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Background: Simulation education can benefit healthcare providers (HCPs) by providing opportunities to practice complex neonatal-resuscitation tasks in low-stake environments. To our knowledge, no study investigated the role of growth mindset on longitudinal performance on neonatal resuscitation before and after simulation-based training.

Objectives: This study examines whether 1) the RETAIN digital/table-top simulators facilitate HCPs' neonatal resuscitation knowledge gain, retention, and transfer and 2) growth mindset moderates HCPs' longitudinal performance in neonatal resuscitation.

Methods: Participants were n = 50 HCPs in a tertiary perinatal center in Edmonton, Canada. This longitudinal study was conducted in three stages including 1) a pretest and a mindset survey, immediately followed by a posttest using the RETAIN digital simulator from April to August 2019; 2) a 2-month delayed posttest using the same RETAIN neonatal resuscitation digital simulator from June to October 2019; and 3) a 5-month delayed posttest using the low-fidelity table-top neonatal resuscitation digital simulator from September 2019 to January 2020. Three General Linear Mixed Model (GLMM) repeated-measure analyses investigated HCPs' performance on neonatal resuscitation over time and the moderating effect of growth mindset on the association between test time points and task performance.

Results: Compared with their pretest performance, HCPs effectively improved their neonatal resuscitation knowledge after the RETAIN digital simulation-based training on the immediate posttest (Est = 1.88, p < 0.05), retained their knowledge on the 2-month delayed posttest (Est = 1.36, p < 0.05), and transferred their knowledge to the table-top simulator after 5 months (Est = 2.01, p < 0.05). Although growth mindset did not moderate the performance gain from the pretest to the immediate posttest, it moderated the relationship between HCPs' pretest and long-term knowledge retention (i.e., the interaction effect of mindset and the 2-month posttest was significant: Est = 0.97, p < 0.05). The more they endorsed a growth mindset, the better the HCPs performed on the posttest, but only when they were tested after 2 months.

Conclusions: Digital simulators for neonatal resuscitation training can effectively facilitate HCPs' knowledge gain, maintenance, and transfer. Besides, growth mindset shows a positive moderating effect on the longitudinal performance improvement in simulation-based training. Future research can be conducted to implement growth-mindset interventions promoting more effective delivery of technology-enhanced, simulation-based training and assessment.
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INTRODUCTION

Approximately 10% of newborns around the world need basic medical assistance to make the fetal-to-neonatal transition, with 1% of newborns requiring more complex advanced resuscitative interventions including oxygenation and ventilation, chest compressions, volume expansion, vascular access, and cardiac medications (1–3). The delivery room exposes healthcare providers (HCP) to a challenging, dynamic, and high-pressure setting, where HCPs must coordinately apply meta-cognitive and cognitive skills to analyze and integrate information, communicate with coworkers or patients, make decisions, and perform precise operations to successfully complete neonatal resuscitation tasks (4–7). The low occurrence of high-stake neonatal resuscitation situations and the stressful environment in the delivery room are likely to induce human errors, which may cause fatal consequences for newborns (8–10). Hence, frequent simulation-based training is recommended by the Neonatal Resuscitation Program (NRP) to refresh neonatal resuscitative knowledge and skills every 2 years (11).

Novel technologies such as digital simulators make simulation-based training and assessments accessible for HCPs, so that they can practice and self-evaluate the high-acuity, low-occurrence (HALO) neonatal resuscitation tasks in user-friendly, low-stake environments (12–17). Through recurrent training and assessment of the HALO scenarios, HCPs can effectively maintain and improve their performance in real-life clinical neonatal resuscitation settings (18–20). Previous studies have been conducted to examine factors that influence the effectiveness of simulation-based training. Findings revealed that the performance on simulation-based neonatal resuscitation tasks is determined by different components, such as emotional factors (21–23), socio-environmental factors (24), and organizational factors (24, 25). However, few studies examined the effect of mindset on the knowledge acquisition and retention in simulation-based neonatal resuscitation.

Mindset, an implicit theory of intelligence (26), is defined as the set of beliefs on individuals' learning motivation and ability and it is dichotomized into growth mindset and fixed mindset. Growth mindset refers to the belief that individuals' ability is not inherent and it can be developed and improved through efforts and hard work. On the other hand, a fixed mindset is defined as the belief that ability and intelligence are immutable human traits and that learning cannot improve perceived ability. Previous studies revealed mixed results on how growth mindset influences performance (27–34). For example, Yeager et al. (33) conducted a national online growth mindset intervention for students in secondary education in the United States, which revealed that growth mindset improved lower-achieving students' academic performance (n = 5,650 students, k = 65 schools) and increased enrolment in advanced mathematics courses. On the other hand, Sisk et al. (30) conducted two rounds of meta-analyses on the effectiveness of growth mindset interventions on increasing students' academic achievement around the world. In the first round (k = 273, N = 365,915), they examined the relationship between mindset and academic performance moderated by academic risk status, student developmental stage, socioeconomic status, and type of academic achievement measure. In the second meta-analysis (k = 43, N = 57,155), they examined the effectiveness of mindset interventions on academic achievement moderated by student factors, control and intervention method factors, and academic-achievement-measure-related factors. They found that the effects of mindset and mindset interventions were weak in both meta-analyses.

While many studies have examined the impact of mindset on learning outcomes of children or students in higher-education institutions, few have discussed the influence of mindset on the training outcomes of highly skilled professionals. To our knowledge, no study has examined the effect of growth mindset on the longitudinal performance trajectory of individuals' performance in neonatal resuscitation. Therefore, this study aims to examine whether technology (digital/table-top simulators) could effectively help HCPs learn neonatal resuscitation knowledge, and how growth mindset moderates longitudinal performance in neonatal resuscitation. We hypothesized that HCPs with higher endorsement of growth mindset would demonstrate better performance on the simulation-based assessments.



METHODS


Study Setup

The present study was conducted at the Centre for the Studies of Asphyxia and Resuscitation using the RETAIN (REsuscitation TrAINing for healthcare professionals) simulator. RETAIN was designed to simulate real-life scenarios in the delivery room, so that HCPs can practice their knowledge on neonatal resuscitation (14).



Participants

Fifty HCPs (44 females and 6 males), including 27 registered nurses, 14 respiratory therapists, 6 doctors, and 3 neonatal nurse practitioners, were recruited from the Neonatal Intensive Care Unit at the Royal Alexandra Hospital, Edmonton, Canada. The present study was approved by the Human Research Ethics Board at the University of Alberta (Pro00064234). At the study site, healthcare providers working in the Neonatal Intensive Care Unit (NICU), our participant population, take the NRP course once every 2 years, which includes a few hours of in-person small-team simulation with a trained instructor. The time (in months) since participants' last NRP course was reported in the study. Informed consent was obtained from all participants prior to their participation.



Study Design

Recruited participants were first presented with a tutorial in the RETAIN digital simulator, based on a neonatal resuscitation scenario of an apneic 24-week infant. Then, participants completed a pretest using the RETAIN digital simulator, based on a neonatal resuscitation scenario of an apneic infant with fetal bradycardia. The pretest resuscitation task scenario requires participants to perform a series of actions, including the following eight steps: (1) prepare for the delivery; (2) assist with the baby being born; (3) complete initial assessment; (4) complete basic interventions; (5) initiate ventilation; (6) establish an alternative airway and confirm correct tube placement; (7) initiate cardiovascular interventions; and (8) postresuscitation. More details on each step can be found in Appendix 1.1.

Two practice scenarios were provided to the participants after using the RETAIN digital simulator. The duration of this training was ~20–30 min, with a 1:1 ratio between participant and research supervisor. Participants received no additional simulation training (i.e., in a skills lab with a manikin). A posttest was administered immediately after the training using the same simulated scenario as in the pretest. Then, participants completed a five-point Likert scale (1: “Strongly Disagree,” 2: “Disagree,” 3: “Neutral,” 4: “Agree,” and 5: “Strongly Agree”) survey to assess their mindset. Two items were designed to assess their growth mindset: (1) You can always change how good you are at your job and (2) You can get better at your job with practice. Two items aimed to measure their fixed mindset: (1) You can't really do much to change how good you are at your job and (2) You can learn new things, but you cannot really change how good you are at your job.

Two delayed posttests were administered after 2 and 5 months to ensure that there was enough distance between the pretests and posttests to test long-term memory and transfer instead of working memory. The posttest after 2 months employed identical scenarios to the pretest and immediate posttest using a digital simulator, whereas the posttest after 5 months included more difficult scenarios of an apneic infant with thick meconium using a table-top simulator. The posttest after 5 months was a knowledge-transfer test, where a different task was used to ascertain whether participants learned the concepts more deeply. Specifically, scenarios in the posttest after 5 months required participants to complete the following ten steps: (1) prepare for the delivery; (2) assist with the baby being born; (3) complete initial assessment; (4) complete basic interventions; (5) initiate ventilation; (6) establish an alternative airway and confirm correct tube placement; (7) initiate cardiovascular interventions; (8) establish vascular access; (9) administer medication; and (10) postresuscitation. More details of each step can be found in Appendix 1.2.



Measures
 
Outcome Variable

Participants' raw scores of the four simulation-based assessments were used as the outcome variable. The pretest measured participants' baseline neonatal resuscitation knowledge. The immediate posttest revealed their knowledge gains after the simulation-based training. The posttest after 2 months examined whether participants retained the neonatal resuscitation knowledge using the same assessment medium. Moreover, the posttest after 5 months revealed whether they transferred the knowledge to a new medium.

On the pretest, the immediate posttest, and the posttest after 2 months, participants' actions including keystrokes and mouse clicks were automatically recorded by the digital simulator as. txt files. On the posttest after 5 months, performances based on the table-top simulator were recorded by a supervising researcher using a checklist. One researcher scored the performance of all HCPs on the 5-month tabletop simulation. The researcher was not associated with the hospital and was not involved in the participants' employment or professional evaluation. Binary scores were assigned to the task performances in the digital and table-top simulators guided by the 7th edition NRP guidelines, where a score of 1 referred to 100% adherence to the guidelines, and a score of 0 referred to <100% adherence to NRP guidelines. More specifically, participants' performance was scored with either pass or fail for each scenario (binary score with a maximum of 1 and a minimum of 0). Pass represented 100% adherence to NRP guidelines, whereas Fail represented <100% adherence to NRP guidelines (7th edition, 2015 NRP). While the scenarios were scored as pass or fail, the sequence was flexible enough to accommodate clinical relevance. Appendix 1 details how tasks were grouped in clinically important categories (e.g., prepare for delivery, basic interventions, ventilation, etc.). To pass the scenario, participants needed to complete all steps within each category (regardless of the order of the steps) before moving to the subsequent category. The digital simulation was programmed to follow the NRP algorithm. Any deviations from the algorithm resulted in a deterioration of the simulated infant's health. This deterioration may prompt participants to deviate further from the sequence expected by the digital simulator. Therefore, we decided to use pass/fail scoring to avoid this potential confounding interference. Descriptive statistics of the performance measures are reported as the mean and standard deviation (SD).



Predictor

Test time point is the predicting variable that represents which test the participant took. This categorical variable has four levels: (0: pretest; 1: immediate posttest; 2: posttest after 2 months; and 3: posttest after 5 months). In the following analysis, Level 0 (pretest) was regarded as the reference for comparison.



Moderator

Mindset was included as a moderator to measure the influence of time points on performance. Growth mindset reflects an individual's incremental intelligence, representing the belief that intelligence or ability can be improved through effort, whereas fixed mindset is an entity theory of intelligence, representing the belief that intelligence or ability cannot change, being fixed traits (26). The mindset moderator was calculated from the fixed and growth mindset items in the questionnaire. First, reversed coding was conducted on the two fixed mindset items so that they could constitute a latent trait continuum with the growth mindset. Then, we summed the reversed coded response scores of the two fixed mindset items (with possible range of 2–10) and the response scores of the two growth mindset items (with possible range of 2–10). Thus, the moderator was obtained as a continuum from low to high growth mindset, with values ranging from 4 to 20. We recorded the participants' initial survey responses on a 5-point Likert Scale (1: “Strongly Disagree,” 2: “Disagree,” 3: “Neutral,” 4: “Agree,” and 5: “Strongly Agree”). Then, we computed the Mindset continuum variable, with larger Mindset values indicating a higher endorsement of growth mindset.




Statistical Analyses

General linear mixed model (GLMM) repeated measures with binary outcome variable were employed to analyze the longitudinal performance growth moderated by mindset. GLMMs are extensions of linear mixed models that handle response variables from a wider range of distributions (e.g., binary response variable) and that estimate the effects of both within-person and across-person variability through including both fixed and random effects. In the present study, the within-person variable is the Predictor: Test time point with four levels, the across-person variable is the Moderator: Mindset, and finally, the response variable is the binary performance score. The GLMM is shown in Equation (1):

[image: image]

where Yij represents the binary score (Yij = 0 or 1) of participant I (i = 1–50) at time point j. Specifically, Yij = 1 means that participant i passed the test at time point j and Yij = 0 means that participant i failed the test at time point j (j = 0: pretest; 1: immediate posttest; 2: posttest after 2 months; or 3: posttest after 5 months). In the current study, j = 0, 1, 2, 3, correspond to the pretest, immediate posttest, posttest after 2 months, and posttest after 5 months. Also, θi represents the overall latent ability of participant i, which follows a normal distribution with a mean of 0 and a standard deviation of 1, εij is the error term with a normal distribution with a mean of 0 and a variance of π2/3, Xijk are the predictor variable values for participant i at time point j, and the βk parameters represent the kth predictor's fixed effect estimated by the model. Lastly, [image: image] is the general fixed effect of k predictors.

In the present study, we fitted our data in three GLMMs with different predictor variables with or without interactions. Model 1 examines the effect of time points on task performance, which could illustrate participants' performance growth in the four subsequent tests, ignoring the moderation effect of mindset as shown in Equation (2). Model 2 in Equation (3) examines the effect of time points and mindset on an individual's test performance, which could reveal participants' changes in performance over time and the overall effect of mindset on performance. Model 3 in Equation (4) includes both the main effect of time points and mindset, and, in addition to Model 2, the interaction effect of time points and mindset. Model 3 helps us understand how mindset could potentially moderate participants' test performances on different tests with different levels of difficulty. Participant ID was introduced as a random effect in both models. The three models are summarized as follows:

Model 1

[image: image]

Model 2
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Model 3
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The GLMM was performed on version 4.0.2 of the open statistical platform, R (35). The glimmer function in the lme4 package (36) was used to estimate the effects of time point, mindset, and their interactions. Maximum Likelihood (ML) with Laplace approximation was used on parameter estimation.




RESULT


Descriptive Statistics

Table 1 presents the recruited HCPs' background information, time (in months) since their last NRP course, and experience in clinical neonatal care, video games, and educational games. The sample consisted of 27 registered nurses, 14 respiratory therapists, 6 doctors (including clinical fellows, residents, and clinical assistants), and 3 nurse practitioners. Participants were recruited from different educational backgrounds (Diploma: 3, Bachelor's Degree: 24, Master's Degree: 4, Medical Degree: 6, and After Degree: 4). HCPs had an average of 10.71 years (SD = 6.76) of experience in clinical neonatal care, an average time of 9.16 months (SD = 5.64) since their last NRP course, and an average of 7.45 years (SD = 9.87) of experience with video gaming. They spent about 6.26 h per month playing mobile/video games. Previous experience in video gaming would help facilitate HCPs' interaction with digital simulators. Only 20 HCPs reported that they had experience with educational games, whereas 30 HCPs were not exposed to educational games prior to this study.


Table 1. Descriptive statistics of participants' gender, time since last NRP course, highest level of education, registration, position, years of experience in clinical neonatal care, and experience of video games and educational games.

[image: Table 1]

Table 2 displays the initial survey responses from the HCPs to the growth and fixed mindset items. For the items on growth mindset, most responses fall into the categories of “Strongly Agree” and “Agree.” For the items on fixed mindset, most responses fall into the categories of “Strongly Disagree” and “Disagree.” The responses to the mindset items demonstrate a general high level of growth mindset among the HCPs. After reverse coding the fixed mindset items, the growth mindset continuum was computed. The mean values of growth mindset (range: 4–20) and of the test scores (range: 0–1) are presented in Table 3. The 50 recruited HCPs highly endorsed a growth mindset, with a mean of 17.66 (SD = 1.64). On the performance assessments, HCPs obtained a mean score of 0.42 (SD = 0.5) on the pretest, which increased to 0.78 (SD = 0.42) on the immediate posttest. Their mean score on the posttest after 2 months decreased to 0.70 (SD = 0.46) and then increased to 0.80 (SD = 0.41) on the posttest after 5 months. Generally, participants increased their knowledge from the pretest to the subsequent posttests. From the immediate posttest, their scores decreased in the 2-month knowledge retention posttest but slightly increased on the 5-month transfer test.


Table 2. Participants' survey responses on growth and fixed mindset items.

[image: Table 2]


Table 3. Descriptive statistics of participants' mindset and performance on the four tests.

[image: Table 3]



Effect of Time Points Moderated by Mindset

The effects of test time points and mindset on performance were probed using GLMM analyses. Results of the three models are presented in Table 4. Model 1 shows the main effect of time points. Findings revealed that the participants performed significantly better on the immediate posttest (Est = 1.88, p < 0.05), the posttest after 2 months (Est = 1.36, p < 0.05), and the posttest after 5 months (Est = 2.01, p < 0.05), compared with the pretest. Model 2 reveals the main effect of time points and mindset on the overall performance on the tests; similarly, participants performed significantly better on the immediate posttest (Est = 1.89, p < 0.05), the posttest after 2 months (Est = 1.35, p < 0.05), and the posttest after 5 months (Est = 2.01, p < 0.05), after taking the pretest and the simulation-based neonatal resuscitation training. To further examine pairwise differences between the four tests, a post-hoc analysis was performed. Table 4 and Figure 1 demonstrate that, although the three posttest scores are significantly higher than the pretest scores, there are no significant differences between the scores of the posttests. Thus, participants mastered and retained the neonatal resuscitation knowledge after the digital simulation training, despite some performance fluctuations from time point to time point. In addition, more of a growth mindset has a significant negative main effect on the immediate posttest performance (Est = −0.30, p < 0.05). The results indicate that participants are more likely to score higher on the simulation-based assessments, if they show lower endorsement of growth mindset (or higher endorsement of a fixed mindset), regardless of the effect of time.


Table 4. Summary of the three GLMM models.
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FIGURE 1. The interaction effect of Time * Mindset in Model 3. The x-axis represents participants' endorsement of growth mindset (range: 15–20). The y-axis represents the predicted response variable: Test Performance measured by the binary scores (range: 0–100%). The red, blue, green, and purple lines represent the trends of participants' predicted score when growth mindset increases (from 15 to 20) given a specific Test Time Point (time 0 = Pretest, time 1 = Immediate posttest, time 2 = 2-month posttest, and time 3 = 5-month posttest). The figure shows that although the three posttest scores are significantly higher than the pretest scores, there are no significant differences between the posttest scores. Only the interaction effect between time 2 * growth mindset is significantly positive (Est = 0.97, p < 0.01).


Model 3 examines the effects of time, mindset, and their interaction on performance. Results show that, generally, mindset has a positive effect on every performance test. However, only the interaction effect Time2 * Mindset (Est = 0.97, p < 0.05) was significant, suggesting that growth mindset has a positive effect on performance of the posttest after 2 months compared with other posttests. Figure 2 illustrates the performance growth trends on each time point shaped by mindset. In the pretest, the stronger the growth mindset, the lower the performance score predicted by the model. In the immediate posttest and the 5-month posttest, growth mindset had a minor negative effect on performance. In contrast, a participant was more likely to achieve a higher performance on the 2-month posttest when endorsing a stronger growth mindset.


[image: Figure 2]
FIGURE 2. The effect of mindset over test time point. The x-axis represents the predictor Test Time Point with three levels: 0 = Pretest, 1 = Immediate posttest, 2 = 2-month posttest, and 3 = 5-month posttest. The y-axis represents the predicted response variable: Test Performance measured by the binary scores (0 or 1). The growth mindset moderator is represented by the three curves, where the bolded full curve represents the participant with growth mindset at the value of Mean + 1 SD (17.66 + 1.64), the dashed line in dark blue represents the participant with growth mindset at the value of Mean (17.66), and the dashed line in light blue represents the participants with growth mindset at the value of Mean −1 SD (17.66 – 1.64). The trajectories of the three curves demonstrate the changes of test performance with different levels of growth mindset. Participants with the highest growth mindset (Mean + 1 SD) demonstrate highest improvements from the pretest to the last posttest. Although they are predicted to perform the poorest on the pretest, GLMM shows that they are likely to surpass the participants with average and lower growth mindset after the 2-month posttest and perform best among all participants. In contrast, participants with the lowest growth mindset (mean −1 SD) showed the least improvements in knowledge retention. Finally, participants with an average endorsement of growth mindset show a moderate improvement on the test performance over time. The figure shows that participants with higher levels of growth mindset generally show greater improvements over time (i.e., from the pretest, to the immediate, to the 2-months, and to the 5-month posttests).


To visualize the effect of mindset on test performance over time, we plotted the interaction effect Time * Mindset on performance in Figure 2. The three lines represent the growth curves of participants with different levels of growth mindset estimated by the GLMM. Participants with mean growth mindset levels represented by the bold dashed line are predicted to start with a medium performance on the pretest and show a stable increase in scores at a medium speed. On the other hand, participants endorsing lower levels of growth mindset (mean growth mindset minus one standard deviation) are predicted to have the highest score on the pretest but improve their performance at the lowest speed. Finally, participants who endorse higher levels of a growth mindset (mean growth mindset plus one standard deviation) represented by the solid dashed line started with the lowest scores on the pretest before the simulation-based training but showed the largest growth on performance over time, surpassing the other two categories after the first delayed posttest and achieving the highest performance on the last test.




DISCUSSION

In this study, we investigated whether HCPs benefited from the RETAIN digital and table-top simulation-based neonatal resuscitation training. Specifically, we explored whether HCPs improved their performance on longitudinal tests using the RETAIN digital simulator and transferred their knowledge to a new medium, the table-top simulator. Further, we examined whether the mindset moderator influenced HCPs' task performance at different time points. Results show that participants performed significantly better on the digital simulation tests as well as the table-top simulation test compared with the pretest. Moreover, although there were some fluctuations in performance (i.e., participants' mean scores on the 2-month posttest decreased compared with the scores on the immediate posttest but increased again on the 5-month posttest), there were no significant differences in the performance of the three posttests. The general best performance on the last posttest indicates a possible knowledge transfer. Overall, participants experienced knowledge gain, retention, and transfer after using the digital simulation-based training.

Previous studies on mindset sampled mostly children or students in different grade levels to observe the effects of mindset on improving academic achievement (27–34). Few studies examined the long-term impact of growth mindset on professional training, knowledge retention, and transfer of skilled specialized personnel in different areas. Some of the previous studies revealed that growth mindset interventions could effectively foster student learning beliefs and thus prepare them for sizable improvements of learning outcomes (31, 33). Others argued that the facilitative effects of growth mindset intervention are too small given the large amount of time and labor investment (30). This study presents a longitudinal investigation of the impact of growth mindset on the performance of highly skilled personnel. The results from the present study indicate that endorsing more of a growth mindset has an overall negative effect on performance when ignoring the fixed effect of within-subject predictor time points. However, growth mindset has a positive effect on performance on the second time point (2-month posttest) after introducing the interaction term of time*mindset. Furthermore, the interaction effect is not significant on the immediate posttest but becomes significant on the first delayed posttest (i.e., after 2 months). This effect did not reach significance on the transfer test (5-month posttest), likely because of the small sample size and the different nature of the posttest (table-top simulator, instead of a digital simulator as was the case with the other tests). Moreover, the model fit line shows that participants with higher endorsement of a growth mindset demonstrated not only better performance on the last two posttests but also larger improvements during the 5 months. Conversely, participants endorsing more of a fixed mindset show a slower progression in performance, likely because they did not believe that practice could improve their performance. Participants endorsing more of a growth mindset started with slightly lower scores on the pretest but improved their performance at a faster speed and achieved a higher performance in the long term. Therefore, the results of this study suggest that endorsing a growth mindset could facilitate long-term technology-based learning.



CONCLUSIONS, LIMITATIONS, AND IMPLICATIONS

The current study empirically examines the effectiveness of a digital neonatal resuscitation simulation training program through a series of longitudinal tests and further inspects whether and how mindset potentially moderates the long-term outcomes of technology-based learning. Results show that HCPs successfully mastered neonatal resuscitation knowledge after the training and practice using digital simulators, improved their test performance on the digital simulator, retained their knowledge as shown by the 2-month delayed posttest, and transferred their knowledge to the table-top simulator after 5 months. Growth mindset did not moderate the gain in performance from the pretest to the immediate posttest. However, on the 2-month delayed posttest, a growth mindset was significantly associated with better performance. Limitations of this study include the small sample size and skewed gender distribution toward females, which is mainly attributed to the highly specialized profession and the predominance of females in the intensive neonatal care center. Future studies can be conducted in other domains to understand the impact of mindset on knowledge acquisition and retention of skilled professionals in various fields. Findings of the present study demonstrate the potential of digital simulators on neonatal resuscitation training and inspire future research on implementing growth mindset interventions along with technology-enhanced learning and assessment to promote neonatal resuscitation knowledge gain, retention, and transfer.
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