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ABSTRACT:


The Covid-19 pandemic led to a disruption of classical teaching methods, introducing with social distancing the need to use a more secure remote approaches. 

Despite the challenges, this social restriction has fostered the development of innovative methodologies for medical training.

In this work, we designed a digital game-based learning (DGBL) software of the neonatal resuscitation procedure, conceived for online dissemination, verified its performance on a population of 52 anesthesia residents, and compared the results with a homogeneous control group trained in person. 


The online software is divided into 4 game sessions providing details of neonatal resuscitation in a redundant and in-depth mode as the number of game sessions increases.


Learning outcomes were collected after each game session and analyzed based on the learning curve of the DGBL score. Training effectiveness was also assessed by analyzing the results obtained from pre/post training knowledge questionnaires.


The effectiveness of remote DGBL training is confirmed by learning the correct flow chart, reducing decision-making times, performing the correct timing of assisted ventilation, and choosing the right equipment to be checked.  Furthermore, this approach was perceived by the users as clear, comprehensive, and user-friendly. 


In addition to evaluating its effectiveness, pro and cons associated with the online training mode are discussed. 
In conclusion, the online DGBL training approach represents a valuable additional tool to traditional training methodologies, providing users with an interactive, effective, and enjoyable training experience. 






An original remote digital serious game for neonatal resuscitation training: new opportunities from COVID-19 era.

INTRODUCTION

The COVID-19 pandemic has resulted in major disruption of worldwide systems, including education and retraining in health sciences. Facing the associated challenges should be based on the principles of disaster management: mitigation, preparedness, response, and recovery1. Therefore, the impact of the pandemic on medical education was handled through the concepts of early response, alternative education options, and future changes/actions2. Despite its challenges, this pandemic has the potential to be an inflection point that revolutionizes how medical education is delivered. The very first change in education has been the way of teaching from the classic in-person lecture to a more secure in-remote mode which has proved to be a very important tool to provide a continue and frequent training3. Not only classes for undergraduates but also continuing medical education (CME) courses, that were previously conducted in face-to-face modes, had to evolve towards online or virtual modes of learning.


Already in the pre-Covid era, there were many digital options to aid training that included Internet search (such as medical databases, blogs, or Google search for specific information), journals and textbooks (including online versions), podcasts/videos or audiotapes, online CME courses/webinars, social media (Twitter, Facebook, Instagram, or LinkedIn), and YouTube, which is identified as a primary source of educational videos, especially on surgical procedures4.
With the advent of Covid-19, additional digital tools have been implemented and distributed to aid distance learning, such as Telemedicine, Remote Teaching (mediated by platforms such as Skype, Microsoft Teams, GoToMeeting, Webex, and others) and Virtual Simulation on technical skills through the use of virtual and mixed reality viewers and software5. The ‘anytime, anywhere’ aspect of technology offers an exciting opportunity to keep students on track to graduate almost no matter where this virus disruption takes them6.
However, all these forms of teaching require a plan for institutions to allocate an adequate budget8 and are potentially affected by bias7, leaving the user without expert supervision during the learning phase.Among the new modes of training alternatives to the classic lecture, digital game-based learning (DGBL)9,10 represents the one that best succeeds in expanding the number of users involved while reducing the costs of the personnel involved, physical space, and equipment needed11.
This innovative methodology demonstrated its potential as a valid tool to support and increase the effectiveness of the standard training used to date12,13. Surveys and meta-analysis report general satisfaction towards these new strategies for education,  with a strong dependence on the age of the users and their confidence with technology14. For these reasons, DGBL has become very popular for medical training15-18, with proven effectiveness in reducing the number of medical errors19. 
The digital game-based learning  approach is based on the use of digital software through which users can deepen their knowledge and be involved in highly interactive simulations. 
Therefore it requires the creation of effective tool and realistic assets united within an interactive software that represent an aid to the implementation of specific tasks such as newborn resuscitation20. 
The transitioning of teaching from in-presence to remote mode requires finding an appropriate compromise between the use of highly realistic assets/animations and the reduction of the graphical resolution required by an online dissemination platform. This allows the use by all users, regardless of their network and the performance of their device. 
In this work we investigated the effectiveness of DGBL methodologies for training the newborn resuscitation procedure in a remote mode, with a specific developed online software. A homogeneous population of anesthesia residents was recruited and the ability of the tool to transfer information about the procedure was analyzed by evaluating the game scores at different time stages. Results are furthercompared with the in person ones. The difficulties of online learning,its pros and its cons are then discussed, showing the effectiveness of online DGBL to improve and integrate standard teaching methodology. 

2. MATERIALS AND METHODS:


2.1 ONLINE SOFTWARE DESCRIPTION

The online software developed (DIANA on WEB) consists of 4 game sessions (each lasting 20 minutes) and contained a digitally rendered asset from real clinical environments and instruments. Through the four remote gaming sessions, the software relies on the redundancy of information provided to the user in increasing detail and depth as the number of game sessions played increases (Figure1).
During the execution of each session the user followed a part of theory on the neonatal resuscitation procedure and an interactive part where they had to select the correct option to proceed during the flowchart and performed some technical-skills. The entire interactive procedure was guided by a digital assistant, who intervened frequently to stimulate procedural memory, enhancing and repeating the main concepts21. Within the online software, users can practice the skill of check equipment and assisted ventilation. In the first case at the end of the exercise, a list of equipment that should have been checked appears in front of the user to allow each session to be a learning opportunity. In the skill of assisted ventilation, the virtual assistant provides feedback every 10 seconds to the user, recommending modification of the timing of PPV (Positive Pressure Ventilation) execution if it is incorrect.  In this way, the user can improve the execution of the procedure while it is being performed. 

STUDY DESCRIPTION

As shown in Figure 2, the study population was subjected to a prior knowledge questionnaire to assess the year of specialization, attendance at previous theoretical lessons, simulation experience, and clinical practice. The trainees underwent knowledge test 0 to assess their preparation. Subsequently, they underwent four 20-minute training sessions, spaced from a minimum of 2 days to a maximum of 3 days. The task scores of the individual sessions were used to evaluate the improvement. At the end of the training, an additional knowledge test was administered to trainees. A 24-hour post-training time interval was specifically chosen to filter out the positive effects of short-term memory on scores22. The test, whose items were randomized in the order of questions and answers, was then compared with the knowledge test 0 to evaluate learning. The scores obtained in knowledge tests 0 and 1 were compared with those of a previous group subjected to DIANA-game in the in person mode13. Finally, a satisfaction questionnaire was submitted to the users to collect suggestions for improving the method. A population of anesthesia residents from years 2 to 4 was considered eligible for the study The ones who did not complete the evaluation process (questionnaire, knowledge test 0, 4 training sessions, knowledge test 1, and satisfaction questionnaire) or who exceeded the maximum time interval allowed (e.g., 3 days) between training sessions were excluded from the study. 

STATISTICAL ANALYSIS:
The normality of the distributions was investigated with the Shapiro-Wilk Normality Test. Values are reported, in the absence of normality, as median and first-third quartile range (Q1, Q3) for continuous variables. Discrete variables were given as counts. In multi-group comparisons, homoscedasticity was analyzed using the non-parametric Fligner-Killeen test. The comparison of continuous variables was carried out using the Mann-Whitney U test for independent populations and the Wilcoxon Signed-rank test for matched samples (with continuity correction). To investigate the monotony of scores between sessions, a Friedman test was used prior to post-hoc analysis using a one-sided Wilcoxon Signed-rank test for matched samples. 

3. RESULTS:

As shown in Table 1, the study population consisted of 52 anesthetists residents in their second to fourth year of specialisation. Eight anesthesiology residents did not meet the inclusion parameters, failing to complete the procedure, for a total drop out rate of 13%. The results of the knowledge questionnaires described a population with no clinical experience (0/52) and very little theoretical (5/52) and neonatal simulator experience (4/52). The knowledge score, defined as the number of experiences carried out13, showed that the people who practised on the simulator all followed the theoretical lessons.


3.1 EVALUATION OF DGBL PERFORMANCES

The analysis on the statistical normality of the results shows that no data passed a normality test. As shown in Table 2, the population of anesthesia residents had a median score of 20% (13%, 28%) on knowledge test 0 (pre-training). Following the DIANA-game on-web training, there was a significant (p<< 0.001) increase in the score, with a median value of 67% (60%, 78%).  Similarly, there was a significant reduction (p<< 0.001) in the number of incorrect equipment (with median values from 4 (3, 6) to 2 (1, 3)) and an increase in correct ones (from 15 (12, 17) to 19.5 (18, 20)). There was no statistically significant effect on the number of partially correct (p =0.17> 0.05). 
The results of this analysis were compared with those of a study population previously trained in person with the same procedure13. Comparison of the online and in-presence learning (limited to trainees with knowledge score 0, N=22) resulted in a comparable group in terms of pre-training score (20% (13%, 28%) online against 26% (12%, 43%) in presence, p=0.18). After the training, the two groups are still comparable (78% (60%, 87%) against 67% (60%, 78%), p=0.10) confirming the goodness of the online methodology. 
Residents underwent a voluntary anonymous satisfaction questionnaire following the training. The questions, shown in Table 2, report that trainees displayed a unanimous consensus on the usefulness to organized additional DGBL training (100% Agree/Strongly agree) which was perceived as clear, comprehensive (96.3%), and enjoyable(100%). 
Residents think that DGBL methodology enable them to become more familiar with the neonatal resuscitation procedure (25.9% neither agree nor disagree, 40.7% agree, and 33.3% strongly agree).


3.2 TRAINING LEARNING CURVES
The median scores for Drugs administration, Intubation and chest compression, and CARE and PPV are reported in Figure 2 (panel A). On the same figure is also reported the percentage of the correct equipment selected at the different sessions. Partially correct and incorrect percentage are not reported as there are no significant differences (at the 0.05 level) between sessions. No data passed a normality test. A preliminary Friedman test identified at the 0.05 level a difference between the sessions. The post-hoc analysis assessing the score between one session and the next by means of a one-sided Wilcoxon signed rank test with continuity correction verified an increasing monotonic behavior of the scores. Indeed, even considering a Bonferroni correction of order 3, the scores for Drugs administration (66%, 100%), Intubation and chest compression (60%, 80%, 100%), and CARE and PPV (70%, 90%, 90%, 100%) are increasing (p-value <0.01). Exceptions are the Intubation and chest compression scores between sessions 3 and 4, which are only significant at the 0.05 level after Bonferroni correction, and the CARE and PPV scores between sessions 3 and 4, which are not significant at the 0.05 level.  The scores of the correct items (46%, 69%, 84%, 77%) increased between the first three sessions (p-value <<0.001) and remained stable between the third and fourth session. The corresponding times (Figure 2 panel B) are decreasing to a level of 0.01 even after Bonferroni's correction. The average answer time for Drugs administration dropped from 12.6 to 7.2 seconds, those for Intubation and chest compression decreased (11.9, 10.1, 8.0 seconds) as did those for CARE and PPV (14.3, 9.2,8,1,8.0 seconds).
In order to assess the effectiveness of ventilatory training, a score was used to penalize both incorrect frequency of performance and high variability of the acts performed. We defined the sequence of acts 1,...,n and the corresponding Δi := ti -ti-1 as the difference between the time of act i and the time of the previous act i-1. The correct timing interval is then defined [40, 60], and corresponds to an interval [0.166,0.025] = [1/60,1/40] between the minimum and maximum of the time interval allowed to perform a correct number of acts per minute. Therefore, the correctness value of the ith act is defined as follows:



[bookmark: _GoBack]The score reported in Figure 3 is the average of these values, while the size of the sphere is the corresponding standard deviation. Both the scores and the standard deviations are not normal. After a significant preliminary Friedman's test, the post-hoc analysis confirmed that the ventilation score decreased between sessions at level 0.05. The same applies to the corresponding std. After each game session, users improved their time (score reduction) and became more uniform in their execution (std reduction).

DISCUSSION:

Considering the need to train a large population of learners during the period of social restriction imposed by the Covid-19 pandemic, an in-depth analysis of different technologies used to provide training remotely was conducted.  Based on this analysis and the need for a low-cost tool that could be easily used by the largest number of users and that was highly interactive, realistic, and engaging, the choice fell on experimenting with a training mode based on online digital game software. 


Compared with other methodologies, DGBL has the potential to provide a realistic experience without the need for expensive devices such as virtual or augmented reality visors. In addition, the opportunity to implement a guided simulation pathway made it possible to provide supervised training to the user, engaging them in an interactive simulation experience.  
The aim of the present work was to validate the effectiveness of this training modality through the development of a digital learning software of the neonatal resuscitation procedure for training a large group of anesthesia residents. 



This population is uncommon in the medical literature on DGBL, which mainly focuses on experienced professionals and students12,23,24.
The anesthesia residents are homogeneous in terms of both clinical practice and previous knowledge. The latter is evaluated after online DGBL sessions and increased from 20% to 67%, proving the effectiveness of this training mode. This relative increase was comparable (from 26% to 78%)  with the one achieved by a population of neonatology residents trained in a previous study with the same DGBL approach used in-presence mode13. This result is consistent with the literature of other disciplines, for which the two methodologies are comparable11,25-28. The analysis conducted on the individual game sessions showed an upward trend in the scores obtained and a reduction in decision-making time. Indeed, the operating sequence of neonatal care and assisted ventilation reported an increase in correctness of execution from 70% to 100%. For the skill of compressions/intubation the increase was from 60 to 80% and the execution of drug administration from 66 to 100%. The decreasing trend in decision times showed a reduction from 14.3 to 8 seconds for neonatal care and assisted ventilation skills, from 11.9 to 8 seconds for cardiac compressions and intubation, and from 12.6 to 7.2 seconds for drug administration. The goodness of the online DGBL is confirmed on learning the correct flowchart, reducing decision-making time, and also in performing the correct timing for skill assisted ventilation and choosing the materials needed to execute a neonatal resuscitation. 

In addition to the evaluation of effectiveness, pro and cons of this training mode were also analyzed. On the basis of this experience, it was possible to identify the main positive aspect associated with the use of online software in the significant increase in the diffusion of the software itself. The latter allowed to reach a large population of anesthesia residents without incurring organizational problems related to the need to involve residents outside their normal work shift at distant hospital facilities. Another advantage of the online mode is the reduced demand for space, tools, and instructors, which significantly reduces the training cost and makes it independent to the number of users25. 

Concerns about the remote approach and deployment have been associated with reduced control over the use of the software itself. The latter can affect the training experience quality29, also in terms of individual user organization time . Indeed, a 13% dropout rate was recorded compared to the 3 % observed during the in-person mode. This high dropout rate is documented in the literature as the main drawback of online learning30,26. In order to increase control over training, future versions of the DGBL approach will include an automatic reminder mode of the date of play. 
An aspect that requires further consideration is that in the digital training mode, the learner is led to analyze the situation and act alone. 
. This prevents the development of inter-professional and team skills, which are characteristic of many operational medical procedures. Thus, future developments will concern the implementation of online multiplayer versions to stimulate interaction among users.



CONCLUSION:

The use of online DGBL methodology for learning the neonatal resuscitation procedure proved effective for residents. Based on the analysis performed: the online methodology was perceived as clear, comprehensive, and user-friendly. Therefore, we can conclude that the potential to deliver extended training,  and the negligible cost both for the users and the organizers (in terms of space and trainers employed),   this approach an innovative and effective tool to be permanently integrated into the new medical training environment. 
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TABLES:

Table 1: Table of study population. 
	Homogeneous population of 52 anaesthetist trainees

	Sex
	Female
36
	Males
16

	Year of specialization
	2° year
22
	3° year
19
	4° year
11

	Knowledge score
	Score 0
47
	Score 1
1
	Score 2
4

	Theoretical training
	No 47
	Yes 5 

	Simulator practice
	No 48
	Yes 4

	Clinical experience
	No 52
	Yes 0




Table 2: Results of the training and comparison with classical DIANA-game. The values are reported as median and interval (Q1, Q3). 1 Two-sided Wilcoxon rank sum test with continuity correction,  2 One-sided paired Wilcoxon rank sum test with continuity correction, 3 Two-sided paired Wilcoxon rank sum test with continuity correction,
	DIANA-On web (N=52)
	pre-training
	post-training
	p-value

	Knowledge test
	20% (13%, 28%)
	67% (60%, 78%)
	<<0.0012

	Equipment score:
	
	
	

	Incorrect
	4 (3, 6)
	2 (1, 3)
	<<0.0012

	Partially correct
	1 (1, 2)
	1 (1, 2)
	0.173

	Correct
	15 (12, 17)
	19.5 (18, 20)
	<<0.0012

	

	Satisfaction questionnaire (N=27)
	1
Strongly disagree
	2
	3
Neither agree nor disagree
	4
	5
Strongly agree

	It is useful to organize additional so DGBL
	0%
	0%
	0%
	14.8%
	85.2%

	The lecture is clear and comprehensive
	0%
	0%
	3.7%
	59.3%
	37%

	I liked the DGBL approach
	0%
	0%
	0%
	66.7%
	33.3%

	You have become more familiar with the neonatal resuscitation procedure
	0%
	0%
	25.9%
	40.7%
	33.3%









FIGURES LEGENDS:


Figure 1. Description of newborn resuscitation flowchart step divided into the four session game of online developed software

Figure 2. Study description scheme. Study population was subject to a prior knowledge questionnaire. Thereafter the population were trained using a version online of DIANA software for  4 different sessions. Two written tests (0 pre-test, 1 post-test) are used to evaluate learning and to compare the effectiveness of the in-person and remote modes of software. 

Figure 3. Median scores of the game sessions (panel A) and corresponding average answer time (seconds).

Figure 4: Ventilation score and corresponding std (size of the spheres) between training sessions
