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Background: Most surveys today show a marked decline in traditional beside teaching rounds (BTR) in medical education. The 
online-to-offline (O2O) teaching mode has been associated with improvement of academic performance of learners. This study aimed 
to compare the O2O teaching rounds (O2OTR) with BTR on a nephrology inpatient service and assess efficiency and satisfaction 
among residents.
Methods: A total of 79 trainees who participated in the nephrology residency training, were randomized either to the O2OTR group 
or the BTR group (control). Theoretical knowledge tests, clinical case scenarios, and questionnaires were integrated to systematically 
assess the teaching efficacy.
Results: Thirty-eight residents were assigned to the O2OTR group, while the other 41 were assigned to the BTR group. Baseline 
demographics and performance were comparable between groups. Residents in the O2OTR group demonstrated superior performance 
in clinical case scenarios compared to those in the BTR group (P < 0.001) at 2 months after teaching. Moreover, O2OTR residents 
expressed more positive attitudes toward their clinical thinking proficiency (P < 0.001), and exhibited higher satisfaction with their 
teaching rounding style (P = 0.004) than their BTR counterparts.
Conclusion: This study suggests that the O2OTR mode serves as an effective and alternative approach in the nephrology residency 
training.
Keywords: online-to-offline, teaching rounds, bedside, residency training, nephrology

Introduction
Standardized residency training (SRT) program, as an important component of postgraduate medical education, is the 
first mandatory stage of training highly competent physicians.1,2 Since the first residency training program under the 
supervision of William Osler, bedside teaching rounds (BTR), the process where care review and medical plan among 
healthcare providers take place in the presence of the patient, has been viewed as a comprehensive practical teaching 
activity.3 The practice of BTR may provide opportunities for exercising residents’ clinical thinking abilities and 
professionalism.4,5

Despite its rhetorical and theoretical benefits, a substantial number of factors have led to a decline in the bedside 
teaching.6–9 Technological advancements have shifted the diagnostic process away from the bedside and towards 
laboratory testing and imaging,9 which has led some healthcare providers to question the utility of bedside 
diagnosis.10 The electronic medical record (EMR) has enhanced information accessibility, thus leading physicians 
to now often spend more time caring for digital representations of the patient than the actual person.11,12 Studies 
demonstrated that internal medicine residents spend as little as 12% of their learning time in direct contact with 
patients.13,14 Recently, a prospective and observational survey revealed that only 17% of teaching time for internal 
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medicine residents involved interaction with patients at the bedside.7 Boyle et al found that only 30% of trainees 
examined the patients with the attending at the bedside in the Department of Nephrology.15 Other barriers to the 
bedside teaching included pressure to reduce length of stay, concern for patient discomfort, and insufficient time to 
teach, particularly in the context of duty-hour constraints of residents.16,17 As a result, these challenges mentioned 
above have prompted educators and trainees to seek more efficient and innovative patterns of teaching rounds.

Driven by rapid advancements in information technology and educational innovation, the mixed online-to-offline 
(O2O) teaching model has demonstrated increasingly prominent advantages.18 The O2O pattern initially emerged in the 
field of e-commerce, defined as a business paradigm using digital platforms to drive offline transactions and 
consumption.19 The O2O teaching pattern was a combination of the online teaching and traditional offline teaching, 
leveraging network technology and digital platforms.20,21 Emerging studies have shown that using the O2O teaching 
pattern in teaching of English,22 computer science23 and medical educaition24–26 have yielded significant outcomes, such 
as improvement of participants’ learning enthusiasm and academic performance. However, studies on application of the 
O2O model in teaching rounds are lacking. To fill the gap in nephrology education research, we performed a prospective 
interventional study that compared the O2O teaching rounds (O2OTR) with traditional BTR in the Department of 
Nephrology, with the aim of ascertaining which rounding practice is associated with superior teaching efficiency and 
higher trainee satisfaction.

Methods
Participants
A total of 79 internal medicine trainees were consecutively enrolled from the Department of Nephrology of the Second 
Affiliated Hospital of Zhejiang University School of Medicine in Hangzhou, China. These residents underwent a two- 
months Standardized Internal Medicine Training Program in the nephrology department between Jun 1, 2023, to July 30, 
2024. Eligibility criteria were as follows: (i) attended the hospital for standardized internal medicine training program; 
(ii) first time to attend the clinical rotation in the nephrology department, and (iii) having a presence of 90% or more 
during the rotation period. Exclusion criteria included (i) an absence rate of over 10% during the rotation period; (ii) 
refusing participation, and (iii) dropping out for other reasons.

Study Design
We conducted a single-center prospective randomized study of O2OTR vs BTR in a two-months nephrology residency 
training. Before the initiation of the study, we educated attending physicians, nephrology residents, and nurses about 
traditional BTR and O2OTR through voluntary conference presentations. All residents were required to take examina
tions containing the theoretical knowledge test and clinical case scenarios related to nephrology. The baseline perfor
mance of residents was evaluated according to the results of the examinations. All residents were randomly assigned 
either to the BTR group or the O2OTR group (Figure 1), each with 1 attending physician and 2–3 residents. The 
participants in this study included nephrology residents, attending physicians, nurses, and newly admitted nephrology 
patients. The attending physicians were experienced teachers in clinical teaching and were trained before teaching. The 
BTR team p Please describe the timing of online pre-learning relative to roundsresented medical history, performed 
physical examination, and discussed summarized results and subsequent medical plans at the bedside with encourage
ment of patient’s participation. The O2OTR team published the patient history through the Chinese university Massive 
Open Online Courses (MOOC) platform,27 and residents were expected to take about 30 min to use flexible intelligent 
devices to complete independent learning and then enter offline process with thinking and problems. The O2OTR team 
performed physical examination in the room, followed by discussion of medical plans through Ding Talk, a widely used 
online office platform in China.28 DingTalk live broadcast was initiated and hosted by the attending physician, with 
a total duration of approximately 1 hour. Theoretical knowledge tests, clinical case scenarios, and questionnaires were 
used to assess teaching efficacy and trainee satisfaction.

The study protocol was approved by the Institutional Review Board and Ethics Committee of the Second Affiliated 
Hospital of Zhejiang University School of Medicine (2023–0989). We provided participating residents, attending 
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physicians, nurses, and patients with a study handout and information sheet. All participants involved in the present study 
signed informed consent forms.

Assessment
To evaluate the teaching efficacy, residents of both groups were required to take examinations containing theoretical 
knowledge test and clinical case scenario, each with a full score of 100 points, according to the outline of residency 
training of nephrology. The examinations were performed on the last day of the rotation in the Department of 
Nephrology. The results of the examinations were employed as objective indicators of evaluation. The theoretical 
knowledge test utilized a multiple-choice question format, with each question assigned equal weighting. The residents 
were required to engage in clinical practice as nephrology physicians do in the clinical case scenarios, encompassing 
medical history collection, physical examination, record writing, clinical thinking, and patient care. The scenarios used 
for examination were never displayed in the teaching process for residents in the two groups. Moreover, the clinical case 
scenarios were the same between groups. Ultimately, the residents were scored based on their performance. All residents 
were required to complete an anonymous questionnaire online, which aimed to examine their perspectives and 
experiences regarding the teaching rounding patterns using a five-point Likert scale. The questionnaire items covered 
aspects about medical history collection, physical examination, record writing, clinical thinking, and care for patients, as 

Figure 1 Study design. 
Abbreviations: BTR, bedside teaching rounds; O2OTR, online-to-offline teaching rounds.
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well as time spent for the class, and satisfaction with the teaching method. The questionnaire was adapted from Paul 
Ramsden’s Course Experience Questionnaire and Biggs’ Study Process questionnaire, both of which have been verified 
for reliability and validity.29 The whole examination process was under the supervision of the residency training secretary 
of the Department of Nephrology and the Supervisory Committee of the Medical Residency Training Program, ensuring 
compliance with the established standards. Independent observers tabulated data into a spreadsheet. Data collected from 
both independent observers was aggregated for ease of analysis.

Statistical Analyses
All data were presented as mean ± standard deviation of mean (SD) or umber (percentage). All analyses were performed 
using SPSS for windows (SPSS Inc., Chicago, IL, USA) version 22. Differences in variables by teaching round styles 
were performed using independent sample t-test or Mann–Whitney U-test for continuous data and Pearson’s Chi-squared 
test for categorical data. Independent sample t test was used for the variables with normal distributions and homogeneity, 
while Mann–Whitney U-test was performed for parametric variables with non-normal distributions or non-homogeneity. 
In the present study, a P-value of <0.05 was considered statistically significant.

Results
Characteristics of Participants
Of 90 nephrology residents at baseline, 11 were excluded from this analysis: 7 refusing to participate in this study, 3 
with absence rate of >10% during the rotation period, and 1 dropping out for other reasons. Finally, the study cohort 
in this study contained 79 nephrology residents (49 female, 30 male) with a mean age of 30.68 years. There were no 
significant differences in gender and age between our cohort and those excluded. Thirty-eight residents were 
randomly assigned to the O2OTR group, while the other 41 were randomly assigned to the BTR group. There 
were no significant differences between the two groups in gender, age, marital status, education, and household 
income (Table 1).

Performance of Participants
We assessed baseline performance of residents through the examinations consisting of theoretical knowledge and clinical case 
scenarios. The scores of the examinations were analyzed and the results revealed no significant differences between the O2OTR 
group and the BTR group (Figure 2A and B). At 2 months after the teaching, the average score of the theoretical knowledge test 
in the O2OTR group was 80.12 ± 4.23, while the average score was 79.46 ± 3.28 in the BTR group, revealing a similar 

Table 1 Characteristics of Participants in the Present Study

Characteristic* Whole Sample 
(n = 79)

BTR 
(n = 41)

O2OTR 
(n = 38)

P value

Gender 0.842
Female 49 (62.0) 25 (61.0) 24 (63.2)

Male 30 (38.0) 16 (39.0) 14 (36.8)

Age, years 30.68 ± 2.61 30.54 ± 2.59 30.84 ± 2.67 0.607
Marital status 0.772

Married 24 (30.4) 13 (31.7) 11 (28.9)

Unmarried couple 29 (36.7) 16 (39.0) 13 (34.2)
Single 26 (32.9) 12 (29.3) 14 (36.8)

Education, years 19.04 ± 2.16 18.83 ± 1.96 19.26 ± 2.36 0.375

Household income, $ 0.708
<30,000/y 6 (7.6) 4 (10.0) 2 (5.3)

30,000–74,999/y 36 (45.6) 19 (46.3) 17 (44.7)

>75,000/y 37 (46.8) 18 (43.9) 19 (50.0)

Notes: *Data are expressed as number (percentage) or means (±SD); $, US dollar. 
Abbreviations: BTR, Beside teaching round; O2OTR, Online-to-offline teaching round.
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performance in the two groups (P = 0.415, Figure 3A). However, residents in the O2OTR group shown a superior performance 
to those in the BTR group in terms of the clinical case scenarios (71.87 ± 3.22 vs 67.80 ± 3.65, P < 0.001), as displayed in 
Figure 3B.

Figure 2 Performance of residents at baseline. (A) Theoretical knowledge test between groups; (B) Examination of clinical case scenarios between groups. 
Abbreviations: NS, no statistical significance, BTR, bedside teaching rounds; O2OTR, online-to-offline teaching rounds.

Figure 3 Comparison of residents’ performance between groups at 2 months. (A) Theoretical knowledge test between groups; (B) Examination of clinical case scenarios 
between groups. *** P < 0.001. 
Abbreviations: NS, no statistical significance; BTR, bedside teaching rounds; O2OTR, online-to-offline teaching rounds.
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Experience Survey of Participants
Residents’ perceptions and experiences were assessed using an anonymous questionnaire. In the present study, a total of 
79 questionnaires were distributed and all 79 were received. The Cronbach’s alpha value for the positive-oriented items 
of the questionnaire was determined to be 0.84, suggesting that the questionnaire exhibited satisfactory internal 
consistency and reliability. There were no significant differences in medical history collection, physical examination, 
record writing, care for patients, and time spent for the class between the two groups (all P > 0.05, Figure 4). However, 
residents in the O2OTR group provided a more positive perception of improving the clinical thinking abilities of (4.73 ± 
0.45 vs 4.24±0.70, P < 0.001) when compared to those in the BTR group. Of important, the O2OTR residents exhibited 
higher satisfaction with their teaching rounding styles (4.08 ± 0.43 vs 3.76 ± 0.54, P = 0.004) than their BTR 
counterparts, as shown in Figure 4.

Discussion
Nephrology is a comprehensive and highly practical discipline that is a crucial component of standardized residency 
training in internal medicine. Despite amounts of changes in medical education, teaching rounds remain a core part of 
experiences of trainees.30,31 However, studies have shown a marked decline in teaching rounds, BTR in particular, resulting 
from barriers such as dependence of diagnosis on technology, insufficient time to teach, introduction of the electronic 
medical record, and pressure to reduce length of stay.9,11,12,32 Therefore, novelty teaching rounding mode should be 
explored to enhance teaching quality and strengthen residents’ clinical thinking abilities and problem-solving competencies.

In the post-COVID-19 pandemic era, the single online or offline teaching mode fails to satisfy the needs of medical 
education. The O2O teaching refers to an innovative pattern that integrates the online teaching with traditional offline 
teaching, which both have advantages of accessibility and efficiency of the online teaching and environmental experience 
of the offline teaching. It has been proven that the O2O teaching mode was associated with learners’ increased learning 
enthusiasm and enhanced academic performance.22–26 Ding Talk, an online office platform widely used in the Second 
Affiliated Hospital of Zhejiang University School of Medicine, make it convenient to start a live stream for teaching, 
meeting, and remote consultation.28 The platform supports live playback of the teaching rounds, enabling repeated 
viewing to consolidate learning outcomes. In the present study, we applied the O2O mode in the teaching rounds of the 
residency training of nephrology, publishing the patient history through the Chinese university MOOC platform, 

Figure 4 Residents’ perspectives on the teaching rounding pattern. ** P < 0.01; *** P < 0.001. 
Abbreviations:  NS, no statistical significance; BTR, bedside teaching rounds; O2OTR, online-to-offline teaching rounds.
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performing physical examination and care review at the bedside, and finally discussing diagnosis and medical plans 
through Ding Talk network platform.

We found that residents in the O2OTR group scored higher than their counterparts in the BTR group for examinations 
of the clinical case scenarios at 2 months post-teaching. The residents from both groups exhibited comparable 
performance in the theoretical knowledge test. Notably, the baseline performances between the two groups were similar. 
Collectively, the O2OTR mode enhanced residents’ capacity for translating textbook knowledge to real-world clinical 
scenarios. Subsequently, feedback was collected from residents regarding the O2OTR mode in nephrology teaching 
rounds. The residents felt that the O2OTR mode helped them to enhance their clinical thinking abilities. Notably, 
residents enrolled in the O2OTR group showed higher satisfaction with the teaching method, while reporting no 
significant increase in learning time commitment. This phenomenon may be partly attributed to the teaching mode 
having advantages of the accessibility and efficiency of online teaching and the environmental experience of offline 
teaching. The time and space for learning of trainees were greatly expanded in the O2OTR teaching mode.33 Moreover, 
attending physicians and trainees can communicate and interact online, which will be conducive to establishing 
a harmonious teacher-student relationship.

This study had several limitations. First, we failed to blind the research participants, who were able to identify the 
pattern being used during the teaching rounding. But we ensured those who assessed the tests were unaware of the 
grouping. Second, this study was conducted exclusively within a single institutional setting, involving a relatively small 
sample of residents. Further research is warranted within larger sample cohorts across multiple centers. Third, the 
training time in the Department of Nephrology is relatively short, which did not allow for a crossover study, and might 
potentially yield bias in this study. Finally, we focused specifically on the teaching rounds with physician trainees in the 
hospital setting. Therefore, the findings of this study may not be generalized to other clinical settings (eg, the outpatient) 
or different trainee populations (eg, surgery or pharmacy learners).

Conclusion
The O2OTR mode offers a superior, evidence-based alternative to traditional BTR in the nephrology residency training. 
This approach motivates residents’ learning initiative and enhances their clinical thinking abilities. Future multi-center 
studies are warranted to validate its effectiveness across diverse institutions and trainee populations.
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