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Background: Serious games are potential alternatives for supplementing traditional simulation-based education for neonatal resuscitation training. However, evidence regarding the benefits of using serious games to improve long-term knowledge retention of neonatal resuscitation in undergraduate medical students is lacking.

Objective: We designed a serious computer game “NEOGAMES” to train undergraduate medical students in neonatal resuscitation in a cost-friendly and accessible way and to examine whether serious game-based training improves long-term knowledge retention in medical students.

Methods: “NEOGAMES” consists of a screen with images of an incubator, a baby, visual objects, anatomy, action cards, monitors, real-time feedback, and emotional components. Undergraduate medical students from Shanghai Medical College of Fudan University were invited to participate and were allocated to a game group or a control group. Participants in the game group played the game before the training. All the participants completed three written tests, pre- and post-training knowledge tests and a follow-up test after 6 months.

Results: Eighty-one medical students participated in the study. The student demographic characteristics of the groups were comparable, including sex, age, and grade point average (GPA). Significant short-term knowledge improvement was noticed only for male students in the game group based on their 5.2-point higher test scores than those of the controls (p = 0.006). However, long-term knowledge improvement at 6 months was identified for both male and female students in the game group, with test scores 21.8 and 20 points higher, respectively, than those of the controls (P < 0.001). The long-term knowledge retention in the game group was almost 3 times higher than that in the control group.

Conclusions: Long-term knowledge retention was nearly 3 times higher for the game group than for the control group. The improvement in knowledge supports the use of serious games for undergraduate medical education.
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INTRODUCTION

Simulation is beneficial for improving performance initially after training and is a time-effective method that has been used globally (1); however, cognitive and technical skills significantly deteriorate within months (2), and deficiencies in non-technical skills remain common (3). Moreover, the current simulation-based medical education approach is expensive and time intensive and requires numerous resources and trained instructors. Therefore, other training methods for improving knowledge retention and decision-making are emerging (4).

Serious games are potential alternatives for supplementing traditional simulation-based education (SBE) for neonatal resuscitation training and are able to improve working memory, decision-making and teamwork performance at low cost (5). They are increasingly incorporated into medical school curricula to reinforce theoretical and practical learning (5).

Short-term knowledge improvement was shown by the Neonatology Game 4.2-points higher test scores than those of a control in medical students (6). Ghoman et al. trained 50 health care providers (HCPs) with the RETAIN digital simulation game and their short- and long-term knowledge retention was evaluated (7). Proportion of correct performance significantly increased immediately after training (pre- vs. post-test, 42% vs. 78%, respectively), and was retained 2-months (follow-up post-test I, 70%) and 5-months after training (follow-up post-test II, 80%). However, this study was conducted in a population of experienced NRP-trained healthcare professionals.

So far, no research has examined the use of a serious game to improve the long-term knowledge retention of neonatal resuscitation for undergraduate medical students, thus highlighting a gap in the literature. We designed the serious computer game NEOGAMES (Neonatal Resuscitation Simulation Game Designed for Medical Students) and introduced it into formal SBE for neonatal resuscitation training in medical students. We conducted this study with the aims of bridging this gap by providing evidence for the use of a serious game for undergraduate medical education. We hypothesized that the implementation of the serious computer game NEOGAMES would effectively improve undergraduate medical students' short- and long-term knowledge retention of neonatal resuscitation.



MATERIALS AND METHODS


Ethical Approval

This study was conducted in accordance with the Declaration of Helsinki (8) and was approved by the Research Ethics Committee of the Children's Hospital of Fudan University (No. 2020300). Informed consent was obtained from all the participants.



Developing the NEOGAMES Computer Game

First, nine neonatologists from the Department of Neonatology at Children's Hospital of Fudan University were interviewed about what knowledge and skills were essential for neonatal resuscitation but difficult to acquire for medical students. The responses were (i) knowledge of indications to initiate resuscitation, (ii) knowledge of how to choose appropriate equipment and medications, and (iii) intubation skills.

Next, the NEOGAMES computer game (http://www.ilab-x.com/details?id=2785&isView=true, Children's Hospital of Fudan University, Shanghai, China) was designed based on the interview responses. This game obtained a certificate of Registration of Computer Software Rights by the National Copyright Office of the People's Republic of China (No: 2019SR1005248).

The game can be played individually on the web with free access. One play through the game takes ~10 min. In the game, a trainee is presented with an evidence-based scenario derived from real-life delivery room resuscitation instances at the Children's Hospital of Fudan University, Shanghai, China. The scenario occurs in a labor and delivery room where a term cyanotic neonate with heartbeat from 50 to 60 beats per minute has just been delivered. The trainee can check heart rate, oxygen saturation and blood pressure and must perform resuscitations using equipment and supplies and make decisions according to the algorithm of the 2015 guidelines of Neonatal Resuscitation Program (9) and vital signs. The visual objects representing tools and equipment are placed on the resuscitation cart. The game also includes 7 question cards (e.g., start intubation, choose the appropriate tube and blade, find the correct anatomy for intubation, decide the appropriate depth for the endotracheal tube) with real-time feedback after each decision. Resuscitation occurs only when the trainee makes the right decision or corrects the wrong decision for each action. At the end of the game, the critically ill neonate is resuscitated with a heartbeat increase to 150 beats per minute, skin color change from blue to pink and congratulations given to the trainee for saving the neonate's life. The trainee is presented with the last question card to test short-term knowledge retention after one scenario. A total of the overall points at the end of the game is displayed based on the performance of all the actions (Figure 1).


[image: Figure 1]
FIGURE 1. The NEOGAMES (Neonatal Resuscitation Simulation Game Designed for Medical Students) neonatal resuscitation computer game.




Study Design

The study design was divided into three steps (Figure 2).
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FIGURE 2. Participant flow and study design.


Step 1: Pre-training baseline knowledge test. Before the training, all the students were asked to study one school hour of same online materials related to the course. Then, they completed an online baseline knowledge test about resuscitation (Test 1, included questions about the indications for resuscitation, medication, intubation, etc.) at home that they could consulted their study material while taking the test. For the game group, the participants were asked to play the free online NEOGAMES computer game before attending the in-class simulation training (Figure 2).

Step 2: Simulation-based training and post-training test. The students underwent simulation-based training in the simulation center at the Children's Hospital of Fudan University and completed a second knowledge test (Test 2) immediately after the class. The training course lasted for 2 school hours. The students received skill training for intubation, chest compression, medication and indications for different resuscitation steps. Four neonatologists skilled in simulation-based education (SBE) were trained together before the study. They were responsible for the SBE training and for giving students real-time feedback in class (Figure 2).

Step 3: Follow-up knowledge test at 6 months after the training. The students were asked to finish a knowledge assessment regarding resuscitation 6 months after the training (Test 3, included questions about the indications for resuscitation, medication, intubation, etc.) (Figure 2). In between the 6-months, the game group was not allowed to play the game.

The maximum scores for NEOGAMES, pre-test, post-test, and follow-up test were all 100 points.



Subjects Selection

A prospective cohort study was carried out among the fourth and fifth years of undergraduate medical students from Shanghai Medical College of Fudan University who took a neonatal resuscitation training course at the Children's Hospital of Fudan University between October 1st and December 31st in 2019. All the undergraduate medical students didn't have any previous experience with neonatal resuscitation or training before participating in the study. The allocation was not randomized. The students who took the course in October were allocated to the game group with access to the online NEOGAMES. Those who took the course in November were allocated to the control group without access to NEOGAMES. Students who declined to participate in the follow-up evaluation test were excluded from the final analysis (Figure 2).



Data Collection and Statistical Analysis

Continuous variables are expressed as the means ± standard deviations. Categorical variables are presented as percentages. Average pre-test, post-test, and follow-up scores were compared using a paired t-test. Univariate analyses of categorical data were conducted with chi-square and Fisher exact-tests. Differences were considered statistically significant with a two-tailed p-value < 0.05. The analysis was performed using IBM SPSS 25.0.




RESULTS


Participant Characteristics

A total of 91 undergraduate medical students were eligible for the study, and all of them agreed to participate (100% response rate). Forty-five students who took the course in October were allocated to the game group. Those who took the course in November were allocated to the control group. In total, 4 students in the game group and 6 students in the control group declined to participate in the 6-month follow-up evaluation, leaving 41 and 40 participants in the game and control groups, respectively (Figure 2), resulting in a follow-up response rate of 89.0%.

Finally, a total of 39 male and 42 female participants with a mean age of 22.2 ± 0.6 years were enrolled in the final analysis. The student demographic characteristics, including sex, age, and grade point average (GPA) for the previous semester were similar across groups. The participant characteristics are provided in Table 1.


Table 1. Baseline characteristics of the enrolled participants*.
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Knowledge Retention

The mean scores of the pre-training baseline knowledge test for the game and control groups remained similar (P = 0.281), 93.1 ± 8.2, and 91.2 ± 6.9, respectively.

In the control group, SBE was essential for improving short-term knowledge by 4.2 points (P = 0.007). There was a significant short-term knowledge improvement, with a 3.3-point higher test score than that of the control (p = 0.006). The mean scores of a follow-up knowledge test at 6 months in the game group were 23.9 points higher than those in the control group (P < 0.001). Participants who underwent NEOGAMES computer game training experienced increased short- and long-term knowledge compared to participants in the control group.

Figure 3A shows the trends of knowledge retention after training. The mean test scores were best immediately after SBE but decreased over time, by 11.7 points in the game group and 32.3 points in the control group at the 6-month follow-up. However, the knowledge retention in the game group was almost 3 times higher than that in the control group.


[image: Figure 3]
FIGURE 3. Trends of knowledge retention at 6 months after class for the game and control groups. Red and blue lines indicate the trend of the mean test scores of the game and control groups. (A) The mean test scores were best immediately after class but decreased over time, by 11.7 points in the game group and 32.3 points in the control group at follow-up, respectively. * and ** indicate that the mean post-test scores immediately and 6 months after class were significantly higher in the game group than in the control group, with p-values of 0.006 and <0.001, respectively. The intra-group performance longitudinally over time differed significantly, with p values of <0.001 in both game and control groups. (B) The upper and lower panels represent the trend of male and female students, respectively. * indicates that the mean test scores immediately after class (test 2) were significantly different between the game and control groups for only the male students (P = 0.003). ** and *** indicate that both the male and female students from the game group had significant higher mean scores at 6-month follow-up (test 3) than those from the control group (P < 0.001).


To explore the impact of NEOGAMES in improving short- and long-term knowledge retention by sex, further subgroup analysis was carried out according (Figure 3B). Significant short-term knowledge improvement was noticed only for the male students in the game group, with 5.2-point higher test scores than those of the controls (p = 0.006). However, long-term knowledge improvement at 6 months after SBE was identified for both male and female students in the game group, with 21.8- and 20-point higher test scores than those of the controls, respectively (P < 0.001).




DISCUSSION

Simulation is beneficial for improving performance initially after training, but the skills significantly deteriorate within months (1, 2). In our study, we found similar results: simulation was beneficial for improving performance initially after training (91.2 ± 6.9 vs. 95.4 ± 6.6, p = 0.007) but significantly deteriorated after 6 months (95.4 ± 6.6 vs. 63.1 ± 15.4, p < 0.001).

We found that the addition of a serious game enhanced the male students' short-term knowledge retention, with scores 5.2 points higher than those of the controls (p = 0.006). The underlying causes for this finding remain unknown.

Games have been found to be a very effective method for reviewing material, reinforcing facts and enhancing motivation to promote the learning outcomes of adult learners (10, 11). Cutumisu et al. found that 30 health care providers who played the RETAIN board game (RETAIN Labs Medical, Edmonton, Alberta, Canada) had a 12% increase in knowledge retention; however, the sample size was small, and long-term follow-up data were not available (4). Swiderska et al. found that students who played the Neonatology Game (University of Glasgow, Glasgow, UK) had a mean post-test score that was 4.2 points higher than that of the control group. However, there was neither a pre-test for baseline comparison nor a follow-up to explore long-term knowledge retention (6).

Ghoman et al. trained 50 health care providers (HCPs) with the RETAIN digital simulation and found that the digital simulation effectively improved, maintained, and helped transfer HCPs' neonatal resuscitation knowledge over time (7). However, no research has examined the efficacy of a serious game to improve medical students' long-term knowledge retention of neonatal resuscitation. Our study was the first to investigate the efficacy of a serious game on long-term knowledge improvement at 6 months in medical students. We found that the male and female students in the game group had 21.8 and 20 points higher test scores than the controls, respectively (P < 0.001), and these scores were almost 3 times higher than those of the control group. This promising finding was able to bridge the gap and provide evidence for the use of a serious game for undergraduate medical education in addition to SBE.

Neonatal resuscitation is a highly stressful medical emergency requiring quick and correct decisions under elevated time pressure. Deficiencies in non-technical skills rather than technical skills are the cause of the majority of fatal errors and poor patient outcomes. Therefore, it is important to improve long-term working memory, decision-making and teamwork performance according to neonatal resuscitation guidelines (12–14).

Thus, NEOGAMES was designed to improve long-term working memory and decision-making. It is widely available with minimal setup and no cost, is flexible and easily accessible to trainees via the internet and may be able to provide an attractive and intrinsically motiving learning experience through its real-time feedback, competition, emotional components (e.g., heartbeat and cyanosis) and autonomy. These characteristics of NEOGAMES might be one of the explanations for the positive findings.

Although medical education may benefit from incorporating technology during simulation training (15), using an unguided web-based game alone may not be effective in facilitating retention of knowledge and technical skills in neonatal resuscitation (16). Thus, we added NEOGAMES to formal SBE for neonatal resuscitation in medical students to prevent bias. The participants in the game group were asked to play the online free NEOGAMES computer game before attending the in-class simulation training. The combination of a serious game and SBE might be another explanation for the promising results.



LIMITATIONS

The limitations of NEOGAMES include accessibility (e.g., access to a computer or internet), high cost of initial development and requirement for consistent updating. The findings from this study should be interpreted in light of several limitations. First, all the participants were undergraduate medical students from Fudan University in Shanghai and were not randomized, which could result in selection bias. Second, the sample was not large, and future research should enroll more students to verify these findings. Third, learning outcomes include knowledge, skills, and attitude, and future studies are required to determine the efficacy of long-term skill retention and important clinical outcomes in newborn infants. A major strength is this paper's examination of both short-term and long-term knowledge retention, as well as evaluation of all participants' baseline knowledge. Fourth, students in the NEOGAMES group simply benefitted from additional study time, which may contribute to improved performance in 6 months. Future study should have the control group study additional non-game materials, so that both the control and intervention group spend the same amount of time studying neonatal resuscitation.



CONCLUSIONS

The use of the specifically developed educational neonatal resuscitation game NEOGAMES could facilitate learning and promote short-term and long-term knowledge retention in medical students. Moreover, NEOGAMES might be used as a formative or summative assessment and as a pre-instructional assessment tool to identify medical students' strengths and weaknesses. Future studies are warranted to confirm these findings.
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