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Abstract – This meta-analysis aims to assess the impact of Simulation-Based Learning (SBL) on complex cognitive skills 

in higher learning institutions with data from 145 studies involving 10,532 students and published between December 1903 

and March 2024. This rationale is based on research evidence collected using a problem-solving learning approach and 

simulation to mimic real life situations. We quantify the extent of SBL’s effectiveness in developing skills across different 

areas of practice and to determine the moderating variables, which include the type of simulation, simulation length, 

instructional support, and learner attributes. The findings from the meta-study using a random-impacts model showed a 

positive Effect Size (ES) for overall SBL, but with significant heterogeneity. The most represented field was medical 

education with 126 articles, which positively influenced technical skills, overall problem-solving abilities, and diagnostic 

competencies. As for the interpersonal skills, there were only moderate gains in communication and teamwork skills. 

Instructional supports, such as knowledge conveyance and scaffolding, significantly enhanced learning outcomes, 

particularly when combined (e.g., knowledge conveyance with samples identified in 82 articles). We provided assurance 

that there was no publication bias, thus affirming the credibility of the findings. However, future research should investigate 

the effects of SBL over an extended period, include new technologies, and focus on the areas that are not well-represented 

to enhance SBL’s effectiveness and achieve the greatest gains in education. 
 

Keywords – Simulation-Based Learning, Complex Cognitive Skills, Knowledge Conveyance, Scaffolding, Problem-

Solving Learning Approach, Problem-Solving Abilities, Interprofessional Teamwork Assessment Tool. 

 

I. INTRODUCTION 

Simulation-based learning (SBL) [1] provides a learning experience that closely resembles real-life practice, enabling 

learners to overcome the constraints of learning in actual scenarios. According to Winsberg [2], a simulation is a technology 

that replicates the authentic features of an event or circumstance. Asad et al. [3] proposed a more precise definition of 

simulation as an instructional tool or gadget that allows learners to physically engage with and imitate real-life situations. 

They emphasize the importance of interacting with realistic objects in this process. Simulations are considered educational 

tools because they allow for the modification and adjustment of certain elements of reality, which in turn enhances the 

process of learning and practice. For example, simulations can focus on less common events, reduce response time, and offer 

quick feedback to the learner. While feedback is crucial in building simulations as it provides information about the 

discrepancy between the present state or action and the anticipated goal state [4], there are numerous additional possibilities 

for instructional support. The current study is to investigate possibilities for offering supplementary information and support 

to the student in a comprehensive manner. 

Simulation-Based Experiences (SBEs) [5] typically take place in a simulation laboratory, where undergraduate students 

participate in activities that are particularly designed to achieve certain learning objectives. These actions are transformed 

into simulation scenarios. The scenario includes the learning goal, patient details (such as background, current state, 

medications, and other pertinent information), actor scripts, if necessary, instructions for the high-fidelity simulator, a 

timeline for the scenario's progression, cues for the facilitator to guide the action, and other crucial information to ensure the 

success of the SBL experience. Various educational learning theories and conceptual frameworks are used to direct the 

creation of SBEs. SBL is an educational method that focuses on the student and is based on learning theories rooted in 

constructivism. Learners have the ability to construct their own perception of reality and establish their own understanding 

of truth. In order to facilitate this form of learning, the activities encompass dialogue, introspection, and inquiry, enabling 

learners to actively engage in the process of acquiring knowledge. 
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Complex issues, such as microworlds [6], appear to possess more ecological validity compared to other cognitive tasks, 

such as those utilized in traditional IQ tests [7]. Within intricate microworlds, individuals can adjust certain input factors and 

witness the corresponding alterations in a defined set of outcome variables. During problem-solving, individuals must 

acquire and apply knowledge about the intricate structure of the scenario in order to achieve their objectives. This includes 

constructing a representation of the problem and searching for a solution. This process involves various techniques such as 

reducing information, learning causality through interaction, testing hypotheses, making decisions in dynamic situations, 

and monitoring oneself and the task at hand. The complexity level of a task, according to cognitive load theory, mostly 

depends on the extent to which its components interact with each other [8]. Controlling the quantity of information items 

and their interactions for a learner is necessary to regulate task complexity and accommodate the restricted working memory 

capacity [9]. The cognitive load experienced by a student can originate from either inherent factors or external factors related 

to the learning process. Intrinsic cognitive load pertains to the mental effort required for processing and assimilating new 

knowledge, as well as the building of cognitive frameworks. 

While complex tasks in SBEs may require more cognitive effort and take longer to complete, students are likely to gain 

a greater amount of knowledge and learning from these assignments compared to simpler ones. Complex activities present 

a greater difficulty in terms of reasoning and so offer a more valuable learning experience from the student's point of view. 

Simulations present a viable solution to address this difficulty. Internships and other field involvements are the optimal 

means of acquainting students with the intricate and diverse realities of engineering practice. However, these are not feasible 

for shorter educational programs. Even if an internship experience is accessible, it is improbable that students would have 

the opportunity to modify engineering procedures and directly witness the outcomes.  

According to Rutten, Van Joolingen, and Van Der Veen [10] simulations can serve multiple purposes: 1) They can create 

a realistic setting for students and practicing engineers, giving them a credible representation of their work ecosystem. 2) 

Simulations can teach implicit, experimental lessons about the interconnected nature of present practices and the impact of 

changes. 3) They can facilitate experiential learning of transformation tools and process analysis by providing a practice 

field for students. 4) Simulations can also enhance student engagement and enthusiasm for the subject matter. The 

assumption was made that simulations would yield supplementary advantages, such as engaging non-traditional learning 

styles and fostering collaboration and collaborative learning. However, these benefits were not actively pursued as intentional 

objectives. 

The aim of this paper is to present a synthesis of the literature regarding SBL in the context of higher education. It 

examines SBL’s efficiency in fostering intricate cognitive skills, relying on research-backed problem-solving techniques and 

the practical usability of simulation. It measures SBL’s effectiveness in terms of learning domains and establishes where 

simulation type, study duration, instructional support, and learner characteristics can act as a benchmark. There is substantial 

empirical evidence that strongly supports the efficiency of problem-solving as a learning method in higher education. 

Simulation can be seen as a method for applying problem-solving techniques in settings that closely resemble real-life 

situations. Empirical data supports the use of simulation in medical and nursing education to enhance learning. Consistent 

with other studies, we anticipate significant impacts of SBL on the acquisition of intricate abilities. 

RQ 1: How effective are SBL environments in fostering the acquisition of advanced cognitive abilities in higher 

education?  

RQ 2: Can the impacts of SBL and scaffolding be applied to many complex skills? 

The rest of the article has been organized as follows: Section II provides a literature review of SBL, which includes its 

definition, and effective implementation. Section III presents the methodology employed in literature search and selection 

of articles. In addition, the section highlights the methodology for data extraction, as well as meta-analysis procedures. The 

findings of the literature search have been discussed in Section IV and V providing a detailed understanding of preliminary 

analysis, quantitative assessment, and the general impact of SBL on complex skills. Lastly, Section VI summarizes the 

findings obtained in the results sections.  

 

II. RELATED WORKS 

According to Hallinger et al. [11], Husebø et al. [12], Walton et al. [13], and Rajaguru et al. [14], Simulation-Based Learning 

(SBL) is the utilization of simulations for the goal of learning. In this section, we provide relevant definitions for the two 

components of this phrase, namely 'learning' and 'simulation'. Learning is a multifaceted subject, as seen by the diverse range 

of topics included in the current encyclopedia. Kinshuk et al. [15], Rodrigues et al. [16], and Zhu et al. [17] adopt a 

comprehensive definition, where learning is described as the process of acquiring or improving information and abilities, 

encompassing cognitive, physical, social, and other aspects. Simulations have been employed throughout numerous 

scientific fields, resulting in a range of definitions that often reflect the unique influences and considerations of each subject. 

For example, certain scholars propose that simulations are inherently linked to computers. Simulations have existed long 

before the advent of the Computer Age. In fact, the ancient Chinese game of Go (also known as Weiqi) can be considered a 

form of military simulation to some degree.  

Holzinger et al. [18], Alinier et al. [19], Lamb et al. [20], and Dunleavy et al. [21] argue that the main objective of 

simulations is to facilitate learning. While the current item focuses on simulations for educational reasons, it will be 

demonstrated later that simulations with different goals can also indirectly promote learning, serving as illustrative elements, 

for example. It would be insufficient to use a definition that does not take into account the educational value of simulations 
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that try to provide theoretical evidence or depict natural occurrences, to name only a few samples. Nadaraya [22], and Brooks 

et al. [23] provides an intriguing contribution towards establishing a comprehensive definition of simulation. He asserts that 

a simulation replicates one process through another process. An essential component of this description is the temporal 

nature of simulations, as the processes they allude to are seen as elements that change and develop over time. 

According to Cooper et al. [24], and Vlachopoulos et al. [25], simulation environments facilitate a novel approach to 

learning, defined by interactive and adaptive experiences. Physicians are capable of performing cardiac surgery, whereas 

pilots have the ability to safely land airplanes even in the event of engine failure. Students get the opportunity to engage with 

simulated characters in order to gain expertise in dealing with emotionally challenging circumstances. Considering the 

growing acceptance and extensive utilization of replications for educational purposes, it is logical to contemplate employing 

simulation settings for valuation as well. Currently, there are various simulations in operation, including the Primum 

computer-based replicated patient challenges in Step 3 of the United States Medical Licensing Examination [26]-[30]. The 

transition from a simulation to a SBL is a challenging process. In order to create a legitimate simulation-based assessment, 

it is essential to incorporate ideas and methods from assessment design and psychometrics, despite the significant overlap in 

content and technology [31]-[33]. An indispensable asset for creating a design that effectively fulfills the assessment's 

objectives is a collaborative design framework that allows each team member to understand how their expertise complements 

that of others. This article outlines a specific framework called Evidence Centered Design (ECD) [34]. The vocabulary and 

representations provided by ECD assist assessment designers in many projects involving multiple domains, task kinds, and 

objectives [35]-[39]. Specifically, ECD has been found to be valuable as the design model for simulation-based evaluations, 

such as science study in virtual worlds, computer network engineering, and problem solving in dental hygiene. 

In reference to Bechard et al. [40], Franklin et al. [41], and Khalil et al. [42] the learning outcomes of SBL align with the 

key capabilities outlined by the American College of Nurse-Midwives (ACNM). Proficient teamwork and communication 

with fellow members of the healthcare team are distinguishing characteristics of midwifery [43]-[46]. Engaging in activities 

that guarantee and authenticate high-quality practice are among the professional duties of Certified Midwives (CMs) and 

Certified Nurse-Midwives (CNMs) [47]-[50]. Proficiently employing strategies to handle emergency complications and 

atypical intrapartum occurrences is an integral feature of midwifery treatment [51]-[53]. Simulation-based learning can help 

with the initial acquisition and ongoing maintenance of these fundamental skills. Simulation-based learning is an example 

of a constructivist learning technique that encourages long-lasting retention, comprehension, and the practical application of 

knowledge and skills. These are exactly the types of learning outcomes that are essential for midwifery education. SBL is a 

suitable approach for adult learners and caters to a variety of learner requirements. Simulation-based learning can effectively 

meet essential learning requirements that are inadequately addressed by conventional clinical and didactic education 

techniques. 

To effectively implement SBL, Horns et al. [54], Chernikova et al. [55], and Topping et al. [56] recommend doing more 

than just buy simulation equipment. SBL ought to be incorporated within the CNM/CM curriculum. SBL programs can be 

created using the same methodical evaluation of learner requirements, establishment of learning goals, organization of 

learning activities, and assessment of course, individual, and program results that defines approved midwifery education. 

Implementing a simulation-based method in instructional nursing sessions [57]-[60] led to a notable reduction in the 

observed frequency of medication management errors, and this improvement was maintained for a period of 2-3 months. 

However, the decrease in errors was not observed when the same content was delivered through a conventional didactic 

lecture. The conclusive post-intervention assessment of the MICU revealed a rise in mistakes, with an unknown underlying 

cause. The error rates detected in this study align with the reported rates seen in other investigations, ranging from 3.3% to 

44.6% [61]-[64]. Research has shown that using advanced, realistic teaching approaches that mimic real-life situations can 

lead to better educational results [65]-[69]. The results of our study indicate a positive impact on clinical outcomes, including 

a decrease in medication errors. 

While the value of simulation-based education is well recognized, it is not prevalent in medical education in Japan. 

Several factors contribute to the limited prevalence of simulation-based education in Japan [70]-[72]. The key reasons are 

attributed to the scarcity of mannequins, insufficient financing, and inadequate full-time staff. Nevertheless, the lack of desire 

among teachers in regards to simulation-based teaching is regarded as a more significant factor [73]-[75]. Approximately 

81% of medical schools in Japan have skills laboratories dedicated to simulation-based education [76]-[79]. Approximately 

83% incorporate them into their standard instructional curriculum [80]-[82].  

Nevertheless, over half of the medical schools that incorporate skills labs training into their normal curriculum allocate 

less than 20 hours per year to simulation-based education. at order to enhance simulation-based education at our country's 

medical schools, it would be beneficial to implement successful systems from medical schools abroad [83]-[86]. The 

educational method of role play models is efficacious for students to acquire clinical skills in simulated scenarios that closely 

resemble actual patient interactions. The utilization of the skills laboratory by students should prove beneficial in addressing 

the shortage of permanent staff. The utilization of animal resources allows for the development of clinical skills training 

systems that closely simulate situations seen in the human body. 

Simulation-based learning [87]-[90] has become a focal point for researchers and instructional designers that are 

interested in creating effective learning experiences for professional training and higher education in several fields [91]-[93]. 

Authors in [94]-[96] seeks to bring together study on the design, utilization, and efficacy of SBL. It presents nine 

contributions that assess and evaluate SBL in vocational education [97]-[99], professional training, and higher education 
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[100]-[102] across various fields such as medical education [103]-[105], marine navigation, mountain rescue, automotive 

mechatronics, political decision-making, and business informatics [106]-[108]. Through the adoption of a broader viewpoint 

in educational assessment, research on the efficacy of SBL can provide valuable insights into the interaction among learner 

attributes, learning outcomes, learning processes, and simulation context and design [109]-[111]. This level of 

comprehensiveness will provide significant benefits for enhancing the design and execution of simulations, particularly in 

situations that require the acquisition of intricate skills, such as professional training and higher education. Therefore, 

scholars in [112]-[114] utilize the concept proposed by Schomburg [115], López-García et al. [116], and Lee and Chan [117] 

to establish a connection between the findings given in this issue and the 3P-model. 

 

III. METHODOLOGY 

This research adopts the meta-analytic analysis technique for evaluating the effectiveness of SBL in improving the mastery 

of complex cognitive learning skills in the higher learning institutions. It includes the analysis, collection, and interpretation 

of data and segmented as follows: 

 

Literature Search and Selection Criteria 

A detailed search was made using the electronic databases such as PubMed, ERIC, and PsycINFO with articles published 

between December 1903 and March 2024. Search terms employed in the identification of literature included; ‘simulation-

based learning’, ‘complex cognitive skills’, ‘domains’ such as medical education, teacher education among others. This 

search strategy was employed to make sure that there was a proper and efficient identification of studies that would meet the 

insertion criteria of this meta-study. Studies were encompassed if they met the following criteria: Specific criteria include: 

(1) Emphasize simulation-based learning interventions for the improvement of sophisticated cognitive abilities, (2) 

Document the extent and growth of skills quantitatively as the major outcome indicators, (3) Published in at least an 

international peer-reviewed scientific journal or an international conference, and (4) Contain enough data in terms of Effect 

Size (ES) and clear descriptions of the instructional support measures used in the simulation environment. According to 

these criteria, 145 articles were considered for this review and meta-synthesis, involving 10,532 participants across different 

educational fields; however, the largest part of the studies (126) concerned medical education. 

 

Data Extraction 

Data extraction meant that the authors of the present systematic review and meta-analysis conducted a structured abstraction 

of information from each of the qualifying study to identify the effect-size estimates (g) and other related moderator 

variables. Cohen’s Measures of Effect Sizes (ESs) were used whereby the alterations among the control and experimental 

groups were computed and subsequently standardized based on the sample means and SDs. This process helped maintain 

the reliability and validity in identifying the quantitative results presented in the primary studies, which are crucial in 

comparing and aggregating data in various educational environments and simulation scenarios. 

 

Meta-Analytic Procedures 

Calculation of ESs 

In Eq. (1) The measure of the size of the treatment effect, 𝑔, is employed in meta-analysis to contrast the size of the 

differences between the control and experimental groups. It addresses issues of heterogeneity in terms of the sample size 

and standard deviation across the studies thus facilitating the comparison of the results on a common measure. 

 

 g =
Xexp−Xcon

sp
    (1) 

 

 𝑆𝑝 = √
(𝑛𝑒𝑥𝑝−1)𝑠𝑒𝑥𝑝

2 +(𝑛𝑐𝑜𝑛−1)𝑠𝑐𝑜𝑛
2

𝑛𝑒𝑥𝑝+𝑛𝑐𝑜𝑛−2
  (2) 

 

where 𝑋̅𝑒𝑥𝑝 and 𝑋̅𝑐𝑜𝑚 represents the mean score of the control group and experimental group, respectively. In Eq. (2), 

𝑆𝑝 denotes the pooled standard deviation. In Eq. (3), meta-regression is used to explore the influence of moderator variables 

on ESs across studies. It allows for the examination of how categorical and continuous variables (moderators) affect the 

overall relationship between SBL and complex cognitive skill development. 

 

 𝑔𝑖𝑗 = 𝛽0 + 𝛽1𝑋𝑖𝑗1 + 𝛽2𝑋𝑖𝑗2 + ⋯ + 𝛽𝑝𝑋𝑖𝑗𝑝 + 𝜖𝑖𝑗  (3) 

 

where 𝑔𝑖𝑗 represent the ES for research 𝑖 and moderator 𝑗. 𝑋𝑖𝑗1, 𝑋𝑖𝑗2 … . . , 𝑋𝑖𝑗𝑝 are the moderator variables, 𝛽0, 𝛽1, … . 𝛽𝑝  

are regression co-efficient and is the error term.  

 

Subgroup and Sensitivity Analysis 

Subgroup analysis in Eq. (4) and Eq. (5) categorizes studies into subsets based on predefined characteristics to explore 

variations in ESs across different conditions or contexts.  
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 𝑔𝑘 =
∑ 𝑤𝑖𝑔𝑖𝑖𝜖𝑘

∑ 𝑤𝑖𝑖𝜖𝑘
  (4) 

 

 𝑔𝑎𝑑𝑗𝑢𝑠𝑡𝑒𝑑 =
∑ 𝑤𝑖𝑔𝑖+∑ 𝑤𝑗𝑔𝑗

𝑖𝑚𝑝𝑢𝑡𝑒𝑑𝑚
𝑗=1

𝑛
𝑖=1

∑ 𝑤𝑖+∑ 𝑤𝑗
𝑚
𝑗−1

𝑛
𝑖−1

      (5) 

 

where 𝒈𝒊 is the ES of study 𝒊, 𝒈𝒋
𝒂𝒅𝒋𝒖𝒔𝒕𝒆𝒅

 is the imputed ES of research and 𝒘𝒊 represents the weight of research 𝑖 in the 

meta-analysis. Sensitivity analysis evaluates the robustness of meta-analytic results by testing the impact of excluding studies 

with potential biases or outliers. The trim-fill method adjusts for publication bias by imputing potentially missing studies to 

estimate an unbiased ES. 

 

IV. RESULTS  

Results of Literature Search 

The analysis included a total of 145 research that met the eligibility criteria. These studies were derived from 128 papers 

published between 1979 and 2024. In all, there were 409 effect estimations obtained from these investigations. The whole 

sample size was 10,532 people. The majority of the research, specifically 126, are focused on medical education. Teacher 

education is signified by seven separate studies, while other fields are covered by 12 independent studies. The majority of 

studies primarily examined general problem-solving abilities (51) or the mechanical proficiency of a specific complex 

technique (47). Other areas of interest included diagnosing (8), communication skills (24), managing crucial circumstances 

(10), and teamwork and collaboration (5). Several studies have indicated multiple complicated skills as learning results. 

During initial search, there were 409 instances of SBL, where only 270 provid0ed comprehensive data without any 

missing codes regarding the instructional assistance methods employed in the simulation. 12% of treatments did not include 

any further instructional support, but 25% of simulations were accompanied with information conveyance, such as lectures 

or other expository types of education. It is important to mention that a few simulations exclusively utilized a particular form 

of scaffolding where only 6% of the participants utilized instances without any extra supporting measures, while 3% 

incorporated simulations along with induced reflection periods. Additionally, less than 1% relied exclusively on prompts 

meant to support simulations. The most common mixtures of investigative support actions were the conveyance of 

knowledge along with samples (82 occurrences), the use of samples with reflection phases (43 occurrences), and the 

conveyance of knowledge with reflection phases (62 occurrences).  

Nevertheless, the study revealed a significant quantity of missing information, showing that the investigative assistance 

measurements were not clearly or adequately described in the treatment descriptions of the original investigations. In 

addition, nearly all of the studies included in the analysis reported feedback that contestants got from the studying ecosystem 

or teacher during or after the simulation. However, this feedback was not specifically coded and was therefore not the main 

focus of the present study. 

 

Preliminary Analysis and Quality Assessment 

There was no indication of publication bias or dubious research practices found using the methods used to appraise the 

quality of data from primary studies, such as analyzing the symmetry of the funnel plot and the relationship between Effect 

Size (ES) and Standard Error (SE). This is supported by the findings in Fig 1 and Table 1, which demonstrate the 

generalizability of the moderator and summary impacts observed in the meta-study. The meta-regression assessment of 

control variables (including study design, domain, year of publication, type of control, and publication type) revealed that 

these conditions do not account for any statistically substantial variation in study effects (with p-values over .05). 

 

Table 1. Impact of Simulation Characteristics, Instructional Support, and Literature on the Acquisition of Complex 

Abilities 

Summary impact 

(random impact 

model) 

p of Q Q (p) g 
95% 

CI 
N (k) τ2 I2 EV (N) 

Simulation vs. 

controls 
<.001 4213.93 0.85 

[0.69, 

1.02] 

10,532 

(145) 
1.21 95.86% 1 (98) 

 Implication of 

moderators 
ES Heterogeneity 

Quality 

evaluation 

Moderating 

variables 
p of Q Q g 

95% 

CI 
n(k) τ2 I2 EV(N) 

Complex skills <.001 167.61       

Communication 

skills 
  0.44 

[0.17, 

0.72] 

2,493 

(27) 
0.46 91.03% 1 (17) 
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Diagnostic skills   0.82 
[0.41, 

1.22] 

911 

(18) 
0.76 92.02% 1 (14) 

General Problem 

solving 
  0.88 

[0.68, 

1.08] 

6,010 

(58) 
0.47 91.23% 1 (39) 

Management of 

situation 
  0.72 

[0.14, 

1.31] 

2,543 

(21) 
1.04 97.15% 1 (14) 

Teamwork/skills   0.50 
[0.32, 

0.68] 
810 (5) 0.03 66.07% 1 (3) 

Technical 

performance 
  1.06 

[0.75, 

1.37] 

2,933 

(63) 
1.25 91.10% 1 (43) 

Simulation features 

Simulation type <.001 852.62       

Documents   0.31 
[0.07, 

0.56] 

847 

(15) 
0.30 82.60% 1 (7) 

Virtual objects   0.75 
[0.47, 

1.03] 

3,199 

(45) 
0.80 95.49% 1 (32) 

Role play   0.63 
[0.38, 

0.89] 

1,934 

(26) 
0.35 87.02% 1 (20) 

Mixed (more than 

one type) 
  1.56 

[0.90, 

2.22] 

936 

(13) 
1.18 95.98% 1 (13) 

Live model (medical 

only) 
  2.27 

[1.67, 

2.86] 
108 (3) 0.08 18.56% 1 (3) 

Mannequin 

(medical only) 
  0.96 

[0.60, 

1.31] 

3,015 

(30) 
1.10 94.41% 1 (22) 

Model (medical 

only) 
  0.79 

[0.33, 

1.26] 

589 

(18) 
0.81 87.56% 1 (9) 

No   0.74 
[0.53, 

0.96] 

4,895 

(54) 
0.58 91.16% 1 (39) 

Computer-

supported 
  0.68 

[0.40, 

0.97] 

2,578 

(43) 
0.68 91.67% 1 (24) 

Simulator (medical 

only) 
  1.07 

[0.66, 

1.47] 

1,312 

(26) 
1.26 94.19% 1 (21) 

Virtual reality   0.85 
[0.31, 

1.39] 

1,377 

(20) 
1.25 97.67% 1 (17) 

Simulation duration <.001 439.42       

Very short (up to 1 

hour) 
  0.65 

[0.19, 

1.10] 

2,210 

(26) 
1.27 97.22% 1 (17) 

Short (up to 1 day)   0.81 
[0.65, 

0.97] 

5,496 

(87) 
0.62 89.16% 1 (61) 

Medium (up to 1 

month) 
  0.80 

[0.54, 

1.07] 

459 

(11) 
0.13 59.62% 1 (9) 

Longe (exceeding 1 

month) 
  1.30 

[0.00, 

2.63] 
518 (4) 1.36 91.12% 1 (3) 

Authenticity <.001 265.57       

Lower   0.58 
[0.28, 

0.88] 

1,598 

(26) 
0.58 89.57% 1 (15) 

Selected   0.69 
[0.00, 

1.41] 
268 (6) 1.04 89.12% 1 (5) 

Higher   0.85 
[0.64, 

1.06] 

6,163 

(76) 
0.82 95.20 1 (56) 

Instructional support 

Knowledge conveys <.001 32.12       

Available   0.87 
[0.69, 

1.05] 

7,925 

(98) 
0.71 93.95% 1 (75) 

Not available   0.72 
[0.33, 

1.10] 

2,323 

(46) 
1.29 93.15% 1 (30) 

Scaffolding <.001 237.91       

No scaffolding   0.88 
[0.64, 

1.12] 

4,824 

(58) 
0.68 92.66% 1 (42) 
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Samples only   0.66 
[0.22, 

1.10] 

1,046 

(27) 
1.67 93.04% 1 (17) 

Prompts only   0.44 

ns 

[−0.18, 

1.07] 

554 

(11) 
1.18 90.94% 1 (4) 

Samples + Prompts   1.60 
[0.87, 

2.34] 
187 (4) 0.11 30.85% 1 (4) 

Samples + 

Reflection 
  0.95 

[0.36, 

1.54] 

1,677 

(15) 
1.11 97.98% 1 (12) 

Prompts + 

Reflection 
  0.10 

ns 

[−0.27, 

0.48] 
634 (8) 0.21 73.53% 0 (3) 

All combined  1.34 

ns 

[−0.33, 

3.02] 
90 (2) 1.29 87.37% 

Not 

applicable 

Samples present   0.88 
[0.54, 

1.21] 

3,202 

(44) 
1.33 96.39% 1 (31) 

Samples not present   0.81 
[0.65, 

0.97] 

8,312 

(101) 
0.61 91.88% 1 (87) 

Prompts present   0.65 
[0.20, 

1.10] 

1,604 

(25) 
0.98 90.04% 1 (13) 

Prompts not present   0.92 
[0.73, 

1.10] 

8,747 

(121) 
0.87 94.71% 1 (95) 

Reflection phases 

present 
  0.78 

[0.46, 

1.10] 

3,210 

(39) 
0.74 95.46% 1 (29) 

No reflection stages   0.81 
[0.58, 

1.05] 

5,299 

(81) 
1.13 93.82 1 (55) 

Previous knowledge 

Familiarity of 

context 
<.001 614.32       

Unfamiliar (low 

prior knowledge) 
  0.67 

[0.40, 

0.94] 

5,938 

(61) 
1.08 96.09% 1 (44) 

Familiar (high prior 

knowledge) 
  0.83 

[0.65, 

1.02] 

2,511 

(63) 
0.50 86.05% 1 (48) 

Mixed group   1.21 
[0.50, 

1.93] 

1,227 

(15) 
1.16 97.34% 1 (12) 

Level of education <.001 329.58       

Low (graduate and 

undergraduate) 
  0.74 

[0.54, 

0.94] 

7,143 

(74) 
0.71 94.66% 1 (56) 

High (in-service and 

postgraduate) 
  0.91 

[0.67, 

1.16] 

3,400 

(72) 
0.94 93.16% 1 (55) 

Familiar context 

Samples   0.85 
[0.55, 

1.15] 

880 

(21) 
0.63 86.51% 1 (17) 

Prompts   0.33 

ns 

[−0.40, 

1.07] 
330 (7) 0.37 76.49% 1 (3) 

Reflection phases   0.74 
[0.48, 

1.00] 

778 

(19) 
0.19 71.41% 1 (14) 

Unfamiliar context 

Samples   0.71 
[0.15, 

1.27] 

1,993 

(19) 
1.45 97.82% 1 (17) 

Prompts   0.85 
[0.19, 

1.50] 

1,091 

(15) 
1.39 92.59% 1 (9) 

Reflection phases   0.49 
[0.17, 

0.81] 

2,017 

(18) 
0.37 94.11% 1 (11) 

Low level of training 

Samples   0.87 
[0.41, 

1.34] 

1,688 

(18) 
0.93 97.28% 1 (16) 

Prompts   0.74 
[0.08, 

1.39] 

1,011 

(17) 
1.08 92.11% 1 (8) 

Reflection phases   0.52 
[0.23, 

0.80] 

2271 

(21) 
0.37 93.79% 1 (15) 
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High level of education 

Samples   0.85 
[0.38, 

1.32] 

1,120 

(26) 
1.59 93.22% 1 (18) 

Prompts   0.50 

ns 

[−0.08, 

1.08] 
346 (9) 0.83 84.19% 1 (3) 

Reflection phases   1.10 
[0.52, 

1.68] 

763 

(18) 
0.92 91.42% 1 (13) 

 

Overall Impacts of SBL on Complex Skills  

In relation to RQ 1 and 2, SBL had a significant and beneficial impact on developing complex skills when compared to three 

different aspects: (1) no involvement (waiting control: SE = 0.30, g = 1.02, N = 16); (2) a control group with different 

instructions (SE = 0.13, g = 0.82, N = 53); and (3) a baseline group (SE = 0.10, g = 0.88, N = 76). Since there were no 

statistically substantial differences seen among the 3 control circumstances, the overall impact was calculated to be g = 0.85, 

with a SE 11of 0.08, based on a sample size (N) of 145.  

 

 
Fig 1. Impact of Simulations on the Advancement of Intricate Abilities Across Several Fields 

 

 
Fig 2. A Funnel Diagram of the Replication Impact on the Development of Complex Abilities 

 

As anticipated, the study also detected significant heterogeneity among the studies: The value of Q is 4213.93 with a p-

value less than .0001. Additionally, τ2 is equal to 1.2 and I2 is equal to 95.86%. The observed variability could not be 

accounted for by the control factors, including study design, domain, year of publication, type of control, and publication 

type. The ESs, weights, confidence intervals, and summary impact from random impacts model assessment are displayed in 

Fig 1. Fig 2 displays a funnel diagram illustrating the distribution of standard errors and ESs. The use of SBL has a moderate 

effect on improving communication and collaboration skills (teamwork) with an ES of 0.44 (SE = 0.15) and 0.50 (SE = 0.08) 

respectively. Simulation-based learning has a higher effect on situation management (SE = 0.30; ES = 0.72,), problem-

solving (SE = 0.11; ES = 0.88), and diagnostic competencies (SE = 0.21; ES = 0.82). The key reported effects of replications 

are seen in improving technical display with an ES of 1.06 (SE = 0.15). The quantity of studies in each category is provided 

in Table 1. 

V. DISCUSSION 

Learning is a dynamic procedure in which students create their own understanding according to their prior knowledge and 

through the development, and transformation of their personal experiences [118]-[120]. However, pupils frequently possess 

numerous contradictory perspectives prior to acquiring new information and construct their collection of opinions without 

contemplating their preexisting knowledge [121]-[123]. Students' prior knowledge functions as a framework for integrating 
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new knowledge, as the new information is processed and understood in relation to their previous knowledge. Hence, the 

preexisting knowledge of pupils plays a crucial role in comprehending novel material. Comprehension is closely linked to 

the development of a unified conceptual framework [124]-[126].  

The study did a meta-analysis that examined the vast amount of research on simulation-based learning (SBL) to evaluate 

its influence on the acquisition of complicated abilities in different fields. A complex cognitive talent is comprised of multiple 

closely interconnected constituent abilities that demonstrate distinct variations in performance; certain constituent skills 

necessitate conscious thinking, and all of them display behaviors that are aimed towards achieving specific goals. When it 

comes to the intended way of leaving, we can distinguish between non-recurrent and recurrent constituent skills. The 

utilization of non-recurring constituent abilities differs depending on the specific activity, whereas recurring constituent 

skills can be applied uniformly across multiple activities. When it comes to the intricate cognitive ability of troubleshooting 

in an alcohol-water distillery, abilities that include thinking about the operation of the distillery utilizing its underlying 

principles are classified as non-recurrent skills.  

Recurrent skills, such as those related to system operation procedures and safety protocols, are of concern [127]. 

Acquiring abilities that are not repeated demands the development of intricate mental frameworks that can influence how 

we approach and solve future problems [128]-[130]. Schema creation is the deliberate process of creating abstract concepts 

based on specific experiences [131]. Acquiring expertise in repetitive activities necessitates the mechanization of schemata, 

which are specialized rules or methods peculiar to a certain field. The automation of schema primarily depends on the 

quantity and quality of practice. Our extensive analysis of 145 studies conducted between 1979 and 2024, which included 

10,532 participants, confirms that SBL has a significant and beneficial impact on skill development. This study affirms that 

SBL is effective in both educational and professional settings. 

The research we conducted showed that there is a large amount of diversity in the reported effects of SBL. This variation 

is driven by the measures of instructional support used and the individual abilities that are examined. The success of SBL is 

greatly influenced by the inclusion of instructional support, namely through the use of strategies like knowledge conveyance 

and scaffolding, which involve the use of samples and reflection phases. Scaffolding concept is based on the research of 

Vygotsky (1978) [132], although the term was initially introduced in Wood, Bruner, and Ross (1976) [133]-[135]. In the 

field of education, scaffolding refers to a metaphorical structure that is implemented to assist learners in achieving their 

objectives. This structure is gradually dismantled as it becomes unnecessary, similar to how a physical scaffold is erected 

around a building during its construction and taken down as the project approaches its final stages.  While some people 

believe that the metaphor of providing support during learning that can be removed as the learner no longer needs it is 

appropriate, Benko [136] argue that it is an unfortunate metaphor. Carroll and Thomas [137] believe that it implies guiding 

and teaching the learner towards a specific end, which is teacher-centered. However, in reality, scaffolding is an approach 

that focuses on the student and its effectiveness relies on its capacity to adjust to the learner's specific needs. In a learning 

context, scaffolding [138] goes beyond just a mere physical support. It involves assisting students in acquiring knowledge 

of concepts, procedures, strategies, and metacognitive skills [139]. 

Simulations that included thorough instructional support regularly showed greater effectiveness in improving technical 

skills and problem-solving abilities compared to simulations that did not have such support [140]. Notably, although 

communication and collaboration abilities were also enhanced by SBL, the degree of change was rather small, suggesting 

the need for additional improvements in instructional design. This implies that although SBL has potential in developing 

interpersonal and teamwork skills, it may require additional methods and resources, such as the Simulation-Based 

Interprofessional Teamwork Assessment Tool (SITAT) [141], to maximize its effectiveness in these areas. This technology 

intends to address deficiencies in simulation-based education by offering personalized evaluation of team members through 

a limited number of tasks to be carried out by an observer. The SITAT offers the opportunity to explore various unexplored 

research inquiries regarding interprofessional education (IPE) training on a global scale, identify distinct behavioral patterns 

among students in different specialties, and potentially inspire faculty to create and customize IPE [142] curricula to meet 

the specific training requirements of individual students. 

Our meta-regression analysis, which investigated the impact of different methodological factors such as study design and 

publication type, did not find any significant ability to explain the variation in ESs. This emphasizes the necessity for future 

research to thoroughly investigate the intricate connections among instructional assistance techniques, simulation attributes, 

and skill results. Brydges et al. [143] conducted a systematic analysis of simulation literature and discovered a substantial 

correlation among the amount of time spent practicing on advanced medical simulators and the achievement of standardized 

learning outcomes. Further research is needed to establish the same effect on a “lower-fidelity simulator”. While the 

frequency of performing an operation, whether in a clinical setting or on a simulator, is linked to progress towards a 

performance standard, it is insufficient to solely rely on repetition as a measure of competence [144]. The precise number of 

iterations required to attain proficiency in procedures is not explicitly specified, but it is likely to differ among persons and 

procedures. Simulation models have become increasingly complex (as well as more expensive) without undergoing 

necessary validation procedures. The specific methods that should be taught on animal models instead of simulators are still 

unknown. The design and utilization of a simulator model should be guided by well-defined performance targets, outcomes, 

or benchmarks for each level of learner. 

Although our findings are strong, it is important to recognize numerous limitations. The existence of incomplete or 

insufficiently thorough data in certain primary studies on the deployment of instructional support measures highlights the 
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significance of consistent reporting standards in SBL research. In addition, although we implemented stringent inclusion 

criteria to minimize biases such as publication bias, it is possible that intrinsic biases present in the individual studies may 

have impacted our overall findings. In the future, there is a need to make use of the emerging technologies such as artificial 

intelligence and virtual reality in enhancing the realism and efficiency of SBL settings. Longitudinal surveys, in an attempt 

to establish the extent to which skills gained from SBL are retained and portable in different workplaces, will provide 

valuable data on its long-term impact on workforce capability and output. 

 

VI. CONCLUSION  

This meta-analysis of simulation-based learning (SBL) in higher educational institutions reveals a fairly extensive body of 

research in the application of higher forms of thinking in various disciplines such as medicine. The results of this study 

indicate that on average, SBL has a positive impact with a likelihood of being a powerful educative interference more than 

the traditional modes of instructions. Some of the benchmarks that were developed included Simulation type, Period of 

Simulation, Degree of instruction support such as scaffolding and feedback among others. The results of the analyzed studies 

show a certain variation but the majority of them show the efficiency of SBL that can be explained by the fact that this 

approach is quite sensitive to the characteristics of the teaching and learning processes and the learning outcomes. The quality 

assessment and sensitivity analysis support these findings and form the premise of the conclusion by highlighting the sources 

of bias and difference in the methodology used. Hence, more research should be directed towards the question of the extent 

to which SBL is as effective in the long-term and the effects it has on real-world performance and long-term knowledge 

retention of complex skills. Furthermore, it is worth examining other potentially useful and not very explored technologies 

like virtual or augmented reality used in SBL to find deeper reasons for increasing its effectiveness.  

 

CRediT Author Statement 

The author reviewed the results and approved the final version of the manuscript. 

 

Data Availability 

No data was used to support this study. 

Conflicts of Interests 

The author declares that they have no conflicts of interest. 

 
Funding 
No funding was received to assist with the preparation of this manuscript. 

Competing Interests 

There are no competing interests. 

 

References 
[1]. C. Koh et al., “Investigating the Effect of 3D Simulation Based Learning on the Motivation and Performance of Engineering Students,” Journal 

of Engineering Education, vol. 99, no. 3, pp. 237–251, Jul. 2010, doi: 10.1002/j.2168-9830.2010.tb01059.x. 

[2]. E. Winsberg, “Simulated Experiments: Methodology for a Virtual World,” Philosophy of Science, vol. 70, no. 1, pp. 105–125, Jan. 2003, doi: 
10.1086/367872. 

[3]. M. M. Asad, A. Naz, P. Churi, and M. M. Tahanzadeh, “Virtual Reality as Pedagogical Tool to Enhance Experiential Learning: A Systematic 
Literature Review,” Education Research International, vol. 2021, pp. 1–17, Nov. 2021, doi: 10.1155/2021/7061623. 

[4]. W. C. McGaghie, S. B. Issenberg, E. R. Petrusa, and R. J. Scalese, “Revisiting ‘A critical review of simulation-based medical education research: 
2003-2009,’” Medical Education, vol. 50, no. 10, pp. 986–991, Sep. 2016, doi: 10.1111/medu.12795. 

[5]. M. El Hussein, G. Harvey, and L. Kilfoil, “Pre-Brief in Simulation-Based Experiences: A Scoping Review of the Literature,” Clinical Simulation 
in Nursing, vol. 61, pp. 86–95, Dec. 2021, doi: 10.1016/j.ecns.2021.08.003. 

[6]. C. Hoyles, R. Noss, and R. Adamson, “Rethinking the Microworld Idea,” Journal of Educational Computing Research, vol. 27, no. 1, pp. 29–53, 
Jul. 2002, doi: 10.2190/u6x9-0m6h-mu1q-v36x. 

[7]. H. M. Hodgetts, S. Packwood, F. Vachon, and S. Tremblay, “A microworld simulation of dynamic cognition as a test of executive function,” 
Journal of Clinical and Experimental Neuropsychology, vol. 45, no. 2, pp. 165–181, Feb. 2023, doi: 10.1080/13803395.2023.2214297. 

[8]. J. J. G. van Merriënboer and J. Sweller, “Cognitive Load Theory and Complex Learning: Recent Developments and Future Directions,” 
Educational Psychology Review, vol. 17, no. 2, pp. 147–177, Jun. 2005, doi: 10.1007/s10648-005-3951-0. 

[9]. N. Cowan, “Working Memory Underpins Cognitive Development, Learning, and Education,” Educational Psychology Review, vol. 26, no. 2, pp. 
197–223, Dec. 2013, doi: 10.1007/s10648-013-9246-y. 

[10]. N. Rutten, W. R. van Joolingen, and J. T. van der Veen, “The learning effects of computer simulations in science education,” Computers &amp; 
Education, vol. 58, no. 1, pp. 136–153, Jan. 2012, doi: 10.1016/j.compedu.2011.07.017. 

[11]. P. Hallinger and R. Wang, “The Evolution of Simulation-Based Learning Across the Disciplines, 1965–2018: A Science Map of the Literature,” 
Simulation &amp; Gaming, vol. 51, no. 1, pp. 9–32, Dec. 2019, doi: 10.1177/1046878119888246. 

[12]. S. E. Husebø, M. Silvennoinen, E. Rosqvist, and I. Masiello, “Status of Nordic research on simulation-based learning in healthcare: an integrative 
review,” Advances in Simulation, vol. 3, no. 1, Jul. 2018, doi: 10.1186/s41077-018-0071-8. 

[13]. H. J. WALTON and M. B. MATTHEWS, “Essentials of problem-based learning,” Medical Education, vol. 23, no. 6, pp. 542–558, Nov. 1989, 
doi: 10.1111/j.1365-2923.1989.tb01581.x. 

[14]. V. Rajaguru and J. Park, “Contemporary Integrative Review in Simulation-Based Learning in Nursing,” International Journal of Environmental 
Research and Public Health, vol. 18, no. 2, p. 726, Jan. 2021, doi: 10.3390/ijerph18020726. 



 

ISSN: 2789–5181                                                                             Journal of Enterprise and Business Intelligence 5(4)(2025) 

244 

[15]. Kinshuk, N.-S. Chen, I.-L. Cheng, and S. W. Chew, “Evolution Is not enough: Revolutionizing Current Learning Environments to Smart Learning 
Environments,” International Journal of Artificial Intelligence in Education, vol. 26, no. 2, pp. 561–581, Feb. 2016, doi: 10.1007/s40593-016-
0108-x. 

[16]. H. Rodrigues, F. Almeida, V. Figueiredo, and S. L. Lopes, “Tracking e-learning through published papers: A systematic review,” Computers 
&amp; Education, vol. 136, pp. 87–98, Jul. 2019, doi: 10.1016/j.compedu.2019.03.007. 

[17]. Z.-T. Zhu, M.-H. Yu, and P. Riezebos, “A research framework of smart education,” Smart Learning Environments, vol. 3, no. 1, Mar. 2016, doi: 
10.1186/s40561-016-0026-2. 

[18]. A. Holzinger, M. D. Kickmeier-Rust, S. Wassertheurer, and M. Hessinger, “Learning performance with interactive simulations in medical 
education: Lessons learned from results of learning complex physiological models with the HAEMOdynamics SIMulator,” Computers &amp; 
Education, vol. 52, no. 2, pp. 292–301, Feb. 2009, doi: 10.1016/j.compedu.2008.08.008. 

[19]. G. Alinier and D. Oriot, “Simulation-based education: deceiving learners with good intent,” Advances in Simulation, vol. 7, no. 1, Mar. 2022, doi: 
10.1186/s41077-022-00206-3. 

[20]. R. L. Lamb, L. Annetta, J. Firestone, and E. Etopio, “A meta-analysis with examination of moderators of student cognition, affect, and learning 
outcomes while using serious educational games, serious games, and simulations,” Computers in Human Behavior, vol. 80, pp. 158–167, Mar. 
2018, doi: 10.1016/j.chb.2017.10.040. 

[21]. M. Dunleavy, C. Dede, and R. Mitchell, “Affordances and Limitations of Immersive Participatory Augmented Reality Simulations for Teaching 
and Learning,” Journal of Science Education and Technology, vol. 18, no. 1, pp. 7–22, Sep. 2008, doi: 10.1007/s10956-008-9119-1. 

[22]. E. A. Nadaraya, “On Estimating Regression,” Theory of Probability &amp; Its Applications, vol. 9, no. 1, pp. 141–142, Jan. 1964, doi: 
10.1137/1109020. 

[23]. R. Brooks et al., “CHARMM: The biomolecular simulation program,” Journal of Computational Chemistry, vol. 30, no. 10, pp. 1545–1614, May 
2009, doi: 10.1002/jcc.21287. 

[24]. R. B. Cooper and R. W. Zmud, “Information Technology Implementation Research: A Technological Diffusion Approach,” Management Science, 
vol. 36, no. 2, pp. 123–139, Feb. 1990, doi: 10.1287/mnsc.36.2.123. 

[25]. D. Vlachopoulos and A. Makri, “The effect of games and simulations on higher education: a systematic literature review,” International Journal 
of Educational Technology in Higher Education, vol. 14, no. 1, Jul. 2017, doi: 10.1186/s41239-017-0062-1. 

[26]. H.-M. Huang, U. Rauch, and S.-S. Liaw, “Investigating learners’ attitudes toward virtual reality learning environments: Based on a constructivist 
approach,” Computers &amp; Education, vol. 55, no. 3, pp. 1171–1182, Nov. 2010, doi: 10.1016/j.compedu.2010.05.014. 

[27]. G. F. Dillon and B. E. Clauser, “Computer-Delivered Patient Simulations in the United States Medical Licensing Examination (USMLE),” 
Simulation in Healthcare: The Journal of the Society for Simulation in Healthcare, vol. 4, no. 1, pp. 30–34, 2009, doi: 
10.1097/sih.0b013e3181880484. 

[28]. M. T. KANE, “Validating Interpretive Arguments for Licensure and Certification Examinations,” Evaluation &amp; the Health Professions, vol. 
17, no. 2, pp. 133–159, Jun. 1994, doi: 10.1177/016327879401700202. 

[29]. Y. Okuda et al., “The Utility of Simulation in Medical Education: What Is the Evidence?,” Mount Sinai Journal of Medicine: A Journal of 
Translational and Personalized Medicine, vol. 76, no. 4, pp. 330–343, Jul. 2009, doi: 10.1002/msj.20127. 

[30]. V. Terzis and A. A. Economides, “The acceptance and use of computer based assessment,” Computers &amp; Education, vol. 56, no. 4, pp. 1032–
1044, May 2011, doi: 10.1016/j.compedu.2010.11.017. 

[31]. N. A. Morris, B. M. Czeisler, and A. Sarwal, “Simulation in Neurocritical Care: Past, Present, and Future,” Neurocritical Care, vol. 30, no. 3, pp. 
522–533, Oct. 2018, doi: 10.1007/s12028-018-0629-2. 

[32]. R. J. Mislevy, “Evidence-Centered Design for Simulation-Based Assessment,” Military Medicine, vol. 178, no. 10S, pp. 107–114, Oct. 2013, doi: 
10.7205/milmed-d-13-00213. 

[33]. D. A. Cook and R. Hatala, “Validation of educational assessments: a primer for simulation and beyond,” Advances in Simulation, vol. 1, no. 1, 
Jan. 2016, doi: 10.1186/s41077-016-0033-y. 

[34]. A. Gegenfurtner, C. Quesada‐Pallarès, and M. Knogler, “Digital simulation‐based training: A meta‐analysis,” British Journal of Educational 
Technology, vol. 45, no. 6, pp. 1097–1114, Jul. 2014, doi: 10.1111/bjet.12188. 

[35]. M. J. Zieky, “An introduction to the use of evidence-centered design in test development,” Psicología Educativa, vol. 20, no. 2, pp. 79–87, Dec. 
2014, doi: 10.1016/j.pse.2014.11.003. 

[36]. M. Arieli-Attali, S. Ward, J. Thomas, B. Deonovic, and A. A. von Davier, “The Expanded Evidence-Centered Design (e-ECD) for Learning and 
Assessment Systems: A Framework for Incorporating Learning Goals and Processes Within Assessment Design,” Frontiers in Psychology, vol. 
10, Apr. 2019, doi: 10.3389/fpsyg.2019.00853. 

[37]. Y. J. Kim, R. G. Almond, and V. J. Shute, “Applying Evidence-Centered Design for the Development of Game-Based Assessments in Physics 
Playground,” International Journal of Testing, vol. 16, no. 2, pp. 142–163, Dec. 2015, doi: 10.1080/15305058.2015.1108322. 

[38]. C. A. Chapelle et al., “Designing a Prototype Tablet‐Based Learning‐Oriented Assessment for Middle School English Learners: An Evidence‐
Centered Design Approach,” ETS Research Report Series, vol. 2018, no. 1, pp. 1–55, Dec. 2018, doi: 10.1002/ets2.12232. 

[39]. J. Clarke-Midura, D. Silvis, J. F. Shumway, V. R. Lee, and J. S. Kozlowski, “Developing a kindergarten computational thinking assessment using 
evidence-centered design: the case of algorithmic thinking,” Computer Science Education, vol. 31, no. 2, pp. 117–140, Feb. 2021, doi: 
10.1080/08993408.2021.1877988. 

[40]. S. Bechard, A. Clark, R. Swinburne Romine, M. Karvonen, N. Kingston, and K. Erickson, “Use of Evidence-Centered Design to Develop Learning 
Maps-Based Assessments,” International Journal of Testing, vol. 19, no. 2, pp. 188–205, Apr. 2019, doi: 10.1080/15305058.2018.1543310. 

[41]. A. Franklin and M. Luctkar-Flude, “2020 to 2023 Research Priorities Advance INACSL Core Values,” Clinical Simulation in Nursing, vol. 47, 
pp. 82–83, Oct. 2020, doi: 10.1016/j.ecns.2020.09.001. 

[42]. A. Mohd Khalil, K. L. Lee, Z. A. Kamaruzzaman, and C. A. Ong, “Effectiveness of simulation-based learning in Malaysian higher education: a 
case study of MonsoonSIM,” Asian Education and Development Studies, vol. 13, no. 1, pp. 64–77, Jan. 2024, doi: 10.1108/aeds-09-2023-0125. 

[43]. M. Shahin, M. Ali Babar, and L. Zhu, “Continuous Integration, Delivery and Deployment: A Systematic Review on Approaches, Tools, 
Challenges and Practices,” IEEE Access, vol. 5, pp. 3909–3943, 2017, doi: 10.1109/access.2017.2685629. 

[44]. J. Wrammert, S. Sapkota, K. Baral, A. KC, M. Målqvist, and M. Larsson, “Teamwork among midwives during neonatal resuscitation at a maternity 
hospital in Nepal,” Women and Birth, vol. 30, no. 3, pp. 262–269, Jun. 2017, doi: 10.1016/j.wombi.2017.02.002. 

[45]. A. Baldwin, C. Harvey, E. Willis, B. Ferguson, and T. Capper, “Transitioning across professional boundaries in midwifery models of care: A 
literature review,” Women and Birth, vol. 32, no. 3, pp. 195–203, Jun. 2019, doi: 10.1016/j.wombi.2018.08.003. 

[46]. M. M. Butler, D. M. Fraser, and R. J. L. Murphy, “What are the essential competencies required of a midwife at the point of registration?,” 
Midwifery, vol. 24, no. 3, pp. 260–269, Sep. 2008, doi: 10.1016/j.midw.2006.10.010. 

[47]. H. Donovan and E. Forster, “Communication Adaption in Challenging Simulations for Student Nurse Midwives,” Clinical Simulation in Nursing, 
vol. 11, no. 10, pp. 450–457, Oct. 2015, doi: 10.1016/j.ecns.2015.08.004. 

[48]. P. B. Angood et al., “Blueprint for Action,” Women’s Health Issues, vol. 20, no. 1, pp. S18–S49, Jan. 2010, doi: 10.1016/j.whi.2009.11.007. 

[49]. S. Stapleton, “Team-Building Making Collaborative Practice Work,” Journal of Nurse-Midwifery, vol. 43, no. 1, pp. 12–18, Feb. 1998, doi: 
10.1016/s0091-2182(97)00119-5. 



 

ISSN: 2789–5181                                                                             Journal of Enterprise and Business Intelligence 5(4)(2025) 

245 

[50]. A. Alspaugh, J. Barroso, M. Reibel, and S. Phillips, “Women’s Contraceptive Perceptions, Beliefs, and Attitudes: An Integrative Review of 
Qualitative Research,” Journal of Midwifery &amp; Women’s Health, vol. 65, no. 1, pp. 64–84, May 2019, doi: 10.1111/jmwh.12992. 

[51]. B. Binder, T. Morehead Dworkin, N. Nae, C. Schipani, and I. Averianova, “The Plight of Women in Positions of Corporate Leadership in the 
United States, the European Union, and Japan: Differing Laws and Cultures, Similar Issues,” Michigan Journal of Gender &amp; Law, no. 26.2, 
p. 279, 2020, doi: 10.36641/mjgl.26.2.plight. 

[52]. International Monetary Fund, “Burkina Faso: Poverty Reduction Strategy Paper Annual Progress Report,” IMF Staff Country Reports, vol. 07, 
no. 320, p. i, 2007, doi: 10.5089/9781451803921.002. 

[53]. Chodzaza, “Quality of care rendered to women with major obstetric complications in Mwanza district, Southern Malawi,” 2008. [Online]. 
Available: https://www.duo.uio.no/bitstream/10852/30009/2/ChodzazaxElisabeth.pdf 

[54]. P. N. Horns, L. P. Ratcliffe, J. C. Leggett, and M. S. Swanson, “Pregnancy Outcomes Among Active and Sedentary Primiparous Women,” Journal 
of Obstetric, Gynecologic &amp; Neonatal Nursing, vol. 25, no. 1, pp. 49–54, Jan. 1996, doi: 10.1111/j.1552-6909.1996.tb02512.x. 

[55]. O. Chernikova, N. Heitzmann, M. Stadler, D. Holzberger, T. Seidel, and F. Fischer, “Simulation-Based Learning in Higher Education: A Meta-
Analysis,” Review of Educational Research, vol. 90, no. 4, pp. 499–541, Jun. 2020, doi: 10.3102/0034654320933544. 

[56]. A. Topping et al., “Towards identifying nurse educator competencies required for simulation-based learning: A systemised rapid review and 
synthesis,” Nurse Education Today, vol. 35, no. 11, pp. 1108–1113, Nov. 2015, doi: 10.1016/j.nedt.2015.06.003. 

[57]. B.-O. Lee, H.-F. Liang, T.-P. Chu, and C.-C. Hung, “Effects of simulation-based learning on nursing student competences and clinical 
performance,” Nurse Education in Practice, vol. 41, p. 102646, Nov. 2019, doi: 10.1016/j.nepr.2019.102646. 

[58]. G. Ford, A. L. Seybert, P. L. Smithburger, L. R. Kobulinsky, J. T. Samosky, and S. L. Kane-Gill, “Impact of simulation-based learning on 
medication error rates in critically ill patients,” Intensive Care Medicine, vol. 36, no. 9, pp. 1526–1531, Mar. 2010, doi: 10.1007/s00134-010-
1860-2. 

[59]. L. Sarfati et al., “Human‐simulation‐based learning to prevent medication error: A systematic review,” Journal of Evaluation in Clinical Practice, 
vol. 25, no. 1, pp. 11–20, Jan. 2018, doi: 10.1111/jep.12883. 

[60]. M. M. Jansson, H. P. Syrjälä, P. P. Ohtonen, M. H. Meriläinen, H. A. Kyngäs, and T. I. Ala-Kokko, “Randomized, controlled trial of the 
effectiveness of simulation education: A 24-month follow-up study in a clinical setting,” American Journal of Infection Control, vol. 44, no. 4, 
pp. 387–393, Apr. 2016, doi: 10.1016/j.ajic.2015.10.035. 

[61]. Z. Mohanna, S. Kusljic, and R. Jarden, “Investigation of interventions to reduce nurses’ medication errors in adult intensive care units: A 
systematic review,” Australian Critical Care, vol. 35, no. 4, pp. 466–479, Jul. 2022, doi: 10.1016/j.aucc.2021.05.012. 

[62]. Y. Guo, J. Li, C.-I. Li, J. Long, D. C. Samuels, and Y. Shyr, “The effect of strand bias in Illumina short-read sequencing data,” BMC Genomics, 
vol. 13, no. 1, Nov. 2012, doi: 10.1186/1471-2164-13-666. 

[63]. Z. S. Aman, N. N. DePhillipo, L. A. Peebles, F. Familiari, R. F. LaPrade, and T. J. Dekker, “Improved Accuracy of Coronal Alignment Can Be 
Attained Using 3D-Printed Patient-Specific Instrumentation for Knee Osteotomies: A Systematic Review of Level III and IV Studies,” 
Arthroscopy: The Journal of Arthroscopic &amp; Related Surgery, vol. 38, no. 9, pp. 2741–2758, Sep. 2022, doi: 10.1016/j.arthro.2022.02.023. 

[64]. S. Y. Kim et al., “Design of association studies with pooled or un‐pooled next‐generation sequencing data,” Genetic Epidemiology, vol. 34, no. 
5, pp. 479–491, Jun. 2010, doi: 10.1002/gepi.20501. 

[65]. J. O’Rawe et al., “Low concordance of multiple variant-calling pipelines: practical implications for exome and genome sequencing,” Genome 
Medicine, vol. 5, no. 3, Mar. 2013, doi: 10.1186/gm432. 

[66]. L. McKenna, F. Bogossian, H. Hall, S. Brady, S. Fox-Young, and S. Cooper, “Is simulation a substitute for real life clinical experience in 
midwifery? A qualitative examination of perceptions of educational leaders,” Nurse Education Today, vol. 31, no. 7, pp. 682–686, Oct. 2011, doi: 
10.1016/j.nedt.2011.02.014. 

[67]. Al-Elq, “Simulation-based medical teaching and learning,” Journal of Family and Community Medicine, vol. 17, no. 1, p. 35, 2010, doi: 
10.4103/1319-1683.68787. 

[68]. D. Kaufman and A. Ireland, “Enhancing Teacher Education with Simulations,” TechTrends, vol. 60, no. 3, pp. 260–267, Mar. 2016, doi: 
10.1007/s11528-016-0049-0. 

[69]. S. A. Azer, A. P. S. Guerrero, and A. Walsh, “Enhancing learning approaches: Practical tips for students and teachers,” Medical Teacher, vol. 35, 
no. 6, pp. 433–443, Mar. 2013, doi: 10.3109/0142159x.2013.775413. 

[70]. T. Dwyer, K. Reid Searl, M. McAllister, M. Guerin, and D. Friel, “Advanced life simulation: High-fidelity simulation without the high 
technology,” Nurse Education in Practice, vol. 15, no. 6, pp. 430–436, Nov. 2015, doi: 10.1016/j.nepr.2015.05.007. 

[71]. Y. Yamazaki, I. Hiyamizu, K. Joyner, J. Otaki, and Y. Abe, “Assessment of blood pressure measurement skills in second-year medical students 
after ongoing simulation-based education and practice,” Medical Education Online, vol. 26, no. 1, Nov. 2020, doi: 
10.1080/10872981.2020.1841982. 

[72]. I. Nakamura et al., “Scenario-based simulation health care education for performance of hand hygiene,” American Journal of Infection Control, 
vol. 47, no. 2, pp. 144–148, Feb. 2019, doi: 10.1016/j.ajic.2018.07.024. 

[73]. P. Boonmak et al., “Simulation-based medical education in Thailand: a cross-sectional online national survey,” BMC Medical Education, vol. 22, 
no. 1, Apr. 2022, doi: 10.1186/s12909-022-03369-9. 

[74]. P. Bhaskar, P. Bhaskar, A. Anthonisamy, P. Dayalan, and A. Joshi, “Inhibiting factors influencing adoption of simulation-based teaching from 
management teacher’s perspective: prioritisation using analytic hierarchy process,” International Journal of Learning and Change, vol. 15, no. 5, 
pp. 529–551, 2023, doi: 10.1504/ijlc.2023.133110. 

[75]. Ke and X. Xu, “Virtual reality simulation‐based learning of teaching with alternative perspectives taking,” British Journal of Educational 
Technology, vol. 51, no. 6, pp. 2544–2557, Apr. 2020, doi: 10.1111/bjet.12936. 

[76]. M. G. Jamil and S. O. Isiaq, “Teaching technology with technology: approaches to bridging learning and teaching gaps in simulation-based 
programming education,” International Journal of Educational Technology in Higher Education, vol. 16, no. 1, Aug. 2019, doi: 10.1186/s41239-
019-0159-9. 

[77]. Y. Kurashima, Y. Watanabe, Y. Ebihara, S. Murakami, T. Shichinohe, and S. Hirano, “Where do we start? The first survey of surgical residency 
education in Japan,” The American Journal of Surgery, vol. 211, no. 2, pp. 405–410, Feb. 2016, doi: 10.1016/j.amjsurg.2015.09.004. 

[78]. Q. Wu, Y. Wang, L. Lu, Y. Chen, H. Long, and J. Wang, “Virtual Simulation in Undergraduate Medical Education: A Scoping Review of Recent 
Practice,” Frontiers in Medicine, vol. 9, Mar. 2022, doi: 10.3389/fmed.2022.855403. 

[79]. I. Theodoulou, M. Nicolaides, T. Athanasiou, A. Papalois, and M. Sideris, “Simulation-Based Learning Strategies to Teach Undergraduate 
Students Basic Surgical Skills: A Systematic Review,” Journal of Surgical Education, vol. 75, no. 5, pp. 1374–1388, Sep. 2018, doi: 
10.1016/j.jsurg.2018.01.013. 

[80]. T. Kameda, N. Taniguchi, K. Konno, H. Koibuchi, K. Omoto, and K. Itoh, “Ultrasonography in undergraduate medical education: a comprehensive 
review and the education program implemented at Jichi Medical University,” Journal of Medical Ultrasonics, vol. 49, no. 2, pp. 217–230, Jan. 
2022, doi: 10.1007/s10396-021-01178-z. 

[81]. Y. K. Dwivedi et al., “Opinion Paper: ‘So what if ChatGPT wrote it?’ Multidisciplinary perspectives on opportunities, challenges and implications 
of generative conversational AI for research, practice and policy,” International Journal of Information Management, vol. 71, p. 102642, Aug. 
2023, doi: 10.1016/j.ijinfomgt.2023.102642. 



 

ISSN: 2789–5181                                                                             Journal of Enterprise and Business Intelligence 5(4)(2025) 

246 

[82]. K. F. Hew and T. Brush, “Integrating technology into K-12 teaching and learning: current knowledge gaps and recommendations for future 
research,” Educational Technology Research and Development, vol. 55, no. 3, pp. 223–252, Dec. 2006, doi: 10.1007/s11423-006-9022-5. 

[83]. A. Hutchison and D. Reinking, “Teachers’ Perceptions of Integrating Information and Communication Technologies Into Literacy Instruction: A 
National Survey in the United States,” Reading Research Quarterly, vol. 46, no. 4, pp. 312–333, Oct. 2011, doi: 10.1002/rrq.002. 

[84]. S. Archana, S. R. Nilakantam, B. Hathur, and M. Dayananda, “The Need and Art of Establishing Skill and Simulation Centers to Strengthen Skill-
Based Medical Education,” Annals of African Medicine, vol. 20, no. 4, pp. 247–254, Oct. 2021, doi: 10.4103/aam.aam_53_20. 

[85]. S. S. Elshama, “How to apply Simulation-Based Learning in Medical Education?,” Iberoamerican Journal of Medicine, vol. 2, no. 2, pp. 79–86, 
Mar. 2020, doi: 10.53986/ibjm.2020.0016. 

[86]. R. Datta, K. Upadhyay, and C. Jaideep, “Simulation and its role in medical education,” Medical Journal Armed Forces India, vol. 68, no. 2, pp. 
167–172, Apr. 2012, doi: 10.1016/s0377-1237(12)60040-9. 

[87]. A. Banerjee et al., “A simulation-based curriculum to introduce key teamwork principles to entering medical students,” BMC Medical Education, 
vol. 16, no. 1, Nov. 2016, doi: 10.1186/s12909-016-0808-9. 

[88]. F. Lateef, “Simulation-based learning: Just like the real thing,” Journal of Emergencies, Trauma, and Shock, vol. 3, no. 4, p. 348, 2010, doi: 
10.4103/0974-2700.70743. 

[89]. R. P. Cant and S. J. Cooper, “Simulation‐based learning in nurse education: systematic review,” Journal of Advanced Nursing, vol. 66, no. 1, pp. 
3–15, Dec. 2009, doi: 10.1111/j.1365-2648.2009.05240.x. 

[90]. R. M. Fanning and D. M. Gaba, “The Role of Debriefing in Simulation-Based Learning,” Simulation in Healthcare: The Journal of the Society 
for Simulation in Healthcare, vol. 2, no. 2, pp. 115–125, 2007, doi: 10.1097/sih.0b013e3180315539. 

[91]. K. W. K. Chung, T. C. Harmon, and E. L. Baker, “The impact of a simulation-based learning design project on student learning,” IEEE 
Transactions on Education, vol. 44, no. 4, pp. 390–398, 2001, doi: 10.1109/13.965789. 

[92]. F. Scholtz and S. Hughes, “A systematic review of educator interventions in facilitating simulation based learning,” Journal of Applied Research 
in Higher Education, vol. 13, no. 5, pp. 1408–1435, Mar. 2019, doi: 10.1108/jarhe-02-2018-0019. 

[93]. N. Campos, M. Nogal, C. Caliz, and A. A. Juan, “Simulation-based education involving online and on-campus models in different European 
universities,” International Journal of Educational Technology in Higher Education, vol. 17, no. 1, Mar. 2020, doi: 10.1186/s41239-020-0181-y. 

[94]. D. Rooney, N. Hopwood, D. Boud, and M. Kelly, “The Role of Simulation in Pedagogies of Higher Education for the Health Professions: Through 
a Practice-Based Lens,” Vocations and Learning, vol. 8, no. 3, pp. 269–285, Aug. 2015, doi: 10.1007/s12186-015-9138-z. 

[95]. C. Tamilselvan, S. M. Chua, H. S. J. Chew, and M. K. Devi, “Experiences of simulation-based learning among undergraduate nursing students: 
A systematic review and meta-synthesis,” Nurse Education Today, vol. 121, p. 105711, Feb. 2023, doi: 10.1016/j.nedt.2023.105711. 

[96]. Ma et al., “Enhancing Surgical Nursing Student Performance: Comparative Study of Simulation-Based Learning and Problem-Based Learning,” 
Journal of Multidisciplinary Healthcare, vol. Volume 17, pp. 991–1005, Mar. 2024, doi: 10.2147/jmdh.s440333. 

[97]. O. Levin and H. Flavian, “Simulation-based learning in the context of peer learning from the perspective of preservice teachers: a case study,” 
European Journal of Teacher Education, vol. 45, no. 3, pp. 373–394, Oct. 2020, doi: 10.1080/02619768.2020.1827391. 

[98]. M. Carethers, S. M. Quezada, R. M. Carr, and L. W. Day, “Diversity Within US Gastroenterology Physician Practices: The Pipeline, Cultural 
Competencies, and Gastroenterology Societies Approaches,” Gastroenterology, vol. 156, no. 4, pp. 829–833, Mar. 2019, doi: 
10.1053/j.gastro.2018.10.056. 

[99]. M. Sideris et al., “In vivo Simulation-Based Learning for Undergraduate Medical Students: Teaching and Assessment,” Advances in Medical 
Education and Practice, vol. Volume 12, pp. 995–1002, Aug. 2021, doi: 10.2147/amep.s272185. 

[100]. S. Perera, S. O. Babatunde, J. Pearson, and D. Ekundayo, “Professional competency-based analysis of continuing tensions between education and 
training in higher education,” Higher Education, Skills and Work-Based Learning, vol. 7, no. 1, pp. 92–111, Feb. 2017, doi: 10.1108/heswbl-04-
2016-0022. 

[101]. I. Gast, K. Schildkamp, and J. T. van der Veen, “Team-Based Professional Development Interventions in Higher Education: A Systematic 
Review,” Review of Educational Research, vol. 87, no. 4, pp. 736–767, Apr. 2017, doi: 10.3102/0034654317704306. 

[102]. L. Margalef García and N. Pareja Roblin, “Innovation, research and professional development in higher education: Learning from our own 
experience,” Teaching and Teacher Education, vol. 24, no. 1, pp. 104–116, Jan. 2008, doi: 10.1016/j.tate.2007.03.007. 

[103]. P. Bradley, “The history of simulation in medical education and possible future directions,” Medical Education, vol. 40, no. 3, pp. 254–262, Mar. 
2006, doi: 10.1111/j.1365-2929.2006.02394.x. 

[104]. J. Moran, G. Briscoe, and S. Peglow, “Current Technology in Advancing Medical Education: Perspectives for Learning and Providing Care,” 
Academic Psychiatry, vol. 42, no. 6, pp. 796–799, Jun. 2018, doi: 10.1007/s40596-018-0946-y. 

[105]. S. Thammasitboon, B. L. Ligon, G. Singhal, G. E. Schutze, and T. L. Turner, “Creating a medical education enterprise: leveling the playing fields 
of medical education vs. medical science research within core missions,” Medical Education Online, vol. 22, no. 1, p. 1377038, Jan. 2017, doi: 
10.1080/10872981.2017.1377038. 

[106]. H. Barbosa et al., “Human mobility: Models and applications,” Physics Reports, vol. 734, pp. 1–74, Mar. 2018, doi: 
10.1016/j.physrep.2018.01.001. 

[107]. Liu, Y. Wang, B. Li, and S. Ma, “Current research, key performances and future development of search and rescue robots,” Frontiers of Mechanical 
Engineering in China, vol. 2, no. 4, pp. 404–416, Oct. 2007, doi: 10.1007/s11465-007-0070-2. 

[108]. S. Aslam, M. P. Michaelides, and H. Herodotou, “Internet of Ships: A Survey on Architectures, Emerging Applications, and Challenges,” IEEE 
Internet of Things Journal, vol. 7, no. 10, pp. 9714–9727, Oct. 2020, doi: 10.1109/jiot.2020.2993411. 

[109]. S. Mamakli, M. K. Alimoğlu, and M. Daloğlu, “Scenario-based learning: preliminary evaluation of the method in terms of students’ academic 
achievement, in-class engagement, and learner/teacher satisfaction,” Advances in Physiology Education, vol. 47, no. 1, pp. 144–157, Mar. 2023, 
doi: 10.1152/advan.00122.2022. 

[110]. K. MacKinnon, L. Marcellus, J. Rivers, C. Gordon, M. Ryan, and D. Butcher, “Student and educator experiences of maternal-child simulation-
based learning: a systematic review of qualitative evidence protocol,” JBI Database of Systematic Reviews and Implementation Reports, vol. 13, 
no. 1, pp. 14–26, Jan. 2015, doi: 10.11124/jbisrir-2015-1694. 

[111]. J. Dewey, “Democracy in Education,” The Elementary School Teacher, vol. 4, no. 4, pp. 193–204, Dec. 1903, doi: 10.1086/453309. 

[112]. J. B. Labov, “From the National Academies: The Challenges and Opportunities for Improving Undergraduate Science Education through 
Introductory Courses,” Cell Biology Education, vol. 3, no. 4, pp. 212–214, Dec. 2004, doi: 10.1187/cbe.04-07-0049. 

[113]. S. Clegg *, “Problematising ourselves: continuing professional development in higher education,” International Journal for Academic 
Development, vol. 8, no. 1–2, pp. 37–50, May 2003, doi: 10.1080/1360144042000277928. 

[114]. H. SCHOMBURG, “The Professional Success of Higher Education Graduates,” European Journal of Education, vol. 42, no. 1, pp. 35–57, Feb. 
2007, doi: 10.1111/j.1465-3435.2007.00286.x. 

[115]. A. López-García, P. Miralles-Martínez, and J. Maquilón, “Design, Application and Effectiveness of an Innovative Augmented Reality Teaching 
Proposal through 3P Model,” Applied Sciences, vol. 9, no. 24, p. 5426, Dec. 2019, doi: 10.3390/app9245426. 

[116]. W. W. S. Lee and C. K. K. Chan, “Relationships Among Epistemic Beliefs, Perception of Learning Environment, Study Approaches and Academic 
Performance: A Longitudinal Exploration with 3P Model,” The Asia-Pacific Education Researcher, vol. 27, no. 4, pp. 267–276, May 2018, doi: 
10.1007/s40299-018-0384-3. 



 

ISSN: 2789–5181                                                                             Journal of Enterprise and Business Intelligence 5(4)(2025) 

247 

[117]. H. Han, “Closing the Missing Links and Opening the Relationships among the Factors: A Literature Review on the Use of Clicker Technology 
Using the 3P Model.,” Educational Technology & Society/Journal of Educational Technology & Society, vol. 17, no. 4, pp. 150–168, Oct. 2014, 
[Online]. Available: http://www.ifets.info/journals/17_4/10.pdf 

[118]. G. M. Slavich and P. G. Zimbardo, “Transformational Teaching: Theoretical Underpinnings, Basic Principles, and Core Methods,” Educational 
Psychology Review, vol. 24, no. 4, pp. 569–608, Jul. 2012, doi: 10.1007/s10648-012-9199-6. 

[119]. S. Mueller and A. R. Anderson, “Understanding the entrepreneurial learning process and its impact on students’ personal development: A 
European perspective,” The International Journal of Management Education, vol. 12, no. 3, pp. 500–511, Nov. 2014, doi: 
10.1016/j.ijme.2014.05.003. 

[120]. J. Cope, “Toward a Dynamic Learning Perspective of Entrepreneurship,” Entrepreneurship Theory and Practice, vol. 29, no. 4, pp. 373–397, Jul. 
2005, doi: 10.1111/j.1540-6520.2005.00090.x. 

[121]. P. Smith III, A. A. diSessa, and J. Roschelle, “Misconceptions Reconceived: A Constructivist Analysis of Knowledge in Transition,” Journal of 
the Learning Sciences, vol. 3, no. 2, pp. 115–163, Apr. 1994, doi: 10.1207/s15327809jls0302_1. 

[122]. K. Hogan, “Exploring a process view of students’ knowledge about the nature of science,” Science Education, vol. 84, no. 1, pp. 51–70, Jan. 2000, 
doi: 10.1002/(sici)1098-237x(200001)84:1<51::aid-sce5>3.3.co;2-8. 

[123]. M. Greene, “Chapter 10: Epistemology and Educational Research: The Influence of Recent Approaches to Knowledge,” Review of Research in 
Education, vol. 20, no. 1, pp. 423–464, Jan. 1994, doi: 10.3102/0091732x020001423. 

[124]. S. T. M. Peek et al., “Older Adults’ Reasons for Using Technology while Aging in Place,” Gerontology, vol. 62, no. 2, pp. 226–237, Jun. 2015, 
doi: 10.1159/000430949. 

[125]. Y. Jabareen, “A New Conceptual Framework for Sustainable Development,” Environment, Development and Sustainability, vol. 10, no. 2, pp. 
179–192, Jul. 2006, doi: 10.1007/s10668-006-9058-z. 

[126]. D. Yore and D. F. Treagust, “Current Realities and Future Possibilities: Language and science literacy—empowering research and informing 
instruction,” International Journal of Science Education, vol. 28, no. 2–3, pp. 291–314, Feb. 2006, doi: 10.1080/09500690500336973. 

[127]. E. Haines et al., “Heart Rhythm Society Expert Consensus Statement on Electrophysiology Laboratory Standards: Process, Protocols, Equipment, 
Personnel, and Safety,” Heart Rhythm, vol. 11, no. 8, pp. e9–e51, Aug. 2014, doi: 10.1016/j.hrthm.2014.03.042. 

[128]. R. Kanfer and P. L. Ackerman, “Motivation and cognitive abilities: An integrative/aptitude^treatment interaction approach to skill acquisition.,” 
Journal of Applied Psychology, vol. 74, no. 4, pp. 657–690, 1989, doi: 10.1037//0021-9010.74.4.657. 

[129]. P. D. Zelazo, A. Carter, J. S. Reznick, and D. Frye, “Early development of executive function: A problem-solving framework.,” Review of General 
Psychology, vol. 1, no. 2, pp. 198–226, 1997, doi: 10.1037//1089-2680.1.2.198. 

[130]. S. Ainsworth, “DeFT: A conceptual framework for considering learning with multiple representations,” Learning and Instruction, vol. 16, no. 3, 
pp. 183–198, Jun. 2006, doi: 10.1016/j.learninstruc.2006.03.001. 

[131]. M. L. Gick and K. J. Holyoak, “Schema induction and analogical transfer,” Cognitive Psychology, vol. 15, no. 1, pp. 1–38, Jan. 1983, doi: 
10.1016/0010-0285(83)90002-6. 

[132]. J. Xi and J. P. Lantolf, “Scaffolding and the zone of proximal development: A problematic relationship,” Journal for the Theory of Social 
Behaviour, vol. 51, no. 1, pp. 25–48, Sep. 2020, doi: 10.1111/jtsb.12260. 
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