com-
munity has gradually formed a consensus to develop several 
theoretical frameworks for faculty development and designed 
core teaching competencies as a reference and guide for design-
ing, implementing, and evaluating competency-based faculty 
development programs for medical educators or clinical teach-
ers.38–40 However, there has been a lack of consensus and few 
reports on the core teaching competencies and milestones for 
residents and competency-correlated RaT programs.41 Learning 
theories such as humanistic theory, constructivism, and andra-
gogy suggest that the learning courses should match the needs 
of learners’ context, and learning occurs better when the given 
lessons are in line with the real environment. We observed 
that senior residents need different teaching skills during their 
training process and coaching all teaching skills early in the 
residency is not effective in terms of learning theories. In addi-
tion, an important review on RaT courses recommends that, if 
possible, such courses should include periodic reinforcement 
activities.20 Based on the concept of competency-based curricu-
lum and the recommendations from the literature, we designed 
a longitudinal, 3-year, stepwise RaT program and launched 
this program in fall 2016. A randomized controlled study 
design and multiple evaluation tools were applied to investi-
gate the effectiveness of this new program in comparison to the 
traditional RaT program. In addition, we would also report 
the lessons learned from the implementing such a multi-year 
longitudinal program.

2. METHODS

2.1. Conceptual framework
The research team developed a conceptual framework (Fig. 1) 
for presenting the main concepts of development of an innova-
tive RaT program which improve deficits of most current RaT 
programs.

2.2. Longitudinal curriculum design
The institution of this study, Taipei Veterans General Hospital 
(VGHTPE), is one of the leading public medical center in 
Taiwan. The Faculty Development Center has provided elec-
tive RaT courses since 2012. The initial courses were designed 
based on some reported RaT courses, such as the RaT courses 
of the University of British Columbia, Canada,42 UC BEST 
model, USA,17 and the needs assessment of the local residents. 
These RaT courses were usually delivered in a workshop last-
ing 6 to 8 hours. Although there were several guidelines and 
recommendations, such as the Dundee 3-circle model and the 
Program Logic Model, for RaT program design published in 
the past few years,11,25,43 these resources were not available at 
the time of developing this stepwise longitudinal program in 
early 2016.

Based on the framework of the six-step approach of curricu-
lum development by Thomas et al.,44 the new RaT courses were 
developed by a curriculum development team consisting of nine 
members, including three clinical educators from the Faculty 
Development Center, three PDs, and three junior residents. At 
the time of program development, there was no consensus on 
the general teaching competency of residents reported in the lit-
erature. After two consensus meetings, the course development 
team identified teaching-related activities according to the teach-
ing roles of residents in different stages. Correlative teaching 
skill topics were then proposed. A total of eight topics covering 
the roles of teachers of residents were included in the RaT pro-
gram (Table 1). Among the courses, “how to perform case-based 
discussion assessment” was taught in the second year and “the 
skills for group teaching” was delivered in the third year for the 
new course residents. Other topics were taught during the first 
year. This stepwise program design fulfilled Knowles’ concepts 
of andragogy,45 which claimed that adult learners find the most 
relevance from task-oriented learning that aligns with their own 
realities. In addition, two reinforcement sessions for 1-minute 
preceptor skill and teaching experience sharing sessions were 
arranged in the second and third year, respectively, because peri-
odic reinforcement is a widely applied educational psychological 
strategy to overcome the “forgetting curve” and suggested by a 
previous RaT review.20

Fig. 1 The conceptual framework of the novel RaT course design.CBME = competency-based medical education; RaT = Residents as Teachers.
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2.3. Participants
In Taiwan, all medical school graduates have to receive two-
year postgraduate training before they enter their residency for 
specialty training. Every year, approximately 90 to 95 first-year 
residents (R1) start their specialty training in VGHTPE. All R1 
who started their specialty training in 2016 in VGHTPE were 
invited to participate in this study.

2.4. Intervention
The R1 who agreed to participate the program effectiveness study 
were randomly assigned into two groups: the new course (lon-
gitudinal) group and the traditional group. The total number of 
course hours between the two groups was controlled. After lever-
aging the clinical duties, preference of the residents, and the learn-
ing resources, the first-year RaT courses for both groups were held 
in the form of a 1-day face-to-face workshop with two batches. 
In the former group, the different courses were given separately 
according to predefined teaching competency within the dura-
tion of 3 years. Meanwhile, in the latter group, the same teaching 
courses as the new course group were all delivered in a 1-day 
training in the third month of the first year. The participants of 
the traditional group were asked to complete 3 hours of learning 
of any teaching skills-related courses in the second and third year, 
respectively. The study design is illustrated in Fig. 2. This study 
was approved by the institutional review board of VGHTPE.

2.5. Outcome measures
The effectiveness of the RaT courses was evaluated using 
multiple evaluation tools that covered different levels of 

Kirkpatrick’s hierarchy. The serial objective structured teach-
ing exercise (OSTE, Kirkpatrick’s level 2) scores were the pri-
mary outcome variables. Other outcome variables included 
qualitative feedback of the course design and experience from 
the participants (Kirkpatrick’s level 1), the teaching perfor-
mance feedback from medical students (Kirkpatrick’s level 3), 
and evaluation of clinical competency from program directors 
(PDs, Kirkpatrick’s level 4b). The evaluation methods are fur-
ther described below.

As a well-developed, objective evaluation tool, OSTE has 
been suggested for confirming the effectiveness of faculty devel-
opment interventions. The OSTE in our study was a one-station 
test for teaching skill evaluation. The scenario of the OSTE in 
the first and second year was “teaching an intern after they inter-
viewed a patient with left shoulder pain,” which was adopted 
in previous teaching skills training of VGHTPE. The scenario 
in the third year was “teaching an intern after they treated a 
patient with consciousness change.” The length of this station 
was 8 minutes of practice and 2 minutes of immediate feedback 
(no feedback given in the pretest). The same eight items were 
checked in these two scenarios, and the full score was 16. The 
skills of OMP, including feedback, teaching concisely, diagnos-
ing the learner, and bedside teaching are included. Each resi-
dent was evaluated by two raters. All raters were experienced in 
OSTE and received a one-hour consensus training before their 
first rating for this station. Cronbach’s alpha values for the two 
scenarios were 0. 84 and 0.81, respectively.

Satisfaction was evaluated using a 5-point Likert scale 
with qualitative feedback from the participating residents and 

Table 1

Stepwise courses of 3-year longitudinal RaT program

First-year courses Second-year courses Third-year courses 

Introduction of Residents as Teachers How to do Case-based Discussion (CbD) Assessment Facilitate group teaching
Guidance of clinical reasoning and decision-making OMP Reinforcement (Workshop) OMP Reinforcement (Workshop)
How to make your slides and presentations excellent Teach experience sharing Teach experience sharing
Tips of Efficient Clinical/Beside Teaching   
Teaching of Clinical Skill and Feedback   
Workshop: one-minute preceptor   

Fig. 2 Study design of effectiveness of longitudinal residents-as-teachers courses. FD = faculty development; OSTE = objective structured teaching exercise; 
PD = program director.
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collected via a paper-based questionnaire for every teaching 
course. The data on teaching performance feedback from medi-
cal students were collected from the Teaching Assessment System 
(TAS) of VGHTPE. The system was launched in 2012, and all 
medial students were asked to provide both quantitative and 
qualitative feedback for their residents in clinical rotation upon 
completion of any course. The quantitative data collected were 
“the overall impression in teaching of your resident,” which was 
evaluated using a 5-point Likert scale. Up to the end of 2021, 
more than 30 000 data samples were collected and the data were 
utilized for consideration of the teaching award, teaching team 
list, and promotion. The mean TAS scores every 6 months were 
calculated to evaluate the immediate and remote effects of RaT 
courses, since the courses were given once at the start of each 
year.

The PDs were asked to evaluate the overall clinical perfor-
mance of all residents at the end of each training year. The clini-
cal competency evaluation form was modified from the concept 
of Larkin et al.46 A four-level scale (3 = exceptional, 2 = expected, 
1 = below expectation, 0 = extremely poor) was used to evaluate 
residents’ clinical performance.

2.6. Data analysis
Chi-square analysis was used to examine the demographic fea-
tures of the two groups. An independent t-test was applied to 
determine the course satisfaction between the two groups. For 
the serial OSTE scores, the Wilcoxon rank sum test with exact 
estimation was performed to determine if there was any discrep-
ancy between the two groups due to the relatively small number 
of participants. The generalized estimating equations approach 
was utilized to examine the significance of the change in OSTE 
scores over time. Analysis of variance (ANOVA) was applied to 
analyze feedback from students and evaluation from PDs. All 
analyses were performed using SAS.

3. RESULTS
In 2016, the number of eligible R1 in all specialties was 93, and 
40 (43.0%) agreed to participate in this project; however, five 
dropped out before the initiation of the course. A total of 35 res-
idents were randomly assigned to the two groups. Demographic 
data of the two groups are presented in Table 2. A total of 24 
R1 completed the first-year courses and 13 residents, including 
seven of the new course group and six of the traditional course, 
finished all assigned course activities.

The satisfaction of the different courses from the participants 
ranged from 3.80 to 4.71. The most popular topic among this 
first year was “How to make your slides and presentations 
excellent.” Of note, satisfaction was higher (4.43 vs 3.89, p 
= 0.02) when the same topics were taught in the second year 
(how to perform case-based discussion evaluation) and the third 
year (facilitate group teaching). Some notable qualitative feed-
back included: “I enjoyed the sharing from different specialty 
residents,” “I never learned teaching skills and now I understand 
my weakness on teaching and will improve it,” and “hope the 
course content could be tailored for different background, for 
example, teaching in the operation room.”

The serial OSTE results are illustrated in Fig. 3. Both groups 
demonstrated an increase in scores after the first-year course. 
In the new course group, the scores increased in the following 
years, whereas they decreased in the second year in the tradi-
tional group. The OSTE scores between the two groups differed 
significantly in the second and third years.

The feedback from the students about the roles as a teacher 
of the resident from the TAS system demonstrated no signifi-
cant difference between the two groups during the whole pro-
gram period on average 6-month scores (range from 4.57 to 
4.74/5, detailed data available on request). The evaluation of 
clinical competency for the residents by PDs on the end of each 
year showed better performance among the residents who had 
received RaT courses but with a marginal statistical significance 
(Table 3).

4. DISCUSSION
This study was originally planned to demonstrate comparative 
effectiveness between a 3-year longitudinal, stepwise, and tra-
ditional RaT courses by a randomized controlled design with 
multiple levels of effectiveness evaluation. However, both the 
participation and completion rate of our RaT courses were 
around 40%, which was below our expectations and weakened 
the reliability of the effectiveness evaluation. Based on the avail-
able data, the OSTE scores, demonstrated a significantly better 
performance in teaching skills in the new course group, whereas 
no difference was noted in the feedback of students and course 
satisfaction between the two groups. The evaluation from PDs 
revealed insignificantly better clinical performance among the 
longitudinal course participants.

The low participation and completion rate for our RaT 
courses reflected the challenges faced by longitudinal program 

Table 2

Demographic data of the participating residents

  New course (n = 18) Traditional course (n = 17) p 

Gender     
Male Participated 15 (5) 11 (5) 0.09
 (Completed)   
Female Participated 3 (2) 6 (1)
 (Completed)    
Specialty     
Internal medicine-oriented specialtiesa Participated 13 (4) 12 (5) 0.63*

*for participated only(Completed)
Surgical-oriented specialtiesb Participated 4 (2) 3 (1)

(Completed)
Other specialties Participated 1 (1) 2 (0)

(Completed)
Course
Completion

N(percentage) 7 (38.9%) 6 (35.3%) 0.68

a Internal medicine, neurology, psychiatry, pediatric, family medicine, physical medicine and rehabilitation, and dermatology. 
b Surgery, obstetrics/gynecology orthopedics, urology, anesthesiology, emergency medicine, ophthalmology, and otolaryngology. 
c Nuclear medicine, diagnostic radiology, pathology, and radiation oncology.
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organizers. Another large-scale RaT randomized controlled 
study for a shorter duration (6 months) training session showed 
about 50% (62/121) participation rate for all R2 residents with 
an adherence rate of approximately 90% (56/62).17 The propor-
tion of participating this program among all residents of internal 
medicine-oriented specialties, surgical specialties, and other spe-
cialties are 61.3%, 29.0%, and 22.2%, respectively. The result 
showed residents from surgical departments and the specialties 
without inpatient-care service had difficulty or lower motivation 
in participating this program. To further explore the reasons for 
the low participation rate, we conducted a questionnaire survey 
on the reasons for nonparticipation or absence from the sched-
uled course. The most reported reasons of nonparticipation are 
“heavy clinical load” (82.4%) followed by “don’t want to waste 
a weekend to participate in such activity” (29.4%), limited time 
choice (23.5%) and “no great need in teaching skill training” 

(17.6%). The common reasons for absence from the scheduled 
course included “some unexpected clinical event” (38.4%), 
“scheduling conflict” (30.8%), and “exhaustion due to prior 
night shift” (30.8%). In addition, a few residents mentioned that 
the course design could not meet the needs of some specialties 
without inpatient services, such as pathology and radiology. A 
total of 68% of the nonparticipants would consider participat-
ing in the courses if online-based training course were avail-
able as an alternative, whereas 32.4% suggested that the course 
should be held on weekdays. Compared with short-duration 
programs, the longitudinal program needs more flexible options 
for busy trainee teachers to increase adherence.

Even fewer than the expected number of residents completed 
the courses; the significantly higher OSTE scores suggested the 
advantage of the longitudinal and stepwise course design. Our 
longitudinal courses included an experience sharing and one-
minute preceptor review session in the last 2 years. Through 
periodic reinforcement, the evaluated teaching skills among resi-
dents of the longitudinal group continued to improve throughout 
the three-year course duration. On the other hand, the tradi-
tional course group showed transient improvement in teaching 
skills after the teaching workshop in the first year. However, the 
OSTE scores declined in the second year and slightly increased 
again, possibly due to the maturation effect in the third year. 
Our findings provide solid evidence for the effect of periodic 
reinforcement in RaT programs. The course satisfaction data 
also indicated the advantage of stepwise curriculum design 
over extensive courses given within a short duration, because 
residents at different stages need different teaching skills. This 
illustrates the concepts of andragogy and constructivism. The 
unnecessary teaching skills taught too early are not valued by 
the trainees, for example, facilitating the teaching in group. In 

Fig. 3 The serial one-station OSTE scores among the residents of different groups. Values are presented as Mean ± SE. *p value is derived from Wilcoxon rank 
sum test with exact estimation. ‡p value is derived from the Generalized Estimating Equations approach.

Table 3

The evaluation of clinical competency among residents from 
program directors

  Evaluation timeline

End of R1 End of R2 End of R3 

New course 2.62 (n = 13) 2.86 (n = 7) 2.86 (n = 7)
Traditional course 2.33 (n = 9) 2.50 (n = 6) 2.50 (n = 6)
Dropout residents (who did not 

attend or complete courses)
2.13 (n = 16) 2.42 (n = 24) 2.38 (n = 24)

p 0.109 0.188 0.083

The clinical competency was evaluated with a four-level scale (3: exceptional, 2: expected, 1: below 
expectation, 0: extremely poor). p value is derived from ANOVA. 
R1 = first-year residents; R2 = second-year residents; R3 = third-year residents.
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addition, the learned skills decay over time if the residents do 
not apply them frequently in clinical teaching settings.

Learning theories and experience in the real world suggest 
that teaching itself facilitates learning, and resident-as-teachers 
are more than just about student learning.4,47 However, the ben-
efits of such trainee teachers’ teaching or teaching skill training 
have rarely been reported in the literature, especially in the clini-
cal setting.5 One study concluded that themes linking clinical 
and teaching skills are similar for both patient-physician and 
learner-teacher relationships and improving residents’ teaching 
skills may not only benefit the education of learners but also 
improve the care of patients.6 We tried to provide evidence 
about the positive impact of RaT on residents themselves, and 
hypothesized that residents who received effective RaT courses 
would have better performance in clinical service. Although the 
results of evaluation by PDs lacked statistical discrepancy, prob-
ably due to the small case numbers, the data showed a trend that 
residents completing teaching skills training had better clinical 
presentation. Furthermore, the residents who kept enrolling in 
any RaT program had better clinical performance than those 
dropped-out of the program. The result implicated that partici-
pating RaT course is better, regardless the course design. These 
benefits for residents should be further explored in the future.

Our experience showed that the routine feedback of students 
to their residents was usually highly positive and failed to dem-
onstrate the differences in teaching quality among two groups. 
Feedback from students is an important indicator of the effec-
tiveness of RaT courses and some student evaluation of teaching 
(SET) tools have been developed for evaluating clinical teach-
ing.35,48,49 However, we did not plan to adopt these tools because 
these tools are often more complicated and time-consuming. A 
more structured SET tool should be considered in future studies.

The strengths of this study include a novel stepwise longi-
tudinal course and randomized controlled study design. We 
included several levels of effectiveness evaluation, including 
the objective evaluation method (OSTE) and new evaluation 
model (clinical competency), to explore the impact after RaT 
training. However, this study has some limitations. First, the 
small number of participants which were most male and from 
internal-medicine-oriented specialties made it difficult to draw 
convincing result statistically. However, we believe the experi-
ence of conducting such a novel multi-year program is still wor-
thy to be shared. Second, there were no widely used teaching 
competency milestones for residents, and the necessary teaching 
skills likely varied among residents of different specialties. We 
included members from different specialties to design the lon-
gitudinal course, and the teaching skills included in our courses 
were the most general principles of teaching. In addition, we 
only adapted the one-station OSTE, which mainly focused on 
bedside teaching and feedback skills. Holding a multiple-station 
OSTE for many residents is challenging. We believe the scenario 
we chose is representative of main teaching activity and the one-
station OSTE was sufficient to demonstrate the value of peri-
odic reinforcement. Finally, the experience were based on one 
cohort, that is, the R1s in 2016. This longitudinal course was 
still continued in the following years, and some online courses 
were supplemented according to the feedback of residents in our 
institution. The positive effects of longitudinal RaT were still 
observable. We will report the experience and effectiveness after 
repeating a stable online hybrid longitudinal program with more 
participants.

In conclusion, it is challenging to conduct a multiple-year 
longitudinal RaT program for young residents. However, this 
innovative longitudinal program demonstrates the potential on 
increase learning retention and the importance of periodic rein-
forcement. The stepwise course design also satisfies the learn-
ing needs of residents at different levels. Further efforts, such as 

learning time protection, providing flexible online courses, and 
more customized courses are needed to increase the participa-
tion in and adherence to RaT.
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