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This study presents the design of a DL-framework to deliver anatomy teaching that provides a microfiche of the onsite anatomy learning experience during the mandated COVID-19 lockdown. First, using nominal-group technique, we identified the DL learning theories to be employed in blueprinting the DL-framework. Effectiveness of the designed DL-framework in anatomy teaching was demonstrated using the exemplar of the Head and Neck (H&N) course during COVID-19 lockdown, in the pre-clerkship curriculum at our medical school. The dissemination of the DL-framework in the anatomy course was informed by the Analyse, Design, Develop, Implement, and Evaluate (ADDIE) model. The efficiency of the DL-framework was evaluated using the first two levels of Kirkpatrick's model. Versatility of the DL-framework was demonstrated by aligning its precepts with individual domains of key learning outcomes framework. The framework's blueprint was designed amalgamating principles of: Garrison's community inquiry, Siemens' connectivism and Harasim's online-collaborative-learning; and improved using Anderson's DL-model. Following the implementation of the DL-framework in the H&N course informed by ADDIE, the framework's efficiency was evaluated. In total, 70% students responded to the survey assessing perception toward DL (Kirkpatrick's Level: 1). Descriptive analysis of the survey results showed that the DL-framework was positively received by students and attested that students had an enriched learning experience, which promoted collaborative-learning and student-autonomy. For, Kirkpatrick's Level: 2 i.e., cognitive development, we compared the summative assessment performance in the H&N course across three cohort of students. The results show that the scores of the cohort, which experienced the course entirely through DL modality was statistically higher (P < 0.01) than both the other cohorts, indicating that shift to DL did not have an adverse effect on students' learning. Using Bourdieu's Theory of Practice, we showed that the DL-framework is an efficient pedagogical approach, pertinent for medical schools to adopt; and is versatile as it attests to the key domains of students' learning outcomes in the different learning outcomes framework. To our knowledge this is the first-study of its kind where a rationale and theory-guided approach has been availed not only to blueprint a DL framework, but also to implement it in the MBBS curriculum.
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INTRODUCTION

In the past decade, medical schools around the globe have been endeavoring to renovate pedagogy by reducing didactic delivery of content; exploiting technology to supplant/augment anatomy teaching both during didactic and laboratory sessions; effecting team-expedited, active, and self-directed learning; and encouraging personalized and interprofessional education (1, 2). The expansion of entrustable professional activities (EPA) and competency-based learning, with recognized mileposts for accomplishment, have metamorphosed assessment. As a result of this so-called “renaissance in medical education,” several leading medical schools have reduced the basic science curriculum to 12 or 18 months, while amalgamating clinical medicine within this timeframe, and revisiting/reassessing the basic sciences later in medical school (3, 4).

At present, in most medical schools, students convene onsite during the first 12–18 months for collaborative problem-solving or discussions in small groups; their physical attendance at both inpatient and outpatient sites has been an undisputed precept of early clinical engagement experiences and the clerkship curriculum. The last 18 months of medical school may be customized, with students contributing to patient-care through advanced clinical rotations, sub internships preceding residency, or scholarly projects. The COVID-19 pandemic has affected this educational continuum.

Social distancing is the effectual preventive strategy since the emergence of COVID-19, pending completion of vaccination, treatment, or both (5, 6). By characterization, social distancing precludes students from gathering in learning ateliers, lecture halls, or small-group rooms. If one carefully follows the pedagogical trend in medical education over the past few years, one would observe that many faculty have already been “flipping” the classroom to provide individualized tutoring/instruction for asynchronous learning “anytime/anywhere” (7–9). However, students still convened for small-group interactions, laboratory sessions, simulations, and technology sessions [e.g., learning bedside medicine (10, 11)], as well as for clinical instruction with standardized patients and in realistic patient care environments (12).

In response to the pandemic, medical education faculty around the globe have rapidly and successfully transitioned the entire pre-clerkship curriculum to distance-learning (DL) formats that comprise content in the basic sciences, health systems sciences, and even in behavioral sciences (13–15). Small-group designs assemble online in virtual team settings (16), and clinical skills sessions may occur online employing the precepts of telemedicine (17) or, in some cases, may be deferred (18). Examinations have also migrated to online settings through the use of specific online proctoring modules (19). Even objectively structured practical examination (OSPE) have transitioned online in the form if electronic OSPE (20). Similarly, Web-Objective Structured Clinical Examination (OSCEs) have been piloted for the clinical skills assessment (21, 22). In summary, the pandemic has stimulated innovative, constructive and beneficial changes in medical education.

Anatomy education is an essential stipulation for medical students in the pre-clerkship curriculum. At heart, anatomy is a three-dimensional subject that necessitates understanding of body structures and their relationships. This aspect is often tackled using cadaveric specimens, access to which has been limited during the COVID-19 pandemic (23). Furthermore, organizing dissection of cadaveric specimens in small-group teaching milieus, often categorized as dissection sessions, have not been possible during the pandemic as the pre-clerkship curriculum delivery in most medical schools transitioned to the DL modality (24). In fact, this issue has added to the numerous challenges that are disadvantageously impacting anatomy education in current times as indicated above. These challenges include, a drastic reduction in anatomy teaching hours and its context, decrease in the number of trained anatomists, and an increase in the costs of human cadaveric dissections and the related ethical uncertainties surrounding the use of human cadavers (25). As there has been significant reduction in anatomy teaching hours, instructors often find it difficult to elaborate on the clinical relevancy of disseminated anatomical facts. This has initiated a new challenge in the form of “integration-gap” (26), whereby many students are of the opinion that learning anatomy largely involves rote-memorization as disseminated facts rarely inform their clinical practice in the clerkship years (27–29). Research by Patel and Moxham indicates that in order to address the aspect of “integration-gap,” majority of anatomists favor the use of human cadaveric dissection above other teaching methods, and that this preference is evident for both “traditionalist” and “modernist” anatomists (30, 31), which has also been confirmed by Ghosh (32). However, with the current pandemic, it is not possible to integrate onsite dissection sessions in anatomy teaching. Also, such onsite sessions are essential as such sessions not only provide students with haptic understanding and promote discussion of anatomical variation and pathologies, but also demonstrate aspects of professionalism, including empathy and respect for future patients. In fact, these relate directly to competency-based training in the surgery rotations of the clerkship curriculum, which rely on defined EPAs to assess and document competence (33). One of the alternate strategies to address ‘integration gap' is to integrate simulation-based anatomy teaching (34), however, this pedagogical approach also demands onsite sessions in the in the simulation laboratory, not possible during the current pandemic.

In summary, keeping in line with COVID-forced challenges, the landscape of anatomy teaching needs to metamorphose, whereby there is an ardent requirement to design a “student-centered teaching framework” (easily implementable for both face-to-face and DL modalities), such that anatomy can be delivered effectively: (1) within a limited and fixed time frame [in line with recent the transformations in pre-clerkship curriculum (stated above)]; (2) employing a small team of trained anatomists; (3) using a small number of cadaveric specimens; (4) by integrating principles of active learning, collaborative learning, feedback, and student autonomy; and (5) in a cost-effective approach.

Although, the literature provides a corpus of information on DL strategies that have been designed and implemented during the COVID-19 pandemic for the delivery of courses in the pre-clerkship phase of the curriculum, none of these strategies provide a theory-guided approach, such that these DL strategies can be adopted for the delivery of any course in a competency based medical curriculum. Moreover, most of the reported DL strategies rarely integrate an instructional design model to facilitate the delivery of a course. The purpose of this study is to address these gaps. Therefore, in this study, we have designed a DL-framework to deliver anatomy teaching that provides a microfiche of the onsite anatomy learning experience during the mandated COVID-19 lockdown. First, through a dedicated needs-assessment using nominal-group technique (35), we identified the DL learning theories that should be employed in blueprinting the DL-framework. The framework's blueprint was designed amalgamating principles of:

Garrison's community inquiry (36, 37), Siemens' connectivism (38) and Harasim's online-collaborative-learning (39); and improved using Anderson's DL-model (40). Effectiveness of the DL-framework in anatomy teaching and course delivery was demonstrated using the exemplar of the Head and Neck (H&N) course during the COVID-19 lockdown in the pre-clerkship phase of the competency-based medical curriculum (CBMC) at our medical school. Instructional strategy integrated in the H&N course to disseminate the DL-framework were informed by the Analyse, Design, Develop, Implement, and Evaluate (ADDIE) instructional design model (41). The efficiency of the DL-framework was evaluated using the first two levels of Kirkpatrick's model (42) as part of ADDIE. Additionally, using Bourdieu's Theory of Practice (43), we demonstrate that the DL-framework is an efficient pedagogical approach, pertinent for medical schools to adopt; and is robust and versatile, as it attests to the key domains of different learning outcomes framework. In summary, the strategized DL-framework presents an adaptable approach for medical education faculty to efficiently and effectively deliver anatomy courses in the pre-clerkship curriculum in the changing landscape of anatomy instruction, especially during unprecedented circumstances as presented by the COVID-19 pandemic.



METHODS


Study Landscape

Mohammed Bin Rashid University of Medicine and Health Science (MBRU) is medical school located in Dubai, where the curriculum is founded on a competency-based educational model (44), in line with the tenets of Epstein and Hundert (45), and spans over 6 years. The undergraduate entry medical curriculum provides a milieu for a highly adaptive learning process rather than the traditional “one-size-fits-all curriculum.” Furthermore, the MBRU curriculum aims to foster an erudition environment, where peer-assisted learning and learning supported by social learning theories are facilitated (46).

The MBRU curriculum is divided into 3 phases (Figure 1). The pre-clerkship curriculum is divided into two phases: Phase -I and Phase -II and spans over 3 years. The clerkship curriculum consists of Phase–III courses, which focus on clinical training. Each phase of the curriculum includes integrated courses and builds on the preceding one, such that the curriculum is “spiral” and the students repeat concepts pertaining to a subject, where with each successive encounter, concepts build on the previous one (47) (Figure 1).


[image: Figure 1]
FIGURE 1. The undergraduate medical curriculum at Mohammed Bin Rashid University of Medicine and Health Sciences (MBRU). The curriculum is divided into three phases and spans over 6 years. Note: Each phase of the undergraduate medical curriculum includes integrated courses and builds on the preceding one, such that the curriculum is a “spiral,” and the students repeat the study of a subject, each time at a higher level of difficulty and in greater depth. The phase in which the teaching framework was implemented is indicated with a red arrow.




Participants

The study participant were selected according to a defined inclusion criteria. Only students in the second semester of Phase – I (Figure 1), registered for the H&N anatomy course were eligible to participate in the study. A total of 56 students who had successfully completed all the courses in semester – 1 of Phase – I registered for the course.

Participation in this study was entirely voluntary. Of the total 56 students registered, only 39 (70%) students opted to participate in this study. Gender distribution was represented by 26 (67%) females and 13 (33%) males, with the female to male respondent ratio representative of that of the entire cohort. The mean age of the study participants was 19.2 (3.2) years.



Dissemination of the DL Framework

The incorporation of the ADDIE Model (41) (refer below for details) enabled us to implement the pedagogical approach of flipped learning in the DL delivery of the H&N course. The cloud-based software, Brightspace learning management system (LMS) by D2L (Kitchener, ON, Canada) was employed for dissemination of the course content, and formative assessments.

Instructional materials in the form of the study-guide, pre-recorded PowerPoint presentations [which an initial survey indicated was the mode of content delivery preferred by the students (data not shown)], data sets and clinical cases to be discussed and formative assessments were uploaded on the LMS by the concerned instructor(s) at least 1-week prior to the delivery of a given session. The LMS was linked to an intelligent timetabling module by Wise Technologies Ltd (Ljubljana, Slovenia), which allowed students to simultaneously view the weekly schedule of the course-sessions with the intended learning outcomes for each session.

Due to the mandated COVID-19 lockdown and social-distancing, all on-campus sessions were substituted with virtual off-campus live sessions, organized using Microsoft (MS) Teams (MS Corporation, USA) application compatible with Windows, Linux, macOS, iOS and Android operating systems. Prior to each live session, a reminder email was sent to all students registered for the course to ensure their participation. Discussion groups were conducted using WhatsApp (Facebook, Inc.).



Design of the Framework for Course Dissemination


Identifying the Learning Theories for the Framework Using Nominal Group Technique

The blueprint of the pedagogical framework was designed amalgamating principles of: Garrison's community inquiry (36), Siemens' connectivism (38) and Harasim's online-collaborative-learning (39); and improved using Anderson's DL-model (40) (Figure 2). These learning theories were identified using keywords collated employing nominal group technique (48) (Figure 2). Briefly,

• In the Orientation phase (~10 min), the director of Phase – I of the curriculum along with the course coordinator and lead instructor of the H&N course formed a team; where the Phase – I director informed the team members to individually identify keywords using principles of Schon's “Reflection in action and Reflection on Action model” (49, 50); that they believed best attested to the “learning needs” of the students and would facilitate a rapid transition of the H&N course from on-site face-to-face teaching to the DL modality. A list of questions, identified by Menard et al. (51), was also circulated among the team members to trigger guided reflection.

• Team members wrote their responses on 3 in × 5 in post-it notes independently and silently (Idea generation phase), following which each member read their responses to others in the team (Idea sharing phase). The total process took ~15 min.

• In the Group discussion phase (~25 min), members explained to the team the rationale for selecting a specific keyword. A final list of keywords was collated, and any duplicates were removed.

• In the Voting and Ranking phase (~10 min), the team members voted on the ranking of keywords according to their importance.
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FIGURE 2. Identification of the DL theories using nominal group technique, and their use in blueprinting the DL-framework. The framework's blueprint was designed amalgamating principles of: Garrison's community inquiry, Siemens' connectivism and Harasim's online-collaborative-learning; and improved using Anderson's DL-model. Note: The need for the incorporation of the “Buddy support system” required us to integrate the Anderson's DL-model (refer to the text for details).




Selection of the Learning Theories

The Phase – I director and the course coordinator used the ranked keywords to search for learning theories. Four education-relevant databases: ERIC (https://eric.ed.gov); PubMed (https://pubmed.ncbi.nlm.nih.gov); PsychINFO (https://search.proquest.com/psycinfo/advanced); and Web of Science (https://webofknowledge.com) were searched for publications associated with DL theories using the list of ranked keywords obtained using nominal group technique (Figure 2).

Three DL theories were identified from 21 publications, which were later vetted by the team for eligibility: Garrison's community inquiry (36), Siemens' connectivism (38), and Harasim's online-collaborative-learning (39) (Refer to Figure 2 for the key principles of individual theory). These three DL theories were used to construct the initial pedagogical model. However, in order to integrate the aspect of “Buddy support system” (Figure 2), which essentially focuses on collaborative learning (52), we decided to integrate principles of Anderson's DL-model (40), to obtain the final pedagogical model (Figure 2). The final pedagogical model was vetted and reviewed by the team. This model was used to derive the teaching principles. The teaching principles were further employed to blue-print the guide-plan for the DL course (Figure 3). Based on the derived teaching principles, there was a consensus to adopt ADDIE (Analysis, Design, Development, Implementation, and Evaluation) (41) to deliver the H&N course (Figure 3).


[image: Figure 3]
FIGURE 3. Defined activities pertaining to each stage of the ADDIE instructional design model through which the flipped classroom approach was delivered in the H&N course during the mandated COVID−19 period, where the designed DL pedagogical strategy was implemented. Note: the flipped learning approach was employed in the instruction of selected clinical cases (shown using the exemplar of Frey's Syndrome in figure) that was delivered through the general channel of the MS teams platform. Formative questions and interesting facts pertaining to the selected clinical cases were posted weekly by instructors on the H&N WhatsApp closed group (snippets of this shown in the figure) and the MS teams discussion channels, allowing students to self-evaluate their understanding of the delivered concepts and establish a community of learning through focused discussions.





Rationale Behind the Selection of the ADDIE Model to Design the Dissemination Framework for the Course

One of the essential aspects to be considered when designing a framework for the dissemination of a course is that the instructors must ensure that the framework provides a coherent and favorable learning milieu for all students. The ADDIE model is one such framework, and has been used to design and blueprint curriculum delivery in diverse fields such as online continuing education (53).

Also, in light of the unprecedented circumstances, brought about by the COVID-19 pandemic, as well as the evolving response in governmental and institutional measures, it was important to adopt an instructional model which offers instructors considerable flexibility. ADDIE's inherent characteristics of flexibility and non-linearity allow instructors to easily adapt and combine it, and the information and elements can be adjusted and modified to meet the needs of the course and its learning objectives (54). Based on the above, we decided to incorporate the ADDIE model in the instructional delivery of the H&N course.

Furthermore, the ADDIE model can be rapidly implemented in the delivery of a course due to its simplicity (55). This is evident from the fact that the model has been extensively used by the United States army, especially during World War II, when the armed forces had to swiftly conduct technical training for a large group of new recruits who were expected to uphold various specialized military roles (56). Our situation was somewhat similar. We had little time to transition from onsite to the DL modality, and also our delivery strategy required to facilitate the integration between basic science and clinical concepts. To address both these requirements the ADDIE model was considered to be best-suited for designing the framework for the delivery of the H&N course (57).



Blueprint of the Course Dissemination Framework Designed Using ADDIE


Stage 1: Analysis

This stage was considered to be integral to the framework as it inadvertently posed questions that acted as an investigative prelude to the implementation process (54). Thus, through this stage, the instructional problem was elucidated, instructional goals and objectives were established, and the students' learning environment, existing knowledge, and skills were ascertained (54). The H&N course team and the Phase I Director, engaged in a discussion to identify the instructional challenges associated with course delivery in the context of setting and modality and determined the expectations for performance after course completion (Figure 3).

As a fundamental 1st-year course, the H&N course is designed to provide students with the functional knowledge of the structure of the head and neck region, thereby enabling correlation to the mechanism of disease encountered in Phase 2 of the pre-clerkship curricular phase, so as to inform clinical practice. In this regard, it was expected that students' existing knowledge and skills of the H&N course would be minimal.

In view of the learning context and target group, institutional instructional delivery was transferred to the online DL platform due to the mandated COVID-19 lockdown. Since this particular student cohort did not have previous exposure to the DL modality, an informal survey, enquiring about preferred mode of DL delivery, was conducted to address the transition to the DL platform. The majority of students indicated that they preferred the didactics to be delivered ahead of time in the form of pre-recorded PowerPoint presentations (data not shown), with prior access to all relevant instructional materials. Moreover, one of our earlier studies, indicated that most students at MBRU avail deep/strategic learning approaches. Therefore, we decided to incorporate “clinical case discussions” as a substitute for the intended learning outcomes achieved during cadaveric dissection sessions (25, 58). Further, it was decided that precepts pertaining to aspects of “Balint groups” (59) and “Schwartz rounds” (60) will be integrated in the clinical case discussions to promote collaborative learning and discussions.



Stage 2: Design

This phase entailed the creation of a blueprint which was based on the feedback generated from the discussion of the analysis stage (54). This led to the selection of relevant learning strategies, learning material, and a web-based software solution to support the instructional process (Figure 3).

Accordingly, the flipped learning approach, facilitated via the MS Teams platform was selected as the DL strategy to deliver the dedicated selected clinical case discussions. An exemplar of a clinical case pertaining to Frey's Syndrome is shown in Figure 3. LMS was designated as the online repository through which students accessed instructional material. In addition, integration of the scheduling assistant, Wise Timetable, assisted students to keep a record of their learning progress.



Stage 3: Development

In this phase, the course team evaluated the designed material (54) (Figure 3). In accordance with the blueprint, the course team created the e-learning H&N course on the LMS for a trial test and review. The relevant instructional materials, developed in line with students' preference as stated in Stage 1, were uploaded onto the LMS.

A H&N course team with one general channel and multiple discussion channels were created on the MS Teams platform. The entire student cohort, assigned to the general channel on MS Teams platform, was then divided into two large groups, each of which were further sub-divided into smaller teams and assigned to the respective discussion channels for the purpose of clinical case discussions.

In effort to determine usability in the initial demonstration phase, the flipped learning approach was employed in the instruction of the selected clinical case that was delivered through the general channel of the MS Teams platform. After a thorough discussion with the course team, a H&N WhatsApp closed group was created. Formative questions and interesting facts pertaining to the selected clinical cases were posted weekly by instructors on the H&N WhatsApp group and the MS Teams discussion channels, allowing students to self-evaluate their understanding of the delivered concepts and establish a community of learning through focused discussions (Figure 3).

Once all usability issues were addressed, the instructional design framework progressed to Stage 4 (i.e., implementation) (Figure 3).



Stage 4: Implementation

This phase entailed the preparation of students and instructors by providing relevant guidelines and informing them about the particulars pertaining to the instructional delivery mode in the H&N course (Figure 3). Both students and instructors were trained in the relevant software packages employed in the course. Integration between the Wise Timetable and the H&N e-learning course on the LMS ensured that the students were regularly informed about their weekly schedule and the intended session learning objectives.



Stage 5: Evaluation

This phase ensured that the H&N course underwent continuous improvement as the course progressed through the semester (Figure 3). Accordingly, student feedback was obtained thrice during the course through scheduled feedback sessions organized by the course coordinator. The H&N course team, which was chaired by the course coordinator, met frequently to deliberate upon this student feedback, address concerns, and adopt relevant strategies when required. In addition, the flipped instructional approach disseminated via DL, was also assessed using the first two levels of Kirkpatrick's four-level evaluation framework (42), i.e., perception and cognitive development (Refer below for details).




Evaluation of the DL Framework

DL in the H&N course was evaluated using the first two levels of Kirkpatrick's four-level evaluation framework (42). Level – 1 of the framework evaluates reaction/perception, i.e., “Did the student/learners enjoy the learning process?” Level – 2 of Kirkpatrick's framework evaluates cognitive development, i.e., “Did the learning occur?”


Kirkpatrick's Level 1 Evaluation

(a) Survey tool: A 19-item 5-point Likert scale (1 = strongly disagree; through 5 = strongly agree) survey, adopted from one of our previous studies with minor modifications (61), was used to evaluate Kirkpatrick's Level 1 (Refer to supplementary information for the questionnaire) i.e., students' perception regarding the DL delivery of the H&N course during the mandated COVID-19 pandemic lockdown. As this was the first time the students experienced anatomy instruction through the DL modality, we perceived that it was imperative to appraise “Anxiety associated with the use of DL” (one question item) (Refer to supplementary information for details). The remaining 18-question items were further grouped into four principal categories: Computer expertise (four question items); Flexibility of DL (four question items); Usefulness of DL (five question items); and DL Satisfaction (five question items) (Refer to supplementary information for details).

(b) Validation of the survey: The survey tool was assessed for both validity and reliability. The statistical package, SPSS (V25, IBM Corp, NY, USA) was used to analyze the data.

According to Tabachnick and Fidell (62), sample sizes of 50 and 100 are considered to range between very poor and poor. As we had 56 participants in this study, we decided to employ the Kaiser-Meyer-Olkin (KMO) test to measure sample adequacy (MSA) (63). The KMO test, which correlates pairs of variables and the magnitude of the partial correlations among variables, ideally yields an overall measure within the range of 0.6 and 1. A high (1.0) KMO index indicates that the Principal Components Analysis may be conducted, while a low (~0.0) KMO index states otherwise (63).

Intercorrelations between variables (i.e., interrelation of each question item in a specific category) were determined through the statistical method of exploratory factor analysis (EFA) (64) and, the Bartlett test of sphericity (65).

EFA explores previously unknown groupings of variables to seek underlying patterns, clustering and groups. Loading values below 0.5 indicate that the specific item has a weak influence on that category, values between 0.5 and 0.6 indicate that the specific item has a fair influence, values between 0.6 and 0.7 have a sufficient factor loading influence, values between 0.7 and 0.8 have a good loading influence, and those above 0.8 have a high loading influence on that category (66).

The Bartlett test, which investigates the correlations between variables, should reveal statistical significance (P < 0.05) (especially used when the number of cases per variable is five or fewer).

The internal consistency (reliability) of the questionnaire was validated using the Cronbach's alpha (α). This measures the extent to which the question items within each category consistently measure what is intended to be measured. Values of α below 0.6 indicate low internal consistency, values between 0.6. and 0.7 indicate acceptable consistency levels, good levels are those values between 0.7 and 0.8, and high reliability levels are those above 0.8 (67).



Kirkpatrick's Level 2 Evaluation

Level 2 of Kirkpatrick's framework evaluated students' cognitive development in the H&N course. This was addressed by comparing the summative assessment performance across three cohort of students.

Cohort 1 – experienced the course through traditional teaching modality (with onsite teaching and dissection sessions) without the presence of a pedagogical framework; Cohort 2 – experienced the course through traditional teaching modality with presence of a defined instructional design framework, which was applied in a blended learning milieu in one of our earlier studies (25), and Cohort 3 (current cohort) – experienced the course entirely through DL modality.

The summative assessment content and structure was similar for all the three cohorts, and was standard set by a panel of content experts assigned by the student assessment and progression committee (SAPC) at our medical school. The summative assessment was designed according to the principles of Miller's pyramid of professional competence (68) and employed different types of assessment tools, which is summarized in Figure 4. However, we could not include practical assessment in the cohort which was exposed to the DL-framework (Cohort 3), due to mandated social distancing protocols in line with the pandemic. The summative assessment scores across the different cohorts (indicated above) was compared using the Analysis of Variance (ANOVA) (69). The software package of Stata (StataCorp V16, CA, USA) was used for this analysis. A p < 0.05 was considered statistically significant (70).


[image: Figure 4]
FIGURE 4. Design of summative assessment. Summative assessment was designed according to the principles of Miller's pyramid of professional competence integrating different assessment tools.






RESULTS


Validation of the Survey Tool

In this study, the validity and reliability of the questionnaire is shown in Table 1.


Table 1. Validity and reliability analyses of the questionnaire administered to 1st-year medical students (N = 39) undertaking the Head and Neck Course during the mandated COVID-19 lockdowna.

[image: Table 1]

Sample adequacy was confirmed by KMO values yielded within the range of 0.6 and 1.0 for categories “Computer expertise,” “Usefulness of distance learning” and “Distance learning satisfaction” (Table 1). However, the category “Flexibility of distance learning” yielded a KMO value of 0.54, which may be attributed to the low sample size that was restricted to only 56 students within the cohort who registered for the H&N course (Table 1). This category was not removed from the analysis as the KMO value is close to 0.6. More relevantly, the Bartlett test was statistically significant for all categories, revealing a strong correlation between the items in each category (Table 1).

As indicated by the EFA values (0.60–1.0), most question items (i.e., 16 items) were noted to have either a sufficient, good or high influence on their respective categories (Table 1). Two questionnaire items emanating from the categories “Usefulness of distance learning” and “Distance learning satisfaction” yielded EFA values that were <0.40, indicating weak and fair influences, respectively (Table 1). Cronbach Alpha values were >0.6 for all categories in this study, revealing acceptable to good levels of internal consistency between question items, thereby validating the reliability of the questionnaire employed (Table 1).



Kirkpatrick's Level 1 Evaluation: Evaluation of a Student's Perception

Level 1 of Kirkpatrick's framework (i.e., perception) was evaluated using a validated 18-item 5-point Likert scale questionnaire, grouped into four categories (Refer to methods for details) preceded by an item appraising the association of anxiety with the use of DL. The results obtained with students' perception are presented and discussed below in detail.


Anxiety and the Use of Distance Learning (DL)

In the survey tool, one of the items appraised student anxiety associated with the use of DL. This item specifically enquired about the anxiety associated with the transition of onsite face-to-face teaching to the DL modality.

With the precipitous shift from onsite face-to-face teaching to DL, majority (49%) of students expressed that they felt anxious (Figure 5). Anxiety is a fundamental human emotion that consists of fear and indecision and typically occurs when an individual believes that the event is a threat to self or self-esteem. Findings suggest that students, as well as the general population, may be experiencing negative psychological effects from the outbreak of COVID-19, such as anxiety, fear, and worry, among others (71). Also, students feel more anxiety in DL due to the distance as they are unable to discuss or share problems with instructors on a daily basis (72). Additionally, collaborative learning associated with DL often becomes difficult giving rise to anxiety (73).


[image: Figure 5]
FIGURE 5. Bar graph showing respondents' levels of agreement about anxiety and the use of DL in the H&N course following the implementation of the blueprinted DL framework. (5-point Likert scale: 1 = strongly disagree through 5 = strongly agree) (refer to the text for details).


For the instructor, the indication of understanding, or lack thereof, that is observed from the general facial expressions and body language of students in the class, is also absent, thereby requiring students to vocalize their feedback via the DL platform, which further adds to the anxiety as students are often shy to voice their opinions and feedback (74). Moreover, students with socially anxious tendencies may not be comfortable to approach instructors for clarification on content, creating “gap in knowledge,” which may further add to the anxiety of students experiencing a course through DL. This aspect is supported by the observed direct proportionality reported between academic underperformance and academic anxiety.

To resolve these concerns, it is recommended that positive instructor-student relationships be developed along with the integration of regular instructor feedback and counseling initiatives into the DL approach, thus helping students adapt to this new modality. In fact, at MBRU we have initiated sessions involving progressive muscle relaxation (PMR) to counter anxiety in students pursuing medical education [Naidoo et al., manuscript under consideration (refer to supplementary information for the manuscript file)].

It is to be noted that 28% of the students conveyed that they did not experience emotions of anxiety with the transition to DL (Figure 5). This may be attributed to the fact that MBRU draws medical students from diverse high school curricula locally and internationally, coming from different socio-economic standings and perhaps with previous exposure to the DL modality. It is also likely that the respondent group is representative of adult learners, who were able to quickly adapt to the transition to DL (75).

Anxiety also has direct bearing on the mental health and learning ability of a medical student (76–78). However, one key aspect of anxiety often not elaborated upon in the medical education literature is that it also has a genetic predisposition (79). This issue of genetic predisposition is important in the current study, given the fact that MBRU medical student population is multi-ethnic, which alludes to the fact that different genetic makeup may be an underlying factor when it comes to the aspect of coping with anxiety related stress. In a study by Hill et al., a genome-wide analysis study (GWAS) showed the direct influence of 30 different loci on socio-economic status of an individual; indicating the effect of environmental and genetic factors on brain structure and neuronal function, which in turn affects education, intelligence, income and the ability to handle stress (80). This is also supported by the studies of Zhou et al., where genetic variation in human neuropeptide Y expression affects psychobiology and molecular aspects of stress response and resilience (81, 82). In line, the observed difference in the ability to handle stress may have a underlying genetic causality, which of course needs to be explored further using a relatively genetically homogenous population of students, as available in some of the countries in the region (83).



Computer Expertise and the Use of Distance Learning

Category 1 or Computer Expertise comprised of four items that focused primarily on the effect of DL on computer expertise. Computer expertise can be defined “as the abilities of the students to work efficiently with a computer.” For the first three items under this category, 59–72% of responses were in the agree-strongly agree continuum, with 8–11% of responses ranging between strongly disagree and disagree (Table 2). Majority of responses within the agree-strongly agree continuum, indicates that the DL modality augmented the computer expertise of the course participants. We believe this has long-term benefits.


Table 2. Levels of agreement for different categories.

[image: Table 2]

With the pandemic, telehealth has become an essential need for the general populace. Health care providers, and patients with COVID-19, especially when patients are in quarantine, telemedicine has enabled patients to contact the health care provider in real-time for advice on their health issues (84–86). Several technologies have been deployed for telehealth, including mHealth (mobile health), video and audio technologies, digital photography, remote patient monitoring (RPM), and store and forward technologies. In fact, one needs to replicate the entire health system in the “microcosm” of telehealth through information technology (87). Clinicians are an essential part of this microcosm, where they are involved in efficient management of patients and eliminating gaps in knowledge. Additionally, telehealth allows increased satisfaction of delivering superior patient care, and also grants decreased risk of burnout by providing a more manageable workload and improved patient communication processes. In line, it is imperative that medical education integrates aspects, whereby computer expertise of future clinicians are augmented and they are suitably prepared to address needs of patients through telehealth. Computer skills are essential for the effective implementation of telehealth strategies (88). As our DL learning framework strengthens and enhances computer expertise (Table 2), it demonstrates that it will allow medical students to be better prepared to integrate the precepts of telehealth in their clinical practice as well as during their clerkship years.

Furthermore, respondents' rate of 64% within the range of agree-strongly agree was recorded in the present study for the item regarding efficiency in internet usage gained through the online DL experience (Table 2). Also, 46% of respondents agreed that course assignments and projects augmented their computer skills (Table 2). The H&N course employed rubric-based assessments tailored employing Miller's model of competency. Hence, it can be safely concluded that incorporation of computer and internet as study tools in this course assisted students to improve their internet-searching/browsing skills, as well as develop their abilities to think critically and evaluate the credibility of the information sourced. Again, we believe this has long-term ramifications. Bhatia et al. showed that providing training for improvement of internet-searching skills for obtaining up-to-date medical information, and evidence-based medicine from the internet improves the practice of medicine (89); based on which one can conclude that our DL framework trains students in the conscientious, explicit, and judicious use of the current best evidence to inform decisions about the care of individual patients.

The last item in category 1 also yielded a significant response of 21% for the strongly disagree-disagree continuum (Table 2). Factoring in the aspect that the H&N course was delivered solely through DL, it involved considerable self-directed learning, which is based on the premise that learners are capable of determining their personal learning needs and set appropriate steps to achieve their personal learning goals (90). In contrast, in face-to-face delivery of a course, instructors often set the task for their students who are metacognitively, motivationally, and behaviourally active participants in their own learning process (91). The H&N course is delivered in the 1st year of the medical curriculum, and at this stage students may lack the academic maturity to address their learning needs entirely through self-directed learning [reflected in the significant disagreement observed (Table 2)]. The integration of blended sessions (92), may address this aspect, and therefore requires future investigation.

One word of caution, as the framework integrates the use of social media application (for the discussion of relevant clinical cases) (Figure 3) and the internet, it is imperative that students are suitably informed regarding the ethical implications that surround internet use and patient data confidentiality (93). To address this aspect, students who registered for the H&N course had to complete two courses in semester – 1 (Figure 1): A. Principles of Bioethics and B. Foundation in Clinical Medicine, which informed them about ethical considerations regarding medical practice and patient data confidentiality.



Flexibility of Distance Learning

In light of productive learning experiences, the concept of flexibility and its influence on three key dimensions of DL (i.e., learner engagement with the learning environment, learner-content engagement and learning experience design) were investigated through four items in category 2 i.e., flexibility of DL.

Item 1, which was reflective of the dimension “learning experience design,” addressed the effect of DL on students' time management skills (Table 2). Respondent rates for agree-strongly agree and strongly disagree-disagree continua were 46 and 36%, respectively (Table 2), with the former owing to the realistically achievable learning objectives outlined in the ADDIE model of instructional delivery (Figure 3). Since the ADDIE model is best known for its flexibility and cyclic nature (94), the well-structured content and organized workload may have enabled students to direct focused protected time to their fundamental learning needs. Moreover, the integration of both asynchronous and synchronous DL (95) components in the instructional delivery may have fostered students' self-regulation in multitasking behaviors. However, despite its specificity and flexibility, the ADDIE model is also scalable (96), and may necessitate that the individual dedicates more time to particular steps and actions. This may account for the 36% of respondents who were unable to allocate their time accordingly (Table 2).

Items 2 and 3, which were indicative of the DL dimension “Learner engagement with learning environment,” enquired about the conduciveness of the student's learning environment, and the flexibility of the DL modality in terms of time and location, respectively. With the number of COVID-19 cases rising exponentially at the commencement of the lockdown, social distancing measures became the most effective means of prevention (97). Hence, it is not surprising that the majority of respondents (62%) (Table 2), felt psychologically safe and physically comfortable to learn via the online DL platform during this time. Yet, DL may not prove advantageous for every student due to the apprehension associated with the use of technology and the physical separation between the instructor and student (98). It is also a possibility that collaborative learning and networking suffer at the expense of DL, leading to student frustration, uneasiness and confusion—all of which may impede the learning process (99). This may provide a plausible justification for 16% of respondent rates which were localized within the scale of strongly disagree and disagree (Table 2).

Despite the dispersion of responses across the strongly disagree-disagree and strongly agree-agree ranges for the conduciveness of the DL environment, 87% of students expressed a neutral response regarding DL flexibility in terms of time and location (Table 2). In fact, Dhawan stated that the flexibility of time and location in DL may be considered to be both strengths and weaknesses, the excessiveness of which may be beneficial or problematic (99). In this study, the preponderance toward this neutral opinion may imply that students were not comfortable to express themselves acquiescently. The rationale behind this selection may be explicated from the perspectives of the institutional DL platform and the home learning environment. In addition to the integration of the ADDIE model, the online delivery of the H&N course also adhered to the institutional teaching schedule using the WISE scheduling module (Refer to methods for details). While schedule adherence ensured that all required concepts were delivered timeously, it may have compromised the flexibility and time allocation of the DL modality.

It is notable that the predictability of the course schedule forms a pivotal component of the online syllabus in DL, as it instills routine, assists students to transition from one lesson to another, and encourages student productivity and enhanced learning (100, 101). Given the immense pressure faced in the transition to the DL modality, the online course schedule also allows instructors to distribute their time between teaching and scholarly duties, with sufficient time devoted to the design, development and implementation of online instructional approaches (102). However, the integration of more asynchronous learning components may present as a potential future improvement that paves the way for further flexibility in the DL framework.

Of course, the home learning environment also plays a role in the student's academic and social development (103). For many families, the mandatory shift to the home environment was viewed as a dynamic process, rather than an event because it entailed adjusting to a common workspace, thus requiring individuals of especially larger families to occupy designated workstations within the confines of their homes. It also meant that these individuals had to simultaneously develop a degree of tolerance and build a mental forbearance to overcome distractions. With quarantine becoming a normal part of life, boundaries of time and location were eventually invisible as individuals diverted their focus to achieving study goals and work deadlines, all at the cost of unbalanced circadian rhythms and mental well-being. In some communities, female students experienced challenges to juggle household chores and their studies, leading to poor academic performance and low morale (104). This highlights the cultural and societal disparities with which DL must contend. Indeed, respecting personal boundaries and priorities may allow families to work and study efficiently from the home environment, but motivating one and another to adhere to a daily routine may be the answer to mimic a typical day outside of quarantine.

The DL dimension “learning-content engagement,” which described how the student applied his/her learning style to engage with the H&N course content, was represented by item 4 in category 2. Respondent rates regarding the appropriateness of the DL modality to students' learning capacity were relatively similar for the strongly disagree-disagree (36%) and agree-strongly agree (41%) continua (Table 2). This observation alludes to several aspects, which we believe warrants further investigation.

Firstly, this observed dichotomy may be because of different learning methods availed by medical students. Visual, auditory, read, and kinetics (VARK) learning styles are adopted by students, but majority have been found to embrace the aural style (105). Therefore, it may be a possibility that the dichotomous distribution of responses alludes to contrasting learning styles present in the student cohort.

Secondly, the educational veracity of the medical curriculum is acutely susceptible to the effects of COVID-19. An early emphasis on clinical teaching has been an essential element of medical education reform in recent years (106). Medical curricula, including ours, now observe to abide by a strict guide-plan: an abridged preclinical period where students are educated within the medical school, and a subsequent clinical component during which students operate externally to their medical school and within the healthcare environment (107). This shift in pedagogy necessitates that preclinical students convene in groups for tutorials, problem-based learning, anatomy laboratory sessions and simulated patient interactions and for that clinical students have to access patient care centers. Although lecture-based teaching is easily transitioned to an online format, interactive small-group sessions and clinical exposure are not as easily replicated [which we addressed through the integration of clinical case discussions and incorporation of WhatsApp discussion groups (Figure 3)]. Given these reforms to curricular structure through the integration of the DL framework, the COVID-19 pandemic may have birthed an exasperating dichotomy for medical students (Table 2). A virus that exploits human contact for survival is encumbering an educational ecosystem that also necessitates human interaction.

Lastly, in designing the framework we employed the ADDIE model (Figure 3). ADDIE uses a behavioral approach in designing instruction (108). Behaviorism, cognitivism, and constructivism are the three primary learning theories (109). In behaviorism, information is transferred from instructors to learners from a response to the right stimulus. Students are a passive participant in behavioral learning— “instructors are giving them the information as an element of stimulus-response” e.g., through the discussion of a clinical case where the instructors elaborate to the students how the information that is gained through the didactic sessions is applied in addressing specific questions related to the clinical case. Instructors use behaviorism to show students how they should react and respond to certain stimuli. This needs to be done in a repetitive way to regularly remind students what behavior an instructor is looking for, as in the current study it was the through the repetitive discussion of relevant clinical cases in the WhatsApp group (Figure 3). Therefore, through ADDIE, although we were able to achieve the desirable outcomes in a DL learning environment, it also restricted us from applying reflective thinking (cognitivism), such as that which is done during active dissection sessions in the anatomy laboratory; and reflection in action (constructivism), which happens through collaborative construction of knowledge during group discussions following an active dissection session. The above may be responsible for the observed dichotomy of responses (Table 2). A blended approach may address these issues, but during the mandated lockdown integrating such sessions in the DL framework were not possible.



Usefulness of Distance Learning

Category 3 investigated the usefulness of the DL modality through five items. For items 1 (52%) and 3 (56%), students agreed that the DL framework was useful in the delivery of the H&N course, providing them with a valuable learning experience (Table 2). This is most likely because the DL framework allowed students to manage their time, better enabling them to effectively address the learning outcomes of multiple courses. Also, the DL framework employed the ADDIE model, which was disseminated using a published social media application interactome, that embodied aspects of peer-assisted learning and social constructivism (25). Thus, use of this instructional framework promoted and ensured active student participation and engagement, as observed in other similar studies (96).

On the contrary, as the H&N course was the inaugural structure-function course to be delivered via DL, students' responses within the strongly disagree-disagree continuum for items 1 and 3 (Table 2), may have stemmed from the questionable development of psychomotor skills in the absence of practical sessions.

Students' learning style is also considered to play an integral role in the usefulness and value of a DL ecosystem. As a result, learning style was recognized to be a possible inequality in education and was addressed through item 4. Although Mohr et al. argued that online DL enables students to capitalize on all four stages of Kolb's learning styles and experiential learning cycle (110), only 24% of respondents agreed that online DL abates such inequalities in education, with nearly 50% of respondents expressing a neutral opinion, which implied uneasiness and reluctance of students to share their views Table 2) (111). The latter may be justified by the ambiguity of the phrase “inequalities in education” as students may have misinterpreted it as access to online resources or components of social inequality.

With the establishment of massive open online courses (MOOCs) on the rise, obtaining a degree through distance education has gained considerable popularity as it promotes lifelong learning by extending beyond the boundaries of age, time and geographic location. Two types—Connectivistic Massive Open Online Course (cMOOC) and Extended Massive Open Online Course (xMOOC) have distinctly emerged. cMOOC promotes creativity and interaction among participants, while xMOOC is used merely for knowledge dispersion (112). However, the usual societal belief that on-campus degrees are more accepted and respected than those obtained through DL/MOOCs, tend to influence one's willingness to enroll in the latter (113). In the same vein, item 2 enquired about the comparable value of obtaining a degree through the traditional route vs. DL. The responses to this question were met with much skepticism as they were almost equally distributed across the strongly disagree-disagree, neutral and agree-strongly agree continua (Table 2). It is inevitable that the diversity of these responses hint at a multifactorial origin. Respondents' neutral opinion may be linked to the uncertainty of institutional reputation, employability, and duration of program. Further to the substantially high internet usage in the UAE, the recent multinational study of Fidalgo et al. reported that the inability of UAE undergraduate students to appraise the credibility of online DL programs was attributed to the lack of accreditation provided by the UAE Ministry of Education (114–117). Feelings of isolation, missing out on campus life, financial uncertainties, capricious internet connectivity, lack of immediate feedback and the communication gap between instructor and student may explain the negative stigma attached to obtaining a degree through DL (117). Given that medicine is a profession that entails the practice of hands-on skills, studying it through DL may have been viewed as a disadvantage to respondents. On the other hand, respondents' levels of agreement (Table 2), were most likely swayed by the global availability of numerous course and program offerings, autonomy to work independently and manage class- and study-time, opportunity to develop leadership skills, cost-effectiveness of the program and the eradication of traveling (118).

Of course, the success of DL also depends on the delivery and outcome of student assessment, and not merely on the delivery of instruction as it provides the opportunity to improve the modality. In item 5 of this study, 47% of respondents concurred that the success of DL in the H&N course was objectively evaluated (Table 2). The timely online delivery of both formative and summative proctored assessments through the ExamSoft platform in this course, as well as review of the item analysis by the course team, ensured that exam integrity was maintained. Through participation in formative assessment, students also had the opportunity to familiarize themselves with the assessment software and were provided with step-by-step troubleshooting guidelines in the event of technical hurdles.



Distance Learning Satisfaction

Students' satisfaction regarding online DL in the H&N course was explored in entirety through five question items that focused on enjoyment of student-centric instruction, expectations met by content, applicability of real-life examples through the discussion of relevant clinical cases (exemplar shown in Figure 3), course recommendation to other students, and provision of timely feedback disseminated using a previously applied strategy (7). Respondent rates of 49–80% were recorded within the agree-strongly agree continuum for all five items (Table 2), indicating that the DL delivery mode of this course was positively received by the students. This may be because of the application of pedagogical theories of Harasim's online collaborative learning, Garrison's community inquiry and Siemen's connectivism for blueprinting the DL framework and the subsequent integration of the ADDIE model of instructional design for the dissemination of the framework (Figures 2, 3). Interestingly, while the students in this study were exposed to dissection in previous structure-function courses, 80% of respondents agreed that the content of the course drew from examples of real-life (Table 2), proving that the course team succeeded in supplementing aspects of clinical and living anatomy through incorporation of a pedagogical framework in DL.



Preferred Mode of Distance Learning Delivery

In this study, the order of respondents' preferred mode of instructional DL delivery was noted to be hybrid/blended (i.e., combination of online and face-to-face instruction) (72%), on-site face-to-face (56%) and online/internet (26%) classes (data not shown). The preference of hybrid classes alluded to the existence of diverse learning styles and capacities within the respondent group and may suggest a potential recommendation for future direction. In fact, Hoch and Dougher documented an increasing trend of preference for hybrid classes over the years that was correlated to improved student attitude and overall class satisfaction (119). According to Marquis and Ghosh, hybrid classes are more attractive to the current generation of students as the flexibility enables them to maintain work-life balance and gain a greater sense of community (120).




Kirkpatrick's Level 2: Cognitive Development

For cognitive development we compared the summative assessment performance in the H&N course across three cohort of students (refer to methods for details on the different cohorts) using ANOVA (Figure 6). The summative assessment was designed according to the principles of Miller's pyramid of professional competence (68), and employed different types of assessment tools (Figure 4) As observed in Figure 5, the median of summative assessments across three cohorts do not overlap with one another, highlighting that the presence of an instructional design model and/or pedagogical strategy has an effect on student performance in summative assessment i.e., cognitive development, where the presence of both instructional design model and pedagogical strategy, as is the case for the current cohort, which experienced the course through the DL framework, advantageously affects cognitive growth (refer to the median of cohort−3 which has the highest value). A P < 0.05 was observed when the mean of summative assessment was compared between: cohort−1 vs. cohort – 2; cohort – 2 vs cohort – 3; and cohort – 1 vs cohort – 3 (values are indicated in Figure 6) indicating statistical significance.
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FIGURE 6. Comparison of the summative assessment performance in the H&N course across three cohort of students using ANOVA. Note: The implementation of a defined instructional design model along with a defined pedagogical framework (cohort−3) beneficially affects students' performance.


In summary, the implementation of a defined instructional design model along with a defined pedagogical framework augments cognitive growth. This observation is not unique to this study. Ogrnic et al. showed that pedagogical frameworks integrating practice-based learning, improved learning in medical students and residents ultimately augmenting patient care (121). Ross and his colleagues designed a pedagogical framework focusing on four domains of teaching: “Facilitating,” “Managing,” and “Learning and Community Building.” Students found the designed framework of learning and teaching not only helpful, but felt it adequately represented the place of teaching activities within the wider context of undergraduate medical education (122). Similarly, integration of instructional design models in course dissemination have also been shown to be advantageous for student learning (123). 25.




DISCUSSION

In this study, we designed a DL-framework, employing the DL theories of Garrison's community inquiry (36), Siemens' connectivism (38), Harasim's online-collaborative-learning (39); and Anderson's DL-model (40). The blueprinted framework was successfully used in the delivery of H&N anatomy course in the pre-clerkship phase of the competency based medical curriculum at MBRU. In order, for course dissemination we integrated the ADDIE instructional model in the framework (41). The efficiency of the framework was evaluated using first two levels of Kirkpatrick's framework (42).

Although in the literature there are numerous exemplars and instances of DL modes of course delivery specifically relating to course delivery during the pandemic (124–128); to our knowledge this is the first-study of its kind where a rationale and theory-guided approach has been availed not only to blueprint the framework, but also to implement it in the undergraduate medical curriculum.

Case in point, the study by Maggipinto et al. although provides the readers with valuable video resources that can be effectively used to deliver courses in medical genetics in the pre-clerkship phase of the curriculum, but unlike our study, falls short on informing the readers regarding how these video resources can be used to create a framework to effectively deliver a course in medical genetics through DL modality (128). Hence, it is safe to conclude that the outcome of the present study is a DL-framework that is highly versatile and robust; and although in the present study we have employed the framework to deliver a course in anatomy, the designed framework can be easily adapted for the delivery of any course in undergraduate medical curricula with minor tweaks. In fact, in a recent study by our research group, precepts of the framework were adopted with minor modifications in delivering a course in epidemiology and biostatistics. Readers are referred to the article by Azar et al. for details (61).

Robustness of our DL-framework is explicated by the fact that it integrates diverse student-centred educational strategies (Figure 7). Unfortunately, because of the mandated COVID-19 lockdown in place, we couldn't integrate aspects of “blended learning” in our DL-framework (129), which would have further augmented the framework's cogency. In line, it is warranted that practitioners of health professions education who are interested in using/adopting this framework for course delivery should also incorporate principles of “blended learning” into the framework which we believe would further augment the benefits of the framework.
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FIGURE 7. Strategies integrated in DL framework and how they align with CRISIS framework of Harden. Note: All learner-centric strategies could be integrated in the DL framework except blended learning.


The integration of student-centred educational strategies allows our DL-framework to attest to the CRISIS model of Harden (Figure 7) (130). The CRISIS model is widely used in medical education and has been extensively employed in designing and delivering continuing medical education activities at the University of Dundee (131). The model has also been utilized in course design and delivery, in areas other than medicine, which attests to CRISIS' versatility and ease of adoption according to the need of the situation. For example, Dunn & Hamilton applied a modified version of CRISIS to an assessment of continuing education for pharmacists (132). Additionally, the rationale of the CRISIS model has also been investigated, and is related to Brookfield's six principles of effective practice (133), in harbingering adult learning (134). The fact that our DL-framework attests to the CRISIS model further highlights its robustness and easy adaptability.

Furthermore, the ingenuity and versatility of our DL-framework is demonstrated by the fact that it endorses several of the key domains of the different learning outcomes framework (Figure 8). As shown in Figure 8, the designed framework aligns well with several of the key domains of: the Scottish Doctor framework (Figure 8A) (135); the CanMEDS physician competency framework (Figure 8B) (136); the Accreditation Council for Graduate Medical Education (ACGME) competency framework (Figure 8C) (137); the General Medical Council (GMC) UK competency framework (Figure 8D) (138); the Global Minimum Essential Requirements (GMER) competency framework (Figure 8E) (139); and the Brown abilities competency framework (Figure 8F) (140).
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FIGURE 8. Alignment of the designed DL framework with several of the key domains of: (A) the Scottish Doctor framework; (B) the CanMEDS physician competency framework; (C) the Accreditation Council for Graduate Medical Education (ACGME) competency framework; (D) the General Medical Council (GMC) UK competency framework; (E) the Global Minimum Essential Requirements (GMER) competency framework; and (F) the Brown abilities competency framework.


Based on the above observations, the DL-framework presents an excellent pedagogical approach, which, when adopted by any medical school, will have long-term plusses and advantages. This aspect is important as a recent study indicated that temperature and latitude do not appear to be associated with the spread of COVID-19, instead school closures and other public health measures seem to have a positive effect (141, 142). Also, significant degree of vaccine hesitancy observed in medical students (143). These reflect that it is pertinent that medical schools avail DL modality to address students' learning needs, indicating the need for a robust and versatile DL-framework. This can be further elaborated using Pierre Bourdieu's Theory of Practice (144–146). Bourdieu developed three intimately related concepts: field, capital, habitus (Refer to Figure 9 for details of the individual concepts). By applying Bourdieu's Theory of Practice, the designed framework, when executed and integrated in a competency-based medical curriculum, will allow any medical school to function effectively to deliver medical education, even during unprecedented times as presented by the current COVID-19 pandemic, to attract high achieving students (academic capital), as well as allow a more effective delivery of courses with access to limited infrastructure and human resources (economic capital). This will augment the ranking of the medical school, which has adopted the DL-framework (symbolic capital), as well as facilitate the school in applying and receiving more funding or emoluments (economic capital) in the field of medical education and health professions education research. These aspects will impact the medical school's values, primacies and curricula (habitus). Furthermore, all the above will be reflected in students the medical school will attract and train (habitus).


[image: Figure 9]
FIGURE 9. Bourdieu's Theory of Practice. The figure elaborates on three intimately related concepts: field, capital, and habitus. The text box in RED elaborates how Bourdieu's Theory of Practice when applied to the current context demonstrates the benefit of the DL framework being adopted by a medical school.


Although our DL pedagogical framework has overarching and specific benefits (discussed extensively in RESULTS and DISCUSSION sections), there are specific limitations that need to be addressed:

(1) In this study we have evaluated only the first two levels of Kirkpatrick's framework. However, levels – 3 and 4 of the framework, corresponding to “Did the intervention bring about a change in behavior?” and “Did the intervention influence performance?” respectively, still need to be evaluated. To pursue these evaluations, long-term studies are warranted, where the DL framework needs to be adopted across courses in both pre-clerkship and clerkship phases of curriculum, following which the effect of this intervention has to be assessed using suitable tools. For assessment of level – 3 of Kirkpatrick's framework, behavioral analysis of the ward rounds of students, exposed to the DL framework across different courses in the curriculum, is required. In this regard, the methodology of Sanson-Fisher et al. can be employed (147). Evaluation of level – 4 can be pursued using a strategy analogous to Seeley and Harding (148). Here, one group of students (the experimental group) will be exposed to the DL pedagogical approach in different courses in the curriculum. A second group of students (the control group) will attend courses delivered using traditional teaching methods. Dedicated multiple-choice question assessments and objective structured clinical examinations (OSCE) will be used to evaluate knowledge and skills. Results will indicate if the experimental group shows improved post-intervention clinical practice compared with the control group.

(2) One of the key limitations of this study is the small sample size. The small size of the sample is justified by the following factors: (A) As per the guidelines of the Commission of Academic Accreditation (CAA) in the United Arab Emirates (UAE), and given that MBRU is a newly established institution, it is limited to an intake of 70 students per year until the first cohort of students has graduated, which will be in 2022; (B) In the transition from semester 1 to semester 2 of year 1, there is notable attrition (~20 students) in the year 1 cohort, with ~50 first-year students successfully progressing from semester 1 to semester 2; and (C) In light of the diverse high school curricula in the UAE, many hopeful high school students may not satisfy the basic entry requirements outlined by MBRU, resulting in the receipt of fewer applications.

The authors also attempted to detect a simple correlation between DL modality and academic performance using a 2-sided test of 5% significance level (alpha = 0.05) with 80% power (β = 0.20) with correlation coefficient r = 0.20 of N observations. The required sample size was then estimated to be 194 (Table 3). However, as per the mandated guidelines of the CAA, a sample size of this magnitude is not possible. Consequently, this shortcoming will be addressed using a multi-centric approach in the future, where the DL strategy is applied to disseminate content pertaining to the regional anatomy of the H&N across different medical schools in the UAE, thereby establishing one of the most important goals of our future investigations.

(3) Anatomy as a discipline in a typical competency based undergraduate medical curricula, necessitates that the students are exposed to dedicated hands on sessions either through the use cadaveric dissection (149), or through the dedicated utilization of virtual reality modules (150). In other words, the dissemination of anatomy courses require the judicious use of manipulative activities especially dissection sessions. Manipulatives are concrete or virtual objects generally used in the elementary mathematics curriculum to disseminate fundamental concepts, thereby promoting hands-on learning. The major use of manipulatives in college education has been in chemistry classes, where students learned to construct molecules with model kits. Their use in medical education has been so far limited. Case in point, Krontiris-Litowitz employed manipulatives to enhance learning of neurophysiology in the medical curriculum (151).

Manipulative activities augment student-engagement. Such activities also build on a concept, taking it from the simplistic to the complex, thus facilitating horizontal and vertical integration. Additionally, manipulative activities address different learning styles, addressing the needs of visual, auditory, and kinaesthetic learners (152). In our study, we integrated manipulatives through a two-pronged approach which consisted of the use of: (A) 3D visualization module (BioDigital Interactive 3D Anatomy application), and (B) alternative assessments (Formative quizzes comprising of open-ended questions). An exemplar of such a quiz where an instructor discussed a long-case based on the case report of Williams et al. (153) is shown below:

“A 5-year-old girl presented to her GP with a history of an erythematous rash that appeared on her left cheek associated with eating certain foods including strawberries, apples, and sweets. The rash would appear immediately on mastication and would entirely disappear within 30 min of ingestion.

Her medical history was unremarkable apart from a road traffic accident at 3 years of age when she suffered facial and chest trauma leading to a mandibular fracture and right lower lobe collapse. The patient required intubation and ventilation for 9 days on the pediatric intensive care unit and underwent maxillofacial surgery for the mandibular fracture.

Physical examination revealed a well-grown child with no systemic abnormalities or eczema. Within a few seconds of eating candy a facial flushing appeared on her left cheek, stretching from her the temporal region to the corner of her mouth. This faded within a few minutes.

(i) Based on the above clinical presentation what is the most likely diagnosis that the GP will make?

(ii) What is the differential diagnosis for this patient?”

Such formative quizzes were discussed in detail via the social interactome model (more specially in the WhatsApp groups) (Figure 3). To stimulate discussion in the groups, an array of probes in line with those identified and typified by Brown and Atkins (154) were employed. The key aim of such discussions were to address the fact that when making a diagnosis of Frey's syndrome one should keep an open mind.

As our DL-framework was specifically tailored for the delivery of courses during the mandated lockdown period associated with COVID-19 pandemic, manipulative activities in the form of hands-on or dissection sessions couldn't be integrated into the framework. Although, we have tried to assuage this shortcoming through the integration of the two-pronged approach presented above, which was positively received by students; we perceive that students may feel less confident to pursue specific tasks specifically during their surgical rotation especially in the operating room. Cadaveric dissection integrated in anatomy courses aim to close the gap between the anatomic knowledge and surgical practice. Students gain knowledge and strengthen theoretical data through visualization of real anatomic structures. Additionally, by practicing on cadavers they touch and feel the anatomic relations more efficiently (155). This aspect requires further investigation.

(4) Although our DL-framework has been able to provide an enriched learning experience to students in the H&N course, will it be able to do the same across all the courses in the pre-clerkship phase of the curriculum?, specifically in those courses where there is a relative dearth of clinical scenarios/cases/vignettes. such as courses associated with research methodology and ethics. To address this issue, we are in the process of implementing precepts of the DL-framework in the delivery of courses such as Research Methods and Principle of Bioethics. Results from these studies are awaited and will form the basis of future scholarly communications.

One of the reasons we were able to successfully implement our teaching approach within a limited frame of time can be attributed to the presence of well-structured e-learning and cyber resources at our university, which we have alluded to, in the methodology. However, “Can our framework be adopted effectively by medical schools with limited access to such resources?,” is a question that still needs to be addressed especially for medical schools in developing countries (156). One of the cost-effective strategies for medical schools with limited access to e-learning and cyber resources, will be to implement social media applications (SMA) such as YouTube channels and WhatsApp discussion groups (which we have also integrated into the framework) in the delivery of courses through DL modality. In fact, our previous study indicates that these two SMA are regularly used by medical students in their learning process (46). Additionally, instructors with limited access to e-learning resources can employ virtual classroom modules such as WizIQ (https://www.wiziq.com) (104), which provide flexibility of pricing.

Lastly, it needs to be assessed if our teaching framework will be effective in the delivery of courses involving patient exposure. One of the ways to address this aspect will be to integrate the principles of telemedicine in our framework. A fundamental strategy for healthcare surge control is “forward triage” or the sorting of patients prior to their arrival in the emergency department (84). Direct-to-consumer (or on-demand) telemedicine, a 21st-century tactic to forward triage that permits patients to be competently screened, is equally patient-centred and advantageous to self-quarantine, and it safeguards patients, clinicians, medical students and the community from exposure. It allows physicians and patients to connect 24/7 using smart devices. Respiratory symptoms, which may be initial signs of COVID-19 infection are among the complaints generally appraised with this approach. Health care providers can effortlessly obtain complete travel and exposure histories. Automated screening algorithms are usually built into the intake process, and local epidemiologic information can be used to standardize screening and practice patterns across providers. In line, if precepts of telemedicine are integrated into our framework, especially in our virtual live online sessions, students will be able to interact safely with patients, even during the COVID-19 pandemic. However, this requires further investigation.


Table 3. Power calculation table [Significance level (α) = 0.05; N is indicated by the italicized numerical in the table].
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CONCLUSION

In conclusion, in this study we have designed a student-centric and versatile DL-framework integrating precepts of ADDIE instructional model. The framework was used for the delivery of H&N anatomy structure-function course, and was not only received positively by the students, but also contributed successfully to their cognitive development. One of our future courses of action, will be to implement this framework in the delivery of other courses in the pre-clerkship phase of the curriculum. To this effect, we have designed a change-management strategy using Mento's change-management model (157). The strategy aims to facilitate a change in pedagogy such that instructors integrate the precepts of the DL-framework in their course delivery. In fact, the change-management strategy has been successful as precepts of the framework were integrated by instructors in the delivery of fundamentals epidemiology and biostatistics course during the mandated COVID-19 lockdown period (61).

Additionally, one our future aims will be to fine-tune and revise the DL-framework by integrating aspects of resilience and stress-coping. With regards to the latter currently a study is in progress to determine the relationship between resilience, learning approaches, and stress-coping strategies and how they can collectively predict achievement in undergraduate medical students (158). Specifically, the indicated study addresses: What is the correlation between the psychoeducational variables; resilience, learning approaches, and stress-coping strategies? Can academic performance of undergraduate medical students be predicted through the construction of linear relationships between defined variables employing the principles of empirical modeling? (158). Fine-tuning of the DL-framework, using data obtained from this study will further enhance the adaptability of DL-framework better addressing students' learning trajectories during unprecedented times such as that created by the current COVID-19 pandemic.



DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included in the article/supplementary material, further inquiries can be directed to the corresponding author/s.



ETHICS STATEMENT

The studies involving human participants were reviewed and approved by Written consent was obtained from all individual respondents included in this study as the pursued survey was an essential part of the feedback process pertaining to the H&N course. The study was considered as a quality control project. Therefore, according to the policy and guidelines, of The Mohammed Bin Rashid University of Medicine and Health Sciences-Institutional Review board (MBRU-IRB), this project doesn't necessitate appraisal by MBRU-IRB or an exempt status. Further clarification can be obtained from the MBRU-IRB at irb@mbru.ac.ae. The study protocol is in line with the MBRU-IRB guidelines. The study spanned between January and September of 2020 during the mandated lockdown period because of the COVID−19 pandemic. The patients/participants provided their written informed consent to participate in this study.



AUTHOR CONTRIBUTIONS

NN was involved in the delivery of the H&N course in the semester−1 of Phase–I (in the pre-clerkship phase of the MBRU curriculum) referred to in this study and drafted significant sections of the manuscript. AA and AK were responsible for the statical analysis. MG and ML were responsible for data collection and curation. AA-A assisted in data analysis pertaining to the section pertaining to Kirkpatrick's Level−2 and YB as the director of Phase−1, designed the study in order to implement change in teaching in Phase–I of the curricula at MBRU during the COVID-19 mandated lockdown, drafted the final version of the manuscript along with NN, and oversaw the general organization and logistics of the study. All authors have read and approved the manuscript.



ACKNOWLEDGMENTS

YB will like to thank the students of semester-1, Phase -I for their kind cooperation and support with the study; and Mr. Jalal Mohamadeya, IT Manager at MBRU for his technical assistance in managing the different e-learning resources during the course of the study. YB thanks the office of Professor Zaid Hani Baqain, Provost of MBRU, for supporting the publication of the manuscript by defraying the article processing fee.



ABBREVIATIONS

EPA, Entrustable Professional Activities; DL, Distance Learning; OSPE, Objectively Structured Practical Examination; OSCE, Objective Structured Clinical Examination; H&N, Head and Neck course; CBMC, Competency-Based Medical Curriculum; ADDIE, Analyse, Design, Develop, Implement, and Evaluate; MBRU, Mohammed Bin Rashid University of Medicine and Health Science or in Latin, Medicinae Baccalaureus Baccalaureus Chirurgiae; MBBS, Bachelor of Medicine, Bachelor of Surgery; LMS, Learning Management System; MS, Microsoft; KMO, Kaiser-Meyer-Olkin; MSA, Measure of Sample Adequacy; EFA, Exploratory Factor Analysis; ANOVA, Analysis of Variance; GWAS, Genome-Wide Analysis Study; RPM, Remote Patient Monitoring; MOOC, Massive Open Online Course; ACGME, Accreditation Council for Graduate Medical Education; GMC, General Medical Council; GMER, Global Minimum Essential Requirements; SPSS, Statistical Package For The Social Sciences; SD, Standard Deviation.



REFERENCES

 1. Irby DM, Cooke M, O'brien BC. Calls for reform of medical education by the carnegie foundation for the advancement of teaching: 1910 and 2010. Acad Med. (2010) 85:220–7. doi: 10.1097/ACM.0b013e3181c88449

 2. Skochelak SE, Stack SJ. Creating the medical schools of the future. Acad Med. (2017) 92:16–9. doi: 10.1097/ACM.0000000000001160

 3. Emanuel EJ. The inevitable reimagining of medical education. JAMA. (2020) 323:1127–8. doi: 10.1001/jama.2020.1227

 4. Harries AJ, Lee C, Jones L, Rodriguez RM, Davis JA, Boysen-Osborn M, et al. Effects of the COVID-19 pandemic on medical students: a multicenter quantitative study. BMC Med Educ. (2021) 21:14. doi: 10.1186/s12909-020-02462-1

 5. Castells MC, Phillips EJ. Maintaining safety with SARS-CoV-2 vaccines. N Engl J Med. (2021) 384:643–9. doi: 10.1056/NEJMra2035343

 6. Mitja O, Corbacho-Monne M, Ubals M, Alemany A, Suner C, Tebe C, et al. A cluster-randomized trial of hydroxychloroquine for prevention of Covid-19. N Engl J Med. (2021) 384:417–27. doi: 10.1056/NEJMoa2021801

 7. Banerjee Y, Azar AJ, Tuffnell C, Lansberg PJ, Bayoumi R, Davis D. A novel 6D-approach to radically transform undergraduate medical education: preliminary reflections from MBRU. BMC Med Educ. (2018) 18:304. doi: 10.1186/s12909-018-1402-0

 8. Hew KF, Lo CK. Flipped classroom improves student learning in health professions education: a meta-analysis. BMC Med Educ. (2018) 18:38. doi: 10.1186/s12909-018-1144-z

 9. Roe Y, Rowe M, Odegaard NB, Sylliaas H, Dahl-Michelsen T. Learning with technology in physiotherapy education: design, implementation and evaluation of a flipped classroom teaching approach. BMC Med Educ. (2019) 19:291. doi: 10.1186/s12909-019-1728-2

 10. Williams KN, Ramani S, Fraser B, Orlander JD. Improving bedside teaching: findings from a focus group study of learners. Acad Med. (2008) 83:257–64. doi: 10.1097/ACM.0b013e3181637f3e

 11. Burgess A, Van Diggele C, Roberts C, Mellis C. Key tips for teaching in the clinical setting. BMC Med Educ. (2020) 20:463. doi: 10.1186/s12909-020-02283-2

 12. Swanson DB, Van Der Vleuten CP. Assessment of clinical skills with standardized patients: state of the art revisited. Teach Learn Med. (2013) 25:S17–25. doi: 10.1080/10401334.2013.842916

 13. Gill D, Whitehead C, Wondimagegn D. Challenges to medical education at a time of physical distancing. Lancet. (2020) 396:77–9. doi: 10.1016/S0140-6736(20)31368-4

 14. Mccullough LB, Coverdale J, Chervenak FA. Teaching professional formation in response to the COVID-19 pandemic. Acad Med. (2020) 95:1488–91. doi: 10.1097/ACM.0000000000003434

 15. Turner T, El-Jardali F. The crucible of COVID-19: what the pandemic is teaching us about health research systems. Health Res Policy Syst. (2020) 18:52. doi: 10.1186/s12961-020-00573-1

 16. Gruenberg K, Brock T, Garcia J, Macdougall C. A randomized, crossover pilot study of a novel web-based/mobile platform for collaborative small group practice in therapeutic reasoning. J Med Educ Curric Dev. (2020) 7:2382120520977189. doi: 10.1177/2382120520977189

 17. Jumreornvong O, Yang E, Race J, Appel J. Telemedicine and medical education in the age of COVID-19. Acad Med. (2020) 95:1838–43. doi: 10.1097/ACM.0000000000003711

 18. Newman NA, Lattouf OM. Coalition for medical education-A call to action: A proposition to adapt clinical medical education to meet the needs of students and other healthcare learners during COVID-19. J Card Surg. (2020) 35:1174–5. doi: 10.1111/jocs.14590

 19. Prigoff J, Hunter M, Nowygrod R. Medical student assessment in the time of COVID-19. J Surg Educ. (2021) 78:370–4. doi: 10.1016/j.jsurg.2020.07.040

 20. Dutta AK, Goswami K, Murugaiyan S, Sahoo S, Pal A, Paul C, et al. The transition from objectively structured practical examination (OSPE) to electronic OSPE in the era of COVID-19. Biochem Mol Biol Educ. (2020) 48:488–9. doi: 10.1002/bmb.21410

 21. Lara S, Foster CW, Hawks M, Montgomery M. Remote assessment of clinical skills during COVID-19: A virtual, high-stakes, summative pediatric objective structured clinical examination. Acad Pediatr. (2020) 20:760–1. doi: 10.1016/j.acap.2020.05.029

 22. Khan FA, Williams M, Napolitano CA. Resident education during Covid-19, virtual mock OSCE's via zoom: A pilot program. J Clin Anesth. (2021) 69:110107. doi: 10.1016/j.jclinane.2020.110107

 23. Ravi KS. Dead body management in times of Covid-19 and its potential impact on the availability of cadavers for medical education in India. Anat Sci Educ. (2020) 13:316–7. doi: 10.1002/ase.1962

 24. Pearson S. Anatomy: beyond the COVID-19 pandemic. Acad Med. (2020) 95:e1. doi: 10.1097/ACM.0000000000003567

 25. Naidoo N, Akhras A, Banerjee Y. Confronting the challenges of anatomy education in a competency-based medical curriculum during normal and unprecedented times (COVID-19 pandemic): pedagogical framework development and implementation. JMIR Med Educ. (2020) 6:e21701. doi: 10.2196/21701

 26. Kulasegaram KM, Martimianakis MA, Mylopoulos M, Whitehead CR, Woods NN. Cognition before curriculum: rethinking the integration of basic science and clinical learning. Acad Med. (2013) 88:1578–85. doi: 10.1097/ACM.0b013e3182a45def

 27. Drake RL, Mcbride JM, Lachman N, Pawlina W. Medical education in the anatomical sciences: the winds of change continue to blow. Anat Sci Educ. (2009) 2:253–9. doi: 10.1002/ase.117

 28. Bergman EM, De Bruin AB, Herrler A, Verheijen IW, Scherpbier AJ, Van Der Vleuten CP. Students' perceptions of anatomy across the undergraduate problem-based learning medical curriculum: a phenomenographical study. BMC Med Educ. (2013) 13:152. doi: 10.1186/1472-6920-13-152

 29. Smith CF, Martinez-Alvarez C, Mchanwell S. The context of learning anatomy: does it make a difference? J Anat. (2014) 224:270–8. doi: 10.1111/joa.12089

 30. Patel KM, Moxham BJ. Attitudes of professional anatomists to curricular change. Clin Anat. (2006) 19:132–41. doi: 10.1002/ca.20249

 31. Patel KM, Moxham BJ. The relationships between learning outcomes and methods of teaching anatomy as perceived by professional anatomists. Clin Anat. (2008) 21:182–9. doi: 10.1002/ca.20584

 32. Ghosh SK. Cadaveric dissection as an educational tool for anatomical sciences in the 21st century. Anat Sci Educ. (2017) 10:286–99. doi: 10.1002/ase.1649

 33. Lindeman BM, Sacks BC, Lipsett PA. Graduating students' and surgery program directors' views of the association of American medical colleges core entrustable professional activities for entering residency: where are the gaps? J Surg Educ. (2015) 72:e184–92. doi: 10.1016/j.jsurg.2015.07.005

 34. Johnson EO, Charchanti AV, Troupis TG. Modernization of an anatomy class: From conceptualization to implementation. A case for integrated multimodal-multidisciplinary teaching. Anat Sci Educ. (2012) 5:354–66. doi: 10.1002/ase.1296

 35. Caputo ND, Kanter MP, Scott S. The application of gap analysis to develop a call out/call back airway checklist: An ED quality improvement study. Am J Emerg Med. (2018) 36:1704–6. doi: 10.1016/j.ajem.2018.01.063

 36. Garrison DR, Cleveland-Innes M, Fung T. Student role adjustment in online communities of inquiry: Model and instrument validation. J Asynchro Learn Netw. (2004) 8:61–74. doi: 10.24059/olj.v8i2.1828

 37. Arbaugh JB, Cleveland-Innes M, Diaz SR, Garrison DR, Ice P, Richardson JC, et al. Developing a community of inquiry instrument: Testing a measure of the community of inquiry framework using a multi-institutional sample. Inter Higher Educ. (2008) 11:133–6. doi: 10.1016/j.iheduc.2008.06.003

 38. Siemens G. Connectivism: creating a learning ecology in distributed environments. In: Didactics of Microlearning. Concepts, Discourses and Examples (2007). p. 53–68.

 39. Harasim L. Assessing online collaborative learning: A theory, methodology, and toolset. In: Flexible Learning in an Information Society. Vancouver, BC: IGI Global (2007) 282–293. doi: 10.4018/978-1-59904-325-8.ch027

 40. Anderson T. Teaching in an Online Learning Context. Theory and practice of online learning. Athabasca, AB (2004).

 41. Ngussa BM. Application of ADDIE model of instruction in teaching-learning transaction among teachers of mara conference adventist secondary schools, Tanzania. J Educ Pract. (2014) 5:1–11.

 42. Smidt A, Balandin S, Sigafoos J, Reed VA. The Kirkpatrick model: A useful tool for evaluating training outcomes. J Intellect Dev Disabil. (2009) 34:266–74. doi: 10.1080/13668250903093125

 43. Walther M. Bourdieu's theory of practice as theoretical framework In: Engelhard J, Kutschker M, Macharzina K, Oesterle M-J, Schmid S, Welge MK, Wolf J, editors. Repatriation to France and Germany. Wiesbaden: Springer Gabler (2014). p. 7–23. doi: 10.1007/978-3-658-05700-8_2

 44. Leung WC. Competency based medical training: review. BMJ. (2002) 325:693–6. doi: 10.1136/bmj.325.7366.693

 45. Epstein RM, Hundert EM. Defining and assessing professional competence. JAMA. (2002) 287:226–35. doi: 10.1001/jama.287.2.226

 46. Banerjee Y, Tambi R, Gholami M, Alsheikh-Ali A, Bayoumi R, Lansberg P. Augmenting flexnerism via twitterism: need for integrating social media application in blueprinting pedagogical strategies for undergraduate medical education. JMIR Med Educ. (2019) 5:e12403. doi: 10.2196/12403

 47. Harden RM. What is a spiral curriculum? Med Teach. (1999) 21:141–3. doi: 10.1080/01421599979752

 48. Rice DB, Canedo-Ayala M, Turner KA, Gumuchian ST, Malcarne VL, Hagedoorn M, et al. Use of the nominal group technique to identify stakeholder priorities and inform survey development: an example with informal caregivers of people with scleroderma. BMJ Open. (2018) 8:e019726. doi: 10.1136/bmjopen-2017-019726

 49. Sandars J. The use of reflection in medical education: AMEE Guide No. Med Teach. (2009) 31:685–95. doi: 10.1080/01421590903050374

 50. Kanthan R, Senger JL. An appraisal of students' awareness of “self-reflection” in a first-year pathology course of undergraduate medical/dental education. BMC Med Educ. (2011) 11:67. doi: 10.1186/1472-6920-11-67

 51. Menard L, Ratnapalan S. Teaching moment: reflection in medicine: models and application. Can Fam Physician. (2013) 59:105–107, e157–09.

 52. Premo J, Cavagnetto A, Davis WB, Brickman P. Promoting collaborative classrooms: the impacts of interdependent cooperative learning on undergraduate interactions and achievement. CBE Life Sci Educ. (2018) 17:ar32. doi: 10.1187/cbe.17-08-0176

 53. Hsu TC, Lee-Hsieh J, Turton MA, Cheng SF. Using the ADDIE model to develop online continuing education courses on caring for nurses in Taiwan. J Contin Educ Nurs. (2014) 45:124–31. doi: 10.3928/00220124-20140219-04

 54. Patel SR, Margolies PJ, Covell NH, Lipscomb C, Dixon LB. Using instructional design, analyze, design, develop, implement, and evaluate, to develop e-learning modules to disseminate supported employment for community behavioral health treatment programs in New York State. Front Public Health. (2018) 6:113. doi: 10.3389/fpubh.2018.00113

 55. He Z, Marquard J, Henneman E. Model guided design and development process for an electronic health record training program. AMIA Annu Symp Proc. (2016) 2016:1814–21.

 56. Gustafson K, Branch R. Trends and Issues in Instructional Design and Technology. Upper Saddle River, NJ: Merrill Prentice Hall (2002).

 57. Cheung L. Using an instructional design model to teach medical procedures. Med Sci Educ. (2016) 26:175–80. doi: 10.1007/s40670-016-0228-9

 58. Charleux J, Villa J. [Triple procedure: operation of glaucoma, cataract and intra-ocular lens implantation. Review of 120 cases]. Ophtalmologie. (1987) 1:365–7.

 59. Carne J. The doctor, the patient and the group: balint revisited. Br J Gener Pract. (1993) 43:397.

 60. Launer J. Clinical case discussion: using a reflecting team. Postgraduate Med J. (2016) 92:245–6. doi: 10.1136/postgradmedj-2016-134079

 61. Azar AJ, Khamis AH, Naidoo N, Lindsbro M, Boukhaled JH, Gonuguntla S, et al. Design, implementation and evaluation of a distance learning framework to expedite medical education during COVID-19 pandemic: a proof-of-concept study. J Med Educ Curricular Dev. (2021) 8:23821205211000349. doi: 10.1177/23821205211000349

 62. Tabachnick BG, Fidell LS. Using Multivariate Statistics: International Edition. Boston, MA: Pearson (2013).

 63. Trujillo-Ortiz A, Hernandez-Walls R, Castro-Perez A, Barba-Rojo K, Otero-Limon A. kmo: Kaiser-Meyer-Olkin Measure of Sampling Adequacy. (2006). Available online at: http://www.mathworks.com/matlabcentral/fileexchange/loadFile.do (accessed July 5, 2021).

 64. Mcneish D. Exploratory factor analysis with small samples and missing data. J Pers Assess. (2017) 99:637–52. doi: 10.1080/00223891.2016.1252382

 65. Tobias S, Carlson JE. Brief report: bartlett's test of sphericity and chance findings in factor analysis. Multivariate Behav Res. (1969) 4:375–7. doi: 10.1207/s15327906mbr0403_8

 66. Izquierdo I, Olea J, Abad FJ. Exploratory factor analysis in validation studies: uses and recommendations. Psicothema. (2014) 26:395–400. doi: 10.7334/psicothema2013.349

 67. Tavakol M, Dennick R. Making sense of Cronbach's alpha. Int J Med Educ. (2011) 2:53–5. doi: 10.5116/ijme.4dfb.8dfd

 68. Williams BW, Byrne PD, Welindt D, Williams MV. Miller's pyramid and core competency assessment: a study in relationship construct validity. J Contin Educ Health Prof. (2016) 36:295–9. doi: 10.1097/CEH.0000000000000117

 69. Gelman A. Analysis of variance-why it is more important than ever. Ann Statist. (2005) 33:1–53. doi: 10.1214/009053604000001048

 70. Andrade C. The P value and statistical significance: misunderstandings, explanations, challenges, and alternatives. Indian J Psychol Med. (2019) 41:210–5. doi: 10.4103/IJPSYM.IJPSYM_193_19

 71. Cao W, Fang Z, Hou G, Han M, Xu X, Dong J, et al. The psychological impact of the COVID-19 epidemic on college students in China. Psychiatry Res. (2020) 287:112934. doi: 10.1016/j.psychres.2020.112934

 72. Qanash S, Al-Husayni F, Alemam S, Alqublan L, Alwafi E, Mufti HN, et al. Psychological effects on health science students after implementation of COVID-19 quarantine and distance learning in Saudi Arabia. Cureus. (2020) 12:e11767. doi: 10.7759/cureus.11767

 73. Brindley JE, Blaschke LM, Walti C. Creating effective collaborative learning groups in an online environment. Int Rev Res Open Distrib Learn. (2009) 10:3. doi: 10.19173/irrodl.v10i3.675

 74. Kemp N, Grieve R. Face-to-face or face-to-screen? Undergraduates' opinions and test performance in classroom vs. online learning. Front Psychol. (2014) 5:1278. doi: 10.3389/fpsyg.2014.01278

 75. Bin Mubayrik HF. Exploring adult learners' viewpoints and motivation regarding distance learning in medical education. Adv Med Educ Pract. (2020) 11:139–46. doi: 10.2147/AMEP.S231651

 76. Dyrbye LN, Massie FS, Eacker A, Harper W, Power D, Durning SJ, et al. Relationship between burnout and professional conduct and attitudes among US medical students. JAMA. (2010) 304:1173–80. doi: 10.1001/jama.2010.1318

 77. Schwenk TL, Davis L, Wimsatt LA. Depression, stigma, and suicidal ideation in medical students. JAMA. (2010) 304:1181–90. doi: 10.1001/jama.2010.1300

 78. De Jong MA, Nieuwenhuijsen K, Sluiter JK. Common mental disorders related to incidents and behaviour in physicians. Occup Med. (2016) 66:506–13. doi: 10.1093/occmed/kqw030

 79. Chen ZY, Jing D, Bath KG, Ieraci A, Khan T, Siao CJ, et al. Genetic variant BDNF (Val66Met) polymorphism alters anxiety-related behavior. Science. (2006) 314:140–3. doi: 10.1126/science.1129663

 80. Hill WD, Davies NM, Ritchie SJ, Skene NG, Bryois J, Bell S, et al. Genome-wide analysis identifies molecular systems and 149 genetic loci associated with income. Nat Commun. (2019) 10:5741. doi: 10.1038/s41467-019-13585-5

 81. Zhou Z, Zhu G, Hariri AR, Enoch MA, Scott D, Sinha R, et al. Genetic variation in human NPY expression affects stress response and emotion. Nature. (2008) 452:997–1001. doi: 10.1038/nature06858

 82. Feder A, Nestler EJ, Charney DS. Psychobiology and molecular genetics of resilience. Nat Rev Neurosci. (2009) 10:446–57. doi: 10.1038/nrn2649

 83. Banerjee Y, Taranikanti V, Bayoumi R. Triglyceride-mediated pathways and coronary heart disease. Lancet. (2010) 376:956. doi: 10.1016/S0140-6736(10)61447-X

 84. Hollander JE, Carr BG. Virtually perfect? Telemedicine for Covid-19. N Engl J Med. (2020) 382:1679–81. doi: 10.1056/NEJMp2003539

 85. Kichloo A, Albosta M, Dettloff K, Wani F, El-Amir Z, Singh J, et al. Telemedicine, the current COVID-19 pandemic and the future: a narrative review and perspectives moving forward in the USA. Fam Med Community Health. (2020) 8:530. doi: 10.1136/fmch-2020-000530

 86. Weber AM, Dua A, Chang K, Jupalli H, Rizwan F, Chouthai A, et al. An outpatient telehealth elective for displaced clinical learners during the COVID-19 pandemic. BMC Med Educ. (2021) 21:174. doi: 10.1186/s12909-021-02604-z

 87. Ackerman MJ, Filart R, Burgess LP, Lee I, Poropatich RK. Developing next-generation telehealth tools and technologies: patients, systems, data perspectives. Telemed J E Health. (2010) 16:93–5. doi: 10.1089/tmj.2009.0153

 88. Roine R, Ohinmaa A, Hailey D. Assessing telemedicine: a systematic review of the literature. CMAJ. (2001) 165:765–71.

 89. Bhatia S, Patnaik L, Pattanaik S, Sahu T. Internet use for patient care and health research: A cross-sectional study among physicians in a teaching hospital of Eastern India. J Family Med Prim Care. (2018) 7:993–7. doi: 10.4103/jfmpc.jfmpc_262_17

 90. Towle A, Cottrell D. Self directed learning. Arch Dis Child. (1996) 74:357–9. doi: 10.1136/adc.74.4.357

 91. Zimmerman BJ. A social cognitive view of self-regulated academic learning. J Educ Psychol. (1989) 81:329–39. doi: 10.1037/0022-0663.81.3.329

 92. Vallee A, Blacher J, Cariou A, Sorbets E. Blended learning compared to traditional learning in medical education: systematic review and meta-analysis. J Med Internet Res. (2020) 22:e16504. doi: 10.2196/16504

 93. Mandl KD, Kohane IS, Brandt AM. Electronic patient-physician communication: problems and promise. Ann Intern Med. (1998) 129:495–500. doi: 10.7326/0003-4819-129-6-199809150-00012

 94. Lu SC, Cheng YC, Chan PT. Using ADDIE model to develop a nursing information system training program for new graduate nurse. Stud Health Technol Inform. (2016) 225:969–70. doi: 10.3233/978-1-61499-658-3-969

 95. Kunin M, Julliard KN, Rodriguez TE. Comparing face-to-face, synchronous, and asynchronous learning: postgraduate dental resident preferences. J Dent Educ. (2014) 78:856–66. doi: 10.1002/j.0022-0337.2014.78.6.tb05739.x

 96. Nichols Hess A, Greer K. Designing for engagement: Using the ADDIE model to integrate high-impact practices into an online information literacy course. Commun Inform Literacy. (2016) 10:6. doi: 10.15760/comminfolit.2016.10.2.27

 97. Rubin D, Huang J, Fisher BT, Gasparrini A, Tam V, Song L, et al. Association of social distancing, population density, and temperature with the instantaneous reproduction number of SARS-CoV-2 in counties across the United States. JAMA Netw Open. (2020) 3:e2016099. doi: 10.1001/jamanetworkopen.2020.16099

 98. Croft N, Dalton A, Grant M. Overcoming isolation in distance learning: building a learning community through time and space. J Educ Built Environ. (2010) 5:27–64. doi: 10.11120/jebe.2010.05010027

 99. Dhawan S. Online learning: a panacea in the time of COVID-19 crisis. J Educ Technol Syst. (2020) 49:5–22. doi: 10.1177/0047239520934018

 100. Burden PR. Classroom Management and Discipline: Methods to Facilitate Cooperation and Instruction. White Plains, NY: ERIC (1995).

 101. Kamps D. Preventing problems by improving behavior. Prevent Problem Behav. Thousand Oaks, CA (2002) 11–36.

 102. O'doherty D, Dromey M, Lougheed J, Hannigan A, Last J, Mcgrath D. Barriers and solutions to online learning in medical education - an integrative review. BMC Med Educ. (2018) 18:130. doi: 10.1186/s12909-018-1240-0

 103. Lehrl S, Evangelou M, Sammons P. The home learning environment and its role in shaping children's educational development. School Effect School Improve. (2020) 31:1–6. doi: 10.1080/09243453.2020.1693487

 104. Mishra L, Gupta T, Shree A. Online teaching-learning in higher education during lockdown period of COVID-19 pandemic. Int J Educ Res Open. (2020) 1:100012. doi: 10.1016/j.ijedro.2020.100012

 105. Urval RP, Kamath A, Ullal S, Shenoy AK, Shenoy N, Udupa LA. Assessment of learning styles of undergraduate medical students using the VARK questionnaire and the influence of sex and academic performance. Adv Physiol Educ. (2014) 38:216–20. doi: 10.1152/advan.00024.2014

 106. Ryan TJ. Osler and his teaching: relevant today. Postgrad Med J. (2015) 91:540–1. doi: 10.1136/postgradmedj-2015-133677

 107. Buja LM. Medical education today: all that glitters is not gold. BMC Med Educ. (2019) 19:110. doi: 10.1186/s12909-019-1535-9

 108. Khalil MK, Elkhider IA. Applying learning theories and instructional design models for effective instruction. Adv Physiol Educ. (2016) 40:147–56. doi: 10.1152/advan.00138.2015

 109. Torre DM, Daley BJ, Sebastian JL, Elnicki DM. Overview of current learning theories for medical educators. Am J Med. (2006) 119:903–7. doi: 10.1016/j.amjmed.2006.06.037

 110. Willcoxson L, Prosser M. Kolb's Learning Style Inventory (1985): review and further study of validity and reliability. Br J Educ Psychol. (1996) 66:247–57. doi: 10.1111/j.2044-8279.1996.tb01193.x

 111. Toni Mohr A, Holtbrügge D, Berg N. Learning style preferences and the perceived usefulness of e-learning. Teach Higher Educ. (2012) 17:309–22. doi: 10.1080/13562517.2011.640999

 112. Mahajan R, Gupta P, Singh T. Massive open online courses: concept and implications. Indian Pediatr. (2019) 56:489–95. doi: 10.1007/s13312-019-1575-6

 113. Hendriks RA, De Jong PGM, Admiraal WF, Reinders MEJ. Teaching modes and social-epistemological dimensions in medical massive open online courses: lessons for integration in campus education. Med Teach. (2019) 41:917–26. doi: 10.1080/0142159X.2019.1592140

 114. Al-Shehri AM. E-learning in Saudi Arabia:'To E or not to E, that is the question'. J Family Commun Med. (2010) 17:147. doi: 10.4103/1319-1683.74333

 115. Al-Emran M, Elsherif HM, Shaalan K. Investigating attitudes towards the use of mobile learning in higher education. Comput Human Behav. (2016) 56:93–102. doi: 10.1016/j.chb.2015.11.033

 116. United Arab Emirates Ministry of Education. Higher Education Emphasizes the Need to Check Accredited E-Learning Universities List (2016). Available online at: https://www.moe.gov.ae/En/MediaCenter/archive/mohesr/news/Pages/Higher-Education-emphasizes-the-need-to-check-accredited-e-learning-universities-list.aspx (Retrieved May 4, 2021).

 117. Fidalgo P, Thormann J, Kulyk O, Lencastre JA. Students' perceptions on distance education: A multinational study. Int J Educ Technol Higher Educ. (2020) 17:1–18. doi: 10.1186/s41239-020-00194-2

 118. Beketova E, Leontyeva I, Zubanova S, Gryaznukhin A, Movchun V. Creating an optimal environment for distance learning in higher education: discovering leadership issues. Palgrave Commun. (2020) 6:1–6. doi: 10.1057/s41599-020-0456-x

 119. Hoch WA, Dougher TA. Student perceptions of hybrid vs. traditional courses: A case study in plant identification. NACTA J. (2011) 55:8.

 120. Marquis GP, Ghosh S. Student preferences for a hybrid course. J Educ Business. (2017) 92:105–13. doi: 10.1080/08832323.2017.1289886

 121. Ogrinc G, Headrick LA, Mutha S, Coleman MT, O'donnell J, Miles PV. A framework for teaching medical students and residents about practice-based learning and improvement, synthesized from a literature review. Acad Med. (2003) 78:748–56. doi: 10.1097/00001888-200307000-00019

 122. Ross MT, Stenfors-Hayes T. Development of a framework of medical undergraduate teaching activities. Med Educ. (2008) 42:915–22. doi: 10.1111/j.1365-2923.2008.03147.x

 123. Tambi R, Bayoumi R, Lansberg P, Banerjee Y. Blending Gagne's instructional model with peyton's approach to design an introductory bioinformatics lesson plan for medical students: proof-of-concept study. JMIR Med Educ. (2018) 4:e11122. doi: 10.2196/11122

 124. Ferrer-Torregrosa J, Jimenez-Rodriguez MA, Torralba-Estelles J, Garzon-Farinos F, Perez-Bermejo M, Fernandez-Ehrling N. Distance learning ects and flipped classroom in the anatomy learning: comparative study of the use of augmented reality, video and notes. BMC Med Educ. (2016) 16:230. doi: 10.1186/s12909-016-0757-3

 125. Laks M, Guerra CM, Miraglia JL, Medeiros EA. Distance learning in antimicrobial stewardship: innovation in medical education. BMC Med Educ. (2019) 19:191. doi: 10.1186/s12909-019-1623-x

 126. Lima MS, Tonial FG, Basei E, Brew MC, Grossmann E, Haddad AE, et al. Effectiveness of the distance learning strategy applied to orthodontics education: a systematic literature review. Telemed J E Health. (2019) 25:1134–43. doi: 10.1089/tmj.2018.0286

 127. Amir LR, Tanti I, Maharani DA, Wimardhani YS, Julia V, Sulijaya B, et al. Student perspective of classroom and distance learning during COVID-19 pandemic in the undergraduate dental study program Universitas Indonesia. BMC Med Educ. (2020) 20:392. doi: 10.1186/s12909-020-02312-0

 128. Maggipinto S, Chen A, Huynh D, Heutlinger O, Eberenz K, Mallick S, et al. Free, online videos for distance learning in medical genetics. Eur J Med Genet. (2020) 63:103983. doi: 10.1016/j.ejmg.2020.103983

 129. Hege I, Tolks D, Adler M, Hartl A. Blended learning: ten tips on how to implement it into a curriculum in healthcare education. GMS J Med Educ. (2020) 37:Doc45. doi: 10.3205/zma001338

 130. Harden RM, Laidlaw JM. Effective continuing education: the CRISIS criteria. Med Educ. (1992) 26:408–22. doi: 10.1111/j.1365-2923.1992.tb00194.x

 131. Davis N, Davis D, Bloch R. Continuing medical education: AMEE education guide No 35. Med Teach. (2008) 30:652–66. doi: 10.1080/01421590802108323

 132. Dunn WR, Hamilton DD, Harden RM. Techniques of identifying competencies needed of doctors. Med Teach. (1985) 7:15–25. doi: 10.3109/01421598509036787

 133. Brookfield S. Self-directed adult learning: a critical paradigm. Adult Educ Q. (1984) 35:59–71. doi: 10.1177/0001848184035002001

 134. Mulholland H. Continuing medical education-is there a crisis. Postgrad Educ Gen Prac. (1990) 2:69–73. doi: 10.2469/cp.v1990.n2.10

 135. Simpson JG, Furnace J, Crosby J, Cumming AD, Evans PA, Friedman Ben David M, et al. The Scottish doctor–learning outcomes for the medical undergraduate in Scotland: a foundation for competent and reflective practitioners. Med Teach. (2002) 24:136–43. doi: 10.1080/01421590220120713

 136. Frank JR, Danoff D. The CanMEDS initiative: implementing an outcomes-based framework of physician competencies. Med Teach. (2007) 29:642–7. doi: 10.1080/01421590701746983

 137. Levan DJ, Plizga LA, Wiley A, Kehres S, Virgin K, Farshadsefat S, et al. The journey to ACGME accreditation: a program's perspectives and practical guidance from the ACGME. J Grad Med Educ. (2016) 8:473–7. doi: 10.4300/JGME-D-15-00773.1

 138. Rubin P, Franchi-Christopher D. New edition of tomorrow's doctors. Med Teach. (2002) 24:368–9. doi: 10.1080/0142159021000000816

 139. Core Committee IFIME. Global minimum essential requirements in medical education. Med Teach. (2002) 24:130–5. doi: 10.1080/01421590220120731

 140. Bornioli A, Evans D, Cotter C. Evaluation of the UK Public Health Skills and Knowledge Framework (PHSKF): implications for international competency frameworks. BMC Public Health. (2020) 20:956. doi: 10.1186/s12889-020-09024-6

 141. Islam N, Sharp SJ, Chowell G, Shabnam S, Kawachi I, Lacey B, et al. Physical distancing interventions and incidence of coronavirus disease 2019: natural experiment in 149 countries. BMJ. (2020) 370:m2743. doi: 10.1136/bmj.m2743

 142. Sajadi MM, Habibzadeh P, Vintzileos A, Shokouhi S, Miralles-Wilhelm F, Amoroso A. Temperature, humidity, and latitude analysis to estimate potential spread and seasonality of coronavirus disease 2019 (COVID-19). JAMA Netw Open. (2020) 3:e2011834. doi: 10.1001/jamanetworkopen.2020.11834

 143. Lucia VC, Kelekar A, Afonso NM. COVID-19 vaccine hesitancy among medical students. J Public Health. (2020) 26:fdaa230. doi: 10.1093/pubmed/fdaa230

 144. Carpiano RM. Toward a neighborhood resource-based theory of social capital for health: can Bourdieu and sociology help? Soc Sci Med. (2006) 62:165–75. doi: 10.1016/j.socscimed.2005.05.020

 145. Grenfell M, Lebaron F. Bourdieu and Data Analysis: Methodological Principles and Practice. Bern: Peter Lang AG. (2014). doi: 10.3726/978-3-0353-0571-5

 146. Harker R, Mahar C, Wilkes C. An Introduction to the Work of Pierre Bourdieu: The Practice of Theory. Berlin: Springer (2016).

 147. Sanson-Fisher RW, Poole AD, Harker J. Behavioural analysis of ward rounds within a general hospital psychiatric unit. Behav Res Ther. (1979) 17:333–48. doi: 10.1016/0005-7967(79)90005-6

 148. Seeley MA, Harding KG. The effects of education and training on clinical practice in wound healing. Int Wound J. (2008) 5:660–4. doi: 10.1111/j.1742-481X.2008.00519.x

 149. Dissabandara LO, Nirthanan SN, Khoo TK, Tedman R. Role of cadaveric dissections in modern medical curricula: a study on student perceptions. Anat Cell Biol. (2015) 48:205–12. doi: 10.5115/acb.2015.48.3.205

 150. Chen S, Zhu J, Cheng C, Pan Z, Liu L, Du J, et al. Can virtual reality improve traditional anatomy education programmes? A mixed-methods study on the use of a 3D skull model. BMC Med Educ. (2020) 20:395. doi: 10.1186/s12909-020-02255-6

 151. Krontiris-Litowitz J. Using manipulatives to improve learning in the undergraduate neurophysiology curriculum. Adv Physiol Educ. (2003) 27:109–19. doi: 10.1152/advan.00042.2002

 152. Berk EG. Hands-on science: using manipulatives in the classroom. Principal. (1999) 78:52.

 153. Williams N, Patel N, Khakoo A. Frey's syndrome as a differential diagnosis for food allergy: a case report. BJGP Open. (2017) 1:bjgpopen17X100653. doi: 10.3399/bjgpopen17X100653

 154. Atkins M, Brown G. Effective Teaching in Higher Education. London, UK: Routledge (2002). doi: 10.4324/9780203221365

 155. Nwachukwu C, Lachman N, Pawlina W. Evaluating dissection in the gross anatomy course: Correlation between quality of laboratory dissection and students outcomes. Anat Sci Educ. (2015) 8:45–52. doi: 10.1002/ase.1458

 156. Adarkwah MA. I'm not against online teaching, but what about us?: ICT in Ghana post Covid-19. Educ Inf Technol. (2020) 16:1–21. doi: 10.1007/s10639-020-10331-z

 157. Banerjee Y, Tuffnell C, Alkhadragy R. Mento's change model in teaching competency-based medical education. BMC Med Educ. (2019) 19:472. doi: 10.1186/s12909-019-1896-0

 158. Banerjee Y, Akhras A, Khamis AH, Alsheikh-Ali A, Davis D. Investigating the relationship between resilience, stress-coping strategies, and learning approaches to predict academic performance in undergraduate medical students: protocol for a proof-of-concept study. JMIR Res Protoc. (2019) 8:e14677. doi: 10.2196/14677

Conflict of Interest: YB was the recipient of funding from Pfizer, Amgen, and the BlueNote community to conduct investigator initiated research (IIR) and medical education activities in the form of continuing professional development (CPD) and continued medical education (CME) activities. However, these funds haven't been used in the study depicted in the manuscript. The remaining authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Publisher's Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2021 Naidoo, Azar, Khamis, Gholami, Lindsbro, Alsheikh-Ali and Banerjee. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fpubh-09-726814-g005.gif
oidyou et
srwouwith e -

| I
oninediance

leaming?





OPS/images/fpubh-09-726814-g006.gif
Summative score

“






OPS/images/fpubh-09-726814-g003.gif





OPS/images/fpubh-09-726814-g004.gif





OPS/images/fpubh-09-726814-g009.gif





OPS/images/fpubh-09-726814-g007.gif
p— = ==
s T
[
Ty
R e,
e

e





OPS/images/fpubh-09-726814-g008.gif





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Design, Implementation, and Evaluation of a Distance Learning Framework to Adapt to the Changing Landscape of Anatomy Instruction in Medical Education During COVID-19 Pandemic: A Proof-of-Concept Study



		Introduction



		Methods



		Study Landscape



		Participants



		Dissemination of the DL Framework



		Design of the Framework for Course Dissemination



		Identifying the Learning Theories for the Framework Using Nominal Group Technique



		Selection of the Learning Theories









		Rationale Behind the Selection of the ADDIE Model to Design the Dissemination Framework for the Course



		Blueprint of the Course Dissemination Framework Designed Using ADDIE



		Stage 1: Analysis



		Stage 2: Design



		Stage 3: Development



		Stage 4: Implementation



		Stage 5: Evaluation









		Evaluation of the DL Framework



		Kirkpatrick's Level 1 Evaluation



		Kirkpatrick's Level 2 Evaluation













		Results



		Validation of the Survey Tool



		Kirkpatrick's Level 1 Evaluation: Evaluation of a Student's Perception



		Anxiety and the Use of Distance Learning (DL)



		Computer Expertise and the Use of Distance Learning



		Flexibility of Distance Learning



		Usefulness of Distance Learning



		Distance Learning Satisfaction



		Preferred Mode of Distance Learning Delivery









		Kirkpatrick's Level 2: Cognitive Development







		Discussion



		Conclusion



		Data Availability Statement



		Ethics Statement



		Author Contributions



		Acknowledgments



		Abbreviations



		References

















OPS/images/cover.jpg
, frontiers
in Public Health

Design, Implementation, and
Evaluation of a Distance Learning
Framework to Adapt to the Changing
Landscape of Anatomy Instruction in
Medical Education During COVID-19
Pandemic: A Proof-of-Concept Study





OPS/images/fpubh-09-726814-t003.jpg
Sample correlation (1)

Power of the study (1-B) 02
09
08
07
06

0.3
259
194
153
122

04
113
85
67
54

05
62
47
37
30

0.6
38
29
23
19

07
25
19
16
13

0.8
17
13
1

10

Note: for association of DL modity to academic performance, with a range of power values (0.6-0.9) (shaded region), indicates that the number of participants will be suitable for
statistical corelations. In line with the table, if one wishes to detect a simple correlation between DL modalty to academic performance, where correlation co-efficient () = 0.2 of N

observations, then using a two sided test, of 5% significance level (« = 0.05) with power 80% power (B

.2), the required sample size is ~194 (r





OPS/images/fpubh-09-726814-g001.gif
The Spiral Curriculum

e
iy debvered s e chnal s i s
e

)
[ —
e e e i S

Abnormalstructure

i e e i function and behaviour
T et i
S o ormatsracture

Tt oty function and behaviour

e lh:;;nnun)\nhl::;nnl«h

Clinicaland  Baslc and Clinical
CommunicationSkdlls  Sciences.






OPS/images/fpubh-09-726814-g002.gif





OPS/images/fpubh-09-726814-t002.jpg
Category

SD, Strongly Disagree; D, Disagr

Item

This course helps me use the internet
source more efficiently

My use of computers increases after
taking this course

My computer knowledge increases with
the course assignments and projects

This course contributes to my knowledge
of searching on the internet

In terms of use of time and location,
distance learning is flexible

Distance learning is appropriate to
students with different learning capacities

Distance learning allows me to allocate my
time better

Distance learning allows me to work at
home comfortably

Evaluation of the success in distance
learing is quite objective

Distance leaming provides me with a
valuable learning experience

Adegree in distance learning is as valuable
as a degree in traitional education

| believe distance learning is useful

Distance leaming minimizes the
inequalities in education

In this course, | am pleased with the timely
responses to my questions

The content of this course meets my
expectations

I adivise other students to take this course
ke the content of the course which
draws examples from real life

The student-centred instruction offered in
this course through distance learning is
enjoyable

|, Neutral: A, Agree; SA, Strongly Agree.

18

2

15

28

33

87

23

23

33

33

31
46

33

23
18

36

59

36

46

26

33

36

44

51

31
21

59

67
59

36

21

33

10
21





OPS/images/fpubh-09-726814-t001.jpg
Category Items in each category Exploratory factor analysis KMO® & Cronbach’s
Bartlett Alpha® (%)
Factor loading Item influence
value

Computer expertise This course helps me use the internet source more 0,68 Sufficient 0.70¢ 779

efficiently

My use of computers increases after taking this 074 Good

course

My computer knowledge increases with the course ~ 0.81 High

assignments and projects

This course contributes to my knowledge of 089

searching on the internet
Flexibilty of distance In terms of use of time and location, distance 063 Sufficient 0.54¢ 730
learning learning s flexible

Distance learning is appropriate to students with 0.66

different learning capacities

Distance learning allows me to allocate my time 076 Good

better

Distance learning allows me to work at home 093 High

comfortably
Usefulness of distance Evaluation of the success in distance learning is 048 Weak 0.73¢ 77.4
learning quite objective

Distance learning provides me with a valuable 0.76 Good

learning experience

A degree in distance learning is as valuable as a 079

degree in traditional eclucation

| believe distance learning is useful 083 High

Distance learning minimizes the inequalities in 085

education
Distance learning In this course, | am pleased with the timely 057 Fair 0.75¢ 68.1
satisfaction responses to my questions.

The content of this course meets my expectations 0.61 Sufficient

1 advise other students to take this course 063

1like the content of the course which draws 065

examples from real life

The student-centred instruction offered in this 0.92 High

course through distance leaming is enjoyable

AFirst-year medical students enrolled in the Bachelor of Medicine, Bachelor of Surgery (MBBS), College of Medicine, Mohammed Bin Rashid University of Medicine and Health Sciences
(MBRU), Dubai, United Arab Emirates.

PKMO, Kaiser-Meyer-Olfin.
<Shows the intemal consistency.

dp - 0.0001.









OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
’ frontiers
in Public Health





