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Editorial on the Research Topic
 Impact of technology on human behaviors in medical professions education




The Research Topic focuses on the impact of technology on human behaviors in medical sciences teaching and learning. It also explores the effect of social, psychological, and other factors on the use of technology in medical education. In so doing, the Research Topic focuses on the integration of technology and the role of human behaviors in improving the teaching and learning process of medical education. Technology has revolutionized education by allowing teachers and students to establish new ways of teaching and learning (1, 2). It has transformed the delivery of knowledge and the behaviors and attitudes of educators and learners. Integrating advanced tools, such as virtual reality (VR), artificial intelligence (AI), and online learning platforms, has improved how medical students and professionals acquire skills, interact with patients, and engage with peers. Interactive technologies like simulation-based learning and VR allow students to engage in realistic scenarios without risk to real patients. Digital tools such as shared virtual workspaces and cloud-based platforms enable students to collaborate on projects regardless of their geographical location. Digital platforms such as Massive Open Online Courses (MOOCs) and online medical databases provide professionals with instant access to the latest research and clinical guidelines. This accessibility promotes continuous learning habits among medical practitioners, encouraging them to stay updated and adapt to evolving practices.

Technology has also impacted collaboration in medical education. This fosters teamwork and communication skills that are essential in healthcare settings. Moreover, technology encourages interdisciplinary learning, as students from different fields can easily participate in joint training sessions, enhancing their ability to work in diverse teams. In addition to its support in improving teaching and learning in medical education, technology has raised ethical questions that shape behaviors. For example, in the Research Topic, Alam et al. argued that, despite AI's immense potential for advancing healthcare and medicine, careful attention must be paid to ethical considerations. This suggests that using AI in diagnosis and treatment planning requires students to learn about data privacy, algorithm bias, and ethical decision-making. Ethical considerations associated with healthy/unhealthy use of technology in medical sciences are also related to human behavior. Hence, medical education must incorporate knowledge, skills, and attitudes to prepare students to navigate complex ethical landscapes.

The Research Topic consists of 11 articles examining technology's impact on medical education from different perspectivesThe articles included in the Research Topic can be categorized into three themes.

1. Digital identity and professionalism in medical profession education

The articles on this theme discuss the impact of technology on human behavior, especially the connection between technology and digital professionalism and psychological changes. Guraya et al., explored the modeling of digital identity and virtual engagement in the medical field, emphasizing mission-driven e-professionalism. They identified three key components: solidification, digitally cultural fitness, and shared agency. Moreover, Kitamura et al. used text mining techniques that analyze qualitative information with quantitative features to investigate how rehabilitation students' goals change during their first year at university. Overall, the articles highlight how technology affects the ethical identity and psychological changes of students.

2. Technology and instructional methods in medical profession education

Considering the multifaceted impact of technology on human behaviors in medical professions education, offering both opportunities and challenges, the Research Topic included articles that contribute to advancing knowledge on how technology impacts medical education through instructional methods. Delafontaine et al. conducted an observational retrospective monocentric study in a French physiotherapy school to examine the consequences of a blended learning program for musculoskeletal anatomy on student skills. Schievano et al. examined the effectiveness of a blended e-learning program, via the PhArmacoVIgilance Africa (PAVIA) training program, and its adaptation during the COVID-19 pandemic. Ashraf et al. examined the role of blended learning in improving medical students' academic performance through self-regulatory learning and technological competence. Chen et al. investigated the application effect of the online and offline mixed teaching mode in nursing practice teaching based on the Source Message Channel Receiver (SMCR) communication model. Sadiq et al. researched integrating technology-enhanced learning in medical education by introducing an E-Portal training program to allow health professions educators to learn essential skills for proficiently employing digital tools in instruction. The articles share the idea that technology affects the experiences of medical students, teachers, and professionals and thus students' learning.

3. Artificial intelligence in medical profession education

The articles of the Research Topic in this theme explore Artificial Intelligence in medical education, which helps to create awareness for the healthy use of technology. Alam et al. advocated the integration of AI tools in medical education, specifically learner-oriented AI tools, and proposed guidelines for medical students to use these tools. Wang et al. studied the relationship between social media-driven networks and job performance among primary healthcare professionals, highlighting knowledge sharing as a mediating factor. Ismail et al. explored non-verbal communication techniques (NVC) during online feedback sessions for communication skill activities in a medical education module and indicated its impact on conveying nuanced information. Du et al. proposed the ensemble model to show the role of AI in disease prediction for medical practitioners.

In conclusion, this Research Topic has explored the impact of technology on human behavior in medical professions education from various perspectives using different theoretical frameworks. The findings suggest that while technology fosters engagement, collaboration, and lifelong learning, it also requires a concerted effort to preserve essential human skills and attitudes, such as empathy and ethical reasoning. By embracing a balanced approach, medical educators can ensure that technology enhances, rather than diminishes, the humanistic aspects of medical practice. On a different note, it is important to question: how might technology impact medical professions education differently from other fields or disciplines?
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Background: In physiotherapy education, blended learning is recognized to be more effective compared to traditional teaching. The aim of this study was to assess the consequences of a musculoskeletal anatomy blended learning program on skills developed by students.

Methods: We conducted an observational retrospective monocentric study in a French physiotherapy school named “X.” Ninety-two first-year students in the 2017–18 baseline group (students with traditional face-to-face learning), and ninety-eight first-year students and ninety-five second-year students in the 2018–19 and 2019–20 blended learning experimental groups was included. A success rate of the anatomy final written exam, defined by the percentage of students scoring 50% or above, was analyzed between 2017 and 2020. We also evaluated the pedagogical value of musculoskeletal e-learning and its usefulness for preparing the student for their anatomy final written exam at «X».

Results: We observed an improvement in the success rate of the anatomy final written exam between the 2017–18 baseline group, 2018–19 and 2019–2020 experimental groups during first (Kruskal–Wallis = 74.06, df = 2, p < 0.001) and second semester (Kruskal–Wallis = 173.6, df = 2, p < 0.001). We obtained a data survey and questionnaire response rate of 74% (n = 89/120) for the 2018–19 and 62% (n = 72/116) for the 2019–20 experimental groups. Concerning questionnaire response, they were no significant statistical difference between 2018–19 and 2019–20 experimental groups.

Conclusion: Blended learning could improve student success rate of the anatomy final written exam and learning of professional physiotherapy skills.

KEYWORDS
 physiotherapy student, blended learning, traditional teaching, musculoskeletal anatomy, physiotherapy education


1. Introduction


1.1. Background

Physiotherapy education in France has transformed since 2015, shifting toward a university degree program (1, 2). Historically, physiotherapy schools were separate from universities and awarded a “Diplôme d’Etat de Masseur-Kinésithérapeute (DEMK)” after a three- or four-year program. The new system is a five-year university-based program (1, 3, 4) (Figure 1), starting with a common year of university alongside other healthcare programs, followed by specialized physiotherapy education.

[image: Figure 1]

FIGURE 1
 Physiotherapy program over five years: a first, common year is followed by 4 years of specialization in physiotherapy.


During the first year, students study general courses, including chemistry, physics, biochemistry, and others (5, 6). Second-year admission is based on an entrance exam for physiotherapy, medicine, dentistry, pharmacy, or midwifery. Years two to five are taught at physiotherapy schools, which collaborate with universities to establish conditions for earning European Credits (ECTS) and a Master’s degree.

The healthcare reform facilitated e-learning adoption, a popular and efficient teaching mode in the medical field, especially amid the coronavirus disease of 2019 (COVID-19) pandemic (7, 8).

In fact, Rossettini et al. (9, 10) underlined that, in post-COVID-19 period, physiotherapy educators had to implement digital education into entry-level physiotherapy education, especially to deal with social inequality and evaluation of students.

For instance, “X” physiotherapy school in the Paris region had to develop innovative ways to teach musculoskeletal anatomy with limited hours alongside medicine students at Paris-Saclay University’s Faculty of Medicine (11).

E-learning, particularly blended learning, has become the standard in medical and physiotherapy education [(12–16); Rossettini et al. (9, 10); (17, 18)]. Blended learning enhances learning outcomes, satisfaction, and attitudes among physiotherapy students (19–21) but may not significantly improve clinical practice (22, 23).

E-learning improves inter-professional collaboration among medical, nursing, physiotherapy, and occupational therapy students (24) and enhances anatomy learning when combined with traditional teaching methods (25–27). It benefits students who require visual and kinesthetic learning, like physiotherapists (28). However, despite of these benefits, a recent systematic review (29) shows that most studies used non-validated tools in order to quantify the improvement of digital health competencies due to digitalization among healthcare professionals.



1.2. Objectives

In “X” physiotherapy school, e-learning was introduced to complement traditional classroom-based anatomy courses. This study aims to assess the impact of musculoskeletal anatomy blended learning on final exam performance compared to traditional teaching methods. The hypothesis is that blended learning will lead to improved success rates (30).

Overall, the healthcare reform in France has paved the way for the integration of e-learning in physiotherapy education, enhancing learning experiences and academic outcomes (31, 32).




2. Materials and methods


2.1. Study design

We used data from a monocentric observational retrospective study on physiotherapy students. The STROBE guidelines were adhered to by the methodology of the article (33).



2.2. Setting

The study was conducted in a French public physiotherapy school (i.e., named “X”) in partnership with Paris-Saclay University. About 450 students are enrolled in “X” four-year physiotherapy study program. Every year, approximately 100 first-year students are admitted to “X” for the first common year of health education.



2.3. Participants

We considered data from second- and third-year physiotherapy students. This study was conducted over three university years from September 2017 to July 2020. Repeat students and students with flexible work arrangements (i.e., top-level athletes) were excluded. The study complied with the standards set by the Declaration of Helsinki (34). All participants gave written informed consent after being instructed as to the nature and purpose of the study, which was approved by the local ethics committee of Paris-Saclay University under registration number CER-Paris-Saclay-2020-095.

A baseline group (2017–18 baseline group) was formed of second-year physiotherapy students who attended only in-person gross anatomy courses with no specific physiotherapy musculoskeletal blended learning in anatomy (from September 2017 to July 2018).

Two experimental groups (2018–19 and 2019–20 experimental groups) were formed. Both groups had previously attended in-person gross anatomy courses and specific physiotherapy musculoskeletal anatomy blended learning (from September 2018 to July 2019, and from September 2019 to July 2020).



2.4. Intervention

Thirty-two musculoskeletal anatomy blended learning units were created for the second year of physiotherapy studies at “X.” The learning objectives were to focus on musculoskeletal anatomy to complement the gross anatomy studies delivered at Paris-Saclay University. These studies were dedicated to myology, osteology and arthrology of the upper and lower limbs. To standardize and homogenize the content of these blended learning units, all were prepared and recorded by the same individual (Professor of musculoskeletal anatomy, with 10 years of teaching experience). None of the students received direct in-person instruction from this individual. The 32 blended learning units were peer reviewed by the authors of this article for consistency and quality of content. All blended learning units were broadcast by the intranet server of “X” physiotherapy school (i.e., digital teaching platform accessible at http://www.learneos.fr) and freely accessible for each student on their own school’s account.

To control bias, all of the blended learning units had the same structure and duration (i.e., 30 min) and were pre-recorded with the same teacher’s voice. The blended learning units were composed of anatomy bullet text, 2D/3D musculoskeletal anatomy pictures (i.e., illustrations, diagrams and 3D models) and cadaveric musculoskeletal images. No e-video was included in the blended learning units.



2.5. Variables


2.5.1. Primary outcome

The anatomy skills developed by the students were assessed through first- and second-semester final examination results. We compared the results of students with traditional face-to-face learning (2017–18 baseline group) with those of students having completed the blended learning program (2018–19 and 2019–20 experimental groups). Success in the anatomy teaching unit was defined by the rules of the physiotherapy program: students were required to obtain a score of 10 out of 20 (or 50%) on the first multiple-choice exam. Multiple-choice exam is composed of 30 to 40 multiple-choice questions (i.e., 4 possible answers for each question) based on musculoskeletal anatomy program of the first-year physiotherapy students (i.e., myology, osteology and arthrology of the upper and lower limbs).



2.5.2. Secondary outcomes

An investigation field was made through an online data survey to evaluate the pedagogical value of musculoskeletal blended learning and its usefulness for preparing the student for their anatomy final written exam at “X” physiotherapy school.

The retrospective target and eligible population and the eligibility criteria corresponded to second- to third-year physiotherapy students at “X” physiotherapy school over three university years from September 2017 to July 2020.

Concerning the sources and methods of selection, all the participants were recruited through the survey. Participants were able to complete the survey at any time during the period mentioned above. All data were self-reported by the participants. The survey was anonymous, and data confidentiality was assured in accordance with the European General Data Protection Regulation.

The 2018–19 and 2019–20 experimental group students were asked to evaluate the pedagogical value and interest of blended learning as an effective tool for preparing written semester exams (Table 1).



TABLE 1 2018–19 and 2019–20 experimental group student’s questionnaire assessment.
[image: Table1]




2.6. Bias

Considering our study design, several potential biases must be underlined. First, we cannot exclude a social desirability bias (where respondents to surveys tend to answer in a manner they feel will be seen as favorable by others) and a selection bias given the way we recruited participants through monocentric training institute.



2.7. Statistical methods

A descriptive analysis was performed to determine the average score of each blended learning unit. The Shapiro–Wilk W test was used to evaluate each variable for normality and established that nonparametric statistic tests should be used (Shapiro test with p < 0.001). The mean score during both semesters concerned was compared for 2017–18 and 2019–20 with Kruskal-Wallis test. The mean score between groups (i.e., 2017–18 baseline group, 2018–19 and 2019–20 experimental groups) was compared with Mann–Whitney test. Statistical analysis was performed using JASP® (Version 0.14.1, Amsterdam, Netherlands). A Fisher’s exact test was performed to determine the association between dependent and independent variables. Statistical analysis was performed using SPSS statistical software (Version 23.0 for Mac, SPSS, Inc., Chicago, IL). The level of significance was established at p < 0.05.




3. Results


3.1. Participants and descriptive data

A total of 308 students were included in the three cohorts, with 23 students being excluded due to academic repetition or having flexible work arrangements (Figure 2).

[image: Figure 2]

FIGURE 2
 Flowchart of the study.


We considered ninety-two first-year students (19 ± 1 years old; 52 males and 39 females) in the 2017–18 baseline group, and ninety-eight first-year students (20 ± 1 years old; 49 males and 49 females) and ninety-five second-year students (21 ± 2 years old; 52 males and 43 females) in the 2018–19 and 2019–20 experimental groups.



3.2. Main results


3.2.1. Primary outcome

For the main outcome, we observed an improvement in the success rate of the anatomy final written exam between the 2017–18 baseline group and the 2018–19 and 2019–2020 experimental groups. Success rate is defined by the percentage of students scoring 50% or above. Table 2 shows an improved success rate of the anatomy final written exam for both semesters studied.



TABLE 2 Success rate of the anatomy final written exam for both semesters studied of the 2017–18 baseline group, and of the 2018–19 and 2019–20 experimental groups.
[image: Table2]

For the first semester, the mean score results to final exam of the 2017–18 baseline group, and of the 2018–19 and 2019–20 experimental groups improved (Kruskal-Wallis = 74.06, df = 2, value of p<0.001) (Table 3 and Figure 3).



TABLE 3 Results of final exam of the 2017–18 baseline group, and of the 2018–19 and 2019–20 experimental groups. n: number of students.
[image: Table3]
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FIGURE 3
 Mean result and standard deviation of students for first (A) and second (B) semesters in anatomy without (2017–18 baseline group) and with blended learning (2018–19 and 2019–20 experimental groups). S1: first semester; S2: second semester.


For the second semester, the mean score results to final exam of the 2017–18 baseline group, and of the 2018–19 and 2019–20 experimental groups improved (Kruskal-Wallis = 173.6, df = 2, value of p<0.001) (Table 3 and Figure 3).

The mean score results to final exam of 2018–19 experimental group significantly decreased (Mann–Whitney = 6195.5, value of p<0.001) compared to the 2017–18 baseline group.

The mean score results to final exam of 2019–20 experimental group significantly increased (Mann–Whitney = 163.0, value of p<0.001) compared to 2018–19 experimental groups.



3.2.2. Secondary outcomes

For the secondary outcome, we analyzed the pedagogical value and usefulness of for musculoskeletal blended learning for preparing for the “X” final written exam. We obtained a data survey and questionnaire response rate (Figure 3; in line with 2018–19 and 2019–20 experimental group students questionnaire assessment of Table 1) of 74.2% (total of 89/120 data surveys and responses available) for the 2018–19 experimental group, and 62.1% (total of 72/116 data surveys and responses available) for the 2019–20 experimental group. Concerning questionnaire response, they were no significant statistical difference between 2018–19 and 2019–20 experimental group students.


3.2.2.1. Pedagogical value

We observed that 74% (n = 66/89) of 2018–19 experimental group students and 80% (n = 58/72) of 2019–20 experimental group students said that blended learning could not replace in-person classroom lectures (see Q1 of Figure 4).

[image: Figure 4]

FIGURE 4
 Comparison of 2018–19 (n = 89) and 2019–20 (n = 72) students questionnaire response rate. Q: question in line with Table 1. The number of each respondent (i.e., “yes” and “no”) is indicated on each column from Q1 to Q10.


However, 64% (n = 57/89) of 2018–19 experimental group students and 58% (n = 42/72) of 2019–20 experimental group students found that blended learning support is useful for learning musculoskeletal anatomy (see Q2 of Figure 4).



3.2.2.2. Usefulness of blended learning for preparing for final exam

The assessment of musculoskeletal blended learning as an efficient tool for preparing for the “X” final written exam showed that 61% (n = 54/89) of 2018–19 experimental group students and 60% (n = 43/72) of 2019–20 experimental group students do not consider blended learning anatomy to be useful in preparing for the final written exam (see Q7 of Figure 4).






4. Discussion


4.1. Key results

The primary outcome showed a significant improvement in the success rate of the anatomy final written exam for both semesters studied in the 2018–19 and 2019–20 experimental groups compared to the 2017–18 baseline group. Mean score results for the final exam were significantly better in the experimental groups than in the baseline group. The secondary outcomes explored the pedagogical value and usefulness of musculoskeletal blended learning for preparing for the anatomy final written exam. A majority of students found blended learning helpful for learning musculoskeletal anatomy, although they believed it could not fully replace in-person classroom lectures for anatomy instruction. Overall, the study suggests that implementing blended learning can lead to improved exam performance and is considered valuable for learning musculoskeletal anatomy by many students, though not as a complete substitute for traditional classroom lectures.

In physiotherapy education, the use of blended learning increases: knowledge, practical skills acquisition (19, 21), satisfaction/attitude in physiotherapy students (20) and workload (22). In line of the literature, the primary outcome of the study suggests that the addition of e-learning to traditional learning improved the success rate of physiotherapy students in gross anatomy. This improvement may be attributed to the better organization of students facilitated by the creation of a note-taking network specific to the e-learning course. In other words, the implementation of e-learning resources and tools had a positive impact on students’ ability to organize and comprehend the subject matter, leading to improved academic performance. On the other hand, the secondary outcome reveals that despite the positive effects observed in the primary outcome, the majority of students did not consider e-learning anatomy useful in preparing for the final written exam. They expressed a belief that in-person classroom lectures were irreplaceable when it came to studying anatomy. Several factors may contribute to the differences between the primary and secondary outcomes. Firstly, Learning Preferences: Students have diverse learning preferences and styles. While some may find e-learning resources effective for organizing and understanding the material, others may prefer the traditional classroom setting and face-to-face interactions for learning complex subjects like anatomy (35, 36). The secondary outcome highlights the continued preference for in-person lectures among some students. Secondly, Perceived Value: Students’ perceptions of the value and relevance of e-learning resources may vary (37). Even though the primary outcome suggests improved success rates, students may not perceive the e-learning anatomy resources as directly contributing to their performance in the final exam. They may prioritize the interactive nature, real-time feedback, and immediate clarification opportunities provided by in-person lectures. Thirdly, Comfort and Familiarity: Students may be more comfortable and familiar with traditional classroom lectures due to their prior educational experiences. They might have developed effective study strategies and routines around in-person lectures, making it difficult for them to fully embrace and utilize the e-learning resources for exam preparation (38). Finally, this difference car be explained by Subject Complexity: Anatomy is a complex subject that often requires hands-on learning, visual aids, and direct interaction. Some students may perceive e-learning resources as inadequate in providing these elements, which can lead to their preference for in-person classroom lectures (39). It is important to note that these differences in perception and preference between the primary and secondary outcomes do not negate the positive impact of e-learning observed in the primary outcome. Instead, they highlight the need for considering individual learning styles and preferences when implementing blended learning approaches and designing effective e-learning resources for anatomy education (40, 41).



4.2. Limitations

The limitations of this retrospective study are the risk of memory bias for 2019–20 experimental student’s group and the absence of a musculoskeletal anatomy e-learning performance assessment such as the one conducted by Laveneziana et al. (42). However, it is the first pedagogical study assessment performed in a French physiotherapy school. Pedagogical management needs to be studied further scientifically, especially because of the recent creation of the National University Council (“CNU 91”) for Reeducation and Rehabilitation Sciences approved by the French Ministry. Moreover, this questionnaire has been translated to English and the lack of piloting, forward and backward translation is a severe limitation. The methodology used for the questionnaire could be notably enhance by using the Likert scale for example. The questionnaire was more related to a field investigation. The reliability and validity were not tested. Further studies need to take into account some confusing factor with a stratified analysis (e.g., the level of exam difficulty, the level of the students, the used of incidental/parallel learning of anatomy other than the e-learning resource, the individual duration time according to learn during the pandemic, …)”.



4.3. Interpretations


4.3.1. About the overall education process

As previously described by Freeman et al. (43), the results of this study show that e-learning added to traditional learning of gross anatomy (i.e., blended learning) could improve the success rate of physiotherapy students. It seems that the student’s anatomy results are optimal two years after the introduction of e-learning in physiotherapy school. It is probably linked to a better organization of physiotherapy students thanks to the creation of note-taking network specific to the e-learning course, which benefited the students from the following group (see results of group 2019–20 on Figure 2).Our results confirm that anatomy e-learning cannot replace in-person classroom lectures, although the majority of students consider it a useful teaching format for anatomy (44). The new findings of this study are as follows: (1) the majority of students do not consider e-learning anatomy useful in preparing for the final written exam and would like to have anatomy video e-learning as a complement. In fact, the use of video e-learning support at the beginning of the first semester could help health students to improve their university exam performance (42). A recent systematic review, written by Noetel et al. (45), underlines that videos are unlikely to be detrimental and usually improve student learning at university. A recent meta-analysis, conducted by Fontaine et al. (46) also suggests that adaptive e-learning (notably with videos) appear effective in improving skills in health students and professionals by generating less cognitive load.



4.3.2. Unexpected results

However, it should be noted that the decrease in mean score results for the final exam of the 2018–19 experimental group, compared to both the 2017–18 baseline group and the 2019–20 experimental group, raises interesting questions. Several potential factors may explain these results, particularly within the 2018–19 experimental group. One possible explanation could be a lack of organizational strength and insufficient sleep among the students, with reported sleep durations as short as 3–4 h per night (47). Such sleep deprivation has been linked to cognitive impairment and decreased academic performance. Additionally, it’s important to consider the overall performance of the student cohort during that period. It is plausible that the 2018–19 group, as a whole, experienced lower academic performance compared to other cohorts. This could be attributed to various factors, such as changes in the curriculum, teaching methods, or even external influences like personal circumstances or distractions. Nonetheless, it is crucial to acknowledge that our study did not assess the quality of students’ lives during the research period. Research has shown that factors like lifestyle, stress levels, and overall well-being can significantly impact the academic performance of health students (48). Therefore, it is possible that the observed decline in exam scores could be related to such unmeasured variables. Future studies should consider exploring the influence of these factors to gain a comprehensive understanding of the performance variations observed among different student groups. That is why while the decrease in mean scores for the 2018–19 experimental group is evident, it is essential to recognize the limitations of our study and the potential influence of various factors on academic performance. Further investigation considering factors like sleep patterns, overall well-being, and students’ quality of life would provide valuable insights into the observed outcomes.



4.3.3. About student’s satisfaction

The overall quality of e-learning was good based on the ratings assigned by the majority of students. E-learning is of professional value for physiotherapy students as it can improve their ability to anticipate clinical situations and physiotherapy tasks. Mazzoleni et al. (49) showed that students (72% of 2034 users) are generally satisfied with the blended learning content and that it contributes to the improvement of results in continuing medical education. For corroborate this result, Jebraeily et al. (50) have reported, through a recent qualitative study, that the productive lecturer-student interactions were improved with the virtual component, students yet questioned the lack of sufficient and on-time feedback from the lecturers on their activities. They suggest that the use of different types of interactions should still be monitored and promoted through online discussions, on-time feedbacks, and forums to compensate for the lack of rich face-to-face interactions that take place for clarifications or confirmations in classroom teaching. The authors propose a systematic evaluation of blended medical education from lecturers and student’s viewpoint using the following items: Strengths, Weaknesses, Opportunities, and Threats (SWOT). In a pedagogical way, they propose the analysis of SWOT items and it mindful consideration in each context, in order to adopt the right implementation and management strategies to achieve sustainable benefits for students and pedagogical team.

Students consider the presence of in-vivo anatomical dissection pictures to be indispensable in the e-learning support and describe anatomical dissection as fundamental during physiotherapy studies. The study found that the adoption of blended learning in physiotherapy education assisted physiotherapy students to perform better in exams and develop relevant skills. It is suggested that the use of video e-learning support at the beginning of the first semester could help healthy students to improve their university exam performance.



4.3.4. Educational considerations

From a pedagogical point of view, similar results were highlighted who stressed the need to combine e-learning with in-person courses (i.e., blended learning) to limit the risk of students “dropping out” [Varga-Atkins et al., 2005; (26, 27)].

In our observation, the majority of the 2018–19 and 2019–20 experimental student’s groups [i.e., 2018–19 experimental group students: 74.2% (n = 72) and 2019–20 experimental student’s groups: 80.6% (n = 76)] do not believe that e-learning anatomy will replace in-class anatomical courses in the future. This corroborates the results of Ruiz et al. (32) who point out that students do not see e-learning as a replacement for traditional classroom training, but as complementing it.

E-learning is a professional value for physiotherapy students. For example, it is demonstrated that e-learning improves the ability to anticipate clinical situations and physiotherapy tasks (51). Our findings corroborate the results of Riffell & Merrill (52) supporting the fact that e-learning must be included in the educational program right from the beginning of the university program. This encouraged the «X» anatomy teaching team to add e-learning to first-year physiotherapy studies.

Therefore, the «X» anatomy teaching team will maintain this teaching format with 2018–19 experimental student’s groups. The results of a meta-analysis (53) comparing an online versus in-person learning situation showed that students with online learning achieved better results than those receiving in-person instruction. However, students who received combined learning (i.e., online and in-person) achieved the best results. Our results corroborate this observation, with 90.3% (n = 85) of 2019–20 experimental student’s groups considering it essential to maintain anatomy classes with in-person teaching at «X» in addition to anatomy e-learning for the next cohort of 2018–19 experimental student’s groups.

Laveneziana et al. (42) showed that 50% of second-year medical students believe that e-learning video sessions could replace the traditional classroom (i.e., in-person). This result is also found in the literature (54–56). Actually, most of pedagogical teams (e.g., physiotherapy and medicine), work with e-video-based lectures, coupled to peer-mentoring (57), for enhancing the anatomy skills (58–60) of students and their diagnosis (54, 55).

These observations remain to be qualified since 74.2% (n = 72) of 2018–19 experimental student’s groups and 80.6% (n = 76) of 2019–20 experimental student’s groups think that e-learning cannot replace traditional classroom courses. This can be explained by the fact that, pedagogically, physiotherapy students are required to develop their anatomical knowledge better in a sensitivo-sensory practical aspect (i.e., touching, massaging, manipulating, observing anatomical structures) compared to second-year students of medicine (61).

Indeed, physiotherapy students’ use up to six palpatory skills (62) integrated in a somato-psychic educational process (63). The use of e-video would also improve test preparation (56, 64) and optimize students’ learning pattern (54, 65). Guy et al. (57) showed that students using e-video media available in their curriculum in addition to their traditional course materials achieved better results, and there was a linear relationship between the number of e-video viewed by the students and their results on the exams.

Physiotherapy students (2018–19 and 2019–20 experimental student’s groups) assign particular importance to anatomical dissection and dissection pictures as a teaching aid. This corroborates the meta-analysis conducted by Yammine and Violato (66) where the use of physical models was shown to provide statistically superior results in short- and long-term overall anatomical knowledge acquisition and spatial tracking, compared to 3D modeling alone. The use of 2D and 3D interactive anatomical support allows students, regardless of their spatial anatomical modeling ability (67), to progress in learning anatomy (68), including by combining these two supports (69). However, a literature review conducted by (70) shows that the use of 3D anatomical support versus traditional teaching is equal. Therefore, for physiotherapy students, anatomy blended learning must present cadaveric musculoskeletal images paired with dissection in the laboratory. These results are in line with the literature (71) which considered cadaveric dissection as an educational tool for anatomical sciences improving teamwork, self-reflection, interprofessional communication skills, and ethical qualities. Varying the modes of anatomical learning would optimize visuo-constructive capabilities and visual–spatial anatomical identification, as is the case in surgery (72).




4.4. Generalisability

The results of this study need to be reinforced by a multinational study. We can also mention the epistemological limitations inherent in the quantitative approach of this type of study (observational survey study). Indeed, purely quantitative approaches restrict the field of analysis and do not allow for an in-depth understanding of the behavior of individuals. The complementary use of qualitative approaches, allowing a broader, more complete, more global, and richer understanding of the phenomena studied, is to be sought.

The need to enhance anatomy education in physiotherapy schools was brought into focus by the global COVID-19 pandemic (73) thanks to a multidisciplinary approach (74). Further studies are required to better understand the pedagogical needs of anatomy educators and physiotherapy students in order to improve professional skills.




5. Conclusion

Blended learning, which combines e-learning with traditional in-person teaching, can improve the success rate of physiotherapy students, particularly in gross anatomy. The optimal results are observed two years after the introduction of e-learning, which may be due to the better organization of students thanks to the creation of note-taking networks specific to the e-learning course. However, e-learning cannot replace in-person classroom lectures, although the majority of students consider it a useful teaching format for anatomy. Most students believe that e-learning anatomy cannot replace in-class anatomical courses in the future, but it can complement them. The study also shows that the presence of in-vivo anatomical dissection pictures is indispensable in the e-learning support, and e-learning improves the ability to anticipate clinical situations and physiotherapy tasks. Furthermore, the students who received combined learning (i.e., online and in-person) achieved the best results. Therefore, the “X” physiotherapy school anatomy teaching team will maintain the blended learning format with in-person teaching at “X” in addition to anatomy e-learning for the next cohort.

In conclusion, since recent years, teaching in physiotherapy is undergoing a substantial change by the use of new teaching methods (75). Digital and massive online courses need a strong cooperation between political, scientific and professional actors (8). In this global educational context, blended teaching should be integrated into physiotherapy in the future and tested by combining/mixing teaching techniques for manual skills as well as theoretical knowledge (76–79). Also, specific outcomes (e.g., psychological, emotional) and the ability to use digital technology to self-learn and teach others must be consider for future studies (29).
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Introduction

Artificial intelligence, commonly abbreviated as AI, is described as the simulation of human intelligence by machines, giving machines, particularly computer systems, the ability to perform complex tasks that would normally require human reasoning, decision-making, and problem-solving. With advancements in machine learning and deep learning, we can expect to see AI integrated into even more areas of our daily lives. Indeed, AI is becoming increasingly prevalent in healthcare. It can provide personalized recommendations (1) and improve medical diagnostics, particularly in the field of medical imaging (2). At least 11 medical schools across the United States of America, Canada and the Republic of Korea have pilot AI curricula (3). Potentially, all medical schools may need to do the same to keep up with not only the changing landscape of medical education but indeed of medicine itself.

The AI chatbot ChatGPT took the world by storm in late 2022, and higher education institutions are not immune from its repercussions in education. Online education platforms have already started to use generative AI tools, such as Khan Academy via the AI chatbot, Khanmingo, to supplement and personalize student education. It can be used as a personal tutor, a writing coach, and a question generator to test comprehension. It is only a matter of time before brick-and-mortar institutions need to do the same to keep up with the rapidly changing landscape of digital tools in education. Furthermore, Clark and Archibald (4) asserted that the avoidance of the impact of generative AI on higher education results in multi-level harms which range from the lack of structures to ensure scholarly integrity to the stagnation and irrelevance of learning approaches in health science education.

Despite the acceptance of AI in the healthcare profession, concerns such as legal liability and accountability have been raised at the crux of the profession, that is, in making clinical decisions (5). At present, it remains unclear to healthcare professionals who is responsible in the event of errors by AI in clinical decision support systems. Also, it appears that many would not assume accountability for results provided by AI (6). The ethical sense when using AI can be fostered by educators during medical education to facilitate accountable and responsible AI usage by future healthcare professionals.

AI tools in medical education can encompass AI virtual environments, AI-based assessments, and adaptive e-learning systems (7). Additionally, three distinct uses of AI tools in education have been defined in a report by Baker and Smith (8), listed below:

1. Learner-oriented AI—AI technology that “students use to receive and understand new information”.

2. Instructor-oriented AI—AI technology that “can help teachers reduce their workload, gain insights about students and innovate in their classroom”.

3. Institution-oriented AI—AI technology that “helps make or inform decisions made by those managing and administrating schools or our education system as a whole”.

As healthcare education faculty members in a higher education institution, we advocate for the integration of AI tools in medical education, specifically learner-oriented AI tools in this paper. In this article, we focus on learner-oriented tools and propose guidelines for which these tools should be used by medical students.



Impact of AI use in an undergraduate medical program

With the release of ChatGPT late last year, efforts have been made to investigate its utility in education, as well as the utility of other generative AI tools (9–12). However, because of its capabilities, ChatGPT is easily misused, and we outline an observation from our faculty below.

At the Pengiran Anak Puteri Rashidah Sa'adatul Bolkiah (PAPRBS) Institute of Health Sciences at Universiti Brunei Darussalam, undergraduate students of the medicine program are introduced to academic writing as part of the mandatory research module in the curriculum. The module is designed to equip students with the fundamentals to carry out research in science, medicine, and health. For examination, students are expected to report findings scientifically in the form of a written manuscript and oral presentation. Manuscripts are submitted online via the Canvas learning management system and are checked for plagiarism using Turnitin (13).

AI writing had been detected across several pieces of submission, including heavy incorporation of ChatGPT content that gave rise to serious concerns of academic offense. There was evidence of citations to papers which do not exist (an AI phenomenon known as “hallucination”), and the writing was found “nicely summarized generally”, but the knowledge was “touched on superficially and not critically”. The lack of knowledge depth and critical thinking was also demonstrated during the oral presentation.

In summary, generative AI is a powerful tool and its usage by students is currently creating disconcerting experiences in higher education due to its impact on academic integrity.



Training students and faculty staff for ethical use of AI

Our experience above indicates to us that faculty teaching staff needs to engage with AI in the interest of training medical students and keeping the curriculum current. Students may plagiarize essays from content generated by AI tools, compromising their critical thinking skills and scholarly integrity. To address this, universities should implement strict policies and guidelines for the ethical use of AI applications. They should foster a culture of academic integrity and equip students with the necessary skills to critically evaluate and use AI responsibly. Educators can also provide workshops or training sessions to teach students how to effectively use AI tools, balancing their use with their own unique ideas and voices. This approach promotes originality, independent thinking and accountability alongside technological advancement, and supports the interest and positive attitude that faculty teaching staff and medical students have toward AI (14).

In the aforementioned undergraduate research module, we propose guiding medical students on how to write effective ChatGPT prompts and use ChatGPT answers to avoid ChatGPT downsides (such as hallucination and phrase inaccuracies), while maintaining academic integrity and writing standards. During the introductory briefing at the start of the module, we strongly encourage our medical educators who are presenting to remind students of two Turnitin features which detect plagiarism—similarity and AI scores. Medical educators and students should be aware that software programs exist to detect AI-generative text and should take measures to avoid plagiarism (15). To promote accountability, we should require students to disclose the use of AI tools in their written manuscript in a manner similar to how we disclose our use of statistical software for data analysis (15, 16).

Elsewhere in the curriculum, AI-related lectures could be introduced to first-year medical students, in which the topics cover basic understanding, benefits and risks of AI, which would allow students to become familiar with common terminology (3, 17). In modules which emphasize biomedical knowledge acquisition and retention, as well as those related to patient care, teaching staff can incorporate large language model-powered chatbots to answer common medical questions for students and patients. Chatbots can also be used by students to practice their clinical communication skills.

Apart from the integration of AI tools in the curriculum, we further propose AI-based research projects to be made available for medical students on the research project and dissertation track of the fourth year of the curriculum at PAPRSB Institute Health Sciences. This proposal is feasible based on collaborations between our medical school and the School of Digital Sciences on campus.

Scientists have tried to use ChatGPT to write scientific manuscripts with varying success (12, 18), while Yu and Guo (19) elaborated on issues to be resolved when using generative AI in education, which we have summarized below together with potential solutions (Table 1). Ethical issues arising from the use of AI tools such as legal liability and accountability can be discussed in the research module as well as in the medical ethics module in the second year of the curriculum.


TABLE 1 Ethical issues of generative AI and their potential solutions (19).

[image: Table 1]



Beneficial and ethical usage of AI in medical education

Through our conversations with medical students, we can affirm the common usage of ChatGPT. AI writing tools (such as ChatGPT and QuillBot) are prevalent and readily accessible to students right now, and these can enhance research capabilities, as ChatGPT did for college-educated professionals in improving the quality and enjoyment of their writing tasks (20). For medical students, ChatGPT can be used to provide interactive environments for them to practice their communication skills with simulated patients and another tool, DALL-E, can be used to help them practice their diagnostic imaging skills (9).

The ethics of using AI tools is indeed a prevalent concern today. Medical students need to be guided to think independently and appraise critically as well as ethically despite the convenience of readily generated information. They need to be aware of and steer clear of AI-generated misinformation on biomedical knowledge and the pathophysiology of disease (3, 11), and thereby avoid AI-generated information acting as a crutch for clinical decision-making and hampering clinical reasoning abilities (17).

In summary, toward embracing AI education in the medical curriculum and in keeping the curriculum relevant to ongoing development in AI, faculty teaching staff need to rapidly adapt to the integration of AI tools and develop AI literacy by being trained in multiple AI tools for teaching and assessment.



Conclusion

AI has emerged as a powerful tool in medical education, offering unique opportunities to enhance learning, address knowledge gaps, and improve patient care. Embracing AI in medical education holds immense potential for advancing healthcare and empowering the next generation of future healthcare professionals to enhance patient care, improve outcomes, and contribute to the advancement of medicine. By leveraging the capabilities of AI, medical education can become more personalized and efficient. However, careful attention must be paid to ethical considerations, technical infrastructure, and faculty training to ensure the responsible integration of AI into medical education. Medical education should include dedicated modules or courses that explore the ethical considerations of AI and emphasize the need for transparency and comprehensibility in AI systems to foster trust between students, faculty, and AI technologies.
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Introduction: Qualitative information in the form of written reflection reports is vital for evaluating students’ progress in education. As a pilot study, we used text mining, which analyzes qualitative information with quantitative features, to investigate how rehabilitation students’ goals change during their first year at university.

Methods: We recruited 109 first-year students (66 physical therapy and 43 occupational therapy students) enrolled in a university rehabilitation course. These students completed an open-ended questionnaire about their learning goals at the time of admission and at 6 and 12 months after admission to the university. Text mining was used to objectively interpret the descriptive text data from all three-time points to extract frequently occurring nouns at once. Then, hierarchical cluster analysis was performed to generate clusters. The number of students who mentioned at least one noun in each cluster was counted and the percentages of students in each cluster were compared for the three periods using Cochran’s Q test.

Results: The 31 nouns that appeared 10 or more times in the 427 sentences were classified into three clusters: “Socializing,” “Practical Training,” and “Classroom Learning.” The percentage of students in all three clusters showed significant differences across the time periods (p < 0.001 for “Socializing”; p < 0.01 for “Practical Training” and “Classroom Learning”).

Conclusion: These findings suggest that the students’ learning goals changed during their first year of education. This objective analytical method will enable researchers to examine transitional trends in students’ reflections and capture their psychological changes, making it a useful tool in educational research.

Keywords
 cluster analysis; professional education; rehabilitation; students; text mining


1 Introduction

Data analysis methods have rapidly evolved in biomedical, life, and social sciences (1). The analytical methods commonly taught in introductory statistics courses (e.g., t-test, analysis of variance) have been extensively used. However, their usage has been declining in recent years (1). On the other hand, the use of multivariate statistical and machine learning approaches, though less prevalent than the aforementioned analytical methods, has been expanded due to the increasing accessibility of large and intricate datasets (2). In recent years, these methods have been applied in educational science. Notably, data mining, the process of extracting patterns and relationships in data from large datasets has been applied to massive student educational datasets to interpret their academic performance (3).

Educational data mining is the application of data mining techniques to educational data, and its objective is to resolve educational research issues (3). Educational data mining is mainly applied to educational tasks such as the analysis and visualization of educational data, providing feedback for supporting instructors, recommending personalized learning contents, predicting student performance, developing a cognitive model for students that includes their skills and knowledges, detecting undesirable student behaviors, and grouping students (3). Recently, with the development of educational software, the expansion of databases of student information, and the development of web-based education such as e-learning, a large amount of information is being generated, and further utilization of educational data is expected (3). The goal of educational data mining is subjective, such as improving the learning process for students. As many different types of data in education have become publicly available in recent years, there has been a need to utilize subtle measurement techniques that can be adapted to a variety of data (4). For example, the evaluation of students’ progress and changes in their learning goals cannot only be conducted quantitatively based on numerical data interpretation expressed on an interval or ordinal scale but also through qualitative analysis that includes essential elements that evaluate students’ progress and change in their learning goals. In fact, in health professional education, descriptive reports provide reflections and students’ self-evaluations, used as a means of professional development, which provides objective information for identifying students’ progress (5–7). Text mining is a data mining method that objectively analyzes qualitative data and is being utilized in supportive care for preterm children (8), education of university students, including research on cognitive control functions of students (9) and education of health professionals (10–16). This method contributes to the objective interpretation of text data by modeling important concepts and calculating the co-occurrence of keywords that occur frequently in the text.

Most of the existing text-mining studies on learning in medicine and healthcare focused on medical students (11, 14, 15). These studies have primarily analyzed reflection reports related to learning within specific educational programs, such as clinical practice and off-campus classes, at different points in time. A previous study examining the relationship between students’ learning goals and their academic performance demonstrated that text-mining techniques can be employed to identify their goals objectively and systematically, proving valuable in enhancing the understanding of diverse student needs (17). In education, setting learning goals play a crucial role in academic performance (18, 19). It was emphasized that it is important [1] for students to set their own learning goals to foster the awareness of their strengths and weaknesses, and [2] for educators to understand that these goals will change as students learn (20). It has also been demonstrated that, in order to enhance the educational impact of setting learning goals, educational supports are essential in terms of both utilizing these goals and receiving feedback from teachers (21, 22). On the other hand, for a comprehensive assessment of students’ development, it is crucial not only to comprehend their learning goals at a particular juncture in the entire educational program but also to track their transitions. However, no study has examined changes in students’ learning goals over time using text mining. In summary, there is a scarcity of studies on text mining that specifically target physical therapy students (PTSs) or occupational therapy students (OTSs) and the effects of their long-term learning.

In the present pilot study, we proposed a method that utilizes text mining to track the evolution of students’ learning goals in health professional education. We collected descriptive text data at regular intervals from both PTSs and OTSs. By applying text mining to the collected text data across various time periods, our objective was to gain insights into the changes that took place in their learning goals throughout their educational journey.



2 Materials and methods

The present study retrospectively analyzed longitudinal descriptive text data on the learning goals of students in a university rehabilitation course in Japan. The analysis in this study was conducted on text data written in Japanese.

We recruited 109 first-year students who enrolled in the course of PT and OT at the Faculty of Rehabilitation, School of Health Sciences, Fujita Health University, in April 2021. This number includes all first-year students, except those who were repeating the course. Table 1 displays the distribution of students by major and gender. Although PT and OT are different healthcare professions, students receive similar health professional education in the first year at this university, including physiology, anatomy, bioethics, social work, statistics, and physics. Therefore, we did not distinguish between PTS and OTS in the present study. This study was approved by the Ethics Review Committee of Fujita Health University (approval number HM21-377) and conducted in accordance with the Declaration of Helsinki.



TABLE 1 Majors and gender of the participating students.
[image: Table1]

The students answered the following open-ended questions at three different time points; that is, at the time of admission (at 0 months), 6 months (after completing the first semester), and 12 months (after completing the first year) on entering school:

Q0mo: What do you want to work on first in school?

Q6mo: What do you want to work on in the second semester of your first year?

Q12mo: What do you want to work on in your second year?

These questionaries were provided using a learning result visualization system in which students periodically self-evaluated their goals and achievements (23). The purpose and content of the questionnaire and the times when the students would be asked to respond were explained to the students prior to the survey. The students responded by typing the text with no time limit, using their own computer tablets on an assigned day. The response time was approximately 20 min.

To globally capture the student goals from the descriptive words and their changes throughout the first year of education, text mining and hierarchical cluster analysis (HCA) were performed using a software KH Coder (24, 25) on the text data of the questionnaire responses. As for preparation, one of the authors (SKi) manually corrected typographical errors in each sentence. Text data from all the time periods (Q0mo, Q6mo, and Q12mo) were pooled together. Nouns were detected as a first step in text mining. If synonyms were identified, they were unified into a single word after ensuring that the meaning of the sentence remained unchanged. “Physical therapy” and “occupational therapy” were treated as one word. Words that indicated the timing of the responses, such as “first semester” and “second semester,” were excluded. Only nouns whose frequency of appearance was more than 10 across all three time periods were selected for the HCA. Ward’s method, which minimizes the total within-cluster variance and maximizes the between-cluster variance, was employed in HCA (26). We classified the nouns into clusters using the agglomeration dissimilarity coefficient based on the Jaccard distance as a measure of cooccurrence for term pairs, and the resultant HCA dendrogram was located by KH Coder (27). The authors (SKi, KoT, SU, TY, HO, and ST) discussed the determination of the threshold of the agglomeration dissimilarity coefficient for easy interpretation and naming of each cluster.

To examine how student goals changed, the number of students who wrote sentences containing at least one noun constituting each cluster was counted for each time period. This helped to examine the change in students’ goals within clusters across time periods. Cochran’s Q test was used to compare the proportions of students over time in each cluster. McNemar’s test was used to compare the three periods within each cluster, with a statistical significance level of 0.05/3 = 0.017 according to the Bonferroni correction. Statistical Package for Social Sciences (SPSS; Version 28, IBM Corp., Armonk, NY, United States) was used for statistical analysis.



3 Results

Of the 427 sentences answered by the 109 students, 7,034 words consisting of 781 morphemes were identified. Among these words, 281 nouns, with a total of 1,389 occurrences, were extracted (Table 2). We classified the 31 nouns that appeared more than 10 times into three clusters using HCA. The clusters were named “Socializing,” “Practical Training,” and “Classroom Learning” (Figure 1).



TABLE 2 Basic statistics of text mining.
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FIGURE 1
 Cluster Dendrogram Nouns extracted from the text data of students’ responses across all time periods were classified into three clusters: Socializing, Practiced Training, and Classroom Learning. English words corresponding to each Japanese noun are also shown for display purposes. Note that a few Japanese words cannot be expressed with a single English word, but require two words. The dotted vertical line represents the threshold of the agglomeration dissimilarity coefficient (approximately 1.25) that determines the number of clusters.


Figure 2 shows the percentage of students who responded to the words in each cluster at each time period, and Table 3 shows the results of comparisons across the three time periods within clusters. The number of words for the cluster “Classroom Learning” was greater for the majority of students in comparison to other clusters at all time periods. Cochran’s Q test showed significant differences in the percentage of the number of students in the three time periods in all clusters: “Socializing,” “Practical Training,” and “Classroom Learning.” The number of students who described the words in the “Socializing” cluster was significantly higher at the time of admission than at any other time points, with less than 2% of students describing the words at Q6mo and Q12mo. The number of students who described words in the cluster “Practical Training” gradually increased over the course of the year and was significantly higher in Q12mo than at the time of admission. The highest number of students who described words for the cluster of “Classroom Learning” was significantly higher at Q6mothan at the time of admission.

[image: Figure 2]

FIGURE 2
 Changes in the ratio of applicable students in each cluster The bar graphs represent the percentage of students who responded with words comprising each cluster at each time point (Q0mo, at admission; Q6mo, 6 months later; Q12mo, 12 months later). Note that the sum of the percentages of the three clusters in each period does not add up to 100% because it includes students belonging to more than one cluster or none of the clusters.




TABLE 3 Comparison across three time periods in each cluster.
[image: Table3]



4 Discussion

This pilot study applied text-mining methods to evaluate rehabilitation students’ progress longitudinally. We analyzed descriptive textual data from 109 PTS and OTS about their planned content of focus during their first year of university education at three different time points. Students’ responses were grouped and classified into three clusters: “Socializing,” “Practical Training,” and “Classroom Learning.” The percentage of students who responded with the corresponding words differed significantly in the three periods: before, during, and after the first year of education for the three clusters. While previous studies have shown that health professional students’ perceptions of learning and attitudes toward professionalism evolve as they progress through higher grades (28, 29), this study clearly demonstrates that students’ attitudes on learning, toward the specialization fields, change over the course of a single year by demonstrating changes in their learning goals.

The proportion of students who responded with words associated with the “Socializing” cluster was high at the time of admission and almost disappeared thereafter. At the time of admission, approximately 25% of the students expressed their desire to work on “Socializing,” indicating anxiety that the majority of them experienced about interacting with others in the school. This anxiety disappeared within 6 months of admission as new friendships were established.

The proportion of students who responded with words related to the “Practical Training” cluster gradually increased over the course of the year. The first year is crucial for students who aspire to become rehabilitation professionals because they realize the value of professional work (29). It is assumed that the students’ motivation to engage in clinical practice gradually increased with exposure to more specialized subjects throughout the year. In addition, the university’s curriculum includes a clinical internship for second-year students, which can be a source of anxiety and stress because it involves learning in an environment different from their usual school life (30–34). Thus, the motivation to learn more about “Practical Training” could be attributed to alleviating this anxiety. The students receive more opportunities to study specialized subjects, including clinical internships as they advance to higher grades. Therefore, students’ motivation to learn about “Practical Training” will continue to rise once they move on to second grade.

The proportion of students who responded with the words in “Classroom Learning” was higher than the other clusters in all the three response periods, with its peak at 6 months after their admission. This trend is probably due to the abundance of opportunities for fundamental classroom learning in the first year, with the curriculum emphasizing the acquisition of foundational knowledge. The increase in the number of students at the 6 months marks for the words under “Classroom Learning” is attributed to having taken lectures and exams for the first time at the university, which helped in identifying their individual issues and increased their motivation to improve.

Previous studies that used text mining to identify trends in health professional students’ experiences and reflections on specific courses, such as clinical internships, conducted cross-sectional analyses (14–16). While cross-sectional analyses are useful for assessing students’ perceptions at a single point in time, longitudinal analyses are required to assess changes in their perceptions over time. In a longitudinal analysis of medical students’ reflections, a study compared the occurrence of the four most frequently used words (“responsibility,” “pride,” “knowledge/skill,” and “patient”) in their written reflections before, during, and after the clinical exposure program (12). This study found significant changes in the students’ perceptions of the characteristics of professionals working in hospitals throughout the program. It is possible to identify general trends in students’ psychological changes by examining the progress in the frequency of word occurrence. However, because students may not express their thoughts using the same words, it is appropriate to assess their progress based on themes consisting of multiple words. This provides a more accurate understanding of psychological changes. If text mining is conducted in each assessment period, themes consisting of the same words may not necessarily be generated in each period and it may be difficult to compare themes across periods. Therefore, in the present study, we conducted text mining using data from all time periods (i.e., admission, 6 months, and 12 months). We identified common themes (clusters) throughout the three periods and compared the number of students who expressed at least one noun in sentences comprising each theme across the three time periods. The analytical method proposed in this study will enable a more objective examination of transitional trends in students’ reflections and can be utilized in capturing psychological changes in students engaged in university courses such as lectures and clinical internships.



5 Strengths and limitations

The text mining method proposed in this pilot study facilitates objective analysis by quantitatively processing qualitative data. When employing conventional qualitative analysis methods, there exists a potential bias influenced by researchers’ experiences and perspectives (35). To address this concern, analytical methods like triangulation have been utilized to ensure validity by incorporating multiple analytical viewpoints, often involving multiple researchers in data analysis. However, this approach can be resource-intensive and impractical for handling substantial data volumes (35). Text mining is a useful analytical approach when objectively analyzing data based on a large sample such as data in educational research. The findings of this text-mining study can be regarded as more objective than those derived from traditional qualitative analysis methods.

The changes in students’ learning goals identified in the present study can be used to improve learning support in educational settings. For instance, the finding that approximately 25% of the recruited students set “Socializing” as a goal at the time of admission indicates that it is advisable to provide early support after admission to increase opportunities for communication among students, such as through group work. While “Practical Training” was initially at a relatively low level, awareness gradually increased over the course of the year. However, additional efforts may be needed to further increase awareness in preparation for clinical practice, which commences in the second year. “Classroom Learning” was consistently mentioned by approximately half of the students. It is crucial to convey the importance of subjects related to fundamental learning and their connection with clinical practice to further enhance their awareness. The active involvement of teachers in these transitions in students’ attitudes will make learning more motivating and effective.

The proposed method involves extracting words that appeared frequently in the responses from all students. It also evaluates the learning goals mentioned by a substantial number of students and examines their transitional trends. In other words, this approach estimates the overall student trends. In education, personalized learning support may be needed for each student, and it is important to analyze individual goals and their changes. In the future, the proposed method can be applied to further support individual learning by improving the analytical method to quantitatively show individual student characteristics in learning goals by comparing overall trends with individual goals.



6 Conclusion

The present pilot study applied text-mining methods to objectively identify changes in rehabilitation students’ learning goals during their first year of education. The study demonstrates that students’ learning goals change during their first year at university. The analytical method proposed in this study enables capturing the psychological changes of students and could be a useful method in educational research.
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Introduction

The notion of “e-professionalism” means “a distinct new paradigm requiring training, codes, and practices” (1), a definition that differs from conventional professionalism in three distinct ways: first, the contextual variance of the digital context from the real world; second, the existing practices of social networking sites (SNSs) that affect a specific style of involvement, diagnostics, or adherence that are not solely under human control; and finally, the peculiar affordance of SNSs where generated content yields a heterogeneous configuration and reconfiguration of human engagement. In general, medical professionalism is considered a social contract between medicine and society and is perceived differently in different societies (2–7). This is further complicated when we consider virtual socialization, where issues are no longer contained by physical boundaries and can be disseminated by a mere touch. Professionalism in this realm appears more perplexing and harder to understand and practice. The construction of digital identity by the innocent sharing of online images, videos, and text narratives of a doctor-patient interaction by a medical student regarding workplace experiences has the potential to compromise the fundamental ethical principles of medical professionalism (8). Still in this open, chaotic, instant, and borderless socialization, medical ethos needs to be maintained and grounded in theory. Hence, the rapidly increased usage of SNSs in medical education demands training, and policies for a regulated application of e-professionalism remain rudimentary (9). Healthcare professionals (HCPs) should be made aware of the myriad possibilities of practices while interacting within SNSs and generating new ways of enactment to safeguard societal contracts (10). To understand the evolving attributes of e-professionalism, we have eluded the concepts of digital natives, digital ecologies and economies, digital competence, and digital agency. These concepts are then gelled into the emerging practice of mission-based e-professionalism in an attempt to embrace the transformation of conventional medical professionalism into the digital realm.



Digital natives and digital identity

The present generations are digital natives, constituting highly qualified personnel in cyberspace with maturing cognition. Currently, online citizenship is permanent, uninterrupted, and uninhibited. However, the mechanisms, correspondence, communication, and publications of digital content are not well regulated in the absence of proviso. Thus, there are risks attached to the “openness” and connectivity of SNSs. The understanding of professionalism that relates to contextual sensitivity, relativity, and the use of judgment highlights a significant relationship between external behaviors, social expectations, and individual values. Thus, e-professionalism has heightened the substantial role of teaching future HCPs to “craft and control” digital identity (8, 11).



Digital “ecologies” and “economies” of practice

Understanding the SNSs' impulsive, uninhibited, and immersive nature, a certain degree of control needs to be reflected in the professionals' behaviors. We understand that a successful modern practitioner is an expert at negotiating personal and professional identities while conserving the “ecologies” and “economies” of practices. The inability of digital natives to be digitally professional despite excellent technical knowledge is well known (12). This flashpoint reveals that it is not the lack of knowledge or power of technology but the specific mode of practice inside the technological realm (13). HCPs should be made aware of the possibilities of safe and ethical practices while interacting with SNSs and understand when boundaries of professionalism are being crossed. This shifts the focus from “practitioner-in-isolation” to “practitioner-in-relation” where mere regulation of professional behaviors will not suffice. Humanistic qualities, with observable behaviors and socialization conducted in the digital context, warrant a holistic appreciation to achieve “digitally fit” HCPs. This can be accomplished by educating and training all stakeholders, including medical and health students, faculty, HCPs, and patients, with a passion for working in digital harmony, which can safeguard professional values and behaviors in the medical field.



Are digital natives digitally competent?

Goffman's notion of context collapse demonstrates a notable phenomenon where an individual in a digital context attempts to fulfill the expectations of a versatile audience. Potential consequences of this phenomenon include compromised online communications hampering effective communication, generational points of view leading to socially undesirable enactments, and misreckoning by one or more parties (14, 15). This concept has further stratified the idea of context collapse into “collusions and collisions” with the vital distinction of intention. The ubiquity of Internet access, along with the contingent intermingling of virtual spaces, has confirmed that SNSs are not fixed, nor does it determine the emergent phenomenon of human and non-human interactions, where capacity seems to be shared, yet an autonomous vacuum prevails. This “shared capacity,” where humans and non-humans interpret digital content from a pre-determined perspective, leads to “knowing-in-practice” where personal and professional practices lead to the enactment of performative human and material interactions (12). This formation of an autonomous vacuum, providing invisibility and anonymity, can challenge self-efficacy and perceived control, thus giving rise to the concepts of “technologies-in-practice” and “affordances-in-practice.” These attributes can then be conveniently applied for digital visibility, searchability, persistence of content, replicability, and shareability (16). Young HCPs, although called “digital natives,” are helpless when faced with permanency, mixing, interpolation, and shaping of digital content. However, the ability of an individual's agency (self vs. relational) could provide purpose in circumventing architectural affordances during the networked era (17).



Idea of agency in the digital world

One might argue that the concept of legitimate compromise exists in conventional professionalism; however, it is not detrimental to the idea of agency. Rather, it represents change at a societal-institutional level as per Hodges discourse analysis, where decisions are expert-driven, high-tech, high-cost interventions balancing the individual against societal justice, as witnessed during the pandemic (18). Throughout the discourse on conventional professionalism, there remains a responsible individual for making ethical decisions using a specialized skill set and superior knowledge to align with the collective commitment to society. However, the relational agency in the digital world was also narrated by Fenwick (19), who suggested that expertise and responsibilities rely on mutual negotiations of professional practice and that technological artifacts demand a special kind of professional responsibility in the digital world. Keeping the idea of relational agency in mind, digital identity construction can be shaped in a collaborative manner where a “human-material” approach gives a nascent dimension to medical professionalism. In the digital context, the terms “negotiating identities, maintaining distance, and recognizing and minimizing risk” have specific meanings related to online interactions and behaviors.



Digital culturally fit

According to Lu's (20) idea of “culturally fit,” individuals manifest a smooth interaction with the social environment if equipped with the right values and behaviors. Hence, an HCP who is digitally culturally fit needs to grasp the subtleties of cultural context to grasp the ever-changing cultural norms and expectations (21). Subsequently, a lack of such attributes would impact the individual's wellbeing. A digitally culturally fit HCP demands an understanding of the contextual fluid hierarchical interfaces in the digital realm. Such a frame of reference in the digital context demands a gestalt, responsible for safeguarding our social contract imposed by the complex contradictory demands of the digital self. This reflective view has implications for craft and control phenomena, which again represent shared capacity, distributed agency, and inexplicable human–non-human interactions. This narrative strengthens our pluralist frame of reference in the digital context, asking for a “body” responsible for safeguarding our social contract imposed by the complex contradictory demands of the digital self. With the absence of role models, a distinct void in the digital world appears, indicating the inadequacy of a professional identity formation framework for the empowered individual who can act beyond conventional physical realms. In addition, a behavior-based framework, along with its observable behavioral manifestations, creates a complex mix of cognitive, attitudinal, and personality characteristics that become vacant in the setting of collapsing contexts. While a value-based framework linked to morality and rooted in culture seems incomplete when every tweet and post, assembled and recontextualized in a piecemeal manner, is processed by artificially intelligent software.



Mission and “principled conscience”

As described in Kohlberg and Kramer's (22) six stages of moral development, mission supports the view that attributes of e-professionalism are likely to arise during complex digital interactions, thus encompassing social orientation paradigms. Our recent study has presented a new set of findings that emerged from the field of transpersonal psychology with the multi-dimensionality of the required attributes in a digitally professional individual in the form of the Medical Education e-Professionalism (MEeP) framework (10). In this study, the “mission” was synonymous with the “principled conscience,” where understanding social mutuality and a genuine interest in others' welfare is based on the universal principles of respect and the demands of individual conscience (22). However, long before the saturation of SNSs, Boucouvalas articulated the importance of mission as being “the experience of being part of meaningful wholes and in harmony with superindividual units such as family, social group, culture and cosmic order” (23). Therefore, to accelerate moral maturity, we need the concept of “mission” to connect the philosophical literature of character (e.g., conformative, benevolent, universalist, and integrity), which manifests as observable qualities (e.g., tolerant, powerful, and a good communicator) by individuals who are not only cognitively aware but emotionally connected with qualities of self (e.g., reflection, conscientiousness, self-direction, and actualization).



Relational agency and understanding of mission

The idea of “relational agency” and “mission” yields a professional individual who understands the desired attributes along with mutual adjustments of virtues, philosophical doctrine and specialized knowledge of systemic, relational, and material aspects of professional responsibility. As we understand, “mission” harnesses the concept of “cybercivility” which denotes a positive and inclusive digital culture, ensuring that individuals uphold professional values and demonstrate professionalism even in virtual environments (24). This “mission” grants freedom to “self ” from unitarist rules and moral imperatives by bringing a concept of status that demands a situated and collective web of commitments to make legitimate compromises through balancing conflicting values and priorities.



Recommendations

This review emphasizes a critical concern regarding the necessity for HCPs to embody a diverse range of attributes from various models of medical professionalism. There is an inadequacy of simplistic and binary classifications for complex human experiences in the digital context, emphasizing the need for a holistic understanding of humanistic qualities and observable behaviors within digital socialization. We recommend a nuanced approach to digital professionalism, acknowledging the complexities and dynamics of digital interactions. Due to the risks associated with the openness and connectivity of SNSs, there is a need for a pluralist approach to developing HCPs prepared for the digital realm. This will draw on insights from the MEeP framework and acknowledge the contextual variances in the digital context (12). Additionally, the article recommends values essential for discerning appropriate digital behaviors, emphasizing the importance of context-dependent judgment. Finally, due to the substantial value of self-awareness, emotional intelligence, and reflective practice in navigating the challenges of the digital world, this research recommends that medical educators equip learners with tools for conscientiousness and actualization in the digital realm.



Final opinion

We summarize the modeling of digital identity and virtual engagement using mission-driven e-professionalism in the medical field with three distinct and recognizable elements: “solidification” of identities by an understanding of “mission,” “digitally cultural fitness” with an understanding of the contextually fluid hierarchical interfaces, and an understanding of “shared agency” leading to new “knowing-in-practices” where personal and professional practices are an enactment of performative human and material interactions. This understanding is an absolute requirement for early career HCPs to safeguard patients' interests and their trust in their profession.
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Introduction: Efforts to improve medication access in low-and middle-income countries, particularly in Sub-Saharan Africa, have made progress, especially in the fight against infectious diseases such as tuberculosis. However, challenges exist in establishing effective pharmacovigilance systems. The PhArmacoVIgilance Africa (PAVIA) project was committed to enhancing pharmacovigilance in Tanzania, Eswatini, Nigeria, and Ethiopia, with an emphasis on anti-tuberculosis drugs, utilizing various methods, including training. This study evaluates the PAVIA training program’s effectiveness and its adaptation during the COVID-19 pandemic.

Methods: A blended e-learning program, incorporating two courses and a platform for educational materials, was developed. This program, designed to train healthcare professionals in pharmacovigilance, was incorporated into a Training of Trainers model. To evaluate the program effectiveness, we used multiple measures such as assessing knowledge gain through pre-and post-test scores, assessing learners’ satisfaction and attitudes via questionnaires, and analyzing Individual Case Safety Reports (ICSRs) in VigiBase to determine the impact on spontaneous reporting systems in the PAVIA countries.

Results: 121 learners enrolled in the pilot trainings, including 36 from Tanzania, 34 from Eswatini, 25 from Nigeria, and 26 from Ethiopia. Notably, post-test scores were significantly higher than pre-test scores in all four countries. Following the pilot trainings, multiple step-down training sessions were held in Tanzania, Eswatini, and Nigeria, with a total of 827 learners registering and 421 successfully completing the program. Learners’ scores on the post-tests were significantly higher than on the pre-tests for both courses in all three countries. Learners’ feedback on the training was overwhelmingly positive. Additionally, a qualitative analysis of ICSRs revealed a substantial increase in reports after the training in Tanzania, Eswatini, and Nigeria.

Discussion: An innovative e-learning program trained healthcare professionals in pharmacovigilance and anti-tuberculosis drug safety over 3 years in four PAVIA countries. The program effectively improved participants’ knowledge, received positive feedback, and likely had an impact on reporting rates in Tanzania, Eswatini, and Nigeria, although a direct causal link could not be definitively established due to data limitations and other factors, such as the heightened reporting rates associated with COVID-19 vaccines, that could have contributed to the notable increase in ICSRs.
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Introduction

In recent years, the World Health Organization (WHO) has worked relentlessly in close collaboration with international partners, research institutions, donors and partners from the private sector to improve global accessibility and availability of medicines, vaccines and other health products (1). Evidence shows that there has been a notable increase in the availability and utilization of a wide range of essential medications in low-and middle-income countries (LMICs) (2). This has been especially true for sub-Saharan Africa (SSA) countries, which bear the highest burden of diseases worldwide, where people have strongly benefitted from the expanded access to newer and established medicines against infectious conditions such as AIDS/HIV, malaria and tuberculosis (TB). In 2015 bedaquiline, a newly launched drug for the treatment of drug-resistant tuberculosis (DR-TB), was included in the TB treatment programs in South Africa and Tanzania (3, 4). Delamanid, another recently approved anti-TB drug for DR-TB, was first recommended in 2014 by the WHO (5). Since then delamanid has been used under different conditions in a number of SSA countries, including Tanzania, Eswatini, Nigeria and Ethiopia (6). The most recent drug for the treatment of highly DR-TB is pretomanid, which is used in combination with bedaquiline and linezolid (7). Pretomanid has been already approved or is undergoing the approval process in various SSA countries, including Ethiopia and Nigeria, where regulatory approval submission is underway (8).

As the number of individuals who gain access to new and better therapeutics keeps growing at a fast pace in LMICs, so does the need for monitoring drug safety through accurate pharmacovigilance (PV) processes.

Although every single phase of the life cycle of a drug, including the so-called pre-marketing phase, requires attentive monitoring of drug safety, post-marketing safety surveillance of drugs acquires particular relevance as conditions of drug use are different from those commonly seen during the pre-marketing phase. Before reaching the market, medicines go through a developing process that includes multiple clinical trials, during which their efficacy and safety are tested and monitored under controlled conditions for a relatively limited length of time. Such conditions cannot be replicated in a real-world setting, where the same medicines become widely available to a huge number of different subpopulations (9). At this point, post-marketing PV comes into play (10).

To ensure the effective surveillance of drug safety and the timely detection of potential issues that may arise from their use, maintaining a thorough and robust PV system is imperative. Operating a well-functioning PV system needs financial and technical resources which are often deficient in SSA countries (11). A comprehensive assessment of PV systems of SSA countries conducted in 2011 found that 87% of such countries did not have a functional PV system. In contrast, only 4 out of 46 SSA countries could rely on a performing PV system capable of detecting, evaluating, and preventing medicine safety issues (12).

PhArmacoVIgilance Africa (PAVIA) was a consortium comprising 13 international partners operational from 2018 to 2023, funded by the European Developing Countries Clinical Trials Partnership (EDCTP). The PAVIA Project, led by the Amsterdam Institute for Global Health and Development (AIGHD), had a primary goal of enhancing drug safety monitoring and strengthening PV processes in four SSA countries: Ethiopia, Eswatini, Nigeria, and Tanzania. It included five Work Packages.1 The project placed particular emphasis on actively surveilling the safety of anti-TB drugs, a responsibility carried out by the National Tuberculosis Programs (NTPs).

When examining the healthcare landscape in African countries, literature consistently points out a set of enduring challenges. These encompass the shortage of skilled healthcare professionals (HCPs) and their inadequate retention, underdeveloped healthcare infrastructure, low levels of PV awareness among HCPs, and the vulnerability of regulatory and legal frameworks. Notably, one of the most formidable hurdles to PV progress in resource-limited environments is the shortage of personnel trained in PV (13, 14).

In 2018, the PAVIA team conducted a baseline assessment of PV systems and NTPs in Eswatini, Ethiopia, Nigeria, and Tanzania. The strengths and challenges of these systems were assessed, with a focus on their capacity to monitor safety of medicines registered and not registered by the National Medicines Regulatory Authorities (NMRAs) for the treatment of DR-TB. The assessment revealed that all countries had a national health policy in place. A national drug policy was available in three of the four countries, but as part of the health policy in Ethiopia. All four countries had spontaneous reporting systems in place, although these received few reports. Eswatini had a national pharmacy policy, but not a drug policy. A standalone pharmacovigilance policy was enforced in Nigeria and Tanzania. Acts providing for the establishment of the NMRA were in place in all four countries. Overall, this assessment, which encompassed various indicators, highlighted that, while most countries had established laws, regulations, and guidelines for PV, the ability of national PV systems to effectively prevent adverse drug reactions (ADRs) remained limited due to several obstacles, including confusion about roles and responsibilities for the PV of new medicines and duplication of efforts (15).

Addressing these issues hinges on delivering targeted interventions to scale up training and mentoring of local HCPs and PV stakeholders that are part of the PAVIA project’s wider strategy to enhance post-marketing surveillance capacity in these countries.

Until recently, medical education of HCPs in resource-constrained SSA countries had mostly relied on traditional face-to-face didactic formulas. However, in last decade the need to scale-up an over-burdened and often inadequate educational infrastructure combined with a rapid and extensive spread of mobile technology in Africa have led to the broad adoption of novel learning approaches such as e-learning (16).

E-learning is defined as the use of information technology or Internet for learning activities. It is a flexible, time-saving, cost-saving approach that allows students to easily access contents from anywhere, at any time (17).

A blended e-learning training approach can be developed by integrating components from both traditional training methods and fully online learning, harnessing the strengths of each while overcoming their respective limitations (18). Several studies in the literature have underscored the efficacy of blended e-learning programs. The adoption of blended e-learning programs in resource-constrained SSA countries has resulted in notable cost savings and enhanced knowledge acquisition for training HCPs (19–24).

Combining a blended e-learning with a Training of Trainers (ToT) framework represents an effective way to scale up training of HCPs. This model involves initially training a group of learners to become trainers who can then impart their knowledge to multiple student groups. The ToT scheme is particularly well-suited for resource-constrained settings due to its cost-effectiveness and its ability to rapidly and comprehensively enhance the skills of HCPs (25, 26).

The present work aimed at evaluating the effectiveness of a blended e-learning-based ToT program comprising two courses designed to train HCPs on PV general principles and anti-TB drugs safety in the four PAVIA countries. Additionally, a comparison between the implementation of the program prior and after the beginning of the COVID-19 pandemic was made. The program was part of a broader strategy set up by PAVIA to promote PV in SSA countries.



Materials and methods


Development of a web-based application for the e-learning program

A web-based application named Schoolroom was developed by MedBrains, a spin-off born within the University of Verona.2 The specific aim was to provide tutors and learners with a user-friendly platform for easily managing their online classrooms and accessing e-learning materials, respectively. To improve content accessibility in settings where Internet connectivity is still limited or even totally absent, Schoolroom was adapted for both online and offline use. Thus, e-learning materials were made available either via web or through a specific desktop version of the application which was pre-installed on USB memory sticks that were subsequently distributed to tutors. An internet connection was only necessary for initial access to the e-learning courses and for sharing user’s results with tutors. After the initial access, users could complete both courses offline.

Thanks to its versatility, the web application could be used on various devices, including smartphones and personal computers, with compatibility depending on the device’s browser. For an optimal browsing experience, we recommended users to use Google Chrome on Android devices, Windows/Mac PCs, and Safari on iPhone and iPad devices.

Both versions of Schoolroom required users to sign in with their own credentials. Credentials were provided by tutors to learners at the end of each first session of the training. Upon logging in, users had the option to access various sections within the application or perform specific functions based on their assigned roles.

Schoolroom included three areas, namely (1) Users, (2) Statistics and (3) Courses areas. Users with appropriate permissions could register new users and assign them specific roles in the (1) Users area. Individual or clustered data on users learning progresses were displayed in the (2) Statistics area. Finally, the (3) Courses area served as an interactive area where learners could access all e-learning materials.

Schoolroom allowed five roles to be assigned to users, each one with different view/edit permissions and privileges: (1) Administrator, (2) Tutor, (3) Sub-Tutor, (4) Participant and (5) Observer. (1) Administrators could access all Schoolroom areas and assign Tutor role to designated users. (2) Tutors could enroll and assign users as Participants; they could also check Participants progresses in courses within the Statistics area at any time. (3) Sub-Tutors could create and manage their own classes of Participants. (4) Participants were allowed to access all e-learning materials within the Courses area but could not view content located in other areas. Finally, (5) Observers had limited access permissions and were only allowed to enter the Statistics area.



The e-learning courses

Two e-learning courses were developed: “The Basic Concepts in Pharmacovigilance” course (Course 1) and “An Overview of Tuberculosis and Anti-Tuberculosis Drug Safety Issues, Monitoring and Management (aDSM)” course (Course 2). The two courses covered different topics related to passive and active surveillance from both a global and a local perspective. Specifically, the first course described the basic principles of PV (Supplementary Table 1), while the second course focused on anti-TB drugs and their management, active surveillance of anti-TB drugs (Supplementary Table 2). It was estimated that each course would take about 3 h to complete.

Each course included both a non-country-specific introductory part and an additional country-specific section. Each part was further subdivided into a subset of educational modules expressly designed in a self-study format.

Each educational module had objectives specific to the module, key-points to summarize the module contents, special sections called “Practical Approach” containing practical advice for the learner, color images and tables as needed, clickable links to external web sources, up-to-date, guidelines and a list of references. This division of the course content into smaller units was designed to expedite the learning process while ensuring that students gained a comprehensive understanding of the subject. Along with educational modules, the e-learning courses incorporated two interactive modules per course, each presenting a different clinical case-based assignment that learners were asked to solve.

To assess learners pre-existing and acquired post-course knowledge, a pre-test and a post-test were included at the beginning and at the end of each of the two e-learning courses. Both used 10 identical, multiple-choice questions randomly generated by the web-based application where e-learning materials were uploaded.

Furthermore, each module included its own intermediate test comprising two multiple-choice questions. These intermediate tests were obligatory, requiring learners to answer the questions to proceed to the next module.



Implementing the train of trainers scheme

In order to expand the training of the local healthcare workforce and reach a maximum number of HCPs, we incorporated our blended e-learning package into a ToT scheme for the implementation in the four PAVIA countries. The underlying rationale for this decision was that a ToT-based blended e-learning program could equip the initial group of local HCPs with the skills and knowledge required to effectively train a second group, potentially setting off a training cascade. The HCPs initially trained were expected to assume the role of trainers in the second phase of the ToT scheme.

On this account, we established two distinct implementation levels or stages for our strategy:

• a first level that involved a multi-day pilot training program with a blended e-learning approach, specifically designed for an initial group of potential trainers;

• a second level that involved newly trained tutors (defined as sub-tutors) who would instruct multiple cohorts of HCPs through an extended version of the pilot training course.

While the initial plan was for all first-level pilot training programs to be conducted on-site by our team, this was only feasible in the case of Tanzania. Due to travel limitations imposed by the COVID-19 pandemic, making it impossible to travel to Africa, all other pilot training programs incorporated sessions delivered through a widely used videoconferencing platform.



Assessment of the training program

We identified the following measures for assessing the effectiveness of our training program:

• The primary evaluation outcome was the knowledge gain resulting from the completion of the e-learning courses. This was assessed by measuring differences in learners’ post-test and pre-test scores, using a paired Student’s t-test.

• We also assessed learners’ satisfaction with the training package and potential changes in individual attitudes toward PV after the training. These were assessed using an online evaluation questionnaire (Supplementary Table 3) and an online attitude questionnaire (Supplementary Table 4), which were both administered to learners at the end of each training. Both questionnaires utilized a Likert scale to measure learners’ satisfaction with the training programme and attitude toward PV. The evaluation questionnaire comprised four multiple-choice grid questions designed to measure learners’ satisfaction with the usability of the e-learning platform, the e-learning content, and the teaching methodology. Additionally, two single-choice questions collected feedback from learners regarding the availability of an Internet connection during the training and the type of device used to access the e-learning content. The attitude questionnaire included five multiple-choice grid questions and a single-choice question, with a focus on assessing learners’ attitudes toward PV and the spontaneous reporting of ADRs.

• Finally, we performed a qualitative analysis of the Individual Case Safety Reports (ICSRs) that were entered into VigiBase, the WHO global database of ICSRs, by the National Pharmacovigilance Centers of the PAVIA countries before and after the pilot trainings. This analysis aimed to evaluate the potential impact of our strategy on the spontaneous reporting systems of these countries. Specifically, a comparison was made between the number and type of ICSRs (encompassing both drugs-related and vaccines-related ICSRs, including COVID-19 vaccines-related) entered into VigiBase 1 year before and 1 year after the pilot trainings. ICSRs of Tanzania, Eswatini, and Nigeria were downloaded from VigiBase and characterized in terms of ADRs seriousness and reporter qualification. The analysis of ICSRs entered into VigiBase by the Ethiopia National Pharmacovigilance Centre could not be performed due to the non-implementation of the step-down trainings, stemming from organizational hurdles, which led to the creation of a limited pool of potential reporters.

Further, we computed the percentage of ICSRs associated with anti-TB drugs based solely on the number of ICSRs that were linked to drug treatments.

All data related to the ICSRs of interest were obtained via VigiLyze, the web-based ICSRs data management system managed by the WHO Uppsala Monitoring Centre (27).




Results

We conducted the PAVIA pilot training in Dar Es Salaam, Tanzania, in October 2019 (Supplementary Table 5). As the sole pilot training conducted before the onset of the COVID-19 pandemic, this training was also the only one to incorporate face-to-face sessions. A total of 36 learners attended the 5-days blended e-learning-based training, which combined face-to-face sessions delivered by three Italian tutors and one local tutor and e-learning-based sessions during which learners were required to go through the two PAVIA e-learning courses. All learners (n = 36) passed the post-tests at the end of each course. Throughout the course, participants interacted with each other and the local coordinators, posing targeted questions to the tutors about the content. As part of a test simulating the implementation of the ToT scheme, all participants successfully enrolled students in the Schoolroom platform. Additionally, a PV comedy (performed in Swahili) was created, where two students humorously portrayed a scenario in which a patient reported an ADR to his/her general practitioner.

Similarly, a multi-day pilot training program was implemented and adopted in all other countries.

In April 2021, the Eswatini pilot training was conducted remotely due to international travel restrictions imposed worldwide during the COVID-19 pandemic. In-person sessions were replaced with virtual sessions that were delivered via a videoconferencing platform. Similarly, pilot trainings aimed at Nigeria and Ethiopia were delivered remotely in January 2022 and July 2022, respectively. 34, 25, and 26 learners enrolled in the pilot trainings conducted in Eswatini, Nigeria, and Ethiopia, respectively.

Except for 2 out of 26 learners who participated in the pilot training for Ethiopia and did not complete the post-tests after completing the e-learning courses, all other participants successfully finished the training. We found that learners’ scores on the post-tests were higher than on the pre-tests for both courses. Upon applying the Student’s t-test to pre-test and post-test’s results, a positive significant difference was found in Tanzania, Eswatini and Nigeria (Table 1). The p-value for the paired t-test for the difference in mean score on the pre-and post-test for each module was <0.001.



TABLE 1 Main features and results of the PAVIA pilot trainings conducted in the four PAVIA countries (e-learning course 1: “The Basic Concepts in Pharmacovigilance”; e-learning course 2: “An Overview of Tuberculosis and Anti-Tuberculosis Drug Safety Issues, Monitoring and Management (aDSM)”).
[image: Table1]

In the years following the implementation of the pilot trainings, multiple step-down training sessions were delivered in Tanzania, Eswatini, and Nigeria by 39 sub-tutors, including 17 in Tanzania, 14 in Eswatini and 8 in Nigeria, thus successfully implementing the second level of the program in these countries. Out of the 827 learners that were registered in Schoolroom by tutors, including 319 learners in Tanzania, 375 learners in Eswatini and 133 learners in Nigeria, 472 attended the step-down trainings. Of these, 421 learners (89%) successfully completed the training program, including 157 learners in Tanzania, 178 learners in Eswatini and 86 learners in Nigeria. It is worth noting that 37 learners in Nigeria completed only course 1 as they attended a shorter version of the training package that included only the first course. This decision was based on their professional background and qualifications, which did not relate to the management of anti-TB drugs. The remaining 49 learners did both the courses.

We found that learners’ scores on the post-tests were higher than on the pre-tests for both courses. Upon applying the Student’s t-test to pre-test and post-test’s results, a positive significant difference was found in Tanzania, Eswatini and Nigeria (Table 2). Again, the p-value for the paired t-test for the difference in mean score on the pre- and post-test for each module was <0.001. Unlike the other three countries, Ethiopia could not implement the step-down trainings because of organizational hurdles.



TABLE 2 Main features and results of the PAVIA step-down trainings conducted in Tanzania, Eswatini and Nigeria (e-learning course 1: “The Basic Concepts in Pharmacovigilance”; e-learning course 2: “An Overview of Tuberculosis and Anti-Tuberculosis Drug Safety Issues, Monitoring and Management (aDSM)”).
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Most of those who attended the pilot trainings in the four PAVIA countries completed the evaluation and the attitude questionnaires (Table 3). Specifically, 111 out of 121 learners (92%) who attended the pilot trainings provided feedback on the training program: 35 in Tanzania (97%), 34 in Eswatini (100%), 22 in Nigeria (88%), and 20 in Ethiopia (77%). The overall feedback was positive, with 107 out of 111 respondents (96%) expressing satisfaction to strong satisfaction with the pilot training program. A majority of respondents, 93 out of 111 (84%), reported that Internet connection was at least available, albeit sometimes limited, during the training. 111 out of the 121 learners (92%) who attended the pilot trainings completed the attitude questionnaires. These included 36 out of 36 learners in Tanzania (100%), 31 out of 34 in Eswatini (91%), 22 out of 25 in Nigeria (88%), and 22 out of 26 in Ethiopia (85%). Remarkably, 110 out of 111 learners (99%) reported an improved perception of PV after the training, indicating a significant positive shift in their attitudes toward PV. The stark majority, as indicated by 102 out of 111 respondents (92%), stated that they had submitted or were willing to submit at least one ADR report to local PV centers after attending the training (Table 4).



TABLE 3 Distribution of respondents providing feedback via evaluation and attitude questionnaires.
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TABLE 4 Summary of key findings from evaluation and attitude questionnaires.
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Only 116 out of 421 learners (28%) who attended the step-down trainings provided feedback on the training program: 44 out of 157 in Tanzania (28%), 9 out of 178 in Eswatini (5%), and 63 out of 86 in Nigeria (73%). Despite a response rate lower than the one recorded after the pilot trainings, 112 out of 116 respondents (97%) reported strong to very strong satisfaction with the step-down trainings. Respondents who said that Internet connection was available were 103 (89%). The number of those who attended the step-down trainings and completed the attitude questionnaire was 105 (25%), including 34 respondents in Tanzania (22%), 12 in Eswatini (7%) and 59 in Nigeria (69%). Of these, 103 (98%) said that they felt more involved in PV after attending the training. Moreover, 88 out of 105 respondents (84%) confirmed that they had submitted or were willing to submit at least one ADR report to local PV centers after the training (Table 4).

In order to assess the potential impact of the blended e-learning-based PAVIA strategy on the PAVIA countries spontaneous reporting systems, a qualitative analysis of the ICSRs entered in VigiBase by the National Pharmacovigilance Centres of three out of four PAVIA countries was performed (Table 5).



TABLE 5 Number and features of ICSRs entered in VigiBase 12 months prior and after the pilot trainings in Tanzania, Eswatini and Nigeria.
[image: Table5]

ICSRs entered into VigiBase by the National Pharmacovigilance Centre of Tanzania over a one-year period before the first PAVIA training, that is, from 25.10.2018 to 25.10.2019, and over a one-year period after it, from 25 October 2019 to 26 October 2020, were retrieved via VigiLyze. Data analysis revealed that 2,369 ICSRs were received before the training and 14,512 ICSRs were received after, marking a net increase of 12,143 reports (+513%). Of the 2,369 ICSRs received before the pilot training, 2,022 concerned non-serious ADRs, 315 concerned serious ADRs and 32 concerned ADRs of unknown seriousness. At that time, the most prolific reporters were pharmacists, who submitted 2,194 ICSRs.

Of the 14,512 ICSRs received after the pilot training, 14,315 concerned non-serious ADRs and 197 concerned serious ADRs. No ICSRs with ADRs of unknown seriousness were received. The most prolific reporters remained pharmacists, who submitted 14,010 ICSRs. While the absolute number of ICSRs associated with anti-TB drugs increased from 64 before the pilot training to 142 after the pilot training, the percentage of these reports relative to the total decreased from 35 to 1%. No ICSRs associated with vaccines were received before or after the training.

ICSRs entered into VigiBase by the National Pharmacovigilance Centre of Eswatini over a one-year period before the first PAVIA training, that is, from 29 April 2020 to 29 April 2021, and over a one-year period after it, from 30 April 2021 to 30 April 2022, were retrieved via VigiLyze. Data analysis revealed that 717 ICSRs were received before the training and 1,222 ICSRs were received after, marking an increase of 505 reports (+70%). Of the 717 ICSRs received before the pilot training, 593 concerned non-serious ADRs and 124 concerned serious ADRs. The most prolific reporters were physicians, who submitted 460 ICSRs.

Of the 1,222 ICSRs received after the pilot training, 1,148 concerned non-serious ADRs and 74 concerned serious ADRs. No ICSRs with ADRs of unknown seriousness were received. The most prolific reporters were other HCPs, who submitted 637 ICSRs. After the training, there was a significant decrease in the absolute number of ICSRs associated with anti-TB drugs, decreasing from 285 to 67, while the percentage remained unchanged at 40%. On the other hand, before the pilot training, there were hardly any reports related to vaccines. However, following the training, there was a significant increase in these reports, jumping from 0% to 86%. Notably, all the reported vaccines were for COVID-19.

ICSRs entered into VigiBase by the National Pharmacovigilance Centre of Nigeria over a one-year period before the first PAVIA training, that is, from 20 January 2021 to 20 January 2022, and over a one-year period after it, from 21 January 2022 to 21 January 2023, were retrieved via VigiLyze. Data analysis revealed that 13,284 ICSRs were received before and 15,986 ICSRs after the pilot training, marking a slight increase of 2,702 reports (+20%). Of the 13,284 ICSRs received before the pilot training, 11,609 concerned non-serious ADRs and 1,675 concerned serious ADRs. The most prolific reporters were other HCPs, who submitted 9,774 ICSRs.

Of the 15,986 ICSRs received after the pilot training, 13,756 concerned non-serious ADRs and 2,230 concerned serious ADRs. No ICSRs with ADRs of unknown seriousness were received. The most prolific reporters were other HCPs, who submitted 14,346 ICSRs. After the training, there was a significant decrease in both the absolute number and the percentage of ICSRs related to anti-TB drugs, dropping from 419 to 175 and from 115 to 8%, respectively. The proportion of ICSRs related to vaccines remained high both before the pilot training (70%) and after (86%). Moreover, the majority of these ICSRs consisted of COVID-19 vaccine reports, comprising 67% before the pilot training and 76% after the pilot training.

We did not assess the quality of ICSRs, as such an analysis would have necessitated a longer observation period.



Discussion

The present work represents an example of an innovative strategy specifically designed to strengthen PV in four African countries through a blended e-learning-based ToT program. As far as we know, even though some training on PV had been previously provided on the ground by the African partners, this was one of the first educational experience involving fully remote training on PV to be conducted between Italy and multiple African countries via a videoconferencing platform. We demonstrated the effectiveness and the adaptability of an innovative approach that brings together elements of the blended e-learning methodology, the ToT model, and the use of video conferencing tools to mentor HCPs in both PV and the safety of anti-TB drugs.

The implementation of the second level of our strategy was carried out by those learners who had been trained in the first stage of the program. Those newly trained tutors conducted multiple step-down trainings under the supervision of PAVIA local coordinators. Moreover, our team was able to monitor the progress of single individuals and entire classrooms and provided technical assistance at tutors’ request. Out of the 827 learners registered by local tutors in Schoolroom to participate in the step-down trainings conducted in Tanzania, Nigeria, and Ethiopia, 421 (51%) completed the program and received certificates. One possible explanation for this outcome is that, after being registered on the e-platform by tutors, some learners were unable to attend due to various reasons such as lack of connectivity, difficulty accessing the training site, administrative hurdles like permissions and reimbursement issues, among other challenges. Out of 472 who enrolled in the step-down trainings, 421 (89%) completed the training program. The number of successful learners in Nigeria included those learners who attended a shorter version of the training program based on the sole completion of Course 1. Distance and blended e-learning approaches in the field of pharmacovigilance are not novel concepts. Several studies in the literature have underscored the effectiveness of blended e-learning programs in healthcare, including pharmacovigilance (19–24). For instance, Rudd et al. conducted an evaluation of a blended e-learning course in Namibia and Tanzania, concluding that this approach is an effective method for training healthcare workers in the fundamental features of electronic health information systems (19).

Unlike in the other three countries, no step-down trainings were conducted in Ethiopia due to unspecified organizational hurdles.

More than 90% of those who attended the pilot trainings in the four PAVIA countries completed and submitted both the evaluation and the attitude questionnaires. Learners that attended the pilot trainings were satisfied with the contents and structure of the courses and, in general, with how the blended e-learning program was implemented in each country. No significant difference in terms of appreciation between learners who attended the in-person sessions included into the pilot training for Tanzania and those who participated in the virtual sessions of the pilot trainings for Eswatini, Nigeria, and Ethiopia was observed.

Measuring satisfaction of those learners who attended the step-down trainings proved difficult, as most of them (73%) did not complete and submit the evaluation questionnaire. As in the case of evaluation questionnaires, attitude questionnaires were not submitted by most of these learners (75%), thus strongly limiting the assessment of learners’ perception of PV after the training. While being low, the response rate is consistent with similar trends reported in the literature (28).

Still, in both cases the limited data that we managed to collect suggest that even those learners who attended step-down trainings were satisfied with the training experience and that their interest in PV increased after the training. In particular, a significant number of respondents submitted or were willing to submit at least an ADR report after the training. As new tutors were left free to set up trainings in accordance with their own, any possible feedback provided by learners might have been affected by the individual decisions taken by local tutors regarding the duration and the preferred mode of implementation of the training. Additionally, organizational hurdles related to the distribution of questionnaires to students could have impacted the reliability of these results. Future research should address these factors for a more comprehensive understanding.

Replacing the in-person sessions with virtual sessions was the most feasible way to overcome the challenge posed by the inability to travel abroad during the COVID-19 pandemic. We chose to use a well-known videoconferencing platform because of its widespread availability and usability. This turned out to be wise choice as the use of a free version of the platform allowed us to reach learners without incurring in major technical issues. Adopting virtual meetings as teaching tool came with both advantages and limitations.

This could be seen clearly during the implementation of the first pilot training program in Tanzania, which involved more in-person dialog, conversations and real time interaction between learners than the other pilot trainings. Learners seemed at ease in a familiar, traditional classroom setting without technological barriers. The in-person interaction facilitated a more personal connection with learners, enhancing the exchange of information. On the other hand, Kiguli-Malwadde et al., who assessed the impact of transitioning a multi-country HIV training program from in-person to online, compared digital training approaches implemented during the pandemic with in-person approaches used before COVID-19. Their study concluded that participants in in-person learning programs exhibited greater gains in knowledge and clinical confidence than those engaged in online learning (29).

In this training section, all participants were engaged and enthusiastic; they demonstrated a keen interest in learning the program and a strong desire to broaden their knowledge on the presented topics. Questions from the audience were precise and relevant. Notably, on day 4, participants exhibited remarkable effort when tasked to take on the role of “trainers.” The inclusion of a ‘pharmacovigilance comedy’ played a pivotal role at the session’s conclusion, proving to be a success as participants interpreted it with the right spirit.

At the same time, relying on remote sessions to reach out to learners during COVID-19 pandemic demonstrated that, while the lack of face-to-face contact made difficult to interact with learners sometimes, it cut costs and time. Rudd et al. evaluated a blended e-learning course in Namibia and Tanzania reported that the cost is up to 3.4 times less expensive than for an in-person course with similar content (19). In addition, remote sessions allowed tutors from those PAVIA countries where the training program was at a more advanced stage to attend the trainings and share their own experience with conducting step-down trainings in their own country. This was strongly appreciated by learners, who had the opportunity to listen to and benefit from the experience of those who had already conducted second-level trainings in their own countries. The learning environment was responsive and engaging and attention level was always very high among the participants during all 3 days without any distraction. The greatest limitation of virtual meetings came from the poor Internet connectivity, which might have negatively impacted the learning experience sometimes. Although neither we nor learners experienced any meaningful technical issues during the virtual sessions, Internet connection was not always stable throughout the meetings, as many learners who attended different sessions reported in the evaluation questionnaire.

The lack of good connection or even Internet access might pose a significant challenge not only for tutors that choose to replace in person sessions with virtual meetings but also for those learners who live and work in remote areas of the countries of interest, who might find themselves unable to access the e-learning materials. To bypass this issue, we provided the newly appointed tutors of each PAVIA country with USB flash drives containing an offline version of the courses. These USB flash drives were effectively used in Tanzania, Eswatini and Nigeria to assist those learners who struggled to access the online contents because of poor connectivity.

The implementation of the PAVIA training program in multiple settings, though under similar conditions, offered an opportunity to test the functioning of Schoolroom, our e-learning platform. While most of learners used a computer rather than a smartphone to access Schoolroom, no significant technical issues were reported by both groups. This strongly argues in favor of the versatility of the platform and suggests that relying on a software that is both a desktop and a mobile-friendly platform might allow a widespread access to e-learning contents in settings where smartphones represent the most used device. Overall, Schoolroom was seen as a user-friendly, well-performing platform which most of learners were able to access to and navigate through.

Assessing the real impact of the pilot trainings on the spontaneous reporting systems of Tanzania, Eswatini, and Nigeria was not an easy task as we could not match reporters to learners who attended the trainings. In the year after the pilot trainings a net increase in the number of ICSRs entered into VigiBase by the national pharmacovigilance centers was observed in three countries out of four PAVIA countries, suggesting that training actually had a positive effect on reporting rate. With more than 14,000 ICSRs entered in the year following the pilot training, Tanzania was the country that registered the highest increase. Importantly, the increase in the number of ICSRs observed in Tanzania was not driven by reporting of vaccines-related ADRs.

Pharmacists submitted the highest number of both pre-training ICSRs and post-training ICSRs, persisting as the most active reporters in the country. The increase in the number of ICSRs followed a slightly different pattern in Eswatini and Nigeria, as it appeared to be much more limited Additionally, in both countries this increase in reporting rate was connected to active surveillance of COVID-19 vaccines, which were widely deployed in both countries in the last 2 years. The development and distribution of COVID-19 vaccines in 2020 and 2021, respectively, align with the observed trend in vaccination in these nations. The high number of COVID-19 vaccines-related ICSRs entered into VigiBase over the past few years made hard to tell for sure whether those numbers could be ascribed to spontaneous reporting or rather depended on the close monitoring of the safety of COVID-19 vaccines.

The percentage of ICSRs related serious ADRs decreased in the year following the pilot training in all countries except Nigeria, where a constant trend was observed. Numerous factors could have influenced the reporting trends, particularly with the emergence of the COVID-19 pandemic in 2020, which led to considerable disruptions in the health and pharmacovigilance systems of these countries. After the pilot training, Tanzania experienced a substantial increase in the total number of ICSRs, which might have contributed to a decrease in the proportion of serious ICSRs. Eswatini was the country most influenced by the COVID-19 vaccination trend in reporting, as our training took place in April 2021. The potential reason for the decrease of serious ICSRs in Eswatini could be attributed to the increase in non-serious ICSRs, mainly due to COVID-19 vaccine reports, resulting in a decreased proportion of ICSRs concerning serious ADRs. In other countries, a similar trend emerged. The Italian Medicines Agency released a report on COVID-19 vaccine safety, covering the initial 2 years of vaccine surveillance. The vast majority of vaccine-related ICSRs logged in the Italian pharmacovigilance database during this period were associated with non-serious events.

In Nigeria, we observed a consistent trend, where the influence of COVID-19 vaccination on reporting remained steady both before and after our training.

Considering this, incorporating an intermediate evaluation, such as 6 months after the intervention, could have provided a more comprehensive assessment of the data.

Across the three PAVIA countries, the analysis of ICSRs related to anti-TB drugs shows divergent trends. In Tanzania, there was an increase in the absolute number of those ICSRs, accompanied by a decrease in the percentage. In Eswatini, the absolute number decreased, while the percentage remained constant. Conversely, in Nigeria, both the absolute number and the percentage decreased. Due to the limited number of ICSRs associated with anti-TB drugs, it is difficult to provide a unified explanation for all PAVIA countries. In summary, we have designed and successfully implemented an innovative, blended e-learning program in the four PAVIA countries to train an extensive number of HCPs in both the basic principles of PV and the safety of anti-TB drugs. Over a span of more than 3 years, dedicated groups of newly-formed trainers conducted multiple step-down trainings in three of the four countries, training hundreds of HCPs and contributing to foster a culture of PV and spontaneous reporting in each country. Analysis of pre-test and post-test scores revealed that our e-learning courses effectively improved learners’ knowledge on the targeted topics, as significant learning progress was consistently observed following each training session. Overall, learners’ feedback on the training experience was positive, with most of them expressing satisfaction with the training and an increased interest in pharmacovigilance after their participation. The utilization of virtual sessions did not appear to affect learning outcomes, as there were any major differences between those learners who attended in-person sessions during the pilot training in Tanzania and those who received remote training. While remote training may have limited interaction between trainers and learners, it provided a vital avenue to reach a broader audience at a time when international travel was severely restricted due to the COVID-19 pandemic, making in-person training nearly impossible. To sum up, our experience shows that, despite its limitations, remote learning represents a versatile, cost-effective alternative to in person training and should be taken in consideration when planning for training in distant or less accessible areas. Schoolroom, our e-learning platform, performed well. No major technical issue arose during the trainings apart from poor connectivity. This was addressed by using USB flash drives and our platform, which could operate both online and offline. Similar projects should consider connectivity issues as a key factor. In conclusion, even when external conditions required us to conduct the training programs exclusively online in Eswatini, Nigeria, and Ethiopia, the system proved to be effective, yielding results comparable to those achieved through traditional methods. Finally, it is important to note that, while the trainings and other PAVIA initiatives might have had an impact on reporting rates in Tanzania, Eswatini, and Nigeria, a direct causal relationship between the trainings and the significant increase in ICSRs during the year following the pilot trainings could not be definitively established. This limitation arose because we were unable to match reporters to learners who attended the trainings. Additionally, it is crucial to acknowledge that the active surveillance of COVID-19 vaccines played a significant role in the observed upswing in the reporting rate.
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Background: Effective doctor-patient relationships hinge on robust communication skills, with non-verbal communication techniques (NVC) often overlooked, particularly in online synchronous interactions. This study delves into the exploration of NVC types during online feedback sessions for communication skill activities in a medical education module.

Methods: A cohort of 100 first-year medical students and 10 lecturers at the Faculty of Medicine, Universiti Kebangsaan Malaysia (UKM), engaged in communication skills activities via Microsoft Teams. Sessions were recorded, and lecturer NVC, encompassing body position, facial expressions, voice intonation, body movements, eye contact, and paralinguistics, were meticulously observed. Following these sessions, students provided reflective writings highlighting their perceptions of the feedback, specifically focusing on observed NVC.

Results: The study identified consistent non-verbal communication patterns during feedback sessions. Lecturers predominantly leaned forward and toward the camera, maintained direct eye contact, and exhibited dynamic voice intonation. They frequently engaged in tactile gestures and paused to formulate thoughts, often accompanied by filler sounds like “um” and “okay.” This consistency suggests proficient use of NVC in providing synchronous online feedback. Less observed NVC included body touching and certain paralinguistic cues like long sighs. Initial student apprehension, rooted in feelings of poor performance during activities, transformed positively upon observing the lecturer’s facial expressions and cheerful intonation. This transformation fostered an open reception of feedback, motivating students to address communication skill deficiencies. Additionally, students expressed a preference for comfortable learning environments to alleviate uncertainties during feedback reception. Potential contrivances in non-verbal communication (NVC) due to lecturer awareness of being recorded, a small sample size of 10 lecturers limiting generalizability, a focus solely on preclinical lecturers, and the need for future research to address these constraints and explore diverse educational contexts.

Conclusion: Medical schools globally should prioritize integrating NVC training into their curricula to equip students with essential communication skills for diverse healthcare settings. The study’s findings serve as a valuable reference for lecturers, emphasizing the importance of employing effective NVC during online feedback sessions. This is crucial as NVC, though occurring online synchronously, remains pivotal in conveying nuanced information. Additionally, educators require ongoing professional development to enhance proficiency in utilizing NVC techniques in virtual learning environments. Potential research directions stemming from the study’s findings include longitudinal investigations into the evolution of NVC patterns, comparative analyses across disciplines, cross-cultural examinations, interventions to improve NVC skills, exploration of technology’s role in NVC enhancement, qualitative studies on student perceptions, and interdisciplinary collaborations to deepen understanding of NVC in virtual learning environments.
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1 Introduction

Communication skills are important in building personal and professional relationships. In medicine, it is the basis for the relationship between a medical doctor and a patient. There are two types of communication which are, verbal communication and non-verbal communication. Non-verbal communication (NVC) is an important aspect of communication in conveying messages and can emphasize verbal communication. Compared to verbal communication, the area of non-verbal communication has been poorly explored.

Non-verbal communication encompasses the conveyance of information through bodily signals, encompassing elements such as eye contact, facial expressions, gestures, and vocal cues (paralinguistics) (1). An instance of this could be the act of smiling upon meeting someone, which signifies traits such as friendliness, acceptance, and openness. The utilization of non-verbal communication is ubiquitous, operating in myriad contexts, often occurring unconsciously. Therefore, it is important to study non-verbal means of communication based on the observation and analysis of physical movements compared to verbal communication, or the use of language to transfer information through written text, spoken or sign language. Recent studies show that communication skills among medical students are lacking, especially in areas of NVC and empathy toward patients (2–4). Feedback can improve the NVC of medical students during the communication process, especially facial expressions, body movements, body posture, silent intervals, and laughter (3). This technique is more meaningful and effective than verbal communication because it conveys a more dominant message to an individual after receiving feedback (3). In the event of a conflict, the message conveyed through NVC will be stored in the memory longer than verbal messages (5). The significance of NVC in conflict resolution lies in its ability to convey emotions, intentions, and attitudes non-verbally, thereby influencing the dynamics of interpersonal interactions. In conflict situations, NVC cues such as facial expressions, gestures, and body language can play a crucial role in either escalating or de-escalating tensions, fostering empathy, understanding, and collaboration among conflicting parties (2). By recognizing and interpreting NVC signals, individuals can better navigate conflicts, facilitate effective communication, and work toward mutually beneficial resolutions (6).

Online observation of NVC poses several limitations compared to face-to-face interactions. The digital medium may distort or diminish certain non-verbal cues, making accurate interpretation challenging (2). Factors such as poor video quality, lagging audio, or limited camera angles may obscure important NVC signals, leading to misinterpretations or incomplete assessments (7). Online observation lacks the immediacy and intimacy of in-person interactions, potentially hindering rapport-building and emotional connection between participants (1). Moreover, the absence of physical proximity in virtual settings may limit the range and subtlety of non-verbal behaviors that can be observed and analyzed (7). Subsequently, online observation may be subject to biases inherent in the digital platform, such as selection bias in participant recruitment or observer bias in data interpretation, further complicating the validity and reliability of NVC research conducted online (8).

Therefore, this feedback process needs to be given special attention because it is often neglected in studies related to effective communication. Communication skill activities will be more appreciated if a person’s behavior can be observed more closely in non-verbal terms (6). The era of COVID-19 has transformed learning communication skills online. This impacts the detection of non-verbal communication that can be observed online and how it affects the effectiveness of communication with patients. This is because when online teaching is conducted, the observation of NVC through synchronous online applications is limited, so it can cause misunderstandings and thus can result in less effective communication. Therefore, NVC should be given extra attention especially when communication is done online synchronously so that the information conveyed is clear and fulfils its purpose. The observation of non-verbal communication (NVC) is limited to the visual cues captured by camera imagery, typically focusing on the upper body, in contrast to the comprehensive interaction afforded by face-to-face encounters (6, 8, 9). The scarcity of research dedicated to NVC diminishes its recognition as a pivotal component of effective communication. Therefore, this study aims to explore the types of NVC by lecturers during feedback sessions through a synchronous online application.



2 Materials and methods


2.1 Study design

Qualitative methods with an observational research approach were used to explore the types of non-verbal communication (NVC) among lecturers in giving feedback and gaining acceptance of Year 1 medical students in getting feedback on the performance of their communication skills in the Professional and Personal Development module. This feedback was given by the lecturer to improve student’s performance. This observational study is important to see the types of NVC that are given online synchronously. The feedback process was recorded through the Microsoft Teams application for student reference so that students can make self-reflection and use all the feedback given to improve their weaknesses during communication skill activities.


2.1.1 Observational studies

An observational study was chosen as a research method to see the types of feedback given by lecturers on student performance. It only required one researcher to view the video footage and this method is a thorough method of collecting, recording, and analyzing data. Through this study, deductive and inductive thematic data analysis (10) was used to answer the questions and objectives of this study. Observational research also provides a platform to add new criteria or types of NVC based on observations from one individual lecturer to another. All aspects of the researched material were explained through data analysis from the feedback recording.



2.1.2 Reflective writing

Reflective writing has become one of the components of continuous assessment in medical education. It is a practice to look back at a student’s performance and has become the core of the concept of learning from experience (11). This method is practiced to improve a student’s ability to develop critical thinking, analytics, and cognition (12). Self-reflection is important to see if any new perspective was learned and helps improve student progress in learning a skill. Reflective writing is an additional research tool that helps to explore the effect of feedback from lecturers and the acceptance of the feedback from the student’s perspective and how it can be used to improve their performance in communication.




2.2 Validity and reliability

There are two challenges in observational studies that researchers need to see, namely validity and reliability. The selected sample must have characteristics of the population that is being studied so that the study can give a general statement/picture about a population (13). Observational studies have low validity, meaning that the findings cannot be generalized to other populations (14). It is also because there is no control group comparison. However, the reliability of this study was high because the study observer was the same person all data or input obtained from the small group discussion activity session was processed by the researcher and no case of bias or observer variation occurred. This study was conducted well as all respondents (students and lecturers) gave their full cooperation, instructions given to the participants were clear and the format of the study was systematic.

In this study, maintaining methodological consistency was paramount. Before data collection commenced, a team of three researchers convened to establish standardized observation protocols, guided by a predetermined checklist. To acquaint themselves with the protocol, a trial feedback session was conducted, serving as both a training and standardization exercise. A standardized evaluation method was then selected to ensure adherence to predefined non-verbal communication (NVC) criteria and maintain consistency across observations. Furthermore, the standard-setting process involved three independent researchers, who collectively established benchmarks for specific NVC types.

The observation process consisted of three rounds. Initially, individual marks were assigned during the first round of observation. Subsequently, collaborative discussions ensued during the second round to refine observations and address any discrepancies. Finally, a third round was conducted to collectively discuss and reach a consensus on the evaluation of each NVC parameter. To facilitate the inductive thematic analysis, specific keywords were established to describe different NVC types, streamlining the analysis process.



2.3 Study location

This study observed the types of non-verbal communication of lecturers on the performance of Year 1 medical students who undergo communication skill activities in the Professional and Personal Development module which is conducted online synchronously. The course content encompassed the demonstration of multiple soft skills and aspects of professionalism pertinent to university settings. These included proficiency in self-management and coping strategies, fostering a caring attitude and sensitivity toward both personal needs and those of significant others, adeptness in critical thinking and interpersonal communication for learning and everyday life scenarios, advocacy for healthy lifestyles while recognizing the implications of unhealthy behaviors, particularly within the context of medical student life, and extending these principles to the broader public. Additionally, the course also emphasized the cultivation of a team-oriented spirit of collaboration across diverse professions, underpinned by principles of integrity and passion. This study was conducted through the Microsoft Teams online application (15). All student activities and lecturer feedback were recorded for data analysis purposes.



2.4 Population of study and sampling

The population of this study consisted of Year 1 undergraduate medical students of UKM who are undergoing the Professional and Personal Development module (FFFF1813) in the 1st semester of the 2020/2021 session. This group of first-year students have never undergone any formal feedback session neither the Professional and Self-Development module. Purposive sampling was used and the participants for this study were selected according to the criteria set by the researcher. The inclusion criteria for this study were as follows: 1. First-year undergraduate medical students who have never undergone the Professional and Personal Development module; 2. Students who give written consent to participate in this study. The exclusion criteria were first-year undergraduate medical students who have undergone the Professional and Personal Development module (repeat students) and students from years other than the first year. Students who agreed to be participants were divided into groups of 10 people per group according to the session that had been set by the researchers. All communication skill activities and feedback sessions were recorded through the Microsoft Teams application. This activity was conducted for 2 h for each group. Then, a video recording of the feedback was given to each student. After the communication skill activity and feedback session from the lecturer, students wrote a reflection on the activity and how the feedback from the lecturer could be put into practice to improve their weaknesses during the activity.



2.5 Sample size

Researchers set 10 participants for each group and a total of 10 groups (n = 100) participated in this study. This is to facilitate the recording process that took place in a group and was recorded through the application in Microsoft Teams (Figure 1). Sample adequacy in qualitative inquiry refers to the evaluation of whether the sample’s composition and size are suitable and relevant for the research objectives. This assessment plays a crucial role in determining the quality and trustworthiness of qualitative research. It involves ensuring that the chosen sample adequately represents the population of interest, possesses diversity where applicable, and is of a size sufficient to yield meaningful insights and achieve saturation, thereby enhancing the credibility and validity of the study findings (16). Since this was an observational study, the study sample did not need to be large, and the researcher had set observations in 10 different groups to reach conclusions for this study. For reflective writing, only two groups of study participants (n = 20) were required to do reflective writing about their performance through communication skill activities and acceptance of feedback given by their lecturer.

[image: Figure 1]

FIGURE 1
 Communication skill activity conducted online synchronously and recorded via Microsoft Teams application.




2.6 Data collection and analysis

Before the commencement of recordings, all participants received a comprehensive briefing. They were informed that the recordings would be utilized exclusively for research purposes and would be accessible solely to the researchers involved in the study (NASI, SMB, MNAB). Data taken during small group discussion activity was recorded using the Microsoft Teams online application. Then the video recording was viewed again. A checklist of types of non-verbal communication, such as body position, facial expressions, voice intonation, movement, eye contact and paralinguistics was created based on the observation of video recordings and literature studies (Supplementary Table 1). The process of verifying the types of non-verbal communication was done with two independent researchers who were not involved in the data collection process. This process was carried out by looking at 2 different types of videos. Three researchers (NI, SB, MB) marked the types of non-verbal communication and the time the behavior was observed. Then, these three researchers (NI, SB, MB) presented their observations and discussed the types of non-verbal communication observed. Next, NI, SB, and MB continued to observe the types of non-verbal communication until it reached a saturation level. This process is known as deductive thematic analysis (Figure 2) which was presented in a checklist (Supplementary Table 1).

[image: Figure 2]

FIGURE 2
 Deductive data analysis process in the observation of non- verbal communication via video recording.


For the analysis of the reflective writing, students were given the task of writing a reflection on their performance and the feedback given by the lecturer after the small group discussion. Reflective writings were collected according to the number of samples set (n = 20). A purposive sampling technique was used from two groups consisting of a young lecturer and a professor-ranked lecturer. Before the final analysis was obtained, the researcher marked similar themes and separated them according to main themes, sub-themes and statements involved (Supplementary Table 2). This process is known as inductive thematic analysis (Figure 3). This involves the process of repeating data, extracting data, assigning codes to sentences, forming themes, revisiting themes, determining and naming themes, and analyzing the study (17). Figure 4 shows the entire data collection process of this study. Confidentiality was maintained where only the researcher and the research team could access the information provided by study participants. Any name or personal identification was not used in this study and the information provided by the participants was recorded as K1P1 to refer to group 1 and the first participant, and so on.

[image: Figure 3]

FIGURE 3
 Inductive data analysis process of student acceptance of non-verbal communication of lectures through reflective writing.


[image: Figure 4]

FIGURE 4
 Flow chart of the data collection process.





3 Results


3.1 Types of non-verbal communication

Non-verbal communication encompasses the deliberate or involuntary behaviors exhibited by individuals during interpersonal interactions. In this study, feedback sessions were conducted within a tranquil environment, specifically designated personal rooms equipped with computers featuring cameras and microphones. This controlled setting aimed to minimize potential disruptions, such as interference from familial influences, thereby optimizing the focus and concentration of the subjects involved in the study. NVC can be seen through a person’s body movements, eye contact and voice intonation. In this study, six types of NVC could be observed online, namely body position, facial expressions, voice intonation, movement, eye gaze and paralinguistics. For these types of NVC, a total of 10 lecturers were observed.


3.1.1 Body position

Body position only can be observed from chest level up to the head when captured online. Therefore, the observation is limited to the way the body is positioned toward the camera. Table 1a shows the percentage of lecturers who show the most dominant body position. This includes body leaning forward (100%), sitting upright (90%), bending over (0%), body position to the left (10%) and right. This shows that the most dominant body position exhibited by all lecturers was leaning forward and toward the camera. This shows that all the lecturers were very interested and worked hard to give feedback to the students. Throughout the feedback session, all the lecturers were seen sitting upright except for one lecturer who seemed to be sitting sideways to the left. This shows that the lecturers were always focused on delivering information to students.



TABLE 1 Types of non-verbal communication observed during the feedback session.
[image: Table1]



3.1.2 Facial expressions

The lecturer’s facial expressions are very important in conveying information and feedback to students. This is because the lecturer’s facial expressions can be seen directly through the camera. Table 1b shows the description of the lecturer’s facial expressions that were observed through the online application. These include looking directly into the camera (100%), smiling when speaking (100%), laughing (30%), frowning (10%), and raising eyebrows (20%). The most dominant facial expression was looking directly at the camera when giving feedback. This is important to show the lecturer’s sensitivity and focus in delivering information. Some lecturers show cheerfulness by inserting jokes interspersed with laughter and smiles. This was to create a cheerful and comfortable atmosphere for students to receive feedback. However, some lecturers frowned and raised their eyebrows as the feedback session progressed. This shows a serious tone in conveying information.



3.1.3 Voice intonation

In addition to facial expressions, voice intonation also plays an important role in interaction with students. Cheerful voice intonation is essential in evoking a comfortable atmosphere in learning especially if it is done online. The observed types of voice intonation were monotonous, raising the voice, unclear and giving emphasis to a word (Table 1c). Through virtual observation, all lecturers had a dynamic and cheerful voice intonation. None had a monotonous or raised voice and was unclear throughout the conversation. There was a lecturer who always emphasized words. This was intended to attract students’ attention to the information presented.



3.1.4 Movement

There were limitations in identifying the types of movements that can be recorded through the online application, including those related to touching the face, hand movements, and even the head. Table 1d shows the types of movements that were observed. The most dominant movements (50%) were hands touching the face, chin and nose and touching the glasses frame when giving feedback. This is followed by nodding, shaking the head, touching the hair, making free-hand movements, clapping and scratching behind the ears (20%). The least type of movement observed was body movement to the left/right / front/back. This also includes scratching the body, scratching the forehead, squinting, rubbing the eyes, holding the shoulder, and giving the OK! sign (10%).



3.1.5 Eye contact

Eye contact is one of the types of non-verbal communication that is often observed in everyday communication. However, in online communication, this type of NVC is very meaningful, especially in conveying information. Therefore, lecturers must look toward the camera or computer screen when speaking. Overall, the most dominant eye contact was when 80% of lecturers looked to the left when giving feedback. This is followed by looking down (70%), to the right (60%) and up (30%; Table 1e).



3.1.6 Paralinguistics

Paralinguistics include types of non-verbal communication that involve sounds. This includes saying “aaah,” “okay,” “laaaah,” “so,” “hmmm.,” surprised sounds, sighing sounds when complaining and clearing throat. Table 1f shows observations on the types of paralinguistics exhibited by lecturers. All lecturers seem to always pause to think of the best words in giving feedback to students (100%). This situation was filled with sounds like …urmm/ “okay”/ lah/ “so”/“that’s it” (100%). There was a lecturer who always cleared his throat when he paused for a moment (10%) and there was no observation of the sound of sighing or being surprised. The lecturers in this study were also not seen to speak too fast or too slowly (0%).




3.2 Student acceptance of non-verbal communication

After completing the communication skill activity, students were required to write a reflective essay expressing their feelings toward the lecturer’s non-verbal communication. A total of two groups were selected in this study (n = 20). Each student’s writing was extracted to form the same theme (Supplementary Table 2). An example of reflective writing is in Figure 5. The formation of subthemes from the same keywords was used to form the main theme. The findings of this study found 4 types of main themes, namely students’ feelings before receiving feedback, while receiving feedback, after receiving feedback and the type of non-verbal communication that was observed. This write-up will be presented according to sub-themes and selected statements related to the keywords that make up the sub-themes and then the main theme.

[image: Figure 5]

FIGURE 5
 Examples of student’ reflective writing and Keyword detection for theme formation using the thematic analysis technique.




3.3 Theme 1: students feelings before receiving feedback

At the beginning of the reflective writing paragraph, most students recorded their feelings before receiving feedback. This includes feelings of nervousness, restlessness, fear and apprehension.


3.3.1 Nervousness

The feeling of nervousness in the context of this study can be defined as a feeling of unease. Students have stated that they felt nervous before receiving feedback from the lecturer. This is because they were not confident in their performance in the communication skill activities. This was seen through examples of writing below:


“I felt very nervous and worried about the feedback of the facilitator and my other friends on my task” (K2P1).

“I was worried and nervous because I thought our acting in the video was quite awkward since we did it via Zoom but not face to face” (K2P3).
 



3.3.2 Restlessness

Feeling restless is different from feeling nervous. Students wrote down their feelings of anxiety before the feedback session. This is because they had palpitations during the face-to-face feedback session, even if it was conducted online. Examples of students’ writing were as follows:


“I was already feeling anxious about what would be the feedback towards the outcome” (K1P5).

“I felt really anxious and scared of what my friends and my facilitators would comment on my performance” (K1P6).

“I was anxious and curious about how my teammates and our facilitator’s opinions on the task” (K1P3).

“I was worried and nervous for this session because I was scared that I would be the worst student for this task.” (K1P1).
 



3.3.3 Fear

Fear was also expressed by students in this reflective writing. The term fear can be defined as someone who feels worried (doubt, apprehensive), and is often associated with a feeling of anxiety. It can be seen in the student’s writing below:


“I was worried and nervous for this session because I was scared that I would be the worst student for this task.” (K1P1).

“I was kind of scared as this was our first roleplay video” (K2P2).

“We all still feel anxious, scared, and worried when receiving feedback as we are worried about how the facilitator looks at us and perceives us” (K2P4).
 



3.3.4 Apprehension

In addition to fear, students also felt apprehensive before receiving feedback from their lecturer. This is because they were worried about their performance in the communication skill activities. The word apprehensive is interpreted as when a person is somewhat anxious or afraid of something happening, feels restless or uneasy (because of thinking about something), and worries about something. This can be seen in the statements below:


“I was not confident whether my performance was good enough to be accepted.” (K1P1).

“I felt a little bad about myself as I could not give a proper presentation” (K1P2).

“Many things were running through my head thinking if there were parts that I could have done in a better way, after looking at some of my peer’s performance” (K1P9).

“I think I’m not good at communication and need some improvement” (K1P10).

“I thought our acting in the video was quite awkward since we did it via Zoom but not face to face.” (K2P3).
 




3.4 Theme 2: students feelings when receiving feedback

Because students felt nervous before receiving feedback, they felt relieved after receiving feedback. They also feel very comfortable and happy with the way the lecturer gives feedback.


3.4.1 Relief

Relief can be described as peace of mind. Although students felt nervous and anxious before listening to feedback from their lecturer, they could breathe a sigh of relief when listening to the feedback from the lecturer and this has been written by several students. This is because the lecturer has shown calm facial expressions and dynamic voice intonation to create a comfortable atmosphere. Examples of their writing are as follows:


“That kind of eases us out of tension towards our feedback.” (K1P5).

“I would feel a slight relief whenever he/she puts on a smile on their face, though I must admit I would be a little nervous if they had a stern face” (K1P8).
 



3.4.2 Comfortable

Students felt comfortable with the entire feedback session that was conducted. The feeling of comfort can be interpreted as feeling good and pleasant in a situation. This has to do with the cheerful tone and facial expression of the lecturer. This feeling can be described as below:


“His voice cue was not in an angry tone throughout the session. This made us feel more focused and excited throughout the session.” (K2P8).

“I was grateful with his way of giving feedback as this made me feel relaxed throughout the session.” (K2P3).

“I even felt very calm as looking Prof. smiled to us and tried to explain our mistakes.” (K1P10).

“This brought a great atmosphere for all of us during the session the other day.” (K1P9).

“I have never felt uneasy or disheartened by how my facilitators presented their feedback” (K1P8).

“She definitely sets the mood right.” (K1P6).
 



3.4.3 Happy

Happiness is a feeling of great joy and magnanimity toward a situation that a person feels. In a comfortable atmosphere created by the lecturer during the feedback session, students stated that they felt happy with the feedback that has been given as in the statements below.


“I am very happy and grateful to learn the ways of communication skills with my facilitator (lecturer)” (K2P1).

“This really made me relieved and happy” (K1P4).

“My group members and I feel very happy because we receive a lot of positive feedback from our friends and facilitator” (K2P2).
 




3.5 Theme 3: students feelings after receiving feedback

After the feedback session, students made a self-reflection on the lecturer and their performance. This included appreciation for the lecturer, understanding of the feedback that had been given, determination to improve one’s performance, making improvements and further self-reflection.


3.5.1 Appreciation

The term appreciation in the context of this study can be expressed as a description or act of gratitude and respect to someone. Students appreciated the feedback given by the lecturer. This can be seen through the statements below.


“I felt the feedback session was very meaningful and great” (K1P2).

“I believe that it has helped me a lot and I still think the same way as I am right now” (K1P3).

“Prof guided me towards the right path in enhancing my communication skills.” (K1P9).

“I am very happy and grateful to learn the ways of communication skills with my facilitator” (K2P1).

“He pointed out the parts we should improve such as eye contact, body language and the right way of approaching someone to start a conversation naturally.” (K2P2).
 



3.5.2 Perception

Perception is the process of creating an image in the heart or mind about something. The feedback session in the communication skill activity also improved the student’s perception of the importance of communicating well. This can be seen through examples of student statements as below:


“Open-minded towards the acceptance of criticizing comments and viewing them from a humble angle” (K1P7).

“It is very important to communicate with eye contact and the appropriate speed which can make us deliver our message more clearly and easily during the conservation” (K2P1).

“We also learnt that we must adjust to different situations and audiences, especially later on when we start working as a doctor” (K2P2).
 



3.5.3 Determination

Determination can be defined as a will (desire, ambition) that is very strong. In the context of this reflective writing, the students determined to improve their communication skills. After receiving feedback from the lecturer, the students felt they were determined to improve themselves, especially in communication. This is because students received good feedback from lecturers who showed different types of non-verbal communication that provided a non-threatening and comfortable space for students. Therefore, they were able to receive such feedback and improve existing deficiencies. This can be seen through examples of writing below:


“To know my weaknesses and strengths in communication skills to be more confident in improving my personal skills” (K1P5).

“I plan to continue improving my communication skills” (K1P8).

“I have learned a lot regarding communication skills and how to implement it in my daily life” (K2P10).
 



3.5.4 Improvement

The definition of improvement can be said to be a process that involves the re-evaluation of something. Improvement in the context of this study refers to communication skills. It can be explained through student statements as below.


“I plan to continue improving my communication skills” (K1P8).

“I am sure now that this is something I am working on to be better” (K1P9).

“I also believe that it is very important to accept ourselves and learn from mistakes because avoid making the same mistake again in the future and continue to grow stronger as we through our life.” (K1P10).
 



3.5.5 Self-reflection

The nature of self-reflection after receiving feedback is important to build self-motivation in improving existing skills. Reflection is defined as the act of analyzing oneself for self-change. Students felt they were more open to receiving criticism or comments if the lecturer set a comfortable atmosphere. This could be explained through reflective writing excerpts as below:


“I know where I’m lacking and how I should fix it” (K1P7).

“I plan to continue on improving my communication skills” (K1P8).

“I am sure now that this is something I am working on to be better.” (K1P9).

“I also believe that it is very important to accept ourselves and learn from mistakes because avoid making the same mistake again in the future and continue to grow stronger as we through our life.” (K1P10).

“I am no longer to be afraid and nervous when receive feedback from someone” (K2P1).

“I would not assume I have fully mastered this communication skill and I would like to talk to more people” (K2P10).
 




3.6 Theme 4: observation of lecturer’s types of non-verbal communication

Through students’ reflective writing, four main themes could be extracted, which were the types of non-verbal communication (NVC) of lecturers observed by students. Among the most dominant NVCs told through students’ reflective writing were facial expressions, voice intonation, eye contact and smile.


3.6.1 Facial expressions

A person’s facial expression is the most observed during communication, especially through online applications. This is because the camera only focuses on a person’s face and when speaking, facial expressions need to be refined to get a message that is parallel to the verbal message. Therefore, based on the students’ reflective writing, it was found that the lecturer’s facial expressions played a very important role in making the feedback process work effectively. This is shown in the excerpts below:


“I felt comfortable as our facilitator did not show any expression of displeasure on her face.” (K1P2).

“Prof’s facial expression was very calming, and I could feel the positive vibes from Prof” (K1P1).

“He always puts on a smiling face and passes his comments in a very polite manner as to not hurt our feelings” (K2P3).
 

However, some students stated that sometimes the lecturer gave serious facial expressions, to emphasize the message of feedback given.


“My facilitator uses a more neutral and serious expression when giving comments to make sure that I managed to get the main message and not repeat the same mistakes in the future” (K1P4).
 

There was a student who stated that the lecturer did not show any positive facial expressions and made them wonder about the message conveyed.


“There are times where the facilitator would just give us a blank facial expression, and at those times I would feel rather confused or I tend to overthink and feel nervous for his/her feedback” (K1P8).
 



3.6.2 Voice intonation

Voice intonation is a state of fluctuation or height of voice tone when speaking. In addition to facial expressions, voice intonation also plays an important role in providing a calm atmosphere for a feedback session to take place. This is because, based on the students’ reflective writing, they felt very anxious and nervous before receiving any feedback.


“…tone from the facilitator were really positive and full of motivation that makes me feel comfortable and able to receive the advice effectively.” (K1P1).

“She delivers her comments in a calm facial expression and a gentle tone.” (K1P5).

“Soft spoken and encouraging towards our efforts and capabilities” (K1P8).
 

There were also comments stating that a firm and serious voice tone helps ensure that the conveyed message is accurate and tells students to take it seriously when it comes to improving their performance in communication.


“My facilitators use a serious tone when giving feedback to make sure that I got the take-home message.” (K2P8).
 



3.6.3 Eye contact

Eye contact is the movement of the eyes to the right or to the left without moving the head. Since the entire feedback session was face-to-face and the lecturer looked toward the camera, eye contact could also influence the message conveyed. It can be seen through student writing as below:


“One thing would be that making eye contact when appropriate is important when talking to someone to ensure that the conversation is bidirectional and for both to receive inputs from it.” (K1P7).
 



3.6.4 Smile

A smile can be described as the movement of the lips which is charming and can soften the heart. A smile can affect the students’ feelings when receiving feedback from the lecturer. This is shown in the excerpt below:


“Prof put on a pleasant smile, and I did not feel any sense of discomfort from her.” (K1P5).
 

The findings of this study have been organized according to the themes that have been processed through deductive analysis for the types of non-verbal communication and also inductive analysis for students’ reflective writing. Through the findings of this study, it can be concluded that several types of non-verbal communication can be observed online. Students’ acceptance when receiving feedback is good if the lecturer’s non-verbal communication supports the information conveyed by providing a cheerful and comfortable atmosphere.





4 Discussion


4.1 Observation of types of non-verbal communication online

Non-verbal communication (NVC) is the transfer of information using body language including eye contact, facial expressions, gestures, and voice (9). NVC is a habit and often reinforces the message to be conveyed through oral communication. Therefore, it is important to study non-verbal means of communication-based on observation and analysis of physical movements, using language to transfer information through written texts, spoken or sign language. Recent studies show that communication skills among medical students are lacking, especially in the context of NVC and empathy toward patients (2–4). Feedback can improve medical students’ NVC during communication, especially through facial expressions, movements, body posture, silent intervals, and laughter (8). Therefore, this study must be conducted by observing how a feedback process is delivered especially through a synchronous online platform.


4.1.1 Body position

Body position is important to complement the way feedback is given. This is easily captured by the camera as it can detect the body’s position toward the camera. In the observation made online synchronously, the position of the body can be seen mainly from the chest level to the head. The overall position of the body can be seen well, whether it appears to be sitting upright or leaning to the left or right. A good position for video recording is sitting upright and facing the camera. This shows that lecturers are always alert and ready to give feedback (18). Under this theme, most lecturers were seen sitting straight and upright (90%) and leaning toward the camera (100%). However, one lecturer was seen to always lean more to the left, which indicates a comfortable position when giving feedback (19).



4.1.2 Facial expressions

Facial expressions play an important role in understanding a person’s feelings as an explanation of what the words are trying to convey. Various atmospheres, emotions, and attitudes can affect the learning environment positively or negatively. Therefore, these factors can be presented through various expressions (20). The human face can be so expressive that it conveys countless emotions without having to say a word. Facial expressions of happiness, sadness, anger, surprise, fear, and ugliness are similar across all cultures and societies around the world (21). Observations through this study show that all lecturers (100%) were seen smiling when giving feedback which gives a sense of safety and comfort to the students. Smiles are necessary to increase the sense of satisfaction with the activities that have been done by students (22, 23). Smiles provide positive feedback and involve the affective domain by conveying comfort, trust, friendliness, interest, joy, or surprise (24). A frown conveys displeasure, disapproval, and anger, a deadpan expression conveys disbelief, low energy, and disinterest (25). However, none of the lecturers frowned during the feedback session. Conversely, a lack of facial expression can be boring and should also be avoided (26). Therefore, facial expressions should always give a positive message to make students feel comfortable in receiving feedback.



4.1.3 Voice intonation

A cheerful voice intonation can attract the attention of students to focus fully on feedback (27, 28). However, a cheerful and dynamic voice will complement the movement of the body, through appropriate tone and volume, to ensure the correct message is delivered (24). It can be seen from this study that all the lecturers delivered their feedback with a dynamic tone of voice to create a comfortable and safe zone for students to receive feedback. It can be measured through online platforms (5) and via student reception to voice intonation. Intonation can be associated with feelings of joy, anger, and sadness (29). A study on feedback from lecturers through audio recordings showed students can well receive the feedback given if the intonation of the lecturer’s voice is cheerful and not frightening (30). Therefore, a cheerful and calm voice intonation is essential in delivering the message to the student that the feedback session should not be avoided and should take place in a comfortable environment. The emphasis on the message delivered can also be reinforced with appropriate vocal intonation.



4.1.4 Body movement

Body movement is the essence of a thousand and one messages that can be conveyed through NVC. For example, you may be able to gesture or use your hands when debating or speaking passionately as an example of NVC to show that you are a very focused and serious person when speaking. It also gives an impression to someone that your words or messages can be trusted. However, some body language can have very different meanings between cultures around the world. From 10 observations of body gestures observed through a synchronous online platform, large hand movements were seen to be the most dominant of all body gestures (100%). The most obvious indicator used to emphasize the information conveyed was hand movement within the camera frame. Observations in this study were in line with previous studies that showed lecturers extending their hands, with the palms facing slightly toward the camera (27). This shows a willingness to communicate and share ideas. It turns out that this gesture needs to be made to repeat the information given. However, if this gesture is done excessively, it may distract people to focus more on the hand than the idea or information conveyed. Movement of one’s hands and arms can also emphasize one thing; and continue to attract attention to determine whether something is important (31). This can be seen among lecturers who show good signs of asking for confirmation from students. Hand movements also show how enthusiastic a person is in conveying information (26). Small movements such as scratching the face and body and touching the glasses are normal, if not done regularly and deliberately.



4.1.5 Eye contact

Since visual perception is dominant among most people, eye contact is a very important type of NVC. Information can be conveyed by just looking at someone, such as interest, affection, hostility, or attraction. Looking into someone’s eyes when talking is also important in ensuring that the conversation remains interesting and it can also tell whether a person is interested and reacts to the message conveyed (21). Therefore, if feedback is given through an online platform, the individual must look toward the camera as if looking into someone’s eyes. If feedback is given in a small group, looking at the participant’s screen will give the effect of looking without staring. Looking left and right when giving feedback is common as a process of remembering information (32). However, it should be avoided from being done excessively to prevent a reduction in student’s focus levels (21).



4.1.6 Paralinguistics

Emphasizing conveyed messages through sound is a habit done by individuals. It is a habitual process in non-verbal communication techniques starting from children (33) up to adults (34). Paralinguistics is a sound that occurs with or replaces words, including tone of voice; and sounds of sighing, crying, and other non-verbal sounds (21). This can be reflected by the words “errrm,” “okay,” “aaaah” which are common in everyday conversation but should be reduced to avoid unnecessary disruption of the feedback process (35, 36). However, for every process of giving information in a conversation or speech, pausing for a moment is important to ensure that every message conveyed is easily understood (37). Therefore, an individual should balance the frequency of pausing for a moment, so that the information conveyed is not interrupted. Every activity that uses language or tests affective skills will involve paralinguistics. For example, through communication activities using a foreign language, paralinguistics is widely used especially in terms of voice quality and voice emphasis to explain the message conveyed (38). It turns out that the use of paralinguistics is important to help the delivery of information and it can influence how individuals receive it.




4.2 Reflective writing

Reflective writing is an effective way for students to integrate professional experience and academic learning (39). When used effectively, reflective writing can improve students’ understanding of the knowledge concept being studied. This approach can help students to critically evaluate the nature of their professionalism for lifelong learning (40). In this study, students made self-reflection on their performance in communication skills and how non-verbal communication by their lecturers conveys messages during feedback sessions.


4.2.1 Student’s feelings before receiving feedback

Students’ acceptance of the feedback session from their lecturer increased the feeling of nervousness and anxiety among them. This is because students felt that their performance was not satisfactory when performing communication skill activities. The observations that have been carried out in this study were consistent with various other studies, especially through learning a new language course, where students feel that before feedback is given, they express feelings of nervousness and anxiety (41, 42). This is because feedback is meant to show their weaknesses for improvement (43). They were also worried that their performance did not meet the expectations set by the lecturer (44). This feeling was normal, especially among medical students who have high expectations of their performance (45). However, this feeling can be reduced if feedback is given via video recording, rather than synchronously online (7, 46–48) and then students would be able to make better self-reflection and improvement (8, 38). Students who have high feelings of nervousness, anxiety, fear and apprehension before receiving feedback can be associated with having a good learning curve and a high self-reflection process (49). Although this kind of feeling is unavoidable, it may be reduced by providing a comfortable learning environment especially when an activity takes place and when receiving feedback from the lecturer.



4.2.2 Student’s feelings when receiving feedback

The findings of this study show that students felt very relieved, comfortable, and happy to receive feedback given by the lecturer. The same observation was also recorded in other studies that show that the role of lecturers is to convince students of their performance and strive to improve without feeling sad and afraid (50, 51). Students also need to be often reminded that the feedback process is important as an intermediary medium in delivering accurate information for improvement along with self-reflection (38, 52). This is also related to the negative feelings and expectations of students toward lecturers before receiving feedback (43). Happy feelings among students can lead to good self-reflection techniques and subsequently be able to improve communication skills (40, 47, 53, 54). Therefore, the type of non-verbal communication a lecturer uses can help students receive feedback on their performance in a calm and comfortable situation.



4.2.3 Student’s feelings after receiving feedback

Students’ reflective writing also described how they felt after receiving feedback. After their lecturers provide feedback on their performance in communication skills, they continue to self-reflect on how to improve their skills (53). They appreciate feedback that has been delivered with a good and positive type of non-verbal communication. This is in line with previous studies that share similar findings on the appreciation shown by students to their teachers/lecturers/mentors, it turns out that they have received feedback well (41, 55–57).

Medical students in this study are also seen to have their perception of the importance of communication skills in the field of medicine. This may be due to the student’s experience in communicating with various parties, especially in preparing for an activity (23, 58, 59). Students who write about the importance of communication have high reflection skills and can be used as intrinsic motivation that allows the improvement process to be more successful (8, 51, 60). Therefore, if a student has a perception of the importance of something, it will facilitate a lifelong learning process and they will become medical students who constantly improve themselves.

Students also wrote about their determination to improve their weaknesses in communication skills. Students’ determination to improve their weaknesses is also associated with statements to improve their performance (9, 46). This is related to receiving good feedback from lecturers and the perception of the importance of communicating (61). Students also associate receiving good feedback from their lecturer through good non-verbal communication also increases their determination (36, 56). This is also in line with previous studies that show the good effects of NVC, which include creating a student who is aware of his own weaknesses and can work on being better (1, 50, 62–64). Therefore, NVC is very important to set a conducive learning environment for students’ self-development.

Improvements that have been written by students are based on self-reflection. The process of self-reflection usually fulfils three main conditions namely the nature of openness in seeing things from various angles, observing the performance of oneself and others and making good comparisons, and taking an objective approach in answering any questions or problems (40). It also needs to be accompanied by an organized plan to ensure the improvement process runs smoothly. This includes providing learning plans, implementation of strategies, plans, conducive learning spaces, repeated reflection processes, and continuous evaluation (65). Observations from this study are in line with previous studies that show that students are determined to improve their weaknesses and it is driven by a high level of reflection (66). Therefore, with detailed planning and support from lecturers, the improvement process planned by students will successfully improve their communication skills.



4.2.4 Observation of types of non-verbal communication among lecturers

Students’ reflective writing was also found to have observed some types of non-verbal communication (NVC) of lecturers. This includes facial expressions, voice intonation, eye contact and smiles. This is in line with previous studies that show the types of NVC that are often observed by students (67). If compared with data from observations through a synchronous online platform, lecturers mostly exhibit facing the camera, moving hands while giving feedback and episodes pausing and looking left and right when remembering information. However, students only look toward cheerful facial expressions, which are accompanied by soft and calm voice intonation, eye gaze and a smile which provides a calm and appropriate atmosphere for feedback giving. This is in line with the findings of previous studies that show students only see facial expressions including the way of speaking, intonation and smile (5, 8, 62). Therefore, it is important for lecturers to always maintain a cheerful facial expression accompanied by a positive aura when giving feedback to students, whether through synchronous online platforms, asynchronous, video recordings or face-to-face methods.

A recent investigation conducted in Malaysia revealed a notable prevalence of non-verbal communication (NVC) within the context of Arabic language instruction as perceived by students. This observation underscores the significance of visual cues alongside auditory comprehension in face-to-face communication settings, wherein students not only rely on listening skills to grasp verbal information but also on the observation of NVC cues employed by their instructors (68). Similarly, a separate study focusing on the communication skills of medical students found that a considerable portion, ranging from 2 to 13%, required active support and encouragement from faculty members (69). This underscores the notion that effective communication skills are not inherently acquired, warranting medical schools to prioritize the cultivation of comprehensive communication abilities among future physicians. The various forms of non-verbal communication demonstrated by educators hold significance as they can influence students’ inherent tendencies to address deficiencies in communication. Reflecting on a cohort of medical students from the Faculty of Medicine at the National University of Malaysia who participated in a virtual patient software program, DxR Clinician, during their psychiatry rotation, the significance of interactions with instructors during debriefing sessions became apparent (70). While the group-based learning facilitated by the virtual patient software offered prompt feedback through assessment outcomes, students expressed a desire for additional opportunities for direct inquiry and personalized feedback from their instructors. Consequently, in online feedback sessions, student receptivity assumes significance, as it enables them to discern the congruence between verbal feedback and the instructor’s non-verbal communication cues.



4.2.5 Application of non-verbal communication in the advancement of technology

In the near future, chatbots and other digital aid tools like artificial intelligence (AI) in medicine will be used extensively for doctor-patient communication. Majority of studies on the application of extended reality technology concentrate on its value in medical education; nevertheless, there is still much to learn about the genuine consequences of this technology’s use in face-to-face physician-patient interactions (71). A recent German study investigated on the attitudes of medical students toward AI and chatbots in medicine. The students thought that using chatbots as interactive diaries or therapy tools would be a useful way to lessen patients’ feelings of guilt, shyness, and anonymity while sharing sensitive and painful information. However, it was believed that interpersonal information would be lost and nonverbal contact with a chatbot could worsen doctor-patient relationships (72). Therefore, it was thought that the initial face-to-face interaction between the physician and patient was essential. It is also shown that artificial empathy can identify emotions in profile and 3/4 view photos, making it a potentially useful assessment tool for examining patient-doctor interactions in real-world clinical situations (73).





5 Limitations and recommendations


5.1 Findings of observation

All the lecturers involved in this study have known that they will be recorded while carrying out communication skills activities with students. Therefore, the type of NVC observed through online video recordings may seem contrived. However, there are two suggestions to overcome this problem. Observations that have been made by researchers only record the type of NVC that is made repeatedly over a long period. This is called repetitive behavior or habitual movement that is done unconsciously. For example, if a person touches the frame of the glasses 10 times in 5 min, that shows repetitive behavior and should be considered as a genuine finding.

The next suggestion that can be put into practice in future studies is to look at the types of NVC retrospectively. Virtual teaching and learning involved a lot of video recording for review purposes. Therefore, to obtain a holistic, unbiased and multi-angle observation, retrospective observation without the lecturer being aware that he is being recorded will add impact value to this study. This is because these studies generally show good types of NVC.



5.2 Increasing the number of samples

Since the observations in this study involved only 10 lecturers, if improvement can be made to the study sample, it can show a comparison of the types of NVC exhibited by younger lecturers and more senior lecturers. Increasing the number of samples can also diversify types of NVC between the sexes. This study also only looks at preclinical lecturers in communication skills activities. This can be expanded to observe the types of NVC among clinical lecturers and the acceptance of students who have more experience receiving good or bad feedback can also be discussed.



5.3 Focused discussion groups

The findings of this study were able to open the paradigm of future studies by forming focused discussion groups among medical students to see which types of NVC are more dominant and preferred, and how students receive feedback through various NVC shown by lecturers. The discussion group can also be focused on the lecturers to observe and find out why certain NVC is performed. This is to better understand whether the NVC exhibited can improve on how a message is interpreted to influence the intrinsic nature of students. This suggestion is expected to train lecturers to provide feedback well to students as a continuous assessment effort.




6 Conclusion

The study of observing the types of NVC online is indeed very important to explore the dominant types of NVC that can be identified by students to receive good feedback. Lecturers need to provide a calm and cheerful atmosphere to encourage students’ openness in receiving feedback and to make them feel comfortable. Positive feedback will give students a happy feeling. Facial expressions, voice intonation, frequent hand movements, eye contact and smiles are findings that are often observed among lecturers during feedback sessions. Students’ acceptance of these types of NVC were extracted from their reflective writing.

Reflective writing shows that students feel very anxious and nervous before receiving feedback because they think about their poor performance. This may be due to high expectations of oneself and fear of receiving negative evaluations. However, this increases their determination to improve their weaknesses. Since students can observe positive NVC from their lecturer (smile, soft voice intonation) which provides a calm atmosphere, they feel relieved and can accept the feedback that has been given. The importance of providing a calm and comfortable atmosphere will affect how students receive feedback. Therefore, this reflective writing complements the observation through a synchronous online platform that shows positive NVC observation from the lecturer. All the findings of this study are important to guide lecturers to convey information accompanied by good NVC.
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Introduction: In the dynamic landscape of education, the fusion of technology and learning, commonly termed “technology-enhanced learning” (TEL), has emerged as a transformative phenomenon. This study focuses on the imperative integration of TEL in medical education, recognizing the diverse digital literacy levels of adult learners. The exploration introduces the innovative E-Portal training program, designed to empower health professions educators with essential skills for proficiently employing digital tools in instruction.

Methodology: A dedicated team of medical educationists conducted a thorough investigation into E-curriculum design and delivery, employing the Moodle Learning Management System as the foundation for the E-Portal training program. The training, spanning crucial stages such as course design, content delivery, self-paced teaching, and quality assessment, facilitated participant progression at individual paces, unlocking subsequent steps upon meeting stipulated prerequisites. A pre-training questionnaire gauged participants’ comprehension of distance learning, e-learning, synchronous and asynchronous teaching, and self-directed study. Subsequent focus group discussion post-training generated rich insights into participants’ experiences, reflections, and identified challenges.

Results: The results illuminate participants’ limited adeptness with e-learning terminology, successful assimilation of components and functionalities, and heightened confidence in online teaching practices. However, discerned challenges during implementation, such as technical hurdles and engagement issues, highlight the multifaceted nature of TEL integration. While the E-Portal training positively impacted preparedness, participant feedback advocates for improvements in assessment tools, technical training provisions, and exploration of alternative Learning Management Systems.

Discussion and conclusion: Study emphasizes the ongoing need for diverse training methodologies across Learning Management Systems, acknowledging the evolving nature of education and technology. This study underscores the transformative role of a tailored E-Portal training program in seamlessly integrating digital tools into medical education. The comprehensive insights provided contribute to a nuanced understanding of the advantages, obstacles, and potential avenues for enhancement in curriculum delivery through technology-enhanced learning, thereby propelling the field forward.
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Introduction

The use of information and communication technologies in teaching and learning is referred to as “technology-enhanced learning” (TEL) (1); a potent phenomenon that has emerged from the convergence of technology and education in today’s fast-paced world (2). This ground-breaking approach to education is transforming conventional teaching strategies, and giving students never-before-seen chances to gain knowledge, skills, and competences in creative ways.

The demand for digital competency among educators has become increasingly imperative in response to evolving educational paradigms (3).

The imperative to embrace TEL in medical education remains strong, driven by the growing demand for innovative learning approaches, the increasing prevalence of digital natives among student populations, and the expanding scope of virtual healthcare delivery (4). By understanding and addressing the barriers to TEL integration, educators and institutions can unlock the full potential of technology to enhance teaching and learning experiences, empower learners, and shape the future of medical education (4).

As educators strive to harness the power of technology to meet the evolving needs of learners and adapt to changing educational landscapes, they encounter a myriad of challenges that must be navigated. From logistical hurdles such as limited access to technology infrastructure and resources to pedagogical considerations such as ensuring the quality and effectiveness of digital learning experiences, the journey towards integrating TEL is fraught with obstacles. Moreover, the rapid pace of technological innovation presents its own set of challenges, as educators must grapple with staying abreast of emerging trends and technologies while maintaining a focus on pedagogical principles and educational best practices (5).

The implementation of a TEL in a learning environment necessitates a novel approach that significantly impacts pedagogical and instructional design (6). Consequently, alternative teaching methods and engaging learning activities are required to effectively facilitate learning in this context (7). This adaptation entails that educators must adjust their instructional approaches while upholding consistent learning standards (8, 9). Moreover, since the efficacy of teaching is partially contingent upon educators’ proficiency in utilizing technology (7), they must actively acquire technological skills and have opportunities for experimentation and evidence-based evaluation (6, 8).

Another challenge inherent in incorporation of TEL in teaching sessions is the increased demand for coordination from educators (10). In this new instructional setting, educators must navigate between physical and virtual spaces, executing various operational tasks within the teaching and learning platform. Consequently, educators experience heightened cognitive load, characterized as hyper-zoom or hyper-focus (7, 10).

Nonetheless, the prevalence of limited digital proficiency presents a significant impediment that compromises the efficiency of teaching among faculty members. This challenge is echoed in the findings of several studies (11).

In the context of developing countries such as Pakistan, the utilization of TEL has demonstrated notable advancements; however, several impediments persist, impeding the efficacy of Technology integration within education (12). Research conducted within the Pakistani educational milieu indicates that students frequently exhibit enhanced performance on digital platforms compared to traditional methods (13). Conversely, studies suggest a deficiency in the digital competence of educators concerning the development of pedagogically sound lessons (14), notwithstanding the pivotal role of teachers in effectively integrating TEL within the classroom environment (15). Educators have delineated significant hurdles in the implementation of e-learning initiatives in Pakistan, many of which resonate within the domain of online medical education. These obstacles encompass deficiencies in instructional design, recurrent power outages, faculty resistance to embracing novel teaching methodologies, and adherence to entrenched sociocultural norms (16).

Hence, it is incumbent upon higher educational institutions to prioritize the organization of training sessions aimed at cultivating digital competence among teachers (17).


Objectives

The primary objective of this project encompasses several key elements aimed at enhancing the utilization of Technology-Enhanced Learning (TEL) among faculty in health professions education. Firstly, the article seeks to assess the baseline knowledge and self-assessment of health professions educators regarding fundamental TEL components. This involved recognizing their existing understanding and proficiency in utilizing technology for educational purposes. Subsequently, the project aims to improve the teaching proficiency of these educators in delivering essential TEL components to undergraduate and graduate students. This enhancement was facilitated through the development and implementation of a personalized e-tutorial tailored to educate faculty members on the fundamentals of incorporating technology into their teaching methodologies.

Furthermore, this research intends to gather valuable feedback from health professions faculty regarding the usability of the e-tutorial and the challenges they encounter when integrating TEL into their instructional practices. This feedback can be instrumental in refining the e-tutorial and addressing any barriers faced by educators in adopting TEL effectively.

Aligned with these objectives, the project revolves around identifying strategies for leveraging technology to enhance instruction in resource-constrained environments. Additionally, it seeks to extract insights from the experiences of educators to inform effective faculty development initiatives, provide practical guidance applicable to similar educational contexts globally, and contribute to the formulation of improved policies and support mechanisms for technology integration in education. Through these objectives, the project aims to foster advancements in health professions education by empowering educators with the necessary knowledge and tools to effectively utilize technology in their teaching practices.



Methodology


Ethical considerations

Behavioral and Ethical Research Approval (BERA) guidelines for ethics were followed (18). To maintain the confidentiality of data, all the participants were given codes for quantitative data collection, and questionnaires were tagged with the same codes. Google forms were used for collecting quantitative data. Participants were allowed to skip the demographic details. The Studies involving human participants were reviewed and approved by the institutional review board of National University of Medical Sciences (NUMS). Written informed consent to participate in this study was provided by the participants. Consent was taken from each participant both for the quantitative and qualitative data. Researcher bias was controlled as three researchers were involved in the thematic analysis of qualitative data. A new email account was used for collecting google form responses.





Methods

It is an interventional study having both quantitative and qualitative portions. A team consisting of one biostatistician, and three medical educationists, conducted this study. Team identified key components of E-curriculum design and delivery through literature search, with a particular focus on instructional and assessment strategies. One member of the Design and Technology (DT) department of the university was involved in training researchers for creating a customized e-tutorial on LMS (open this up) tailored for faculty training. In the initial phase, the DT personnel provided training to the medical educationists who were developers of this tutorial, on all aspects of Moodle, including synchronous and asynchronous teaching features like Big Blue Button and assessment process like Multiple Choice Questions (MCQs), and Short Answer Questions (SAQs), so that they would find it easy to develop the e tutorial.


Sampling

Forty volunteering Health Professions Educators, of various departments of the university were recruited in the study, they all gave the consent as well. All were assistant professors and above, with more than 5 years of teaching experience.



Data collection

Data was collected in two phases. A survey concentrating on participants’ knowledge and comprehension regarding the appropriate utilization of available technologies was distributed using Google Forms before the training. The questionnaire distributed had 6 main domains with few subdomains to which participant response was required. For designing questionnaires extensive literature search was done, Questionnaire was designed based on the findings of research. First draft was sent to six experts from the field of technology and medical education. The suggestions were incorporated and sent again to experts for reconfirmation before finalization of the questionnaire. Pilot testing was done with limited number of participants.

The Second phase of data was collected through a focus group discussion (FGD) once the educators had completed the online tutorial at their convenience within a stipulated time. FDG conducted with a gap of 2 months after e-tutorial with the understanding that faculty had utilized this e-tutorial experience in their teaching learning activities as well.

The formulation of the focus group guide involved a comprehensive review of relevant literature and consultation with experts in the field in addition to some input linked to the e-tutorial. Validation of the guide was achieved through soliciting input from these experts. Subsequently, participants were invited to engage in the focus group discussion at a predetermined date and time. Out of a total of 40 potential participants, eight faculty members representing multiple departments, provided consent to take part in the discussion and were available during the data collection session. To uphold confidentiality, participants were assigned unique codes. The interaction between three researchers and the participants was audio-recorded to facilitate accurate documentation. The diverse perspectives expressed by participants contributed significantly to the depth of data collected for the project. Following data collection, transcription was conducted by the Principal Investigator. To ensure rigor and reliability, the transcribed data was independently reviewed by the Principal Investigator (PI) and two additional researchers (AR) who were not affiliated with the project as authors consolidating the triangulation process and enriching the overall validity of the findings. Subsequent thematic analysis was conducted by the same team of PI and two ARs to extract key themes from the qualitative data. This step was implemented to mitigate potential researcher bias and ensure methodological integrity.




Data analysis

Quantitative data was analyzed through SPSS version 23. Descriptive analysis was done. Qualitative data was analyzed through thematic analysis.


Designing of e-tutorial

The Learning Management System (Moodle) was utilized as the interface for the e-tutorial. The e-tutorial was structured such that content progressed from basic to advanced and simple to complex. However, once initiated, participants could progress through the tutorial at their own pace but within a 30 day period. Each subsequent step would unlock only when the participant had completed the required readings, watched videos, accessed other learning resources, and successfully passed a small MCQ test (See Appendix 1). Upon completion of the entire course, participants could download their E-certificates.

To facilitate understanding, the researchers created brief screen recordings demonstrating how to use various tools like Big Blue Button and design MCQs and SAQs on Moodle. Additionally, they provided YouTube links showcasing teaching and learning e-strategies such as voice over presentations, the utilization of screen recordings and use of software and apps. Relevant scholarly articles and excerpts were uploaded at relevant steps of the e-tutorial, to enhance participant understanding and reinforce concepts. Following were the sections of the e-tutorial; details of which are given in Appendix 1

a. Preamble

b. Wishlist of designing an online course

c. Snapshot (Table of specifications)

d. Dynamic and real time delivery of content

e. Teaching at your pace

f. Quality check for learning

g. New tools




Results


Quantitative results

The Questionnaire had three parts. The First part focused on the participants’ understanding of different terminologies related to Technology Enhanced Learning. Each question was of the selected response type. The Second part was a self-assessment consisting of questions on competent use of different e-learning tools. The Third part inquired about participants’ viewpoints regarding formal inclusion of e-learning in the curriculum.

Collectively, the survey results indicated that participants in this study generally recognized the importance of technology-enhanced learning but displayed varying levels of understanding regarding key terminologies. While a majority associated “Distance Learning” with technology-enabled knowledge updating, there was a notable percentage considering it as another term for “E-Learning.” Additionally, participants demonstrated an understanding of “E-Learning,” as online communication between teachers and students. In terms of self-study, participants overwhelmingly favored the option of “non-timetabled self-study” outside the classroom. However, none chose “scheduled classroom study.”

Regarding teaching methods, synchronous teaching, characterized by real-time instructions, was the preferred approach, while asynchronous teaching with a time gap between instructions and responses was less favored. Participants exhibited a spectrum of knowledge and experience with online teaching, with many feeling they had average to good proficiency but still required some guidance.

These findings emphasize the need for clarity in use of the correct nomenclature in technology-enhanced learning and highlight the importance of professional development to enhance educators’ digital competence. Following tables; Tables 1–11 summarize the results of the survey questionnaire.



TABLE 1 Frequency of participants opting different responses about “distance learning.”
[image: Table1]



TABLE 2 Frequency of participants opting different responses about e-learning.
[image: Table2]



TABLE 3 Frequency of participants opting different responses about “self study.”
[image: Table3]



TABLE 4 Frequency of participants opting different responses about “synchronous teaching.”
[image: Table4]



TABLE 5 Frequency of participants opting different responses about “asynchronous teaching.”
[image: Table5]



TABLE 6 Frequency of participants opting different responses about “knowledge and experience of online teaching.”
[image: Table6]



TABLE 7 Mean rating of responses of questions related to participants’ perceptions regarding their own competencies and expertise.
[image: Table7]



TABLE 8 Mean rating of responses of participants about their willingness for including online teachings.
[image: Table8]



TABLE 9 Frequency of responses of participants regarding academic issues.
[image: Table9]



TABLE 10 Frequency of responses of participants regarding technical issues.
[image: Table10]



TABLE 11 Frequency of responses of participants regarding administrative issues.
[image: Table11]

Tables 1–6 are giving the frequency as well as percentages of responses in each dimension.

Table 7 shows the mean rating and mode of responses while Table 8 summarizes the view points of the participants regarding inclusion of technology enhanced teaching in the curriculum. Overall results shows that participants seem reluctant in making online teaching as a regular part of students’ teaching, they preferred using it as an additional mode.

Table 9 summarizes the categories of academic issues mentioned by participants and the number of participants who mentioned each issue. Most common issue highlighted by the participants was “Lack of students’ active participation during teaching sessions.”

Table 10 displays the categories of technical issues mentioned by participants and the number of participants who mentioned each issue. Poor connectivity is the most frequently mentioned issue.

Table 11 summarizes the categories of administrative issues mentioned by participants and the number of participants who mentioned each issue. The absence of an online teaching policy is the most frequently mentioned administrative issue.



Qualitative results

The themes that emerged in focus group discussion can be summarized in the Table 12.



TABLE 12 Qualitative results showing themes, codes and examples of relevant quotes.
[image: Table12]

The qualitative results can be explained with the help of Figure 1.

[image: Figure 1]

FIGURE 1
 Qualitative results.




Understanding of terminologies related to TEL

In the context of the focus group study, participants were queried about their comprehension of terminologies pertinent to technology-enhanced learning, including synchronous learning. Post-engagement with an e-tutorial, participants reported an enhanced understanding of key terms such as synchronous and asynchronous learning, distance learning, and e-learning.

The participants expressed a heightened awareness of the significance of acquiring knowledge in these terminologies for a more profound grasp of online teaching strategies and pertinent literature related to e-learning. Notably, Participant 8 articulated this shift in perception, stating, “If you ask me, I never gave any significance to these terms before this training on the e-portal; now I can definitely say that I know for sure what these terms mean.”

These findings underscore the efficacy of targeted e-tutorial interventions in elucidating complex terminologies associated with technology-enhanced learning, thereby contributing to participants’ broader comprehension of the subject matter. The acknowledgement of the newfound importance of these terms signifies a positive outcome in terms of knowledge acquisition and contextual understanding.



Benefits of e-tutorial training

In response to inquiries regarding their acquired knowledge from the e-tutorial, participants articulated a comprehensive understanding of various components intrinsic to e-learning and e-curriculum. This newfound knowledge encompassed insights into online learning platforms, exemplified by Moodle, and its multifaceted functions, including assessments, quizzes, and the creation of voice-over presentations.

Participants underscored the transformative impact of the training, asserting that it equipped them with innovative teaching tools such as screen recordings and voice-over presentations. The structured design of the e-portal, coupled with the accessibility of resources, emerged as pivotal factors facilitating their learning experiences.

Participant 3 elucidated, “I think my E teaching has systemized after getting trained through this e portal, like now I know the components of a curriculum that is delivered through e-learning, the requirements and the assessment strategies.” This statement underscores the tangible impact of the e-tutorial on the organization and structuring of the participant’s electronic teaching methods.

Participant 5 corroborated these sentiments, stating, “Before that training on the portal, we did not have any knowledge about any e-learning platform or even about Moodle. Now we are using Moodle to manage our e-learning, and the portal helped us a lot in knowing different functions like assessments and quizzes and presentations upload.” This acknowledgment highlights the pivotal role of the e-tutorial in introducing participants to previously unfamiliar e-learning platforms and subsequently enhancing their utilization of Moodle for effective e-learning management.



Improved confidence

Following their participation in the e-tutorial, participants conveyed an enhanced sense of confidence in orchestrating online teaching sessions and adeptly employing diverse tools for online learning. This newfound assurance extended to their proficiency in conducting both synchronous and asynchronous teaching sessions, as well as in the nuanced tasks of designing and uploading e-assessments, coupled with the provision of constructive feedback.

Participant 6 elucidated on the impact of the training, stating, “I will specifically comment on the assessment part; while using Moodle, we had to send our material to the IT department and request them to upload it, but now we are confident and comfortable in doing both.” This remark signifies a tangible empowerment regarding the independent management of e-assessment processes, a capability acquired through the e-tutorial.

Similarly, Participant 4 expressed a preference for synchronous learning and acknowledged the added allure brought about by e-learning tools, remarking, “I think I like synchronous learning more, but yeah, the e-learning tools made it more interesting, and the e-tutorial helped us a lot.” This sentiment underscores the positive impact of the e-tutorial not only in fortifying confidence but also in rendering the learning process more engaging through the incorporation of innovative tools.



Problems faced during implementation of online teaching

During inquiries into the challenges encountered during the implementation of e-learning, participants identified several significant issues, notably technical difficulties such as weak internet signals, concerns about cheating during assessments, and the perceived necessity for more time to prepare learning resources for online teaching.

Participant 8 underscored the escalating risk of academic dishonesty in online teaching, stating, “The chances of cheating have increased in online teaching.” Participant 4 emphasized the time-intensive nature of crafting engaging learning materials, noting, “Preparing learning materials that can engage students for online teaching definitely needs more time.” Participant 2 further articulated the time constraints faced in a fast-paced working environment, particularly in the creation of voice-over presentations for online sessions.

The lack of established policies and standardized operating procedures (SOPs) emerged as another major hurdle in effective e-learning implementation, as highlighted by Student 5 and endorsed by Student 6. They noted the importance of faculty preparedness, which was addressed to some extent through the use of the portal, but stressed the need for policies and SOPs, especially for students.

Participants 2 and 3 expressed concerns about student attitudes, noting a casual demeanor, reluctance to open cameras, and a perceived lack of seriousness during online classes. This aspect, coupled with the absence of policies, hindered the effectiveness of e-learning.

Additionally, participants voiced a need for further training on providing feedback and engaging students effectively. Participant 3 proposed incorporating components in the e-tutorial focusing on learner engagement and effective feedback. Participant 7 identified student engagement as a significant challenge. Participants collectively emphasized that body language, a crucial element in live teaching, was not adequately addressed in online settings.

In conclusion, the identified challenges encompass technical issues, time constraints, the absence of policies and SOPs, and difficulties related to student engagement. The participants’ insights underscore the multifaceted nature of challenges inherent in the effective implementation of e-learning, necessitating comprehensive solutions and additional training components to address these concerns.



e-tutorial’s value in addressing issues

When questioned about the efficacy of the e-tutorial in addressing previously mentioned challenges, participants acknowledged the role of the e-portal in enhancing their preparedness and knowledge. However, they noted that certain issues, such as technical challenges, cheating prevention, measurement of student understanding, and student engagement, were inadequately addressed by the e-tutorial.

Participant 1 recognized the training’s effectiveness in addressing knowledge gaps and building preparedness but highlighted its limitations in dealing with technical challenges. Specifically, the participant noted, “I think the training of the portal equipped us to cater for lack of our knowledge and build our preparedness, but it cannot help technical issues like what to do when there are weak internet signals. Yes, we can use a synchronous tool for that matter, but we still need to look after such issues.”

Concerns about cheating prevention were expressed by Participant 1, who stated, “I am still confused on how to cater for cheating among students.” This reflects a perceived gap in the training’s coverage of strategies to address academic dishonesty in an online learning environment.

Participant 2 pointed out the disadvantage of lacking visual cues such as body language in e-learning, making it challenging to gauge student understanding. The participant remarked, “Disadvantage is that the body language of students, expressions were not there in e-learning. I could not guess whether they are understanding or not, so could not measure the outcome. This issue is not catered in training through the e-portal.”

In summary, while participants acknowledged the benefits of the e-tutorial in enhancing their preparedness and knowledge, they identified specific challenges that were not adequately addressed, particularly in the realms of technical issues, cheating prevention, and measuring student understanding in an online context. These insights highlight the need for a more comprehensive approach to training that encompasses a broader range of challenges associated with e-learning.



Propositions for improvement

When queried about potential improvements in the training, participants proposed enhancements in assessment tools, particularly advocating for the incorporation of subjective questions (Short Answer Questions - SAQs) in conjunction with multiple-choice questions (MCQs). Participant 2 emphasized this point, stating, “Assessment tools should be improved, and training should be there.”

Additionally, participants recommended refining technical training and expanding options within MCQs to enhance the assessment process. This indicates a collective recognition of the pivotal role of assessment tools in gauging student understanding and proficiency in an online learning environment.

Another notable suggestion from the participants was to explore alternative Learning Management Systems (LMS) beyond the current platform, with a concurrent recommendation for training on these alternative platforms. Student 3 articulated this viewpoint, stating, “I think yes, but other LMS should be explored, and we should be trained on these LMS.” This recommendation underscores a proactive approach to diversifying the technological infrastructure for online learning, potentially catering to varying instructional needs and preferences.

In summary, participants’ suggestions for improvements in the training program revolve around the refinement of assessment tools, including the integration of subjective questions and exploration of alternative LMS, accompanied by corresponding training initiatives. These recommendations align with the participants’ desire for a more comprehensive and versatile training experience in the realm of technology-enhanced learning.



Preparedness for future situations

When questioned about their preparedness for unforeseen situations in the future, participants expressed a sense of readiness but underscored the imperative of continuous training, particularly on hybrid teaching approaches.

Participant 3 articulated this perspective, stating, “It should not be like that we are on campus and teaching in person, we forget all the trainings. These trainings should go parallel, and lessons should also be hybrid.” This assertion emphasizes the need for a sustained and concurrent approach to professional development, ensuring that training initiatives run in tandem with on-campus teaching activities. The call for hybrid lessons indicates an awareness of the evolving nature of educational practices and the necessity for educators to seamlessly integrate face-to-face and online teaching strategies.

In academic terms, the participants are advocating for an ongoing and integrated approach to professional development that aligns with the dynamic landscape of educational methodologies, with a specific emphasis on hybrid teaching approaches. This perspective reflects a commitment to adaptability and continuous improvement in response to evolving educational needs.




Discussion

The discussion is structured around key domains emerging from both quantitative and qualitative results, with relevant references incorporated to provide a comprehensive analysis.


Knowledge and usability of TEL

The quantitative results of the study unveil a spectrum of understanding among participants regarding key terminology associated with technology-enhanced learning (TEL). Notably, 18 participants (45%) identified “Distance Learning” as “the use of technology to update students’ knowledge through online learning.” This points to a limited recognition of the role of technology in knowledge dissemination. It is noteworthy that this understanding might be influenced by the limited usage of online platforms and digital learning tools in traditional face-to-face settings.

A parallel study conducted by Gyampoh et al. (19) where faculty revealed a similar trend. More than 60% of participants in that study expressed feelings of incompetence and unfamiliarity regarding the requirements of using TEL in their teaching practices. These findings echo the sentiments of Petrusevich (20), emphasizing the importance of clarifying terminology in the context of online education for the effective design and delivery of online courses.

The identified lack of knowledge and limited usability can be effectively addressed through training and development initiatives for faculty. Ng and Lam’s (21) study support this notion, highlighting that easy acceptance and behavioral adjustments were achieved through a well-thought-out plan. This plan, aligned with the institution’s goals, gradually introduced e-elements in various training sessions. This approach not only addresses the challenges identified in the current study but also aligns with the insights from Govender and Govender (22), cited in Liu et al. (23), indicating that even teachers with access to technology and computer competency skills may struggle to integrate technology into their teaching practices. Proficient users of 21st-century technology, as emphasized by Manzano (24), are essential for the efficient integration of technology in education.



Problems faced during implementation of online teaching

The qualitative findings derived from the focus group discussion underscore the positive impact of the e-portal training on participants’ knowledge acquisition in various facets of e-learning. Participants reported gaining practical insights into the utilization of online learning platforms, such as Moodle, during the tutorial. The systematic design of the e-tutorial, complemented by the availability of resources and innovative teaching tools, significantly contributed to enhancing participants’ confidence. This training not only increased their proficiency with digital tools but also empowered them to conduct both synchronous and asynchronous teaching sessions effectively. This aligns with the broader perspective that teacher training programs play a pivotal role in elevating digital competence within the higher education landscape (25).

Conversely, the study identified challenges during the implementation of online teaching, with technical issues, particularly poor connectivity, emerging as a prevalent problem. This observation resonates with existing research on the challenges of online education, particularly in developing countries where inadequate internet infrastructure poses a significant hindrance (26). Additionally, challenges related to student engagement and the measurement of student understanding underscore the importance of pedagogical strategies and tools that foster active participation and effective assessment in online environments (27).

The study findings also echo the broader challenges faced by educators in the online teaching landscape, including the need to engage students effectively, manage virtual classroom dynamics, adapt course content for online delivery, overcome technical issues, and ensure sufficient student participation (28). These challenges are compounded by variations in institutional support, policies, and educator attitudes, emphasizing the complexity of enhancing the quality of online education (19, 29–31).

Furthermore, participants’ suggestions for improvement center on enhancing assessment tools and providing more robust technical training. The recommendation to incorporate subjective questions (SAQs) along with multiple-choice questions (MCQs) underscores the quest for more comprehensive assessments. Additionally, the proposal to explore a variety of learning management systems (LMS) and provide corresponding training aligns with the need for educators to adapt to diverse digital teaching environments (32). These recommendations emphasize the crucial role of continuous professional development for educators to remain abreast of evolving digital tools and teaching strategies (33).



Preparedness for future situations

The study illuminated participants’ perceptions of preparedness for future uncertainties, particularly those precipitated by events like the COVID-19 pandemic. Participants acknowledged the significance of continuous training, specifically on various Learning Management Systems (LMS) and hybrid teaching approaches. This underscores the imperative for universities and educational institutions to invest in sustained faculty development initiatives, ensuring that educators remain adaptable in the face of evolving educational landscapes (34).

In the realm of medical education, the study suggests that administrators and educators must actively seek out innovative technologies to maintain the standards of medical education. It is imperative for medical educators to embrace emerging technologies that have the potential to shape the future of medical education (35–38). This adaptation to evolving technologies is crucial for enhancing the quality and effectiveness of medical education, especially in the context of unforeseen challenges and uncertainties.




Conclusion

To sum up, this research has yielded significant findings on the comprehension of technology-enhanced learning jargon by the participants, the influence of e-portal instruction on their digital proficiency, and the obstacles encountered when executing remote instruction. The results highlight how crucial it is for educators in the digital age to have clear language, efficient training, and continuous professional development. They also emphasize the necessity of resolving administrative, pedagogical, and technical issues in order to guarantee the success of online learning projects.

In general, this study adds to the ongoing discussion about how education is becoming more digital and how teachers are adopting more technology- enhanced teaching strategies. It emphasizes how crucial it is to give teachers the abilities and information required to succeed in digital learning environments.



Limitations

The sample size for focus group discussion was relatively small, and the participants were health professionals of only one institute; though from different disciplines, which may limit the generalizability of the findings.

Additionally, the study did not investigate the long-term impact of the training on participants’ teaching practices.
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Objective: To explore the application effect of the online and offline mixed teaching mode in nursing practice teaching based on the Source Message Channel Receiver (SMCR) communication model.

Methods: By using the convenience sampling method, 15 nursing students who practiced their internship in the Department of Critical Care Medicine at Beijing Friendship Hospital affiliated to Capital Medical University for 4 weeks, from 1 April 2022 to 31 December 2023, were selected as the experimental group. A total of 16 nursing students who practiced in the same hospital in 2021 were selected as the control group. The control group used traditional teaching mode for teaching, and the experimental group used the online and offline teaching mode for teaching. The theoretical and practical achievements, competency, and teaching satisfaction of the two groups of nursing students were compared and analyzed after the internship.

Results: The theoretical knowledge, operational performance, competence of the nurses, and satisfaction with the teaching in the experimental group were higher than those of the control group (P < 0.05).

Conclusion: Based on the SMCR communication model, exploring the online and offline mixed teaching mode plays an important role in the teaching process of nursing practice, which can not only effectively improve the comprehensive performance of nursing students but also help to improve their satisfaction with teaching and has a positive impact on the cultivation of high-quality nursing talents.
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1 Introduction

With the continuous development of the medical industry in China, the requirements for nursing job are getting higher and higher. Clinical nurses must not only have professional theoretical knowledge but also have strong practical abilities. Therefore, for clinical intern nurses, it is difficult to comprehensively improve their practical ability and comprehensive quality if only the traditional teaching mode is adopted (1). In recent years, with the continuous development of information technology, the traditional teaching mode has been unable to meet the needs of teaching profession. Therefore, the hybrid teaching mode combining offline teaching and online teaching has become more and more popular in major universities. As a brand-new clinical teaching model, it can effectively improve the teaching effect, stimulate students' passion, and help to deepen the interaction between teachers and students. The online and offline mixed teaching mode is based on offline education, incorporates online question and answer (Q&A), uploads nursing teaching videos and materials to the online teaching platform, and carries out multimedia teaching to deepen the theoretical knowledge of intern nurses.

The Source Message Channel Receiver (SMCR) model is an information dissemination model proposed by communication scholar David K. Berlo based on Lasswel's research (2, 3), which is mainly used in the fields of sociology and psychology. The important contribution of the SMCR model is mainly reflected in two aspects: one is to clearly define the four basic components contained in the process of information dissemination and the other is to systematically analyze the key factors that affect the process and effect of information dissemination from different factors (4). The SMCR communication model divides the communication process into four elements: source, information, channel, and receiver, and clearly, and vividly depicts the conditions that affect the information, source, receiver, and channel in order to perform its communication function. Among them, information sources include communication technology, knowledge, attitude, social system, and culture; information includes content, symbols, structure, and composition; channels include various tools for disseminating information, such as sensory organs, light, sound transmission, and modern media such as newspapers, magazines, radio, movies, television, and telephones; receivers are influenced by roughly the same factors as sources, including communication techniques, knowledge, attitudes, social systems, and culture. In the current times, the SMCR model has shifted from being used in the process of information dissemination to explaining the process of educational dissemination. For the purpose of improving the quality of educational dissemination, it is necessary to analyze these four elements. In the process of dissemination in the field of education, the result of educational dissemination information is affected by four factors.

Therefore, to establish a new and efficient nursing practice education method, this study is based on the SMCR model and integrates the online and offline mixed teaching mode to better understand the input characteristics (i.e., source, message, channel, receiver, and destination) of nursing students. We hypothesized that this teaching model would produce better teaching effects and would have high application and promotion value.



2 Methods


2.1 Participants

By using the convenience sampling method, 15 nursing students who practiced their internship in the Department of Critical Care Medicine at Beijing Friendship Hospital affiliated to Capital Medical University for 4 weeks, from 1 April 2022 to 31 December 2023, were selected as the experimental group. A total of 16 nursing students who practiced in the same hospital in 2021 were selected as the control group. The inclusion criteria adopted were as follows: nursing students who were interns in the Department of Critical Care Medicine and those who provided informed consent and willingness to participate in this study. The exclusion criterion set was: nursing students who take leave for more than 1 week during the internship. The two groups of nursing students completed the nursing practice tasks in the Department of Intensive Care Medicine. There was no statistically significant difference between the two groups in terms of gender, age, and education background (p > 0.05), and the practice goals of the two groups were the same, based on the “Nursing Graduation Practice Handbook” for intern nursing students, including the teaching goals of basic nursing skills and the practice goals of the Department of Critical Care Medicine. Through the combination of theory and practice, nursing students can master various clinical critical care skills, cultivate and improve nursing students' clinical thinking ability, post-competency and communication skills, and so on, as well as encourage them to apply knowledge to clinical practice. The two groups are compared using the abovementioned criteria.



2.2 Interventions

The control group adopts the traditional teaching mode, and the critical care clinical teachers formulate the nursing student internship plan according to the internship content in the clinical practice outline of the college and adopt the one-to-one teaching mode to complete the internship tasks with the nursing students, that is, the traditional nursing practice mode. During the 4 weeks after the intern nurses entered the department, they received theoretical lectures on the department environment, relevant rules and regulations, precautions, knowledge, and skills of common diseases in the Department of Critical Care Medicine; received lectures on basic nursing operation techniques, tracheal intubation coordination techniques, common critical medical equipment usage techniques, along with other relevant techniques, and checked the interns' mastery on the next day.

On the basis of the control group and the previous theoretical model, the experimental group constructed an online and offline mixed education mode in nursing practice based on the SMCR communication model and implemented this clinical nursing teaching model. The details of the online and offline mixed education mode in nursing practice are as follows:

Formation of the research team: The research team is led by the chief nurse of the department, and the team members include the head nurse of each ward, the head teacher, and the backbone of nursing. The team constructs the teaching content and evaluation indicators according to the requirements of the full-time and specialist practice manuals, mainly including basic nursing skills, operation ability, specialist nursing operation, nursing document writing ability, language expression ability, nursing etiquette, and interpersonal communication ability. The person in charge of the project is the leader of the nursing profession in the Department of Critical Care Medicine. He is responsible for establishing the nursing practice education model, arranging for members to participate in teaching and training regularly, and applying the constructed nursing practice model to the intern nursing students of the Department of Critical Care Medicine. In addition, the teaching inspection team is composed of three to four head nurses and responsible nurses, who inspect the teaching quality from time to time.

The online and offline mixed teaching mode in nursing practice based on the SMCR model (see Figure 1 for the framework) was conducted in this study. The specific operation procedures are as follows:

(1) The first step involves clarifying the qualifications of the information source and understanding the characteristics of the information sink. Clinical nursing teachers are the gatekeepers of information and the senders of teaching information. Teachers' attitudes, abilities, knowledge, and social and cultural backgrounds could affect the effectiveness of information transmission. This study requires clinical nursing teachers in the Department of Intensive Care Unit (ICU) to have: have a bachelor's degree or above; have a nursing title or above; have more than 5 years of work experience in ICU; have mastered language expression, organization and management, information collection and processing, interpersonal communication, and other teaching abilities; have proficiency in basic nursing technical operations, specialized technical operations, and specialized theoretical knowledge in intensive care medicine; have proficiency in the clinical application of nursing procedures; have rich teaching experience and a correct and responsible teaching attitude; be able to skillfully use various teaching methods; and be able to master online teaching methods proficiently. When designing the study, the members of the research team first reviewed the general information about the candidate teachers' educational background and work experience. Then, five to six head nurses and primary nurses would be invited to anonymously evaluate these candidate teachers to ensure that the teachers who eventually undertook the teaching tasks met the above nine characteristics and qualifications.

The receiver is the receiver of clinical knowledge, mainly considering the acceptance ability and attitude of nursing students.

(2) The second step involves benchmarking information elements and refining the content of clinical courses. In the SMCR model, information is the central link of information dissemination, and the composition and structure of information content, symbols, and processing methods all affect the dissemination effect of information. Based on this dissemination effect, the focus of the research is on an online and offline mixed teaching mode, the composition and structure of which required that the content of the nursing practice course in the ICU be practical, complete, and close to the clinic; key and difficult points are highlighted; the content is complete; the goal is clear; the content of the online and offline courses is well-connected; the class schedule is reasonable; in terms of symbols and processing, PPT, paper materials and other pictures, text, video, audio, and other symbols used in the course are clear; quizzes, homework, exams, and other learning resources are abundant; and the scientific nature and difficulty of assessment and evaluation are appropriate. For example, regarding the production of online teaching videos, you should pay attention to the following points:


[image: Figure 1]
FIGURE 1
 The framework for using the online and offline mixed teaching mode for nursing practice based on the SMCR model.


Appropriate duration: It is best to control the time of online video courses within 5–15 min, and the content should be as short and concise as possible. Rich in content: It is best to use some novel, suspenseful, and problem-based cases or means to attract students, and let students arouse interest in boring knowledge from time to time and learn while watching. Attract attention: Even in the same video course, the scene and tone must be changed frequently, including the tone of the teacher and teaching aids, so that students can further pay attention to knowledge according to different environmental factors. Improving motivation: It is necessary that the design of online video course content enhance students' learning confidence and maintain students' desire for success. For example, some challenging situations or practice questions can be set up, which could be announced by the teacher at the end of the video or after class to make them feel “extraordinary” in their abilities. Appropriate difficulty: The difficulty of the course should be appropriate, and it should be easy to understand so as to enhance the confidence of nursing students, allowing them to appreciate the value and joy of learning through short online videos. It is necessary to ensure that each test question is consistent with the content in order to completely engage the nursing students' vision, hearing, touch, and taste.

(3) The third step is to logically combine the channels. Students' five senses play an important role in knowledge exchange, such as visual perception for non-verbal communication, hearing for receiving and explaining information, touch for acquiring knowledge through behavioral contact, and so on. The main information in clinical nursing practice teaching is vision, hearing, touch, and smell, and the research is based on the characteristics of various course information to clarify reasonable and effective channels.

(4) The fourth step is the clinical practice development process. As the primary supervisor, the clinical nursing teacher is responsible for guiding the internship process one-on-one. Before the internship in the ICU, the clinical nursing teacher assesses the situation of the internship nursing students in the department, including their self-study attitude, self-study ability, communication skills, learning interest, online learning conditions, and so on. According to the characteristics of students, the clinical nursing teacher adjusts the content and methods of practice based on the nursing practice outline plan, provides online learning materials for nursing students in advance, and encourages nursing students to prepare course previews well in advance. Teachers conduct online live teaching in accordance with the weekly internship plan. Offline teaching takes place in conference rooms and ICU wards and adopts methods such as case teaching, group discussion, and bedside clinical nursing teaching.

(5) The fifth step is providing feedback. After completing the teaching tasks of the day, the clinical nursing teachers fully understand the learning situation of the nursing students, answer their questions, listen to their suggestions, provide teaching feedback, and correct any shortcomings in the teaching method.

The clinical nursing teacher project team conducts both online live teaching and offline on-site learning activities. Some specific course content and elements are shown in Table 1.


TABLE 1 Contents and elements of online and offline mixed modes of nursing practice education in critical care medicine based on the SMCR communication model.
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2.3 Effect evaluation

Nursing interns in the experimental and control groups completed a theoretical assessment, a skill assessment, a nurse competency inspection, and an intern satisfaction survey. The theory assessment is a closed-book assessment method with a full score of 100 points, and the score indicates the pros and cons of their mastery of theoretical knowledge; the skill assessment is overlooked by the teacher responsible for the assessment, and nursing students randomly select basic operations and specialized operations, with 50 points for each operation. The total score is 100 points. The standard nursing operation assessment used in hospitals is adopted as the scoring standard. The higher the score, the better the students' clinical nursing practice performance; the nurse competency assessment uses a nurse competency scale. The ICU nurse competency survey scale compiled by Qiao Anhua has four dimensions and 58 items, including professional knowledge (14 items), professional technology (19 items), professional ability (20 items), and psychological traits (five items). The scale adopts the Likert 5-level scoring method, with a total score ranging from 0 to 232 points—the higher the score, the greater the level of victorious ability. A score of < 116 is considered as a failure, 116–173 is a pass, and 174 indicates good performance. The scale has a content validity of 0.87, and the Cronbach's alpha coefficient is 0.93. Finally, the questionnaire survey was used to evaluate the satisfaction of nursing interns with the practice of teaching and learning. The evaluation content included the rationality of the practice mode, the quality of teaching in the practice mode, the quality of management of the practice mode, and a comprehensive evaluation of the practice mode. Scores ranged from 0 to 10—the higher the score, the higher the overall rating.



2.4 Statistical analysis

Statistical Package for the Social Sciences (SPSS) software, version 24.0, was used for data entry and statistical analysis. Measurement data are presented as x ± s, and statistical inferences are made using the t-test. The test level was set at α = 0.05, and a p-value of < 0.05 was considered statistically significant.




3 Results


3.1 Comparison of practice theory and technical operation scores between the experimental and control groups

The results of the study revealed that nursing interns in the experimental group had higher theoretical and clinical nursing scores (93.07 ± 4.46 and 95.53 ± 1.85, respectively) compared to the control group (88.81 ± 5.58 and 91.56 ± 2.97, respectively). The group difference was statistically significant at a p-value of < 0.05. The specific results are shown in Table 2.


TABLE 2 Comparison of internship theoretical achievements and technical achievements between the two groups.
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3.2 Competence comparison of ICU nursing students between the experimental and control groups

The results of the nurse's competency inspection highlighted that nursing interns in the experimental group had higher total, professional knowledge, and professional technical scores (133.27 ± 9.95, 32.20 ± 3.00, and 44.60 ± 4.69, respectively) compared to the control group (122.88 ± 7.293, 28.38 ± 3.24, and 41.50 ± 2.76, respectively), with a statistically significant difference between the two groups. The professional skills and psychological characteristics of the nursing interns in the experimental group were similar to those in the control group (P > 0.05). The specific results are explained in Table 3.


TABLE 3 Comparison of ICU nursing students between the two groups.
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3.3 Comparison of interns' satisfaction with the teaching mode between the experimental and control groups

A questionnaire survey was conducted to assess the teaching satisfaction of interns, with the evaluation content including the rationality of the internship model, the quality of the teaching of the internship model, the quality of the management of the internship model, and the comprehensive evaluation of the internship model. The results exhibited that there were statistically significant differences between the scores of the experimental and control groups in all aspects (P < 0.05), and the scores of the experimental group were higher than those of the control group. The results are shown in Table 4.


TABLE 4 Satisfaction of trainee nursing students with the model in the experimental group.
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4 Discussion

Nursing is a highly practical subject, and clinical practice teaching is an important component of cultivating nursing talents. Nursing content is characterized by abstraction, its complex anatomical structure, and many types of therapeutic drugs, making it difficult for nursing students to accurately understand and remember during the internship stage and apply the knowledge they have learned to clinical practice. Therefore, the selection of appropriate teaching methods for nursing practice has a great impact on improving the efficacy of nursing students' practice, cultivating clinical thinking ability, and improving teaching quality (5).

Due to the lack of emphasis on clinical teaching jobs in some hospital nursing departments, there is a lack of scientific and reasonable assessment of the teaching qualifications of teaching teachers. The uneven quality of teaching among some teachers has a direct impact on the clinical practice experience of nursing interns. Some teaching teachers do not have a deep and clear understanding of the teaching profession; they treat the nursing interns as if they were their own helpers, lack the sense of responsibility for the nursing interns, and do not provide clear guidance. Due to the lack of comprehensive and scientific evaluation after students enter the course, some teachers do not fully understand the students' theoretical knowledge, practical operation skills, and personality characteristics; as a result, they adopt a mechanized and repetitive teaching mode, which cannot obtain satisfactory teaching results. Due to the lack of teaching objectives and plans in clinical teaching jobs, some nursing interns are unable to clearly understand the content and skills that must be mastered during the internship stage after entering the department and instead passively follow the teacher's to learn, which limits their efforts to take subjective initiatives to completely engage in learning. Considering that medical students lack clinical practice experience and have a low level of cognition of the clinical nursing process and content, teachers with specific clinical experience should be entrusted to guide and assist nursing interns in completing the established clinical nursing tasks. In this process, the professional quality and teaching effectiveness of the teaching teachers have a direct effect on the improvement of nursing interns' clinical nursing level (6, 7).

In addition, nursing students entering clinical practice can master the disease characteristics and nursing methods of different specialties by rotating through different departments; however, in the actual teaching process, some teachers focus more on basic operations, making it impossible to fully understand and master the various characteristics of different specialties. In light of various problems in the clinical teaching process of nursing interns, as well as the need to cultivate nursing personnel who meet the clinical requirements, it is necessary to further optimize the clinical teaching profession.

The study found that, due to the lack of clinical nursing thinking and the ability of interns, coupled with insufficient nursing technology and communication skills, the interns could not quickly enter the nursing field. Therefore, with a view to improve the working ability of nursing students, it is necessary to collaborate with scientific teaching mode in clinical nursing to improving comprehensive ability and lay the foundation for their future participation in clinical nursing jobs. The traditional teaching mode focuses solely on teaching professional skills and provides less focus on training on intern's comprehensive skills and psychological quality, but the practice has shown that it is necessary to strengthen the teaching methods in all aspects, increase focus on training, pay attention to details, establish dynamic monitoring, and maximize teaching interaction as a way to improve the teaching effect of intern nursing students. In clinical nursing, trainee nursing students not only need to have solid theoretical knowledge but also strong practical skills.

As a brand-new teaching mode, the online and offline mixed teaching mode primarily uses the Internet to carry out education, which effectively promotes the development of nursing education. It offers several advantages, such as greater flexibility, unrestricted time, and location independence. The online and offline mixed teaching mode is an interactive one that allows students to gather the necessary information through the Internet to effectively solve the problems raised by themselves and teachers. This approach enables students to better grasp and understand the knowledge points and use them to enhance students' ability to discover, analyze, and deal with problems (8, 9) while also improving team awareness and self-learning awareness (10), thereby improving teaching effectiveness (11). In recent years, many colleges and universities have been competing to adopt online and offline mixed teaching (12, 13), which has become the current trend (14).

Every teaching system can be regarded as an information dissemination system, and the online and offline mixed teaching mode is no exception. The SMCR model is used not only in the fields of psychology and sociology but also in educational dissemination as a means to explore and optimize. Focusing on the four dimensions of the SMCR model, this study optimizes it by integrating the online and offline mixed teaching mode and discusses its application effect. First, the teaching team on the source side serves as the source of information. In the process of nursing practice courses, there are many factors that influence the source of information. The source's attitude, knowledge, and experience, communication skills, and culture have a direct impact, indicating that the quality and impact of information dissemination bear the main responsibility (15). This study is led by the chief nurse, and the team members include the head nurses of each ward, the head teacher, and the backbone of nursing. A teaching team comprising outstanding members of each ward has been formed, a nursing practice education model has been established, and members have been scheduled to participate in teaching and training regularly to fully ensure the quality of information sources. Second, the message is the central part to information dissemination in the SMCR model, and the composition and structure of information content, symbols, and processing methods all have an effect on the dissemination effect of information: In terms of symbols, they can be verbal or non-verbal; auditory or visual; and meaningful or meaningless (3). The images, text, video, audio, and other symbols used in this research course, such as PPT and paper materials, are clear; learning resources, such as tests, homework, and examinations, are abundant; and the assessment and evaluation are scientific and difficult. In terms of content, for small-scale online courses, the practical content should be organically combined with technology and diverse face-to-face activities such as lectures, experiments, problem solving, project design in order to achieve different teaching objectives, teaching content, and learner characteristics (16). The composition and structure section requires that the content of the intensive care practice nursing practice course be practical, complete, and closely related to the clinic; important and difficult points are highlighted; the content is complete; the goal is clear; the online and offline course content is well-connected; and the class schedule is reasonable. In terms of processing methods, the innovation of new course content for teaching should be considered the cornerstone of the entire nursing practice course. Teaching in nursing practice should be closely connected with student to improve targeted learning outcomes. When considering the influence of channels in the SMCR model, it involves five sensory factors: vision, hearing, touch, smell, and taste. Taste and smell do not play a big role in online teaching but vision and hearing do. However, vision, hearing, touch, smell, and taste all play a role in the offline teaching process.

In this study, the content of online and offline courses was well-connected, and the class schedule was manageable. The course's difficulty was appropriate and understandable, which boosted the confidence of nursing students. Additionally, it is crucial to ensure that the test questions are aligned with the content, ensuring that nursing students feel the value and joy of learning through short online video lessons in order to completely engage their senses of sight, hearing, touch, smell, and taste. Finally, this study found that strengthening teacher-student interaction, student-student interaction, student-media interaction, and teacher-media interaction can effectively promote teaching effects. After completing the online course, combined with the information platform, the teaching teacher can grasp the learning situation of the students at any time, adjust the course arrangement, set evaluation goals according to the platform's exercises, exchanges, homework, tests, etc., and form a learning situation analysis. At the same time, combined with offline practice, discussion, report, and evaluation, the teaching evaluation is finally formed, which lays the foundation for the course design of the next teaching cycle (17).

The results of this study depicted that the test scores, competencies, and teaching satisfaction of nursing students in the experimental group were better than those in the control group (P < 0.05). The reason for this is that online and offline hybrid teaching is a teaching method that combines both online and offline instruction, as well as one that spans time and space. Combining the benefits of online and real-world teaching and integrating people into teaching process can result in multi-element and multi-dimensional unified coordination, and students can repeat online learning. Teachers can also answer questions left by students. Students can study independently on the platform, and after completing homework and tests, teachers can answer and correct homework online, which significantly improves teaching quality and efficiency.



5 Conclusion

The online and offline mixed teaching mode based on the SMCR communication model can effectively improve the comprehensive performance and the overall level of nursing students in the process of nursing practice teaching, as well as the satisfaction of nursing students with teaching, and cultivate nursing students' learning ability, problem-solving ability, and clinical thinking ability so that their comprehensive quality can be substantially improved and the teaching effect is remarkable. These findings have important guiding significance and reference value for exploring diversified nursing teaching modes and cultivating high-quality nursing talents.

This study also has some limitations. First, the small sample size reduces test efficiency, resulting in no statistically significant differences between the experimental and control groups for some items. Second, due to the difficulty of sample inclusion, the control group used previously collected data and did not abide by the principle of random grouping. It is also worth noting that the SMCR model has inherent limitations. McGuire's theoretical framework of SMCR model guides the pre-production stage of formative research on the target audience, but this theory does not account for subtle changes in the process of practice based on the audience's acceptance of information. This result can lead to discrepancy in the expected teaching progress and the absorption and integration of knowledge by the actual audience. More teaching models combined with SMCR model will be explored in the future to further improve the quality of nursing education.
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The traditional complications of diabetes are well known and continue to pose a considerable burden to millions of people with diabetes mellitus (DM). With the continuous accumulation of medical data and technological advances, artificial intelligence has shown great potential and advantages in the prediction, diagnosis, and treatment of DM. When DM is diagnosed, some subjective factors and diagnostic methods of doctors will have an impact on the diagnostic results, so the use of artificial intelligence for fast and effective early prediction of DM patients can provide decision-making support to doctors and give more accurate treatment services to patients in time, which is of great clinical medical significance and practical significance. In this paper, an adaptive Stacking ensemble model is proposed based on the theory of “error-ambiguity decomposition,” which can adaptively select the base classifiers from the pre-selected models. The adaptive Stacking ensemble model proposed in this paper is compared with KNN, SVM, RF, LR, DT, GBDT, XGBoost, LightGBM, CatBoost, MLP and traditional Stacking ensemble models. The results showed that the adaptive Stacking ensemble model achieved the best performance in five evaluation metrics: accuracy, precision, recall, F1 value and AUC value, which were 0.7559, 0.7286, 0.8132, 0.7686 and 0.8436. The model can effectively predict DM patients and provide a reference value for the screening and diagnosis of clinical DM.
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1 Introduction

Diabetes mellitus (DM) is a metabolic disease clinically characterized by chronic hyperglycemia, dyslipidemia and protein abnormalities, and other symptoms that increase the risk of morbidity and mortality, of which type 2 diabetes mellitus (T2DM) is a major public health challenge globally, and the assessment and management of this chronic disease carries a heavy economic burden (1–3). Worldwide, 537 million adults (aged 20–79) have diabetes (10%), and this number is expected to rise to 643 million by 2030 and 783 million by 2045 (4, 5).

Along with the rapid development of the intersection of artificial intelligence and medical diagnostics, machine learning (ML) has once become the most concerned topic among researchers, which can provide accurate predictive analysis of diseases, effectively identify high-risk factors as well as patients with high morbidity, and then provide accurate decision support for hospital administrators (6). By mining potential healthcare data through machine learning and constructing a novel DM prediction model, early warning of high-risk groups can be performed, and appropriate healthcare management can be taken to patients in advance, which can also provide certain decision support to doctors and reduce the rate of missed diagnosis and misdiagnosis (7).

Initially, researchers predicted DM through traditional machine learning and verified that random forest (RF) based on tree model has better prediction effect (8–12). Some researchers focused on the preliminary data processing to get a better DM prediction model using feature selection and data imbalance processing (13–15). Meanwhile, considering the influence of different factors on diabetes, researchers began to study the three aspects of age, gender and geography, and obtained a better prediction effect of the targeted population prediction model (16–18).

In recent years researchers began to consider the use of ensemble learning to predict diabetes and obtained diabetes prediction models that are superior to traditional machine learning (19, 20). In DM prediction, although machine learning is superior to traditional statistical methods, most of the research has focused on a single prediction model. Each prediction model has its advantages, disadvantages and limitations, and researchers use ensemble learning to combine the advantages of a single prediction model to build a more powerful ensemble model, of which the most effective Stacking ensemble model is gradually applied (21–23). From the perspective of single classification model, using Stacking ensemble model can solve the limitations of single classification model, but the selection of base classifiers and meta-learners of Stacking ensemble model has randomness (24).

To solve the above-mentioned problem, this paper follows the theory of “error-ambiguity decomposition” (25) and designs an adaptive Stacking ensemble model, which can further improve the prediction performance of DM model.



2 Materials and methods

In this paper, an adaptive Stacking ensemble model is designed and implemented on the DM dataset to predict DM patients, and the overall process framework is shown in Figure 1. Firstly, the DM dataset was normalized, followed by feature screening using the gradient boosting decision tree (GBDT) (26) feature selection method, and next the adaptive Stacking ensemble model was constructed by first adaptively selecting the base classifiers from n pre-selected models, and then traversing the models in the selection of meta-learners. The performance of the adaptive Stacking ensemble model, proposed in this paper was evaluated by five evaluation metrics: accuracy, precision, recall, F1 value and AUC value.


[image: image]

FIGURE 1
Prediction process flow chart.



2.1 Dataset

The dataset selected for this paper is a balanced dataset processed on CDC’s BRFSS2015, which has the same proportion of diabetic and non-diabetic interviews, totaling 70,691 samples. This dataset contains 21 characteristic variables as shown in Table 1.


TABLE 1 CDC’s BRFSS2015.

[image: Table 1]



2.2 Feature selection

Feature selection is an important technique in machine learning to filter out the most valuable and relevant sample features in the data for use in building machine learning models (27, 28). The purpose of feature selection is to reduce the number of sample features in the data, improve the accuracy and operational efficiency of the model, reduce the risk of overfitting, and improve the interpretability of the model (29). Not all sample features have a significant impact on the prediction results, which contains many sample features with low or irrelevant contribution to the prediction results, and too many sample features will cause computational resource consumption and reduce the training speed of the model, and may also reduce the accuracy of the model, so this chapter is to eliminate the sample features with low or irrelevant contribution to the prediction results. There are three common feature selection methods: filter, wrapper, and embedding (30). Since embedding methods have better predictive performance than filter methods and run much faster than wrapper methods (31), our study uses the embedding method GBDT to select feature variables.

GBDT is an ensemble learning method that improves the predictive performance of a model by constructing a series of weak learners (usually decision trees). The basic idea of GBDT is to combine multiple simple models (weak learners) so that each new model corrects as much as possible the errors of the previous model. Since the decision tree splits based on the importance of the features and features with high importance are more frequently selected as split points, GBDT can rank the importance of the features and handle high dimensional data. Secondly, GBDT can handle different types of features, including numerical and categorical. Finally, GBDT focuses on the residuals of the current model rather than modeling the target values directly, which makes the model more tolerant to noisy data.

When we use GBDT with embedding method to obtain feature importance ranking, one of the problems we face is the inability to accurately interpret the impact of individual features on the final prediction results. To solve this problem, we used a technique called feature interpolation method (32). This method represents the explanatory model as a linear function of the feature interpolation values, thus providing a clearer understanding of the model behavior. By this method we can reduce the repetition rate and better understand the contribution of individual features to the prediction results. The method is formulated as follows.

[image: image]

Where N is the number of features, ∅i is the value of the feature attribute of the feature, [image: image] or 1 to indicate whether the feature is observed or not, where the feature attribute can be regarded as the “feature contribution.”

In order to compute the ∅i values in Equation 1, a tree-value estimation method based on game theoretic ideas (33), the SHAP method, is introduced as feature attribute values. In this method, the model f and the set S contain non-zero indexes in z′ and each feature has the classical Shapley value attribute ∅i, which is formulated in Equation 2.

[image: image]

where M is the set of all input features.

The SHAP method is a locally accurate, personalized feature attribution method that, unlike tree model gain, provides consistent global feature attribute results (34). In our study, we use the SHAP method for feature filtering and interpretation of individual feature attributes, which helps to reduce the repetition rate and provide a clearer understanding of the impact of each feature on the results.



2.3 Model building

When the base classifiers predict accurately, the greater the variability of the base classifiers, the better the integration of the model will be, which is the famous “error- ambiguity decomposition” theory. This implies that the variability of the base classifiers should be taken into account while guaranteeing the prediction effect of the base classifiers.

In principle, as long as the base classifier of the Stacking ensemble model predicts well (35), the number of layers of the Stacking ensemble model can be stacked infinitely, but this increases the complexity of the model. Therefore, we try to reduce the model complexity as much as possible while ensuring the prediction effect of the model, and only select the Stacking ensemble model, with the two-layer structure of the base layer and the convergence layer. To solve the problem of randomness of the traditional Stacking ensemble model, in selecting base classifiers and meta-learners, this paper proposes an adaptive Stacking ensemble model, and the process is shown in Figure 2.


[image: image]

FIGURE 2
The process of adaptive Stacking model. (A) Adaptive selection base classifier process. (B) Process of building a base classifier. (C) Cross-validation detailed process. (D) Building a meta-learner process.


The first step is to adaptively construct the base classifier of the Stacking base layer, as shown in Figure 2A. When choosing the base classifiers, the traditional Stacking ensemble model usually select the classifiers with good prediction effect, ignoring the principle of “error- ambiguity decomposition.” In this paper, we design a method to adaptively construct the base classifiers of Stacking, from the pre-selected models of M1,M2,…,Mn, according to the F1 value of the comprehensive evaluation metrics, we set a threshold to adaptively select the pre-selected models from the high to the low to construct the base classifiers, which is a step to ensure the prediction effect of the models. To ensure the variability of the models, this paper chooses the Q-statistics method (36) to compare the variability between the pre-selected models.

The detailed steps of the Q-statistics method are as follows, labeling the DM dataset as Z = z1,z2,…,zn, the pre-selected model as Mi, after using n pre-selected models for classification prediction, if the pre-selected model Mi predicts the ensemble correctly it will be 1, and the prediction is wrong it will be 0, and the relationship between the two pre-selected models is shown in Table 2.


TABLE 2 Relationship between two pre-selected model.
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The differential Q-statistics for the two pre-selected model Mi,Mk are shown in Equation 3 as follows.

[image: image]

Statistically, the expected value of two completely independent pre-selection models Qi,k is 0. The range of Q is between [−1, 1], and the smaller the absolute value, the greater the variability between the pre-selection models. In the L pre-selection models of this paper, the average value of Q is shown in Equation 4.
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The steps for adaptively constructing a base classifier for the Stacking ensemble model, are shown below:


(1)Train n pre-selected models M1,M2,,Mn.

(2)Calculate the comprehensive evaluation metrics F1 value of the n pre-selected models, and set the threshold as the average F1 value.

(3)Eliminate the models with F1 values smaller than the threshold and retain the models with F1 values larger than the threshold.

(4)Models with small variance are eliminated and models with large variance are retained based on Q-statistics.

(5)Select M1,M2,,Mn as the final base classification.



Figure 2B shows the cross-validation part of the adaptive Stacking ensemble model. After adaptive selection as base classifiers, the train set and test set are divided according to an 8:2 ratio. In the train set, each base classifier using five-fold cross-validation. Taking five base classifiers M1,M2,,M5 as an example, the specific operation is shown in Figure 2D. A base classifier can get five predictions, which are vertically stacked into a one-dimensional matrix. Five base classifiers can be combined into a five-dimensional matrix as a new train set for the convergence layer. In the test set, again each base classifier using five-fold cross-validation and again five predictions are obtained. To ensure the division ratio between the train set and test set, the predictions of the test set are horizontally averaged to obtain a one-dimensional matrix. The predictions of the five base classifiers are combined into a five-dimensional matrix that serves as a new test set for the convergence layer.

The second step adaptively constructs the meta-learner of the Stacking ensemble model. As shown in Figure 2C, this paper traverses the whole base classifier model to select the meta-learner, and obtains the final prediction result through the meta-learner.

Finally, to better understand the implementation process of the Adaptive Stacking algorithm, this paper gives the pseudo-code of the Adaptive Stacking algorithm, as shown in Algorithm 1.

Algorithm 1. Adaptive Stacking algorithm.








	

	
Symbols are defined: threshold λ, FiN is the F1 value of Mi, ⊙ is the model satisfying the discreteness condition, M is the set of base classifiers, the train set T and the test set S, Tft is the training set for the five-fold cross-validation, Sfv is the test set for the five-fold cross validation, εl is the base classifier, LRmeta is the meta learners, Tl is the train set for εl, and Sl is the test set for εl



1. For N = [M1, M2,…,Mn] // Preselection model

2.   If FiN >λ // Determine if the F1 value of model Mi is greater than a threshold value

3.    If M = Ø // Determine if M is empty

4.     M = M + Mi // Model Mi is added to M

5.    If Mi ⊙ Mj // Determine whether two models satisfy the difference condition

6.     M = M + Mj // Model Mj is added to M

7. For l = M = [M1, M2, …, Mn] // Base classifiers

8.    For k = 1,2, …,5

9.    Tftl →⊙l // Use Tftl to train εl

10.     Sfvl→εl → trainf, Sl→εl → testf // Predict Sfvl,Sl by εl to get trainf,testf

11.    trainl = (train1 + train2 + … + train5) // Vertical stack

12.    testl = (test1 + test2 + …+ test5)/5 // Level average

13. trainnew = [train1,train2,… train5] and trainnew = [train1,train2,… train5]

14. trainnew → LRmeta //Train LRmeta with trainnew

15. testnew → LRmeta → resultpre //Predict testnew. with LRmeta to get the final result

16. Return resultpre // Returns the final prediction







Typically, machine learning evaluates the performance of a model using True Positive (TP), True Negative (TN), False Positive (FP) and False Negative (FN) metrics. The commonly used accuracy, precision, recall and F1 score are calculated from these metrics, which can be calculated by referring to Equations 5–8.
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3 Results and discussion


3.1 Results of feature selection and analysis

The tree SHAP method calculates the individual contribution value of each feature in the sample dataset. Figure 3 demonstrates the global feature contribution in the GBDT model, the horizontal coordinate represents the sample feature contribution, the larger the value, the more important the sample feature is, and the vertical coordinate is the sample feature based on the feature importance from the largest to the smallest. From the figure, it can be seen that the features “GenHlth” and “BMI” have significant contribution degrees, which indicates a strong correlation with diabetes. While the inverse features “CHolCheck,” “AnyHealthcare,” “NoDocbcCost,” and “Alcoholic” features have less than 0.1 contribution, this paper directly excludes these four features and finally retains 16 sample features.


[image: image]

FIGURE 3
Global feature contributions.


The Tree SHAP values depend on how the features are interpreted, so we can obtain the feature interpretation for each sample from the model (37). Figure 4 presents some information about the contribution of individual features to the model output and details how their values affect the model. the x-axis indicates the magnitude of the feature contribution, while the magnitude of the feature value is indicated by the color of the different points. The highest contribution of characteristics, “GenHlth” indicates that the poorer the physical condition the more likely to get diabetes, and similarly from the second and third ranked “BMI” and “Age,” it can be seen that the higher the weight coefficient the more likely to get diabetes, and the higher the age the more likely to get diabetes.
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FIGURE 4
Comparision of individual feature contributions.




3.2 Results of the proposed adaptive Stacking ensemble model

In the adaptive Stacking ensemble model, the 10 pre-selected models are sorted according to the size of the F1 value, and the sorting results are shown in Figure 5. The horizontal coordinates in the figure indicate the 10 pre-selected models and the vertical coordinates indicate the F1 values of the pre-selected models.


[image: image]

FIGURE 5
F1 values for 10 pre-selected models.


In this paper, we set the average of F1 values as the threshold and first excluded four pre-selected models, K-nearest neighbor (KNN), RF, logistic regression (LR) and decision tree (DT). Four models, support vector machine (SVM), multilayer perceptron (MLP) and XGBoost and CatBoost, are selected as base classifiers from the remaining six pre-selected models adaptively based on Q-statistics. The top-ranked GBDT model and LightGBM model have better prediction results, but the difference between them and CatBoost model is proved to be small by Q-statistics method, so these two models are eliminated in adaptive way. In the selection of meta-learner, this paper traverses all the base classifier models and selects the optimal meta-learner according to the evaluation metrics.

In this paper, the prediction results of 10 pre-selected models, traditional Stacking ensemble model, and the adaptive Stacking ensemble model proposed in this paper are compared by four evaluation metrics: Accuracy, Precision, Recall and F1 value, and the comparison results are shown in Table 3. It can be seen that compared with the traditional machine learning models KNN and SVM, the traditional Stacking ensemble model outperforms the single classification model in predicting DM. The adaptive Stacking ensemble model proposed in this paper has very high accuracy, recall and F1 values of 0.7559, 0.8132 and 0.7668, which are higher than the traditional Stacking ensemble model. The adaptive Stacking ensemble model proposed in this paper is completely better than the traditional Stacking ensemble model, and can adaptively make the best adjustment. This shows that the adaptive Stacking ensemble model has obvious advantages in predicting DM.


TABLE 3 Results of classifiers.

[image: Table 3]

Finally, this paper plots the ROC curves of 11 representative models with the adaptive Stacking ensemble model, as shown in Figure 6. In the dataset of this paper, the ensemble learning model predicts better than traditional machine learning, and the AUC value of the ensemble learning model reaches 0.83. Among the Stacking ensemble model is better than the Bagging model and the Boosting model. The AUC value of the adaptive Stacking ensemble model reaches 0.84, which is higher than the traditional Stacking ensemble model. This shows that the adaptive superposition ensemble model proposed in this paper has excellent prediction effect in predicting DM.


[image: image]

FIGURE 6
ROC curve on DM.





4 Conclusion

In this paper, we propose a DM prediction model based on adaptive Stacking and analyze it in comparison with 10 pre-selected models and traditional Stacking ensemble model by five evaluation metrics: accuracy, precision, recall, F1 value and AUC value. The results show that the adaptive Stacking ensemble model proposed in this paper outperforms other models in several evaluation metrics, with accuracy, precision, recall, F1 value, and AUC value of 0.7559, 0.7268, 0.8132, 0.7686, and 0.8436, which suggests that the adaptive Stacking ensemble model, proposed in this paper is able to integrate the advantages of a single model and adaptive selection of pre-selected models to obtain better prediction results, which can provide clinical diagnostic advice and decision support for doctors and provide patients with appropriate medical and health management as early as possible. Although the adaptive Stacking model proposed in this study has a better prediction effect compared to a single model, the model complexity is high, and the complexity of the model needs to be further optimized according to the actual application scenarios. In addition, this study is limited to the study of machine learning models, and will collect more datasets and try to use deep learning models for the study. Finally, we stay on top of recently released healthcare policies, continually communicating with local hospitals and healthcare professionals to collect data on patient metrics.
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Background and aims: Social networks formed through social media platforms have facilitated knowledge sharing among primary health care professionals (PHCPs). However, the impact of these networks on PHCPs’ job performance and the mediating role of knowledge sharing remain underexplored. This study aimed to investigate the association between social networks formed via social media and the job performance of PHCPs, and to explore the mediating role of knowledge sharing in this association.

Methods: A cross-sectional survey was carried out among PHCPs in Henan Province, China, involving 655 valid responses. Validated scales measured the key variables, and structural equation modeling (SEM) tested the proposed hypotheses, including the mediating effect of knowledge sharing through bootstrap method. Statistical analysis was performed using SPSS 24.0 and AMOS 24.0.

Results: The degree centrality (β = 0.225; p = 0.001) and network heterogeneity (β = 0.093; p = 0.043) of the social network had a significant direct association with job performance, whereas the direct associations of betweenness centrality and network tie strength with job performance were not significant. Knowledge sharing mediated the relationship between degree centrality (β = 0.147; p = 0.001), network heterogeneity (β = 0.251; p = 0.043), and job performance.

Conclusion: The study revealed the internal mechanisms by which social network characteristics influence PHCPs’ job performance, highlighting the mediating role of knowledge sharing. Social networks formed within social media contexts have multifaceted effects on job performance, with knowledge sharing as a critical mediating variable. These findings underscore the importance of leveraging social media for professional networking and knowledge exchange to enhance PHCPs’ job performance.
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 social networks; knowledge sharing; job performance; social media; primary health care professional


1 Introduction

Primary health care (PHC) entails the provision of integrated and accessible essential healthcare services by healthcare professionals, with a primary focus on addressing the basic health needs of individuals and communities. PHC stands as a key model for promoting public health globally. Notably, in China, the government has accorded high priority to the development of PHC. Since the initiation of comprehensive healthcare reforms in 2009, China has implemented a series of pivotal policies, including the establishment of the national hierarchical medical system, the introduction of medical consortia, and the reinforcement of PHC institutions. These measures were designed to enhance residents’ accessibility to PHC and optimize resource allocation within PHC institutions (1, 2). Despite these comprehensive reforms leading to remarkable improvements in PHC service capacity (3), a persistent gap persists between the intended policy objectives and the actual state of development. This gap primarily arises from the incapacity of primary healthcare professionals (PHCPs) to meet the escalating demand for PHC services among residents (4).

PHCPs occupy a pivotal role as frontline professionals actively engaged in the delivery of PHC services, effectively functioning as the “gatekeepers” of residents’ health. Their performance exerts a decisive influence on the substantial enhancement of PHC service capacity and the successful execution of healthcare reforms. The concept of PHCPs’ job performance encompasses a composite of behaviors, skills, and abilities demonstrated by these professionals in the execution of their duties and responsibilities to achieve organizational objectives within the healthcare sector (5). This construct is influenced by several factors, such as financial incentives, workload, social support, leadership, job satisfaction, and knowledge sharing (6–11). Knowledge sharing, in this context, is defined as the process through which healthcare professionals exchange, disseminate, and co-create knowledge and information within their networks. This includes transferring skills, experiences, and insights through interactions facilitated by social media platforms, which operate on both explicit and tacit levels.

Despite these insights, the impact of organizational attributes on PHCPs’ job performance has often overlooked the critical role played by social networks, which are formed through interactions among employees within organizations. These social networks, integral components of the organizational fabric, have substantial influence over both individual and collective performance (12).

The exploration of social networks and job performance has become inextricably intertwined with the realm of social media in recent times. Social media, defined as a collection of online applications and platforms built upon the ideological and technological foundations of Web 2.0, is intrinsically linked to specific networks of user social connections, enabling users to create, share, and seek content (13–15). In China, widely utilized social media platforms, such as WeChat, Tencent QQ, and DingTalk, play a pivotal role in fostering interpersonal networks (16, 17). A ‘social network’ in this context refers to the structure of relationships and interactions among individuals, specifically health care professionals, which are facilitated by digital platforms. These networks are characterized by nodes (individual actors, people, or things within the network) and ties (the relationships or interactions between these actors). Functionally, social networks facilitate the sharing of information, collaboration, and peer support among professionals, thereby enhancing communication and coordination within healthcare settings.

Before COVID-19, social media adoption in healthcare was steadily growing due to its potential for enhancing communication and collaboration. The pandemic has accelerated this trend, making social media vital for maintaining professional networks and exchanging critical medical information. With face-to-face interactions limited, social media has become essential for sustaining social networks among PHCPs, facilitating efficient knowledge exchange. This increased reliance highlights the need to explore how these networks impact PHCPs’ job performance, especially in a rapidly evolving digital healthcare environment (18, 19). However, research addressing the impact of social networks on PHCPs’ job performance within the context of social media environments remains limited, with the underlying mechanisms of this relationship still unclear.

In consideration of these factors, this study endeavors to investigate how the structural and relational characteristics of PHCPs’ social networks via social media influence their job performance. Furthermore, the study will delve into the role of knowledge sharing as an intermediary variable within this relationship, illuminating the intricate mechanisms that underscore the effect of social network characteristics on job performance within the context of social media. The results of this study can provide a reference for PHC institutions to create an organizational environment conducive to better interpersonal synergies and high-quality healthcare service.



2 Research model and hypothesis development


2.1 Social networks and job performance

The social network is a collection of relationships including kinship, friendship, and superior-subordinate relationships in an organization (20, 21). Social media is a popular tool utilized by health care professionals to meet their professional needs, creating a social network that is more accessible than engaging in face-to-face interactions (22). As indicated by Burt and Granovetter’s study, social networks can be conceptualized in terms of two dimensions: structure and relationships (23, 24). In this study, the structural dimension considers network centrality and heterogeneity, while the relational dimension is assessed through network tie strength.

Network centrality is used to represent the overall structure of social networks and can be measured by degree centrality and betweenness centrality (25–27). In the context of healthcare, degree centrality refers to the number of direct connections that a healthcare worker has with other workers within the healthcare system. Betweenness centrality measures the extent to which a healthcare worker lies on the shortest path between other pairs of workers within the healthcare system. According to social capital theory, a higher degree centrality and betweenness centrality leads to greater access to social benefits in the network, facilitating problem solving and relationship building at work and thereby improving individual performance (28). Previous studies have demonstrated positive relationships between the network centrality of personal networks and individual performance (29–32). PHCPs with high degree centrality usually have enhanced connectivity and access to valuable resources and information. PHCPs with high betweenness centrality act as intermediaries and can facilitate communication and collaboration among different parts of the healthcare system, which can lead to more effective teamwork and better patient outcomes.

Network heterogeneity refers to the number and types of differences that exist between PHCPs in a given social network (33, 34). The use of social media tools enables healthcare professionals to more easily establish connections and expand their network heterogeneity. This can positively influence their job performance, as they are more likely to receive support from individuals with diverse perspectives, experiences, and knowledge backgrounds, thus fostering their confidence in delivering high-quality patient care.

Network tie strength refers to the frequency of contact and emotional closeness between PHCPs in a social network (24, 35, 36). It is noteworthy that in Chinese guanxi society, strong ties play a more important role than weak ties in facilitating collaboration and information exchange among individuals (37). Connections via social media between PHCPs and their colleagues can make the transmission of information faster and more extensive, leading to enhanced job satisfaction and increased work efficiency and ultimately resulting in better performance.

Based on the above analysis, we hypothesize as follows:


H1: Social networks of PHCPs have a significant positive effect on job performance.

H1a: The degree centrality of PHCPs has a significant positive effect on job performance.

H1b: The betweenness centrality of PHCPs has a significant positive effect on job performance.

H1c: The network heterogeneity of PHCPs has a significant positive effect on job performance.

H1d: The network tie strength of PHCPs has a significant positive effect on job performance.
 



2.2 Social networks and knowledge sharing

Knowledge sharing represents a dynamic process through which knowledge is transmitted from the knowledge owner to the recipient, subsequently assimilated, and internalized by the latter (38, 39). It is noteworthy that social networks can serve as potent motivators for knowledge sharing endeavors (40). The advent of social media platforms has greatly facilitated the practice of knowledge sharing (41). Individuals’ proclivity for knowledge sharing is significantly influenced by their roles and positions within their respective social networks. Specifically, PHCPs occupying pivotal positions characterized by high degree and betweenness centrality are more inclined to partake in knowledge sharing activities within the confines of their social networks. PHCPs with a high degree centrality, owing to their extensive network connections, play a particularly advantageous role in sharing medical knowledge and responding to requests for assistance from colleagues. On the other hand, PHCPs with high betweenness centrality, a key attribute for efficiently diffusing and regulating information across diverse teams, are motivated by the desire to maintain their network leadership status, leading them to actively participate in the dissemination of knowledge (42).

Network heterogeneity serves as a catalyst for promoting knowledge sharing among PHCPs by facilitating diverse knowledge exploration (43). Social media platforms act as converging arenas for healthcare practitioners, encompassing a diverse array of backgrounds and geographical origins, each contributing unique expertise and experiential insights (14, 44). This convergence offers PHCPs convenient access to a multitude of novel ideas and information from disparate sources, thereby stimulating their proclivity for knowledge sharing. The intrinsic diversity within these networks possesses the inherent capability (45) to augment individual cognitive resources. In contrast to interactions with peers possessing similar knowledge and experiences, engagement with individuals characterized by contrasting knowledge and diverse experiences introduces PHCPs to a rich tapestry of innovative ideas and varying viewpoints. This, in turn, fosters a dynamic exchange of knowledge.

Network tie strength may have a positive impact on knowledge sharing. This phenomenon is particularly evident in the context of tacit knowledge exchange (46). Frequent social media interactions between PHCPs have been found to enhance the maintenance of close relationships while simultaneously promoting trust and collaboration (47). This, in turn, facilitates the dissemination of valuable information and enhances it, thereby augmenting the overall knowledge sharing process.

Thus, we hypothesize the following:


H2: Social networks of PHCPs have a significant positive effect on knowledge sharing.

H2a: The degree centrality of PHCPs has a significant positive effect on knowledge sharing.

H2b: The betweenness centrality of PHCPs has a significant positive effect on knowledge sharing.

H2c: The network heterogeneity of PHCPs has a significant positive effect on knowledge sharing.

H2d: The network tie strength of PHCPs has a significant positive effect on knowledge sharing.
 



2.3 Social networks and job performance

Knowledge sharing is a crucial and valued social asset for organizations since it leads to improved job performance and enhances organizational success, particularly in social media environments (48, 49). Both explicit and tacit knowledge are shared to enhance individual and organizational performance by interrelating learning, practice, and peer input (50). Previous research has indicated that knowledge sharing promotes better job skills, greater job knowledge, and increased work efficiency, consequently leading to enhanced job performance (51–53). As a typical knowledge-intensive organization, PHCIs depend on knowledge sharing and learning innovation among PHCPs to enhance their core competitiveness and improve the quality of healthcare services. Several studies have shown that sharing knowledge, including clinical knowledge, work skills, and experience, is conducive to the enhancement of clinical diagnosis and decision-making, as well as the optimization of healthcare services (54). Therefore, we hypothesize the following:


H3: Knowledge sharing among PHCPs has a significant positive effect on job performance.
 

By synthesizing the analysis of both hypotheses 2 and 3, it is reasonable to further propose that knowledge sharing acts as a mediator between the social networks of PHCPs via social media and their job performance.


H4: Knowledge sharing has a significant mediating effect between PHCPs’ social networks and job performance.

H4a: Knowledge sharing has a significant mediating effect between degree centrality and job performance.

H4b: Knowledge sharing has a significant mediating effect between betweenness centrality and job performance.

H4c: Knowledge sharing has a significant mediating effect between network heterogeneity and job performance.

H4d: Knowledge sharing has a significant mediating effect between network tie strength and job performance.
 

Based on the analysis above, the hypothesized research model was developed and is presented in Figure 1. This research model investigates the relationships between social networks, knowledge sharing, and job performance among PHCPs. Specifically, it posits that degree centrality, betweenness centrality, network heterogeneity, and network tie strength directly influence job performance, with these effects being further mediated by knowledge sharing. By integrating social network theory and knowledge-sharing theory, this study aims to explore how the structural and relational characteristics of PHCPs’ social networks within a social media environment impact their job performance. The model underscores the essential role of knowledge exchange as a mechanism for enhancing professional performance, thereby providing insights into the ways that effective collaboration and knowledge sharing can lead to improved outcomes in primary health care settings.

[image: Figure 1]

FIGURE 1
 Research model.





3 Methodology


3.1 Measurement instrument

The questionnaire used in this study was obtained from a reliable source with proven validity and reliability. In this study, social networks are divided into four latent variables: degree centrality, betweenness centrality, network tie strength, and network heterogeneity. According to Freeman’s (55) research, four measurement items for degree centrality and three for betweenness centrality were developed. Network heterogeneity is assessed using the five measurement items originally proposed by Marsden (56) and Harrison (57). Moreover, network tie strength is measured using three items adapted from the studies of Burt (23) and Granovetter (24). To measure knowledge sharing, this study references the scale developed by Bock (39, 58), comprising six items, specifically three for explicit knowledge sharing and three for tacit knowledge sharing. Additionally, the job performance scale was developed based on the previous research of Borman and Motowidlo (59, 60) and Van Scotter and Motowidlo (61), covering dimensions of task performance, interpersonal facilitation, and job dedication. Each dimension is assessed using three items. A pretest of the questionnaire is conducted with three experts to assess logical consistency, ease of comprehension, adequacy of question item sequence, and contextual appropriateness. For specific item details, please see Supplementary Appendix 1. All the latent variables are measured using a five-point Likert scale, ranging from “strongly disagree” to “strongly agree.”



3.2 Data collection

To enhance the validity of the research instrument, a presurvey was conducted. Based on the results of reliability and validity tests, the scale items were refined, leading to the development of the final questionnaire. The survey was administered to PHCPs in a pilot city of a medical consortium in Henan Province, China, from October 7, 2021, to October 30, 2021. The convenience sampling was chosen due to its practicality and feasibility within the context of the study. We selected participants from a diverse range of community health centers, township health centers, and village clinics to maximize the representativeness of the sample. The survey was distributed through the WenJuanXing platform using an online questionnaire. This platform not only made it convenient for participants to respond to the questionnaire but also ensured the integrity of the data by requiring all questions to be answered before submission. This feature prevented incomplete submissions and eliminated the possibility of resubmission, thereby maintaining the quality and integrity of the responses. Out of the 726 questionnaires distributed to participants, 655 were identified for inclusion in the study and used for analysis (participation rate 90.2%). The use of convenience sampling, although not probabilistic, aimed to capture a broad spectrum of PHCPs’ experiences and perspectives, which we believe contributes to the study’s generalizability within the specific context of the medical consortium in Henan Province. This survey was approved by the Ethics Committee of the Xinxiang Medical University (reference number XYLL-2,017,032).



3.3 Data statistical analysis

The collected data were analyzed using statistical techniques, including descriptive statistics, confirmatory factor analysis (CFA), and structural equation modeling (SEM). The initial step involved exploring participant characteristics such as gender, age, educational background, and years of experience using the descriptive statistics tools provided by the SPSS software.

A CFA was conducted in the second step to determine the optimal measurement model. The model’s reliability was assessed through calculations of Cronbach’s alpha coefficient and the composite reliability (CR) values. The factor loadings and average variance extracted (AVE) were used to evaluate the convergent validity of the measurement model.

Subsequently, SEM was conducted using IBM SPSS Amos 22 software to examine the underlying assumptions in a structural model. SEM considers both observed and latent variables, providing a more comprehensive understanding of the interconnections between them. The fit of the SEM was evaluated through the use of various fit indices, including the χ2/df-ratio, root mean square error of approximation (RMSEA), goodness-of-fit index (GFI), adjusted goodness-of-fit (AGFI), comparative fit index (CFI), incremental fit index (IFI), and Tucker–Lewis index (TLI). These indices are chosen for their ability to provide a nuanced assessment of the accuracy and meaningfulness of the SEM results, ensuring that the model’s fit is rigorously evaluated from multiple perspectives. Furthermore, Within the framework of SEM, path coefficients were estimated, a process essential for delineating the relationships between variables within the research model. The estimation of these coefficients is a fundamental feature of SEM, justifying its application for inferring the strength and direction of relationships as per the theoretical framework. In aggregate, the utilization of SEM, complemented by descriptive statistics and confirmatory factor analysis (CFA), was selected to enable an exhaustive exploration of the relationships among variables. This methodological approach ensures robust and reliable findings, fitting the intricate nature of the research questions and providing a solid justification for the analytical techniques employed.




4 Results


4.1 Data collection

Demographic information for the sample of 655 participants is presented in Table 1. The sample consisted of 471 females (71.9%) and 184 males (28.1%). Within this group, 30.7% were aged 31 to 40, while 32.8% fell into the age range of 41 to 50. In terms of education, 64.3% had attained junior college level or below, while 33.4% held a bachelor’s degree. Additionally, 40.8% of respondents had worked for 20 years or more. Based on the assessments from the health department, three levels of professional titles (i.e., junior, intermediate, and senior) are used to denote PHCPs’ proficiency and seniority. Junior-level professional titles were held by 36.6% of PHCPs, with intermediate-level titles held by 29.8% and only 6.3% holding senior or above professional titles. In regard to social media usage, WeChat, a mainstream platform, was the most commonly used at 98%. The intra-organiz,ational social media platform was used at a rate of 25.5%, while the usage rate of other media was relatively low. It is worth noting that DingTalk is gradually attracting the attention of PHCIs.



TABLE 1 Demographic information.
[image: Table1]



4.2 Reliability and validity

The Cronbach’s alpha coefficients for the scales of the social network, knowledge sharing, and job performance are all above 0.8. Additionally, Table 2 presents Cronbach’s alpha coefficients and CR values for each intrinsic dimension of the three scales, which are also above 0.8, indicating that the scales exhibit high levels of internal consistency and reliability. The items’ factor loadings were all above 0.6, and AVE for each construct was also above 0.6, demonstrating good convergent validity in the scales. Table 3 shows that the square root of each variable’s AVE value is greater than its correlation coefficient with other dimensions, indicating satisfactory discriminant validity. The correlations between the variables were analyzed, and it was found that there was no high correlation between the variables, as shown in Table 3. Hence, the survey instrument has good reliability and validity.



TABLE 2 Construct reliability and convergent validity.
[image: Table2]



TABLE 3 Discriminant validity.
[image: Table3]

This study utilized Harman’s single-factor test (62) to perform an exploratory factor analysis on the survey data. The first factor explaining 36.218% of the variance, less than 40%. Thus, it can be inferred that common method bias did not significantly affect the sample data collected in this study.

Table 4 shows that the model fits the data well, with a χ2/df-ratio of less than 3 and an RMSEA of under 0.05, indicating reliability and robustness. In addition, the GFI, AGFI, CFI, IFI, and TLI all exceeded 0.9, suggesting a good fit between the model and the data. These high initial fit indices further support the model’s suitability for explaining the observed relationships among the variables.



TABLE 4 Goodness-of-fit indices of the structural equation model.
[image: Table4]



4.3 Path analysis

Figure 2 shows that social networks impacted knowledge sharing significantly. The unstandardized regression coefficients from degree centrality, betweenness centrality, network heterogeneity, and network tie strength to knowledge sharing were 0.147, 0.251, 0.145, and 0.27, respectively. All the p values were less than 0.001, which meant that social networks impacted knowledge sharing significantly. Degree centrality, network heterogeneity, and knowledge sharing significantly influenced job performance, with coefficients of 0.225, 0.039, and 0.032, respectively. However, betweenness centrality and network tie strength had no significant influence on job performance.

[image: Figure 2]

FIGURE 2
 SEM statistical model. *p < 0.05; **p < 0.01; ***p < 0.001.


This study used bootstrapping as the repeated sampling method to produce statistical confidence intervals for indirect effects. Table 5 displays the statistically significant indirect effects of knowledge sharing in the paths from degree centrality, betweenness centrality, network heterogeneity, and network tie strength to job performance. For all four paths, the values of the lower bound and upper bound of the confidence intervals were not across 0, which meant that an indirect effect existed.



TABLE 5 Indirect effects of the estimated SEM using bootstrapping (2000 replications).
[image: Table5]




5 Discussion


5.1 Principal findings and explanations

Our study reveals the significant influence of social networks on knowledge sharing and job performance among PHCPs in China. Specifically, degree centrality and network heterogeneity were found to have substantial effects on knowledge sharing, which in turn positively impacts job performance. This finding aligns with a recent study on hypertension management teams, which demonstrated that in-closeness centrality of advice networks positively affects task performance (12). Interestingly, while betweenness centrality and network tie strength did not directly impact job performance, they significantly influenced knowledge sharing. This relationship highlights the complex nature of social networks in healthcare settings, where different dimensions of centrality contribute to various aspects of professional interactions. Recent research suggests that betweenness centrality is a key measure of node importance in networks (63), which in our context, corresponds to the crucial role certain PHCPs play in facilitating knowledge flow.

Our study confirms that knowledge sharing mediates the relationship between social networks and job performance. This finding is consistent with research demonstrating that knowledge integration is significantly related to patient-centered teamwork and team performance in healthcare settings (64). The mediating role of knowledge sharing underscores its importance as a linking mechanism between the structural attributes of social networks and job performance within PHC institutions. PHCPs who actively engage in knowledge sharing are more likely to excel in their roles, highlighting the necessity of encouraging and facilitating knowledge exchange within healthcare settings (65). This aligns with previous research emphasizing the importance of fostering a knowledge-sharing culture in healthcare organizations (66).

The cultural context of Chinese society profoundly shapes the dynamics of social networks and knowledge sharing among PHCPs. The principles of collectivism, the importance of relational values (Guanxi), and the concept of face (social reputation and dignity) are deeply embedded in professional and social behaviors (67). In a collectivist culture, the emphasis on group harmony and team cooperation is paramount, which may explain the strong influence of degree centrality on knowledge sharing and job performance (68). Our findings resonate with research that found cultural contingencies significantly influence knowledge seeking and providing behaviors (69). PHCPs with high degree centrality, who maintain closer relationships with a broader array of colleagues, are likely to be more actively involved in various tasks. This increased involvement allows them to access diverse information and resources, optimizing workload distribution and task coordination. Their prominent network position also enhances their social reputation or “face,” fostering a supportive and cooperative environment among colleagues. Consequently, this culturally embedded degree centrality enhances individual efficiency, integrates resources, promotes knowledge sharing, and subsequently improves overall job performance.

The study highlights the predominant use of WeChat and DingTalk among PHCPs for social media communication. WeChat, with a 98% usage rate, is favored for its ubiquity in daily life, facilitating informal communication and tacit knowledge exchange. Its real-time, flexible communication features are crucial for sharing experiences, discussing complex clinical information, and collaborating on patient cases. In contrast, DingTalk, used by 25.5% of PHCPs, is better suited for formal knowledge dissemination. Its enterprise features support structured communication, training, and standardized information sharing, making it valuable for formal documentation and organized knowledge transfer. These platforms foster proactive and spontaneous knowledge sharing behaviors, which in turn contribute positively to patient well-being. This dual platform approach aligns with findings on the adoption of social media by clinicians for professional knowledge sharing and social networking (38). Emerging technologies such as artificial intelligence, augmented reality, and blockchain have the potential to enhance communication, improve data security, and facilitate more dynamic and interactive knowledge sharing among healthcare professionals (70). These advancements could further strengthen social networks by making them more efficient and resilient, ultimately improving the job performance of PHCPs.



5.2 Theoretical and practical implications

This study enhances social network theory and knowledge management literature in healthcare by revealing the complex interplay between social network centrality and job performance through knowledge sharing, particularly in the context of Chinese primary healthcare, highlighting the crucial role of knowledge exchange mechanisms in driving professional performance. Thereby bridging theoretical understanding with practical implications. The findings of this study carry practical significance for primary healthcare managers and policymakers. To enhance the job performance of PHCPs, several managerial actions could be considered. First, healthcare organizations should actively promote the development of strong social networks among PHCPs, acknowledging the importance of guanxi (social connections) within the Chinese context. This can be facilitated through team-building activities (71), collaborative projects (72), and the utilization of social media platforms that support professional networking. Second, a culture that encourages and rewards knowledge sharing (73) among PHCPs should be cultivated. Barriers to social media-based knowledge sharing, such as knowledge codification costs, fear of losing intellectual capital, and challenges in building digital trust need to be addressed (41). To ensure sustainability and effectiveness, healthcare organizations can implement incentive mechanisms that emphasize both individual and organizational benefits, provide training on digital literacy for effective knowledge-sharing practices, and invest in user-friendly social media tools to enhance participation in knowledge exchange activities. Third, organizations should balance degree centrality and network heterogeneity, as an overemphasis on centralization may lead to information bottlenecks (74). Managers should aim to create networks that balance centrality and diversity. Given the widespread use of platforms such as WeChat and DingTalk among Chinese PHCPs, integrating these platforms into knowledge-sharing strategies is recommended due to their effectiveness in facilitating communication and collaboration (75). Lastly, continuous investment in training and career development opportunities for PHCPs is crucial (76). An effective approach would be to integrate online learning with social media, thereby enhancing the overall knowledge quality of the PHCP social network.



5.3 Limitations and future directions

This study has several limitations. First, it relied on subjective self-assessments, potentially introducing bias. Future research should incorporate objective data and include evaluations from colleagues or superiors to enhance cross-validation. Second, the use of cross-sectional data constrains causal inference. Future studies should employ longitudinal or panel data to elucidate causal mechanisms more effectively. Third, the sample was limited to a single city in Henan Province, affecting generalizability. Future research should adopt multicenter designs and larger, more diverse samples to improve the representativeness and applicability of the findings. Fourth, this study examined social networks’ impact on job performance from a static perspective, disregarding their dynamic nature and sustainability of knowledge-sharing over time. Future research should employ dynamic network analysis to capture the evolution of social network structures and their effects on knowledge sharing and job performance. Lastly, this study did not address factors such as information overload, ethical risks, trust within social networks, and the digital literacy and leadership of primary healthcare professionals due to its specific research focus. However, the rapid advancement of internet technology and social media in healthcare will bring significant changes and challenges. Future research should explore these issues to effectively navigate the complexities introduced by these technological advancements.




6 Conclusion

This study developed a research model of the social networks, knowledge sharing, and job performance of PHCPs in a social media environment. It was confirmed that social networks, as indicated by degree centrality, betweenness centrality, network heterogeneity, and network tie strength, affect job performance through knowledge sharing by empirical analysis. This study not only fills in the gaps in the literature that knowledge sharing acts as an intermediary between social networks and job performance in the healthcare field but also provides many implications for promoting knowledge sharing among PHCPs and for improving their work performance.
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Objective: The study examines the role of blended learning in improving medical students’ academic performance through self-regulatory learning and technological competence and identifies the moderating role of perceived institutional support in the relationships between self-regulatory learning, perceived teacher credibility, technological competencies, and academic performance.

Methods: The study was based on behavioral learning theory as a theoretical framework, and an adapted questionnaire was used to collect the data. In total, 275 medical students participated in the study, and the data was analyzed using structural equation modeling techniques with SmartPLS.

Results: The results indicate that self-regulatory learning significantly affects student academic performance and mediates the role of teachers’ credibility and technological competencies. Furthermore, perceived institutional support is a significant moderator in the relationship between self-regulated learning, technological competencies, and teacher credibility.

Conclusion: The study highlights the importance of self-regulated learning in students’ academic achievement. Moreover, it suggests that educational institutions should advance teachers’ competence and encourage collaborative learning to enhance students’ learning, motivation, and academic performance.
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Introduction

The impact of blended learning on medical students’ performance is complex, as it can cause positive or negative consequences depending on factors such as teachers’ technological and teaching skills (1–3). The complex nature of blended learning is more visible in medical education, a profession that might need more face-to-face contact and practical work experiences. Yet, with the advancement of information and communication technologies (ICT), the rapid institutional transition to blended learning has created new possibilities and challenges for students’ academic development (4, 5). Blended learning allowed students to balance academic and extra-curricular responsibilities (6, 7). Dziuban and Picciano (8) emphasized that participating in blended learning lectures and making use of digital resources help medical students develop the technological skills required to manage and cope with today’s data-driven society. In addition, blended learning promotes self-regulatory learning behavior of students accountable for their development and attendance (2).

Blended learning strategies have been extensively studied in education, resulting in numerous and some contradicting research findings (9, 10). Nevertheless, less attention has been given to research on self-regulatory learning under blended learning (3, 11). Gómez et al. (12) describe self-regulatory learning as a dynamic process in which learners establish learning goals and consciously monitor, regulate, and control their cognition, intentions, and behavior. Research also shows that teachers’ effectiveness is the most critical factor in shaping learners’ achievements (13) and influencing their academic performance (14). Several studies have explored effective teacher characteristics and concluded that teacher quality is the strongest predictor of academic performance (15).

In addition, research further suggests that instructors should give students enough direction and support to grasp and successfully engage in blended learning classes (16). Instructors must provide students with adequate direction and support to effectively engage in blended learning environments. This requirement highlights the importance of instructors and students possessing strong technological skills to participate in blended classrooms successfully (7). Based on these findings, this study investigates the effect of self-regulated learning on students’ academic performance in blended learning environments, precisely in medical education. Additionally, this research aims to identify the features and approaches that facilitate effective blended instruction and promote positive student outcomes.

Existing research underscores the significance of teachers’ credibility—defined as students’ belief in their ability to learn from a given teacher—and technological competence in motivating students and optimizing the use of blended learning (17–19). In this context, perceived institutional support, such as teachers’ credibility and technical skills, strongly predicts students’ satisfaction and commitment to self-regulatory learning (4, 20). Medical education demands highly skilled educators who can effectively integrate theoretical knowledge with practical application, shaping students’ expectations, motivation, and satisfaction (7).

While blended learning has been shown to enhance educational outcomes (18, 19), it has also raised concerns about the academic performance of medical students. However, adopting a learner-centered approach, supported by empirical evidence, has been found to positively impact educational achievements in blended learning environments (21). Masnadi (22) further emphasizes that, like other disciplines, medical science education requires competent and credible teachers to implement successful blended learning strategies. These observations suggest that multiple factors influence the effectiveness of blended learning in medical education.

Although prior studies have explored the general benefits and challenges of blended learning, limited research focuses on the interplay between self-regulatory learning, teacher credibility, and technological competence in medical education. Furthermore, the moderating role of perceived institutional support in enhancing these relationships remains underexplored. Therefore, this study aims to provide new insights into optimizing blended learning strategies for medical students by addressing these gaps. The following research questions guide the study.

(a) How does self-regulatory learning impact medical students’ academic performance in blended learning environments?

(b) How do perceived teacher credibility and technological competencies mediate the relationship between self-regulatory learning and student academic achievement?

(c) What is the moderating role of perceived institutional support in the relationships between self-regulatory learning, perceived teacher credibility, technological competencies, and academic performance?

This study contributes to understanding the impact of self-regulatory learning on medical students’ academic achievements in blended learning settings. It also advances knowledge by examining the mediating roles of teacher credibility and technological competence while exploring the moderating effect of perceived institutional support. By doing so, the research offers practical recommendations for enhancing blended learning outcomes in medical education.



Theoretical framework and hypothesis development


Behavioral learning theory

This paper is based on behavioral learning theory. Bandura (23) created behavioral learning theory to encourage intrinsic motivation and creative learning. In line with this, Anthonysamy et al. (24) initiated the student participation theory, describing that the physiological and psychological energy that participates in the learning process establishes the primary factor for students to learn. It suggests that factors such as students’ attitudes, emotions, and behaviors toward teachers affect the degree of student intention to use technology (25).

Behaviorist learning theory understands the “essence” of learning as learners showing specific behavioral responses to motivations (26). Learning occurs when the learner presents an expected or appropriate response to a certain momentum. This theory argues that teaching and learning refer to learners accepting instruction from teachers to achieve expected learning goals and externally manifesting expected learning behaviors. Therefore, learning based on biobehavioral learning theory belongs to receptive learning, and its learning basis is the metaphor of transmitting information from teachers to students. Teachers convey to students what students understand, allowing students to learn something.

To improve the influence of communication, teachers should design a learning environment to enhance the transmission of information. Teachers should construct a teaching environment that allows learners to respond to inducements as they think appropriate, thereby maximizing learners’ active actions, and learning is equivalent to changing the form or number of observed actions (5). Therefore, this study’s understanding of learning motivation is mainly based on biobehavioral learning theory (27), which provides students with learning stimulation through technology or strategies. Teachers can encourage or strengthen students’ desired learning behaviors in specific learning situations.



Self-regulatory learning and student learning outcome

The growing use of Internet technologies in education has resulted in new learning paradigms, such as self-regulatory learning (28). Self-regulated learning is a multifaceted term that includes various aspects of human functioning, such as motivation, cognition, behavior, emotion, and metacognition (24). Many modern theorists consider an individual’s capacity to plan, implement, and consistently adapt or enhance various self-control strategies as a crucial aspect of the dynamic and flexible self-regulated learning process (29). It is challenging to propose a single definition for learning due to the various terminologies, such as e-learning, distributed learning, virtual learning, and distance learning over time. Müller et al. (4) have focused on creating an effective blended learning process that promotes positive outcomes.

Anthonysamy et al. (24) described self-regulatory learning through a blended learning approach comparing traditional face-to-face teaching and technology-mediated instructions. Hong et al. (30) referred to blended learning as a combination of classroom face-to-face studies with online learning. Similarly, Xu et al. (10) stated that blended learning is ‘the range of possibilities presented by combining Internet and digital media with established classroom forms that require the physical co-presence of teacher and students’. The digital media and resources blended into traditional classes may include audio or video streaming, wikis, online forums, web-based applications, collaboration and communication tools, and virtual learning environments (31). The use of self-regulatory learning is deemed to bring changes to teaching and learning patterns in higher education, including class flexibility, student commitment, control, and review of learning (7). Xu et al. (10) investigated blended education’s effect on students’ medical-related learning outcomes and indicated that blended learning has a positive impact on both student interest and academic achievement. Su et al. (7) found that students who participated actively in blended medical lessons and effectively used digital resources outperformed their less-engaged peers in terms of learning results. In their recent study, Wu et al. (3) examined the impact of blended learning on the skill development of medical students and suggested that students need to develop and improve their medical skills. Rasheed et al. (32) found that active participation in blended medical training programs led to enhanced technical abilities among students, indicating a beneficial effect of blended learning on skill acquisition. Li and Wang (33) emphasized the significance of teacher support and guidance in enhancing student learning outcomes in blended education. Yang et al. (34) highlight the importance of teachers in facilitating student engagement and performance in blended learning through timely feedback, instructional support, and the establishment of a conducive learning environment. This indicates that several factors, including technology access, available resources, teacher-student interaction, and motivation, impact the efficacy of medical education. We propose the following hypotheses for further investigation in this study.


H1: Self-regulated learning positively affects student learning outcomes under blended learning.

H2: Self-regulated learning is significantly related to technology competence under blended learning.

H3: Self-regulated learning is significantly related to teacher credibility under blended learning.
 




Mediation mechanism


Self-regulated learning, technological competencies, and student learning outcomes

Blended learning has become increasingly popular in academic settings due to its use of digital technologies and the Internet for educational purposes. Research has examined the correlation between self-regulated learning and student learning outcomes, resulting in a combination of positive and inconclusive results (33). A meta-analysis indicated that amalgamated learning yielded significant positive effects of moderate to large magnitude on student learning outcomes (35). The use of blended learning platforms may also improve students’ academic outcomes because of their adaptability and ease of use (36).

Additionally, technical capabilities impact the connection between self-regulatory learning and student learning results. Students who are well-versed in technology can better use digital learning opportunities, such as online discussion forums, group projects, and databases (6). Similarly, students’ technological competencies were positively related to their engagement and academic achievement in blended learning environments (32). The complex relationship between self-regulated learning, technological competence, and academic success must be acknowledged (13). Unequal access to technology and internet connection may lead to differences in students’ learning results, as Costello et al. (37) discovered. Instructional strategy, educator involvement, student motivation, and technological resources should be considered to provide everyone a quality and fair education. This study proposed the following hypothesis:


H4: Technological competence significantly mediates the relationship between self-regulated learning and student learning outcomes.
 



Self-regulatory learning, perceived teacher credibility, and student learning outcome

Blended learning transforms the configuration of learning resources and realizes the transformation from an entity to a network environment (38). Self-regulatory learning through digital platforms helps students feel safe and secure (). How students see a teacher’s credibility might vary depending on factors, including their comfort level with blended learning and how they like to absorb information. Kuo and Tien (16) found that teachers’ trustworthiness strongly influenced student engagement and learning outcomes in blended courses. According to Müller et al. (4), instructors may boost their credibility and student satisfaction by improving their communication skills, topic knowledge, and response speed. A feeling of presence and social interaction fostered through digital interactions might enhance teachers’ credibility in the perception of their students. According to Xu et al. (10), instructors’ trustworthiness and students’ sense of care increase when instructors promptly and positively respond to students’ questions and concerns in blended learning environments. The following hypotheses were advanced in this investigation based on the prior literature:


H5: Teachers’ credibility mediates the relationship between self-regulated learning and student learning outcomes.
 




Moderating mechanism


Perceives institutional support as a moderator

Perceived institutional support refers to employees’ general belief that the organization respects their contributions and cares about their wellbeing (39). According to Bernarto et al. (40), institutional support protects individuals from the harmful effects of job stress. Perceived support serves an informational function by providing individuals with enough information to help define, comprehend, and cope with stressful events. It works as a social companionship function that satisfies the need to be accompanied and have affiliation and distracts individuals from stress (41). Perceived support serves an instrumental function that provides material resources and services needed to help cope with stress (11).

The support provided within an organization significantly influences the acquisition and advancement of technical skills (24). Jehanzeb (41) identified that perceived institutional support and collaborative learning positively correlated to students’ technological competencies within blended learning settings. This perspective supports empirical techniques like self-regulatory learning in top-down models, as opposed to qualitative interviews used in bottom-up models like the student approach to the learning model (10). Resource sharing, active participation in discussions, and assisting others can enhance technological competencies through exchanging knowledge and experiences (42). Wu et al. (3) found that well-designed blended learning platforms that promote social interactions and community building positively affect perceived institutional support and technological competencies. Versteijlen and Wals (15) identified a significant statistical correlation between perceived social support and technological competencies within blended learning environments. Additionally, Bamoallem and Altarteer (43) noted that students who receive support from organizations, engage in collaborative learning, and have access to well-designed blended learning environments are more likely to develop and demonstrate enhanced technological competencies.

In addition, there is a need to study the connection between teachers’ legitimacy and perceived institutional support. Perceived institutional support encompasses individuals’ belief in accessing supportive networks and resources, which can positively impact their wellbeing and academic achievements (44). Students’ evaluations of their instructors’ dependability, knowledge and qualifications are crucial in developing their credibility (10). Several studies have examined how students perceive their teachers’ credibility within blended learning environments and its relationship to their perceived institutional support. Finn et al. (45) found a significant positive connection between students’ evaluations of their teachers’ credibility and their perceptions of the teachers’ support. Additionally, Bruggeman et al. (46) highlighted a positive relationship between students’ evaluation of teachers’ institutional support and their credibility. In addition, this research suggests that the availability and quality of organizational learning resources positively influence students’ perceptions of teachers’ credibility in blended learning. Pishghadam et al. (47) identified that students’ evaluation of their teachers’ credibility, knowledge, competence, and communication abilities is higher when they perceive their teachers’ organizational support. In blended learning context, students who receive greater organizational support from their instructors are more likely to regard them as credible and trustworthy (48). The integration of online communication tools, along with thoughtful design considerations in blended learning environments, can substantially shape students’ perceptions of organizational support and their instructors’ credibility (see Figure 1). This study proposed the following hypotheses.


H6: Perceived institutional support moderates the relationship between self-regulatory learning and technological competencies.

H7: Perceived institutional support moderates the relationship between self-regulatory learning and perceived teacher credibility.
 

[image: Figure 1]

FIGURE 1
 Study model.





Research methods

This study employed primary data from medical students in MBBS (Bachelor of Medicine, Bachelor of Surgery) programs at medical universities in Punjab province, Pakistan. The Punjab province, which is the most populous province in Pakistan, was selected purposely due to its medical universities and the researchers’ familiarity with the area. Moreover, purposive sampling was used to select MBBS students from six medical universities located in Punjab province. We used a cross-sectional questionnaire based on MBBS students’ self-administered survey. This study utilizes a convenience sampling method to reach the target participants with at least one month of blended learning experience. Additionally, convenience sampling, as a non-probability sampling method, allowed us to target participants considering their gender, education level, technology competence, and blended learning experiences (see Table 1). A total of 320 printed questionnaires were distributed to MBBS students in the last quarter of 2023, of which 275 questionnaires were returned with an 86% response rate.



TABLE 1 Participants information.
[image: Table1]

Before the formal survey, participants were asked for consent before participating in the study. All participants were informed about the purpose of the study, their participation was voluntary, their information would be kept confidential, and the collected data would be used for research purposes only. However, the participants were not rewarded for their participation in the study. Ethical approval for this study was obtained from the university review committee (Hunan University, code 202301). All relevant units of selected medical universities were approached, and permission was obtained for data collection.


Measurement scale

The measurement scale comprises the instrument of study variables: blended learning, teachers’ credibility, perceived institutional support, technological competencies, and students’ learning outcomes. This study used adapted items from previous studies because they have been checked for reliability and validity (49). Seven items were adopted from the research instruments of Al-Omoush et al. (50) and Javier (51) to measure technological competencies. Ten items were adopted from Li-I Hsu (52) and Teven and McCroskey (53) to measure the participants’ perceptions of their teachers’ credibility. Eight items were adopted from San and Guo (54) to measure the perceived institutional support. Sixteen items were taken from Fuente et al. (55) to measure self-regulated learning, which includes three dimensions: planning (6 items), thoughtful learning (5 items), and study techniques (5 items). The learning outcomes were measured through 4 items from Ashraf et al. (18) using students’ self-reported academic performance (from the previous year). The adopted items were modified to be more relevant and applicable in blended teaching background. Meanwhile, based on data from students, as this study measured the student’s perceptions of their learning outcomes, the items were revised and adjusted accordingly. In addition, the study uses a 5-point Likert scale to measure the constructs, ranging from “strongly disagree” to “strongly agree.”

In addition, before the formal study, the designed questionnaire was shared with three experts to determine the suitability and validity of the constructs in the medical universities in Pakistan. The questionnaire was revised based on their comments and suggestions. Furthermore, a pilot test was conducted with 25 participants to ensure the legibility of the survey questionnaire. Small changes, such as in questionnaire terminology and language used, were made based on the feedback.



Analysis

This study used the PLS-SEM (partial least rectangular structural equation modeling) method to analyze the data. PLS-SEM was chosen because it is appropriate for exploratory studies. The interpretation of PLS-SEM is also more straightforward and complex than that of covariance-based structural equation modeling (56, 57). SmartPLS was used to conduct the statistical analysis, and all the tests required for this research were performed with the help of this software. The direct effect, mediation, and moderation effects were tested to measure the relationships (58, 59).




Results


Participants background information

In total, 275 medical students enrolled in the medical universities participated in the study. Among the 275 participants, 150 (54.5%) were male and 125 (45.5%) were female students. Regarding the age range, 85 students (30.9%) were between 18–20 age, 112 (40.7%) were in 21–23 age, 52 (18.9%) were in 24–25 and 26 (09.5%) were above 25. In terms of the academic year, there were 70 first-year students (25.5%), 80 s-year students (29.1%), 65 third-year students (23.6%), and 60 fourth-year students (21.8%). Regarding technological competencies, 120 students (43.6%) reported having basic computer skills, 115 students (41.8%) indicated intermediate computer skills, and 40 students (14.5%) reported advanced computer skills. In terms of blended learning experience, 40 students (14.5%) had less than three months of experience, 130 students (47.3%) had three to six months of experience, 75 students (27.3%) had six to nine months of experience, and 30 students (10.9%) had more than nine months of online learning experience (Table 1).



Measurement model

The evaluation of the measurement model included an assessment of discriminant validity, convergent validity, and internal consistency measures, as outlined by Kern et al. (60). According to Hair et al. (61), a minimum factor-loading criterion of 0.6 is recommended. The internal consistency of constructs was evaluated using measures such as Composite Reliability (CR) and Cronbach Alpha. All values of Cronbach Alpha and Composite Reliability (CR) significantly meet the minimum acceptable criterion of 0.70. Moreover, the Average Variance Extracted (AVE) values exceeded the minimum requirement of 0.5, indicating the convergent validity of constructs. Table 2 displays the significant findings, such as factor loading, CR, AVE, and Cronbach Alpha.



TABLE 2 Reliability and validity analysis.
[image: Table2]

The discriminant validity of the model is determined through the Fornell–Larcker criterion and Heterotrait-monotrait (HTMT) (61). The ability of one variable to viably differentiate itself from another is known as its “discriminant validity.” Two different approaches, “Fornell-Larcker” and “cross-loading” statistical analysis, were used to determine the model’s “discriminant validity.” Table 3 illustrates that the square root of the AVE is higher than the correlation with other corresponding constructs (62). The top right diagonal indicates AVE’s square root, which is greater than all other corresponding construct correlations.



TABLE 3 Fornell & Larcker.
[image: Table3]

Secondly, the discriminant validity is tested in this research using Heterotrait-monotrait (HTMT) ratio. The value HTMT ratios greater than 0.90 might be problematic for questioning discriminant validity (63). The findings in Table 4 show that all HTMT meet this limit (64), which confirms the discriminant validity of the research model.



TABLE 4 Heterotrait monotrait.
[image: Table4]



Structural model

The structural model was examined after measuring the constructs’ validity and reliability. As indicated in Table 5, the first step was to assess the constructs’ coefficient of determination (R2) and predictive relevance (Q2). Next, the hypotheses testing was carried out using standardized coefficients. Standardized path coefficients were utilized to test the hypotheses. Additionally, the overall quality of the model is improved by each structural path, as recommended by Henseler et al. (63). R2 values of 0.75, 0.50, and 0.25 for endogenous latent variables represent substantial, moderate, and weak effects, respectively,. According to the results, the R2 values for Teacher Credibility, Technological Competencies, and Learning Outcome are 0.628, 0.755, and 0.664, respectively, indicating a strong predictive power of the model (65, 66). Additionally, the Stone-Geisser test (Q2) was employed to assess the predictive value of the dependent variables. A Q2 value greater than zero is considered significant, while a Q2 value less than zero indicates the unreliability of the predictive value (67, 68). However, all of the constructs indicate that the model has strong predictive power, as suggested by (66, 69).



TABLE 5 Predictive accuracy.
[image: Table5]



Hypotheses testing

Following the assessment of goodness of fit, the hypotheses were further tested to determine the significance of the association. In this analysis, we use Bootstrapping at 5,000 with a replacement sample to assess the relative importance of associations (70). The study’s findings revealed that a significant relationship between self-regulated learning and student learning outcomes is supported by (β = 0.405, t = 2.784, p ≤ 0.05), showing a positive and significant relationship between self-regulated learning and student learning outcomes. The findings further revealed that self-regulated learning significantly impacts technological competence. The results show that self-regulated has a significant and positive impact on technological competence with (β = 0.856, t = 14.813, p ≤ 0.05), which approved H2. H3 shows that self-regulated learning significantly and positively influences teacher credibility, which is also supported by (β = 0.042, t = 2.085, p ≤ 0.05). Study findings support H1, H2, and H3, as shown in Table 6.



TABLE 6 Structural model evaluation.
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Mediation analysis

The study employed teachers’ credibility and technological competencies to mediate the relationship between self-regulated learning and student academic performance. VAF technique was applied to measure mediation (71). Furthermore, the strength of this mediator was evaluated using the Variance Accounted for (VAF) method of estimating relative absorption suggested by Hair et al. (72). According to the VAF approach, VAF >80% show full mediation, 20%<VAF >80% show partial mediation, and less than 20% show no mediation. Nitzl et al. (73) added that particle mediation exists when there is a significant indirect and direct relationship between variables. The results illustrate that technological competencies partially mediate the relationship between self-regulated learning and student learning outcome as the direct effect (β = 0.405, t = 2.784, p ≤ 0.05) and indirect effect (β = 0.549, t = 6.455, p ≤ 0.05) with VAF 70.3% show partial mediation. We proposed the hypothesis that teachers’ credibility mediates the relationship between self-regulated learning and medical students’ performance. Again, the findings demonstrate that partial mediation of teachers’ credibility between self-regulated learning and medical student learning outcomes as the direct effect (β = 0.405, t = 2.784, p ≤ 0.05) and indirect effect (β = 0.220, t = 6.760, p ≤ 0.000) with VAF 68%. The results support H4 and H5 as shown in Table 7.



TABLE 7 Mediation analysis.
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Moderating analysis

The study further investigated the moderating influence of perceived institutional support to moderate the relationships between self-regulated learning, technological competencies, and teacher credibility. Table 8 shows that perceived institutional support moderates the relationship between self-regulated learning and teacher credibility with (β = 0.049 t = 3.128, p ≤ 0.05). The study findings confirm that perceived institutional moderate the relation between self-regulated and technological credibility with (β = 0.017, t = 2.765, p ≤ 0.05) support H8. Findings support H9.



TABLE 8 Moderation analysis.
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Discussion

This study indicated that self-regulated learning significantly impacts student learning outcomes under the umbrella of blended learning. This finding relates to the idea that blended learning is comparable in effectiveness to traditional classroom-based learning (4). Su et al. (7) and Xu and Jaggars (74) also found that, on average, students who took online courses performed better academically than those who took conventional in-person courses. The research stressed the importance of course design and student peer support facilities in blended learning environments. This suggests the flexibility and convenience that online learning creates improve learning outcomes.

The study results further revealed that self-regulatory learning mediates the role of teachers’ credibility and technological competencies. Moreover, the study found that perceived institutional support moderates the relationship between self-regulation, perceived teacher credibility, and technological competencies. This was aligned with the fact students do better when they trust their instructors (13, 52).

The study analyzed adaptations in teachers’ levels of success concerning their credibility, competence, and kindness, and the findings indicated that teachers’ competence is significant for students’ academic achievement, followed by teachers’ likability and credibility. The study found that technological competence mediates the relationship between self-regulated learning and student learning outcomes, as Anthonysamy et al. (24) indicated. Numerous studies have also shown a strong correlation between students’ technological competence and learning outcomes in online courses (7). In line with this, the current study showed a favorable relationship between students’ technological competence, engagement in blended learning, and overall learning outcomes. In addition, the findings revealed that students’ technological competence was crucial in mediating the connection between their learning outcomes and blended courses. Students with good technological competence were able to engage more in blended classrooms and perform better in learning outcomes. This demonstrates that blended learning outcomes are positively correlated with students’ levels of technological competence.

Furthermore, the study results show that the association between self-regulated learning and perceived institutional support is moderated by the perceived degree of teacher credibility; i.e., when perceived institutional support is high, teacher’s credibility is high. Similarly, perceived institutional support positively correlated with student happiness and perceived learning outcomes. This highlights the value of perceived institutional support that might enhance learning when interacting with others online. Hill and Smith’s (11) study also indicates the correlation between blended course completion rates and students’ reports of perceived institutional support. Overall, students with perceived institutional support were expected to do well in blended courses and academic performance. This suggests that perceived institutional support significantly influences students’ participation and persistence in online education. Regarding the relationship between teachers’ credibility and student participation in blended learning, the study found that students’ perceptions of the teacher’s credibility are positively correlated with their course interest and satisfaction. This implies that students’ faith in their online teachers might significantly affect their learning outcomes.



Conclusion

After the outbreak of COVID-19, there have been substantial changes in education, necessitating a swift shift to online instruction to maintain continuity in the face of the emergency. This trend was also found to be beneficial to higher education institutions as they can integrate both online and face-to-face teaching (17–19). Blended education is essential in improving students’ academic performance, notably medical students. However, this study indicates that blended learning is influenced by various factors, such as teaching credibility and technological competence. Moreover, a friendly learning climate is critical for fostering motivation, engagement, and overall academic accomplishment in the virtual setting. Teachers’ character, expertise, and resources might significantly affect students’ learning motivation and academic achievement in classrooms.

The study further argues that self-regulatory learning is vital forblended learning as it mediates the role of teachers’ credibility and technological competencies. This suggests that teachers’ credibility and technical capabilities are strongly associated with students’ learning experiences across subjects in medical education. Teachers’ technological competence also mediates the positive correlation between the blended learning environment and student academic performance and perceives teacher’s credibility. These factors become crucial in determining students’ active involvement and academic performance in blended courses. In addition, the study concluded that perceived institutional support is a significant mediator in the relationship between self-regulated learning and teachers’ credibility and technology competencies.

This study contributes to designing friendly and effective blended learning methodologies and support systems for students in medical sciences and other disciplines. It also helps teachers and other stakeholders create a friendly virtual classroom, therefore raising students’ academic performance. While the study’s primary population is medical students, its findings may have broader applicability and assist students of all majors and settings. It can help educational institutions to create a positive and encouraging blended learning environment by placing a premium on teacher credibility, technological proficiency, and the promotion of perceived institutional support.


Limitation and future direction

This study provides insights into the factors that affect students’ academic performance in a blended learning environment. However, it is essential to acknowledge certain limitations. First, the study used convenient sampling methods in collecting the data, which might create a sampling bias. Furthermore, the study primarily examined undergraduate medical students with self-report measures, which may have been affected by some degree of response bias. Hence, future research should consider incorporating a more diverse sample to enhance the findings and broaden their generalizability. Moreover, including objective measures, such as academic performance data or observation of online interactions, could improve the evidence’s strength.

Future research could explore additional variables, such as student self-efficacy, parental involvement, and peer support, to further understand their impact on students’ academic achievement in blended learning. Longitudinal studies offer valuable insights into these variables’ enduring effects and dynamic interactions over an extended period. Additionally, it would be advantageous to investigate the efficacy of interventions or strategies to foster a positive blended learning environment and improve teacher proficiency.
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1 HighBP High blood pressure

2 HighChol High cholesterol

3 CholCheck Had a cholesterol test within
5 years

4 BMI Body mass index

5 Smoker Smoker

6 Stroke Stroke

7 HeartDiseaseor Coronary heart disease or
myocardial infarction

8 PhysActivity Physical activity in the last
30 days

9 Fruits Fruit 1 or more times per day

10 Veggies Veggie 1 or more times per day
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12 AnyHealthcare Have any type of health insurance

13 NoDocbcCost In the past 12 months, have you
needed to see a doctor but were
unable to do so due to cost?

14 GenHlth Health status

15 MentHlth Mental health status

16 PhysHIth Health status

17 DiffWalk Have severe difficulty walking or
climbing stairs

18 Sex Sex

19 Age Age

20 Education Educational level

21 Income Income situation
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Assessment it Questionnaire assessment

Pedagogical value of Question 1. Did you find blended learning support useful in learning musculoskeletal anatomy?
musculoskeletal anatomy e-learning | Only one answer possible: (] Yes (] No
Question 2. Could blended learning replace in-person classroom lectures?
Only one answer possible: (] Yes (] No
Question 3. For the next cohort of second-year physiotherapy students, should in-person anatomy classes be maintained in addition to
blended learning?

Only one answer possible: (] Yes (] No.

Question 4. Would you like to receive anatomy musculoskeletal e-video learning resources?

Only one answer possible: (] Yes (] No

Question 5. For you, i it “essential”to include cadaveric musculoskeletal images in blended learning?

Only one answer possible: (] Yes (] No

Question 6. For you, is it “essential” to practice “cadaveric dissection” during physiotherapy studies at “X*?

Only one answer possible: (] Yes (] No
Usefulness of musculoskeletal Question 7. Was blended learning useful for preparing for the final written exam?

anatomy e-lear

g for preparing | Only one answer possible: (] Yes (] No

for the final written exam
Question 8. Was blended learning useful in preparing for your future profession as a physiotherapist?
Only one answer possible: (] Yes (] No
Question 9. Do you believe that blended learning allowed you to learn musculoskeletal anatomy more easily than in-person learning
at Paris-Saclay University’s Faculty of Medicine?
Only one answer possible: (] Yes (] No
Question 10+. For the next cohort of second-year physiotherapy students, do you believe it essential to maintain anatomy classes with
in-person teaching in addition to blended learning?

Only one answer possible: (] Yes (] No

‘Assessment specific to 2019-20 (3rd year) experimental group.
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Variable Construct Factor Average variance Composite Cronbach’s

loading extracted reliability alpha

Social networks Degree centrality D1 0885 0698 0.902 0.900
pC2 0907
DC3 0813
DC4 0726

Betweenness centrality BC1 079 0699 0874 0871
BC2 0.904
BC3 0803

Network heterogeneity NHI 0811 0737 0933 0933
NH2 0.862
NH3 0875
NH4 0.887
NHs 0854

Network tie strength NTSI 0859 0718 0.884 0.883
NTS2 0892
NTS3 0788

Knowledge sharing  Explicit knowledge EKS1 0875 0790 0918 0919
sharing EKS2 0893
EKS3 0.898

“Tacit knowledge TKS1 0944 0.888 0.960 0.966
sharing TKS2 0947
TKS3 0935

Job performance ‘Task performance TPL 0.867 0792 0919 0918
P2 0925
3 0876

Interpersonal 1R 0901 0.847 0.943 0942
faciltation 2 0904
1F3 0955

Job dedication D1 0883 0.844 0942 0940
D2 0.963
D3 0909

DC, degree centrality; BC, betweenness centrality; NH, network heterogeneitys NTS, network tie strength; EKS, expliit knowledge sharing; TKS, tacit knowledge sharing; T task
performance; IE, interpersonal facilitation; JD, Job dedication.
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Gender

Age (years)

Education

Years of experience

Professional title

Frequently used social
media at work

(Multiple choice)

Items

Male

Female

<25

26-30

31-40

41-50

>50

Junior college or below
Bachelor’s degree
Master’s degree and above
<1

13

410

1120

>20

Notitle

Junior
Intermediate
Senior

WeChat

Q

Weibo

Intra-organizational social

media platform (e.g, DingTalk)

Others

Statistics, n (%)

184(28.1)
471(71.9)
32(49)
100 (15.3)
201 (30.7)
215 (328)
107 (163)
421(64.3)
219 (33.4)
15(23)
12(18)
51(7.8)
13921.2)
186 (28.4)
267 (40.8)
17927.3)
240 (36.6)
195 (29.8)
41(6.3)
642(98)
131(20)
19(29)
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Model Accuracy | Precision | Recall F1 score
KNN 0.7068 0.6954 0.733 0.7137
SVM 0.74.9 0.7217 0.8081 0.7625
RF 0.7371 0.7176 0.7794 0.7472
LR 0.741 0.7289 0.7652 0.7466
DT 0.7232 0.7048 0.7652 0.7338
GBDT 0.7536 0.73.3 0.7949 0.7628
XGBoost 0.7493 0.7283 0.7932 0.7593
LightGBM 0.7547 0.7331 0.7987 0.7645
CatBoost 0.7557 0.7336 0.8008 0.7637
MLP 0.7493 0.7362 0.7746 0.755
Stacking 0.7554 0.7307 0.8007 0.7668
Adaptive 0.7559 0.7286 0.8132 0.7686
Stacking

The results with the best predictions are highlighted in bold.
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Teaching Course information Online Teaching Channel Whether the Whether the Whether the Whether the
week Curriculom Curiculom teaching form teacher has the course symbolis  students are students are
T B time communication appropriate and interested qualified to
57 p technology reasonable study
knowledge technology
Firstweek | Department-related On-site introductionand | 1h Live broadcast Visual and J J W W
system and internship familiarity with the teaching and offline auditory
requirements. environment ward rounds
Basic knowledge of Field learning of 1h Live broadcast Visual and N v o4 N
common medical common medical teaching and offline auditory
instrument use in the instruments (infusion operation
Icu pump, injection pump,
nutrition pump, and
glucose meter)
Routine care for Common ICU physical 1h Live broadcast Vision, v J v v
common diseases in the examination techniques teaching and offline | hearing, touch,
Icu ward rounds and smell
Fixation and nursing Practical operation of 1h Live broadcast Vision, v v v v
points of common pipe fixation teaching and offline | hearing, and
pipelines in the ICU operation touch
Second Identification and ECG monitoring 1h Live broadcast Vision, i/ 3 i %
week nursing of abnormal technology teaching and offline | hearing, and
heart rhythms operation touch
Care of patients with Cardiac electrical 1h Live broadcast Vision, N v v J
cardiac arrest defibrillation technique teaching and offline | hearing, and
operation touch
Knowledge of common On-site study of rescue 1h Live broadcast Visual, W v & !
1cu vehicle structure and teaching and offline | auditory
drug list operation
Classification and Tracheal intubation was | 1h Live broadcast Vision, o v v v
establishment of the performed in teaching and offline | hearing, and
artificial airway combination operation touch
Third week | Basic knowledge of the Installation of the 1h Live broadcast Vision, v v N N
ventilator ventilator line teaching and offline | hearing, and
operation touch
Airway care for The sputum suction 1h Live broadcast Vision, i v =/ i
mechanically ventilated technique via a breath teaching and offline hearing, and
patients tube for intubation operation touch
Airway temperature and Oral care techniques for 1h Live broadcast Vision, J v Wi N
dampness critically ill patients teaching and offline hearing, and
operation touch
Chest physiotherapy Practice of the chest 1h Live broadcast Vision, N v Vv J
physiotherapy method teaching and offline | hearing, and
(vibration sputum operation touch
detector)
Fourth Management of the Handling of the common | 1h Live broadcast Vision, & N Al af
week common alarms on the alarms of the ventilator teaching and offline hearing, and
ventilator ward rounds touch
Knowledge of the Closed-type sputum 1h Live broadcast Vision, v N N N
prevention and control suction technology teaching and offline hearing, and
of common operation touch
respiratory-transmitted
diseases
ICU hospital infection Wear and take off hand 1h Live broadcast Vision, W J f o
prevention, control, and hygiene and isolation teaching and offline hearing, and
management clothes operation touch
Preventive measures for Venous blood collection | 1h Live broadcast Vision, f N N N
the “three tubes” and intravenous infusion teaching and offline hearing, and
infection technique operation touch
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Division of groups Theoretical Operating
results results
Experimental group (1 = 15) 93.07 £4.46 9553+ 1.85
Control group (n = 16) 88.81 % 5.58 91.56 £2.97
t-value 2335 4439
p-value 0.027* <0.001*

*P <0.05.
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Academic issues Number of participants

Lack of effective assessment strategies 8

Lack of students’active participation

during teaching sessions 12

Poor adaptability of students to online
teaching 6

Poor adaptability of teachers to online
teaching 2
Lack of courses/content availability 1
Lack of faculty enthusiasm during

teaching sessions 1
Any other (unspecified academic

issues) 3
None (no specific academic issues

mentioned) 7
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Technical issues
Poor connectivity 21
Non-availability of training program

prior to the launch of online teaching 10
Any other (unspecified technical

issues) 4
Non-availability of campus

management system (LMS/CMS) 3
None (no specific technical issues

‘mentioned) 2
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Administrative issues Number of participants

Scheduling issues of online teaching

sessions 7
Absence of online teaching policy 8
Mal distribution of faculty workload 5
Lack of Interdepartmental coordination 6

Any Other (unspecified administrative

issues) 5
Absence of designed faculty time 3
Absence of accountability and record-

keeping 2
Faculty resistance 1

None (no specific administrative issues

‘mentioned) 3
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Theme

Understanding of Ter:
related to TEL

Benefits of e-tutorial t

Improved confidence

Problems faced during

implementation of online teaching

e-tutorial value in addressing ssues

Propositions for Improvement

Preparedness for future situations

significance
Readiness for future
Relevance

Knowledge of components

E learning platforms

Functions of Moodle

Synchronous learning tool
Access, ease and availability
Organized learning

Back up data

Made work easy

Multiple tools and functions
Confidence

Enjoyment

Comfort

More interesting

Suitable and effective

Engagement issue

Increased cheating

Lack of policies

Lack of SOP for the students

Lack of feedback.

Lack of training

Lack of expressions /body language
Training done

Preparedness

Technical training
Detailed training
Improved tools
Hybrid lessons

Training on other LMS

tes

1 you ask me, I never gave any significance to these terms before this

on the e-portal; now I can defnitely say that I know for sure what these terms

mean”

“I think my E teaching has systemized after getting trained through this ¢

portal,like now I know the components of a curriculum that is delivered

through e-learning, the requirements and the assessment strategics.”

“Before that training on the portal, we did not have any knowledge about any
e-learning platform or even about Moodle. Now we are using Moodle to
manage our e-learning, and the portal helped us alot in knowing different

functions like assessments and quizzes and presentations upload.”

“Lwill specifically comment on the assessment part; while using Moodle,
we had to send our material to the I department and request them to upload

it, but now we are confident and comfortable in doing both”

“The chances of cheating have increased in online teaching”
“Preparing learning materials that can engage students for online teaching

definitely needs more time”

“I think the training of the portal equipped us to cater for our lack of knowledge
and build our preparedness, but it cannot help technical issues like what to do
when there are weak internet signals. Yes, we can use a synchronous tool for

that matter, but we stll need to look after such issues”

“Assessment tools should be improved, and training should be there.”

“It should not be like that we are on campus and teaching in person, we forget
allthe training. These trainings should go parallel, and lessons should also
be hybrid?”
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Question Mean rating

Using technology and available software

352
for designing an online course
Knowledge of all elements of the
curriculum that should be included in an 365
online course
Designing a synchronous teaching session a6
(Real-time)
Designing an asynchronous teaching 5is
session (preparing a session)
Designing online assessment for students 325
Conductinga synchronous teaching .
session (Real-time) i
Conducting an asynchronous teaching s
session (prepare and upload) :
Conducting student assessment online 325
Providing feedback to students online 265
Uploading learning resources on a web 1
portal )
Google classroom 285
Zoom 275
Microsoft teams 2975
WhatsApp 2725
Moodle 315

Likert scale questions where 5 means excellent and 1 means poor.
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Statement

Online teaching should be made part of
regular student teaching

Online teaching should be used in
addition to face-to-face teaching
sessions

Lwill use online teaching to complement

my face-to-face teaching even after
COVID threat is over

Mean (aver

295

365

265
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Division of groups Experimental group (n Control group (n

Total points 13327 £9.95 122.88 £7.293 3331 0.002*
Professional knowledge 32.20 % 3.00 2838 £3.24 3.400 0.002*
Professional technology 44.60 £ 4.69 41.50 £2.76 2226 0.031*
Specialized skill 43.13£6.19 4031£526 1370 1.818
Mental trait 1333 £1.54 12.69 £ 1.30 1.262 0.217

*P <0.05.
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Division of groups

Rationality

Teaching efficiency

Management quality

Experimental group (n = 15) 8.20 £1.08 7.73£0.46 7.80 £0.94 8.13+0.83 887+ 1.13
Control group (n = 16) 6.20 £ 1.10 5924031 6.55+0.81 6.96 +0.43 702+ 112
t-value 4.521 5376 4.712 3.859 4.512
p-value <0.001* <0.001* <0.001* <0.001* <0.001*

*P < 0.05.
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Repeating the analysis process to familiarise
data

with the

L

Data extraction

L 4

Giving codes to sentences
in the reflective writing

4

Formation of themes

9

Revisiting the themes

4

Setting and naming of themes

9

Inductive data analysis
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Body position

Facial expression
—_——

Voice intonation

‘Exploringron-vrtal Students' acceptance

synchronously CEE— towards types of non-

Communication skills
activity

verbal communication

Feedback from lecturers fhm“gh‘n‘zﬂecnve
writing

Eye contact

Body movement

Deductive thematic analysis. Parlingistics Inductive thematic analysis
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“Total . of ICSRs
. of ICSRs concerning
serious ADR (%)

N.of anti-TB drugs-related
ICSRs (%9)°

Most prolific reporters

*The percentage of ICSRs associated with anti-TB drugs was calculated based solely on the number of ICSRs linked to drug treatments.

Tanzania

Pre-pilot Post-pilot
training (% of training (% of
vaccines- vaccines-
related ICSRs, % related ICSRs, %
of COVID- 19 of COVID-19
vaccines- vaccines-
related ICSR) related ICSR)
2,369 (0-0%) 14,512 (0-0%)
315.(13%) (0-0%) 197(1%) (0-0%)
64(3%) 142 (1%)

Pharmacists (2194) | Pharmacists (14,010)

Eswatini
- Post-pilot
Pre-pilot training RS
training (% of
(% of vaccines-
vaccines-related
related ICSRs, % V2000000
of COVID-19 COVID-19
vaccines-related
sl vaccines-related
ICSR)

717 (0-0%) 1,222 (86-86%)
12007%) (1-0%) 74(6%) (66-66%)
285 (40%) 67 (40%)
Physicians (460) Other HCPs (637)

Nigeria

Post-pilot
training (% of
vaccines-related
ICSRs, % of
COVID-19
vaccines-related
ICSR)

15,986 (86-76%)

Pr -pilot training
% of vaccines-
related ICSRs, %
of COVID-19
vaccines-related
ICSR)

13284 (70-67%)

1,675 (13%) (59-45%) 2230 (14%) (72-40%)

419.011%) 175 (8%)

Other HCPs (9744) Other HCPs (14,346)
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Video recording is taken and
extracted to focus on the feedback
sessions

Data validation process
(3 researchers: NASI, SMB, MNAB)

Agreement to the types of non-verbal
communication

Addition of new components to the
non-verbal communication checklist
based on observations made

Achieving saturation level

Deductive data analysis
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N. of learners who

N. of attended the pilot
PAVIA [CETGETS training and sl SEE Post-test vs. pre-test
country registered in successfully 9 Student'’s t test score
Schoolroom completed the
training program (%)
Face-to-face and online E-learning course 1: 1332 (p <0.00001)
Tanzania 36 36 October 2019 5 A
elearning sessions* E-learning course 2: 1159 (p <0.00001)
Virtual sessions and online | E-learning course 1:7.91 (p <0.00001)
Eswatini 34 3 April 2021 4 .
elearning sessions E-learning course 2: 10.77 (p <0.00001)
Virtual sessionsand online  E-learning course 1: 5.03 (p <0.00001)
Nigeria 25 25 January 2022 4
elearning sessions E-learning course 2: 9.02 (p <0.00001)
Virtual sessions and online | E-learning course 1: 496 (p <0.00001)
Ethiopia 2% 2 July 2022 1

elearning sessions E-learning course 2:7.93 (p <0.00001)

Total 121 121 (100%) : - = B
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- N. of learners who successfully
PAVIA country  N. of learners N. of learners who completed the training e e

im;‘;“b’ gecgh‘;toelic:):;‘ Zto‘j;;dfrii:i‘s sste(gi program on the number of Student's t test score
9282 attendees (%)

E-learning course 1: 16.30 (p <0.00001)

Tanzania (17) 319 175 (55%) 157 (90%)

E-learning course 2: 16.77 (p <0.00001)

E-learning course 1:7.37 (p <0.00001)
Eswatini (14) 375 200 (53%) 178 (% 89%)

E-learning course 2: 951 (p <0.00001)

E-learning course 1: 13.01 (p <0.00001)
Nigeria (8) 133 97 (73%) 86* (%89%)

E-learning course 2:9.65 (p <0.00001)
Total 827 472(57) 421 (89%°) -

#37/86 learners who attended the sep-down trainings in Nigeria only did course 1 as they undertook a shorter version of the training package thatincluded only the irst course due the fact
that their professional background and professional qualification did not related to the management of anti-TB drugs.





OPS/images/fmed-11-1347317/fmed-11-1347317-t003.jpg
PAVIA country

Evaluation questionnaire

N. of respondents/N. of learners wi
completed the training (%)

Attitude questionnaire

N. of respondents/N. of learners wh
completed the training (%)

Tanzania
Eswatini
Nigeria
Ethiopia

Total

Pilot training

Step-down trainings

35/36 (97%) 44/157 (28%)
34/34 (100%) 9/178 (5%)
22/25 (88%) 63/86 (73%)
20126 (77%) R
111/121 (92%) 116/421 (28%)

Pilot training Step-down trainings

36/36 (100%) 34/157 (22%)
31/34 (91%) 12178 (7%)
22/25 (88%) 59186 (69%)
22126 (85%)

111/121 (92%) 105/421 (25%)
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PAVIA
country

Tanzania
Eswatini

Nigeria

Ethiopia

Total

High satisfaction with
PAVIA training program

N. of positive responses/
Total respondents
(% of positive responses)

Pilot Step-down
training trainings

32/35 (91%) 41/44 (93%)
34/34 (100%) 8/9 (89%)
22/22(100%) | 63/63 (100%)
19720 (95%)

107/111(96%)  112/116 (97%)

Reliable Internet
connectivity during the
training

N. of positive responses/
Total respondents

(% of positive responses)

Pilot
training

24/35 (69%)
30/34 (88%)
19/22 (86%)

20/20 (100%)

93/111 (84%)

Step-down
trainings

36/44 (82%)
719 (78%)

60/63 (95%)

103/116 (89%)

Improved perception of
pharmacovigilance after
the training

N. of positive responses/
Total respondents

(% of positive responses)

Pilot Step-down
training trainings

36/36 (100%) 32/34 (94%)

30/31 (97%) 12/12(100%)
22/22 (100%) 59/59 (100%)
22/22(100%) -

HO/L11(99%) | 103/105 (98%)

Willingness to report at
least an ADR after the
training

N. of positive responses/
Total respondents

(% of positive responses)

Pilot Step-down
training trainings

28/36 (78%) 19734 (56%)
30/31 (97%) 12/12 (100%)
22/22(100%) | 57/59 (97%)
22/26 (85%) -

102111 (9 88/105 (84%)
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Number of responses with

percentages (N = 40)

Poor - No knowledge & no
practical experience of the subject
Fair - Some knowledge but no

practical experience of the subject

Average - Knowledge and practical

experience but require some
guidance

Good - Knowledge and practical
experience, do not require guidance
Excellent - Have knowledge &
practical experience with the ability

tostarta new initiative

2(5)

12(30)

17 (42.5)

6(15)

3(75)
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Number of responses with

percentages (N =40)

(Simply a broadcast of documents in

electronic format to students via the

Internet) 2(5)

Another name for distance learning 6(15)
An online communication between

the teacher and the student which can

be used in a classroom or an online

setting 32(80)
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Number of responses with

percentages (N = 40)

Study of topic as directed by teacher
and is time-bound 50125)

(Non-timetabled study hours spent
outside the classroom for learning

purposes, e.g, for assignments,

‘group work, class test) 35.(875)
A scheduled time to study within a

classroom for learning purposes 0
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Number of responses with

percentages (N =40)

(Instructions are provided on the
spot, as in face to face teaching) 38(95)
‘There is defined time limit given by

teacher to submit responses. 2(5)
There is time gap between the

instructions provided and response

of the learners 0
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Number of responses with

percentages (N = 40)

(There is time gap between the

instructions provided and response

of the learners) 38(95)
Instructions are provided on the

spot,as in face-to-face teaching 205)
Both teacher and student must

be online at the same time 0
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Types of non-verbal Percentage (%)

communication observed

a. Body position

Leaning forwards 100
ing upright %
Bending over 0
Body to the left side 10
Body to the right side 0

b. Facial expression

Looking directly into the camera 100
Smiling 100
Laughing 30
Frowning 10
Raising eyebrows 20

c. Voice intonation

Dynamic and cheerful voice 100
Monotonous 0
Raising voice 0
Unclear voice 0
Emphasizing words 10
d. Movements

Hands touching face 50
Hands touching chin 50
Hands touching nose 50
Hands at the mouth 50
Nodding the head 20
Shaking the head 20
Body swaying to the lefu/right 10
Body swaying to the front/back. 10
Free movement of hand 20
Hands on the hair 20
Scratching the body 10
Scratching the forehead 10
Squinting eyes 10
Rubbing eyes 10
Touching shoulders 10
Touching frame of glasses 50
Clapping hands 0
Scratching behind the ears 20
Signalling OK 10

e. Eye contact

Looking to the right 60
Looking to the left 50
Looking up 30
Looking down 70
. Paralinguistics

Word fllers (urmm/"okay’” lah/ 100
50"/ "that’s it")

Sound of being shocked 0
Long breath o relieve 0
Pause for a moment 100
Clearing throat 10
Speaking in a fast pace 0

Speaking in a slow pace 0
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Qualitative Results

Hybeid Preparedness for Future
lessons Situations™

Knowedge of
‘components

Technical Training
Detailed training

Relevance
significance

Famitariy
Readiness for
future

Confidence

Enjoyment
Comfort

Back up Data.

Funcions of
Moodie

Taining done
Organized

Learning
made work easy.

More
Iteresiing

Increased
Preparedness. 'E-Tutorial Value in Addressing Issues SHecme
Improved Confidence B
Engagement Beneits ofE-ttorial Training Eleaming
: platorms.
Problems Faced during implementation of - "
o of ncreased Cheaiing ‘Synctvonous feaming
Lack of Policies o
Lack of SOP for Access,ease,
students. mete
Lack o vaining
Lackof
fecdback

Lack of expressions & body
language.
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Option Number of responses
percentages (N

Another name for E-learning 14(33)
(Use of technology to update

student’s knowledge through online
learning) 18 (43)

Use of technology to address
distance between student and
teacher 8(20)
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At first, I wag worried and nervous because I thought our acting in the video was quite

awkward since we did it via Zoom but not face to face. I wasnot confident Jvhether both of us
performed well in the video by resolving the problem given assertively. After looking at other
pairs’ videos, many things came into my mind if there were parts that we could have done the

role-play in a better way. | was amazed to see how some of my friends acted and communicated
throughout their videos. However, contrary to my worry, D, Dain gave his feedbacks in a

comfortable way |Hig facial expression was calm{with hi smile on the face hile his voice cue

wat polite and chmful] 1 was grateful with his way of giving feedbacks as this made me feel
@M the session. At the same time, I felt that the feedbacks were beneficial for
me to improve myself. He pointed out the parts we should improve such as eye contact, body

language and the right way of approaching someone to start a conversation naturally. At the

end of this feedback session, I got to know that I must work on o improve ]\ycomnwnknuon

skills.

This incident was extremely|

benel'u‘hi for me. “We all need people who will give us

feedback. That's how we improve.” Bill Gates frequently talks about the need for constant self-





