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This study developed and evaluated a simulator-based instructional model to enhance cadet 

pilot competencies in safety awareness, decision making, and flight performance. Using 

the ADDIE instructional design model, the research involved 60 cadets from the 

Indonesian Aviation Academy Banyuwangi. A pre-test/post-test design was employed, 

with data analyzed using paired sample t-tests. The SIM-FLIGHT model was implemented 

through structured modules, scenario-based assessments, and instructor guidelines using 

the Redbird FMX1000 flight simulator. The results showed significant improvements in 

all competency areas: safety awareness increased by 24.70 points, decision making by 

24.62 points, and flight performance by 54.22 points (all p < 0.001). Importance-

Performance Analysis (IPA) confirmed that all competencies fell into the high-

importance/high-performance quadrant, indicating alignment between instructional goals 

and outcomes. These findings highlight the effectiveness of integrating simulation with 

structured instructional models. Practically, the model offers a scalable framework for 

aviation institutions to enhance competency-based training through data-driven, 

simulation-integrated approaches. 
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1. INTRODUCTION

Aviation remains one of the most safety-critical industries, 

where pilot competence is directly tied to operational safety. 

Modern pilot training is no longer confined to in-aircraft 

instruction; it now incorporates high-fidelity simulation tools 

that enable cadets to experience realistic flight scenarios 

without the risks and costs associated with real aircraft 

operations [1, 2]. 

In this context, flight simulators have emerged as essential 

components of pilot training systems worldwide. They allow 

for repeated practice, controlled exposure to emergencies, and 

measurable skill acquisition [3]. 

The effectiveness of these tools, however, depends not only 

on the technology itself but also on the pedagogical model that 

governs their implementation [4]. 

In Indonesia, the integration of flight simulation into pilot 

education is still evolving. While several government and 

private aviation academies have adopted simulation-based 

training, the level of integration and instructional rigor varies 

significantly [5]. 

A 2023 internal review by the Indonesian Aviation Training 

Authority revealed that fewer than 30% of flight schools 

nationwide utilize standardized simulator-based assessment 

models, and even fewer align their simulator usage with 

competency-based training frameworks such as the 

Competency-Based Training and Assessment (CBTA) 

guidelines recommended by the International Civil Aviation 

Organization (ICAO). This limited adoption suggests a 

significant gap between international best practices and local 

implementation [6, 7]. 

Furthermore, existing academic studies on flight simulation 

in Indonesia tend to focus on conceptual analyses or 

practitioner observations, offering little in the way of empirical 

evidence. Most research lacks robust design frameworks and 

quantifiable outcomes [8]. 

Critical variables such as safety awareness (SA), decision 

making (DM), and flight performance (FP) are rarely assessed 

in a structured, measurable way. For example, while the 

Redbird FMX1000 is commonly used in simulation labs, its 

instructional deployment is often limited to technical 

familiarization rather than systematic competency 

development [9]. 

Evaluation tools are generally observational and subjective, 

with limited use of rubrics or validated performance metrics 

[10]. 

This disconnect highlights a core issue: The underutilization 

of simulator technology is not due to the tools themselves but 
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rather the absence of a structured instructional model that links 

simulator use to measurable learning outcomes. There is a 

clear need for a pedagogically sound framework that integrates 

simulator-based learning with objective evaluation criteria, 

aligned with both regulatory standards and learning theories 

[11]. 

To address this gap, instructional design models such as 

Analysis, Design, Development, Implementation, and 

Evaluation (ADDIE) can offer a structured approach to 

developing simulator-based training programs. The ADDIE 

model is widely recognized in the field of instructional 

systems design and provides a systematic process for 

developing, testing, and refining educational programs. By 

applying ADDIE, it is possible to create a comprehensive 

flight training model that not only incorporates technical 

simulation but also targets specific learning outcomes and 

includes tools for rigorous assessment [12, 13]. 

This study aims to develop and evaluate a practical flight 

training model termed SIM-FLIGHT based on the ADDIE 

instructional framework. The model is designed to 

systematically enhance cadet pilot competencies in three core 

areas: safety awareness, decision making, and flight 

performance [14]. 

The model includes instructional modules, instructor guides, 

assessment rubrics, and scenario-based training procedures. It 

is implemented using the Redbird FMX1000 simulator, and its 

effectiveness is evaluated using pre- and post-test assessments 

analyzed via paired sample t-tests [9]. 

Additionally, the Importance-Performance Analysis (IPA) 

method is employed to determine how well the model aligns 

with targeted competencies and learner expectations [15]. 

This research contributes to the growing field of aviation 

education by providing a replicable and data-driven 

instructional model. It offers aviation academies a practical 

tool for aligning simulation technology with competency-

based training outcomes, thereby bridging the gap between 

theoretical knowledge and applied skills in the context of 

Indonesian pilot education [9]. 

 

 

2. LITERATURE REVIEW 

 

2.1 The role of flight simulators in pilot training 

 

Flight simulators have become an integral component of 

modern pilot training, serving as instructional tools capable of 

replicating real-world flight environments in a safe and 

controlled setting. These devices enable trainees to practice a 

wide range of scenarios, including emergency conditions that 

are otherwise difficult to reproduce in actual flights.  

The primary goal of such training is to minimize operational 

risk while enhancing the operational proficiency of pilot 

candidates. In Indonesia, advanced flight simulators such as 

the Redbird FMX1000 are employed in institutions like the 

Indonesian Aviation Academy in Banyuwangi [9].  

This simulator features a 200° visual display, a three-axis 

motion platform (yaw, pitch, roll), and a complete avionics 

suite, significantly improving cadets’ situational awareness 

[16, 17]. Beyond improving cost-efficiency and safety, 

simulators contribute meaningfully to the mastery of Standard 

Operating Procedures (SOPs), crisis decision-making, and the 

development of both basic and advanced manoeuvring skills 

[18, 19].  

Furthermore, within the context of licensing programs, 

flight simulators are formally recognized by international and 

national regulatory frameworks, including ICAO standards 

and Indonesia’s CASR Part 141, as partial substitutes for 

actual flight hours [7, 10]. 

 

2.2 Instructional design in aviation education 

 

Effective instructional design is essential to optimizing 

simulation-based training. The ADDIE model comprising five 

phases—Analysis, Design, Development, Implementation, 

and Evaluation—provides a systematic framework for the 

development of simulation-based instructional programs [8, 

13, 20]. 

Within the context of aviation cadet training, 

implementation of the ADDIE model has demonstrated its 

efficacy in facilitating the structured transfer of knowledge 

and skills. Specifically, the analysis phase identifies learning 

needs; the design phase creates instructional scenarios; the 

development phase produces digital content and standard 

procedures; the implementation phase integrates these 

materials into formal training; and the evaluation phase 

assesses their impact on trainee competency.  

The ADDIE model also enables personalized, performance-

based learning while supporting instructors in managing the 

simulator-based training process in a more structured and 

coherent manner [21]. 

 

2.3 Competency domains in pilot education 

 

Pilot education emphasizes mastery across three core 

competency domains: safety awareness, decision making, and 

flight performance [22]. Safety awareness encompasses an 

understanding of safety procedures and the ability to 

proactively recognize and respond to potential risks [23].  

This is assessed through loading (workload data) and 

logging (behavioural records during simulation) metrics [24]. 

Decision making involves the ability to respond swiftly and 

appropriately to emergency situations, assessed via indicators 

such as response, procedural skills, attitude management, 

stress management, and critical action [25]. Decision-making 

models like FOR-DEC and T-DODAR serve as standardized 

guidance in pilot training.  

Flight performance is a composite measure of technical 

proficiency, procedural knowledge, and professional attitude 

[26]. The performance is evaluated through indicators such as 

skill, knowledge, and attitude [16].  

The measurement of these competencies is crucial not only 

for assessing the cadet’s readiness but also for supporting the 

pilot licensing and certification process as mandated under 

CASR Parts 61 and 141. 

 

2.4 IPA in education 

 

IPA is an analytical tool used to identify gaps between 

perceived importance and actual performance of service or 

training attributes. In aviation education, IPA is employed to 

evaluate the effectiveness of simulator training in developing 

pilot competencies [15]. 

IPA is typically conducted by plotting cadets’ perceptions 

along two dimensions: importance and performance [16]. The 

resulting Cartesian matrix divides attributes into four 

quadrants, indicating which should be prioritized, maintained, 

minimized, or reconsidered.  

In this study, IPA is applied to assess dimensions such as 
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safety awareness, decision making, and flight performance, 

allowing for the identification of specific areas needing 

improvement. The application of IPA contributes strategically 

to the curriculum design and the development of simulation-

based training modules that are more targeted and responsive 

to learning needs [24, 27]. 

2.5 Gaps in existing research 

Despite the widespread use of flight simulators in aviation 

education, several notable research gaps remain, including a 

lack of empirical studies evaluating the structured impact of 

flight simulators on pilot competency development, 

particularly through pedagogical variables [28]. Absence of 

standardized assessment models for objectively measuring the 

effectiveness of simulator-based training, especially regarding 

the Redbird FMX1000 [29]. 

Current assessments tend to rely on subjective and 

simplistic evaluation forms. Insufficient integration between 

simulator technologies and adaptive learning systems or data-

driven assessment frameworks limits the availability of valid 

and reliable feedback for learning outcomes. 

Limited exploration of ADDIE-based instructional design 

specifically in simulator-based aviation training, particularly 

within vocational education contexts in Indonesia. Addressing 

these gaps is critical not only for developing valid assessment 

tools and effective training designs, but also for contributing 

to the academic discourse on simulation-based pilot education 

[13]. 

3. METHODOLOGY

3.1 Research design and sampling 

This study employed a Research and Development (R&D) 

approach using the ADDIE instructional design framework: 

Analysis, Design, Development, Implementation, and 

Evaluation. The model was applied to the development of a 

simulator-based flight training intervention named SIM-

FLIGHT. The training focused on enhancing cadet 

competencies in safety awareness, decision making, and flight 

performance [13, 30]. 

The sampling method used was total sampling, involving 60 

cadets enrolled in the Private Pilot License (PPL) program at 

the Indonesian Aviation Academy Banyuwangi. Total 

sampling was selected due to the relatively small and 

homogeneous target population; all cadets had completed 

ground school and were scheduled for pre-solo flight 

simulation sessions [9]. 

This ensured that all participants had comparable prior 

exposure to theoretical training and met the same institutional 

flight readiness criteria. The use of total sampling helped 

maximize data reliability and reduced variability due to 

differences in training stages or curricula [31]. 

3.2 Instrument development and validation 

The research instruments included: Assessment rubrics for 

each competency (SA, DM, FP), Scenario-based flight 

simulation tasks, Instructor observation sheets, and Self-

assessment questionnaires for IPA. 

Instrument development was based on ICAO CBTA 

guidelines, FAA standards for scenario-based training, and 

validated indicators from previous aviation education studies. 

A pilot test was conducted with 10 cadets from a different 

cohort to examine instrument clarity, content relevance, and 

time effectiveness. Revisions were made based on pilot 

feedback and expert input. 

The final instruments underwent content validation by three 

aviation education experts and two experienced flight 

instructors. The Content Validity Index (CVI) for all items 

exceeded 0.85, indicating strong relevance. Cronbach’s Alpha 

values for internal consistency were 0.88 (SA), 0.85 (DM), and 

0.91 (FP), confirming reliability. 

3.3 Training intervention and ADDIE implementation 

The SIM-FLIGHT model was implemented over six weeks, 

with training sessions scheduled three times a week. Each 

session lasted approximately 90 minutes, divided into briefing, 

simulation execution, and debriefing. 

The implementation of the ADDIE model phases is 

presented systematically, as illustrated in Figure 1. 

Figure 1. ADDIE model 

The ADDIE development process was implemented as: 

Analysis (Week 1): A needs analysis was conducted 

through document review (Training Course Outline), 

instructor interviews, and cadet performance records. 

Competency gaps were identified in SA, DM, and FP. 

Design (Week 2): Training objectives were aligned with 

ICAO's competency frameworks. Modules were designed for 

three learning domains (cognitive, psychomotor, affective) 

with scenario-based exercises mapped to each competency. 

Development (Weeks 2–3): Learning materials (briefing 

sheets, flight checklists, rubrics, instructor guides) were 

created and digitized. Redbird FMX1000 scenarios were 

programmed to simulate VFR conditions and emergency 

responses. 

Implementation (Weeks 4–5): The SIM-FLIGHT program 

was delivered by certified flight instructors. Each cadet 

completed six flight simulation sessions, with real-time 

instructor evaluation and post-flight debriefings using 

standardized rubrics. 

Evaluation (Week 6): Pre-tests and post-tests were 

conducted using the same simulator-based tasks. Paired 

sample t-tests were used to assess learning gains. IPA 

questionnaires were administered post-intervention to 

evaluate cadet perceptions of performance versus instructional 

importance [13]. 

4. RESULTS AND DISCUSSION

4.1 Results 

The analysis of pre- and post-test data from 60 cadets 

revealed statistically significant improvements across all three 
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assessed variables: safety awareness, decision making, and 

flight performance. 

 

 
 

Figure 2. Pre- and post-test competency score 

 

Figure 2 illustrates a clear improvement in the average 

scores across all assessed competency domains when 

comparing pre-test and post-test results, namely safety 

awareness, decision making, and flight performance, 

following the implementation of the training intervention. 

Specifically, the safety awareness score increased from 

approximately 22 to 33, decision making rose from 28 to 36, 

and the most substantial improvement was observed in flight 

performance, which increased from around 43 to nearly 58. 

These findings indicate that the training program effectively 

enhanced participants' knowledge and skills, particularly in the 

area of flight performance, which demonstrated the greatest 

score improvement. This outcome reflects the efficacy of the 

training methods employed and suggests that the intervention 

is a reliable strategy for professional competency development 

[14]. 

However, the relatively modest gain in decision making 

competency highlights a potential area for further instructional 

refinement. Overall, these results underscore the importance 

of data-driven evaluation in designing and optimizing 

competency-based training programs. 

 

 
 

Figure 3. Performance gap 

 

Figure 3 presents the performance gap across three critical 

competency areas: safety awareness, decision making, and 

flight performance, by comparing pre-test and post-test scores. 

The analysis reveals a marked variation in the magnitude of 

improvement across these competencies.  

The most significant improvement was observed in the 

flight performance domain, where participants experienced a 

substantial increase of 54.22 points. This result underscores 

the considerable effectiveness of the training intervention in 

enhancing participants' operational capabilities in flight 

performance. The magnitude of this improvement may be 

attributed to a strong alignment between the training content 

and its practical application, as well as an initially lower 

baseline competence, which allowed for a more substantial 

measurable gain [32]. In contrast, the competencies of safety 

awareness and decision making demonstrated more modest 

gains, with increases of 24.70 and 24.62 points, respectively. 

These relatively smaller improvements may reflect a ceiling 

effect, resulting from a higher level of pre-existing knowledge 

or skills in these areas, or could be indicative of limitations in 

the instructional methods used. The similarity in the 

magnitude of these gains suggests that, while the training did 

contribute to competency enhancement, its impact on safety 

awareness and decision making was less pronounced than in 

the flight performance domain. The performance gap, as 

shown by the average score increase from pre-test to post-test, 

illustrates that flight performance experienced the highest gain 

(+54.22 points), while safety awareness and decision making 

showed more modest increases (+24.70 and +24.62 points, 

respectively). These findings indicate that simulator-based 

learning had the most substantial impact on developing 

technical flight skills, while also leading to meaningful 

improvements in cadets’ cognitive and decision-making 

abilities. To provide a more comprehensive evaluation of the 

training effectiveness, an IPA was conducted, and its results 

are presented in Figure 4. 

These findings highlight the importance of implementing 

differentiated instructional strategies that are responsive to the 

distinct characteristics and learning needs of each competency 

area. For competencies demonstrating limited improvement, 

such as decision making, it is recommended that future 

training programs incorporate more interactive, experiential, 

or scenario-based learning approaches to foster deeper 

cognitive engagement and practical skill development. 

Identifying such performance gaps through empirical data 

analysis is critical for the iterative refinement of training 

interventions, thereby ensuring that all dimensions of 

professional competence are effectively addressed and aligned 

with safety and performance standards. 

 

 
 

Figure 4. IPA 

 

Based on the results of the IPA, it can be concluded that 

among the three assessed aspects, only one falls into Quadrant 

II—classified as the "Keep Up the Good Work" area, 
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indicating that this aspect has both high importance (114.71) 

and relatively good performance (34.22). This suggests that 

the quality of training in this area should be maintained [15]. 

In contrast, the flight performance aspect is positioned in 

Quadrant IV, signifying high importance (81.49) but below-

average performance (less than 34.51). This discrepancy 

highlights it as a primary area for improvement, warranting a 

review of training methods or enhancement of instructional 

strategies. 

Meanwhile, safety awareness is located in Quadrant III, 

with both importance and performance scores being relatively 

low (24.65). This suggests that the aspect is not currently a 

focus of participant attention and may be considered a lower 

priority in terms of program enhancement. 

These findings emphasize the necessity of categorizing 

training components to optimize resource allocation and 

improve the overall effectiveness of competency development 

initiatives. 

The horizontal axis represents the post-test importance as 

perceived by the cadets, while the vertical axis reflects the 

performance improvement. All three variables were located in 

Quadrant II, labeled "Keep Up the Good Work," indicating 

both high importance and strong flight performance. 

This placement reflects the success of the instructional 

design in aligning with learner needs and delivering 

measurable outcomes [33]. 

Figure 5. Composition of competency improvement 

Figure 5 illustrates the proportional composition of 

competency improvement across three evaluated domains: 

safety awareness, decision making, and flight performance. 

The results indicate that flight performance constituted the 

largest share of the total observed improvement, accounting 

for 52.37% of the overall competency gains. 

This finding reinforces earlier evidence demonstrating that 

flight performance experienced the greatest absolute increase, 

suggesting that the training intervention was particularly 

effective in this area. 

By contrast, safety awareness and decision making 

contributed almost equally to the overall improvement, 

representing 23.86% and 23.77%, respectively. These 

comparatively smaller proportions suggest that, although 

participants exhibited progress in these domains, the 

magnitude of development was both quantitatively and 

relatively less substantial. Several potential factors may 

underlie this outcome, including higher baseline proficiency, 

limited instructional emphasis, or reduced perceived 

applicability of the material during the training process. 

The predominance of flight performance improvement 

highlights the critical importance of aligning training 

programs with practical, outcome-driven objectives. While 

such alignment appears to have yielded substantial benefits for 

flight performance, the modest and parallel gains observed in 

safety awareness and decision making suggest a need to 

reevaluate the pedagogical approaches employed for these 

competencies. 

To enhance learning outcomes, particularly in cognitive and 

attitudinal domains, future instructional designs should 

consider integrating more interactive methodologies, such as 

scenario-based exercises, immersive simulations, or structured 

reflective activities. These techniques can foster deeper 

engagement and promote the development of complex 

decision-making skills. 

From a broader competency development perspective, the 

proportional data offer not only a measure of distributional 

change across domains but also serve as a valuable diagnostic 

tool for identifying instructional gaps. Such insights are 

particularly vital in performance-oriented training contexts, 

especially within high-stakes or safety-critical environments 

where balanced and comprehensive competency enhancement 

is essential to achieving operational reliability and excellence. 

Figure 5 presents the composition of competency 

improvement. Flight Performance contributed to 52.37% of 

the total competency gain, confirming its dominant role in the 

training results. Safety awareness (23.86%) and decision 

making (23.77%) followed closely, with almost equal 

contributions, underscoring balanced growth in both technical 

and non-technical skills. 

These findings affirm that the instructional model built 

around the Redbird FMX1000 is highly effective in supporting 

multidimensional pilot training and aligns with the principles 

of competency-based education in aviation [34]. 

4.2 Discussion 

The results of this study confirm that the SIM-FLIGHT 

model, developed using the ADDIE instructional design 

framework, produced statistically significant improvements 

across all three core competency areas: safety awareness, 

decision making, and flight performance. Inferential statistical 

analysis using Paired Sample t-tests demonstrated p-values < 

0.001 for all indicators, confirming that the observed 

improvements were statistically significant and not due to 

chance. These findings validate the effectiveness of structured, 

simulation-based instructional models in pilot education, 

aligning with prior research that has emphasized the value of 

simulations in enhancing pilot competencies. Flight 

performance exhibited the highest absolute improvement, with 

a gain of 54.22 points (from 66.2 to 81.5), compared to SA 

(24.6 points) and DM (24.7 points). This pattern invites deeper 

theoretical reflection. From a cognitive learning perspective, 

flight performance is primarily influenced by procedural 

memory and psychomotor learning, which are particularly 

responsive to repetitive, feedback-rich environments such as 

flight simulators. Cognitive Load Theory suggests that 

simulation environments reduce extraneous cognitive load and 

promote germane processing, thereby facilitating the 

automation of motor skills. 

In contrast, decision making and safety awareness are 

complex non-technical skills that depend more on higher-order 

cognition, such as situational analysis, probabilistic reasoning, 

and affective regulation. These domains are less responsive to 

short-term simulation training unless accompanied by 
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metacognitive reflection or decision-making interventions, 

such as scenario debriefings or guided discussions. This may 

explain the relatively smaller, but still significant, 

improvements in DM and SA. These results are consistent 

with previous studies indicating that psychomotor skills tend 

to develop more rapidly than cognitive-judgment abilities in 

simulation-based aviation training. 

Importantly, the findings extend previous research by 

providing empirical validation of simulator training 

effectiveness within a fully implemented ADDIE framework 

something that many prior studies lacked. Furthermore, the 

inclusion of IPA provided additional insights into cadet 

perceptions. All competency areas were positioned in the high-

importance/high-performance quadrant, suggesting strong 

alignment between instructional objectives and learner 

outcomes. This supports the construct validity of the model 

and affirms its potential for scalability across aviation training 

institutions [15]. 

Theoretically, this study reinforces constructivist learning 

principles, which argue that knowledge and skill development 

are optimized when learners are actively engaged in context-

rich environments. The simulator serves as a platform for 

cognitive apprenticeship, allowing cadets to build mental 

models through iterative practice, immediate feedback, and 

reflective activities. Moreover, the ADDIE model served not 

just as a planning framework, but also as a pedagogical control 

system, ensuring that each phase of the instructional process 

from needs analysis to evaluation was explicitly aligned with 

learning objectives and assessment strategies. The consistent 

improvement across all cadets suggests that the SIM-FLIGHT 

model adheres to principles of Universal Design for Learning 

(UDL), offering multi-modal learning opportunities that 

accommodate varying learner needs and cognitive styles [35]. 

 

 

5. CONCLUSION 

 

This study developed and validated the SIM-FLIGHT 

model, a simulator-based flight training framework grounded 

in the ADDIE instructional design approach, to enhance cadet 

pilot competencies in safety awareness, decision-making, and 

flight performance. The model demonstrated substantial 

improvements in all three assessed competencies, with safety 

awareness increasing by 24.70 points, decision-making by 

24.62 points, and flight performance by 54.22 points, all with 

p-values < 0.001, confirming the model’s effectiveness in 

enhancing pilot training outcomes. However, the study 

acknowledges several limitations, including the absence of a 

control group and the limited scope of implementation within 

a single institution, which may impact the generalizability of 

the findings. Additionally, the study was conducted using the 

Redbird FMX1000 simulator, which may limit the 

applicability of the results to other simulator platforms. 

Despite these limitations, the SIM-FLIGHT model offers a 

highly adaptable, structured framework that can be 

implemented across various flight simulators and training 

institutions, particularly those following ICAO's CBTA 

guidelines. This positions the model as a scalable tool for 

improving aviation training, particularly in Southeast Asia and 

other developing regions. Future research should focus on 

validating the model through comparative studies with control 

groups, longitudinal assessments of competency retention, and 

exploring the integration of decision-making reflection tools 

to further enhance non-technical skills development. The SIM-

FLIGHT model has the potential to significantly advance 

competency-based aviation education globally, providing a 

replicable, data-driven framework for simulator-integrated 

training that bridges the gap between theoretical learning and 

real-world flight performance. 
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