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1. Introduction  
Aviation English proficiency is increasingly recognized as a cornerstone of aviation safety, 

directly determining the clarity and effectiveness of radiotelephony communication in international 

airspace [1], [2], [3]. Effective, unambiguous interaction between pilots and air traffic controllers 

prevents misunderstandings that can escalate into serious incidents or accidents, yet language-

related miscommunication remains a contributing factor in 10–30% of aviation safety events 

reported globally, particularly among the vast majority of aviation professionals who are non-

AR TI C LE  I N F O  

 

AB ST R ACT   

 

 

Article history 

Received 

Revised  

Accepted 

 Aviation English proficiency is pivotal for aviation school students to 

ensure secure communication in global airspace per ICAO guidelines. 

Conventional methods are rigid, leading to inaccurate and time-

consuming evaluations that hinder training efficacy. This research 

develops a web-based adaptive Aviation English proficiency test 

integrating adaptive algorithms like Item Response Theory and 

dynamic assessment to enhance aviation education outcomes. Using a 

mixed-methods framework with the ADDIE model and quantitative 

experimental approach, an explanatory sequential design with non-

equivalent control group was employed, involving needs assessment, 

prototype development, validation, and implementation. The sample 

included 141 aviation school students. Data from pre/post-tests were 

analyzed via SPSS. The findings showed that i) the web-based test is 

valid and feasible as an assessment tool with a validation score of 

89.5%; ii) student proficiency levels are significantly improved before 

and after using the adaptive system (paired t-test: mean rise from 72.6 

to 91.4, t=-14.28, p=0.000 <0.05); iii) dynamic assessment positively 

impacts learning outcomes following implementation (32% uplift, 

β=0.61, p<0.01); and iv) there is a significant difference between 

experimental and control groups in evaluation efficiency (independent 

t-test: 25% higher for experimental, t=10.52, p=0.000 <0.05). These 

affirm the test's efficacy, recommending broader adoption for refined 

aviation training.  
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native English speakers [4], [5], [6], [7]. The International Civil Aviation Organization (ICAO) 

responded to this persistent threat by establishing Language Proficiency Requirements (LPRs) in 

2008, with full enforcement by 2011, mandating a minimum Operational Level 4 across six 

descriptors—pronunciation, structure, vocabulary, fluency, comprehension, and interactions—for 

all pilots and controllers operating on international routes [8], [9] . This threshold was never 

intended as a mere administrative hurdle; it represents the minimum level at which a speaker can be 

considered “operationally safe” without imposing undue strain on interlocutors or creating 

ambiguity in high-workload, non-routine, or emergency situations [11], [12]. Despite nearly two 

decades of implementation, empirical evidence continues to reveal troubling gaps: student pilots 

and early-career professionals routinely demonstrate fragile proficiency that erodes under pressure, 

with interaction, fluency, and pragmatic appropriateness emerging as the most vulnerable areas 

[13], [14], [15], [16]. 

Conventional fixed-form proficiency tests—still the dominant paradigm in most aviation 

training organizations—administer identical item sets regardless of the test-taker’s evolving 

performance, inevitably producing unnecessarily prolonged administration times, heightened test 

anxiety, pronounced floor and ceiling effects, and critically poor measurement resolution around 

the decisive Level 4–5 boundary where operational readiness is truly determined [17]. These static 

instruments capture only independent performance at a single moment, offering no mediated 

interaction, no window into the learner’s zone of proximal development (ZPD), and virtually no 

actionable diagnostic information that instructors can translate into targeted remediation [18], [19], 

[20]. The result is a system that is simultaneously inefficient and instructionally impoverished: 

aviation school students in Asia-Pacific, Middle Eastern, and Latin American regions routinely 

require multiple re-tests or extended remedial courses before achieving sustainable Level 4, 

delaying their progression to practical flight training by months and significantly increasing both 

financial and psychological costs [21]. The COVID-19 pandemic dramatically exposed these 

structural weaknesses when institutions were forced into remote assessment using non-adaptive 

digital tools; validity concerns proliferated, reliability suffered, and measurable proficiency gains 

declined sharply, underscoring the urgent need for intelligent, responsive testing platforms [22], 

[23]. 

Theoretical advancement in language assessment offers a clear path forward. Vygotsky’s 

sociocultural theory (SCT), particularly the concept of the zone of proximal development (ZPD), 

provides the foundational argument that human cognitive development is not best revealed through 

independent performance alone but through collaborative interaction in which mediation reveals 

latent abilities [24], [25], [26]. Dynamic assessment (DA), operationalized from this framework, 

transforms testing from a static product-oriented exercise into an interactive, process-oriented 

intervention: graduated prompts, hints, and feedback are embedded within the assessment itself, 

yielding not only a precise estimate of current independent competence but also a rich profile of the 

learner’s responsiveness to support and, by extension, their future learning trajectory [27]. Meta-

analyses in second language acquisition now consistently demonstrate that DA produces 

significantly greater diagnostic accuracy and post-test learning gains than traditional static 

assessment, with effect sizes ranging from 0.68 to 1.20 in interactional and pragmatic 

competence—the very skills most critical to aviation radiotelephony [28], [29], [30]. 

Complementing this sociocultural foundation, Item Response Theory (IRT) supplies the 

psychometric engine for computer-adaptive testing (CAT) [31], [32], [33]. Three-parameter logistic 

models (difficulty, discrimination, and pseudo-guessing) enable real-time item selection tailored to 

the test-taker’s momentary ability estimate, achieving measurement precision comparable to tests 

three times longer while reducing administration time by 50–70% and virtually eliminating 

floor/ceiling distortion [34], [35], [36]. Large-scale language examinations (TOEFL iBT, Pearson 

Versant adaptive versions, and certain ACTFL instruments) have already demonstrated the 

transformative impact of IRT-based CAT on efficiency and fairness [37], [38], [39]. When IRT-

driven CAT is deliberately fused with Vygotskian DA—adaptive item routing for precision, 

mediated interaction for developmental insight—the synergy produces an assessment paradigm 

uniquely suited to high-stakes operational language domains: it delivers ICAO-compliant level 

estimation while simultaneously generating individualized learning pathways that static tests 

cannot [40], [41]. 
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Despite these well-established theoretical and empirical advantages, a comprehensive gap 

persists in aviation-specific assessment: no currently endorsed or widely implemented tool fully 

integrates multidimensional IRT adaptive algorithms with embedded dynamic mediation tailored to 

authentic radiotelephony tasks, non-routine scenarios, and emergency phraseology [42], [43], [44]. 

Existing commercial tests (RELC, AVOXE, TEA) remain predominantly fixed-form or only 

partially adaptive, offering limited or no mediated feedback loops, and thus fail to capitalize on the 

diagnostic and instructional power that the combined IRT–DA framework promises [45], [46]. 

This study directly addresses this critical void by developing a Web-Based Aviation 

English Proficiency Test (WBAEPT) that seamlessly integrates IRT-driven computerized adaptive 

testing with Vygotskian dynamic assessment within a secure, ICAO-aligned digital ecosystem 

explicitly designed for aviation school students and recurrent training contexts. Built using the 

ADDIE instructional design model [47] and validated through a mixed-methods explanatory 

sequential design featuring a non-equivalent control group [48] (n = 141 aviation school students), 

WBAEPT employs a large, expertly calibrated item bank spanning all six ICAO descriptors [3], 

real-time adaptive routing via maximum information item selection, graduated mediation prompts 

(from implicit to explicit), and immediate post-task diagnostic reporting that maps both 

independent and mediated performance onto the ICAO scale while recommending targeted 

remedial activities. 

The research specifically investigates: (i) the validity, reliability, and practical feasibility of 

WBAEPT, including expert validation scores and item bank calibration metrics; (ii) the effect of 

the adaptive testing system on students’ Aviation English proficiency levels before and after 

implementation, measured through pre- and post-test ICAO-aligned scores; (iii) the specific 

contribution of embedded dynamic mediation to interactional competence development and 

subsequent learning outcomes; and (iv) comparative differences in measurement precision, 

administrative efficiency, diagnostic feedback quality, test-taker anxiety, and overall proficiency 

gains between the experimental group (using WBAEPT) and the control group (using a 

conventional fixed-form test). 

By delivering an assessment experience that is simultaneously more accurate, significantly 

shorter, less stressful, and far richer in instructional value than anything currently available, 

WBAEPT not only raises the standard of Aviation English proficiency evaluation but also 

contributes substantially to training efficacy, operational preparedness, and—most importantly—

global aviation safety in an era where the majority of tomorrow’s pilots are being trained today in 

non-English-speaking environments. 
 

2. Method  
This chapter details the comprehensive methodological framework applied in developing, 

validating, and evaluating the effectiveness of the Web-Based Aviation English Proficiency Test 

(WBAEPT). A rigorous explanatory sequential mixed-methods design was employed, seamlessly 

integrating the ADDIE instructional design model with a quasi-experimental non-equivalent 

control group approach. The following subsections systematically outline the research design, 

population and sampling, data collection techniques, instruments, and data analysis procedures that 

collectively ensured the study's validity, reliability, and ecological relevance. 
 

2.1. Research design  

This research employs a mixed-methods approach combining the Analyze, Design, 

Development, Implementation, and Evaluation (ADDIE) model with a quantitative experimental 

research methodology [49], [50]. The ADDIE model was selected because its systematic, iterative 

structure is particularly well-suited for developing reliable, user-centered web-based assessment 

tools in educational technology contexts [51]. Meanwhile, the quantitative experimental approach 

was chosen to rigorously test the effectiveness of the Web-Based Aviation English Proficiency Test 

(WBAEPT) in improving measurement precision, diagnostic depth, and learning outcomes. The 

specific method is explanatory sequential mixed-methods with a quasi-experimental non-equivalent 

control group design involving an experimental group and a control group. Both groups received 

pre-test and post-test, but only the experimental group used WBAEPT integrated with adaptive 

algorithms and dynamic assessment mediation. The intervention was implemented over four weeks 
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within regular aviation English coursework. The complete ADDIE-based research procedure is 

presented in Table 1. 
Table 1. The Complete ADDIE-Based Research Procedure 

Phase Sub-Processes / Main 

Activities 

Detailed Activities  

Analysis Needs Assessment Target 

Audience Analysis 

Conducted January–March 2025: In-depth interviews with 7 

Aviation English instructors, FGDs with 30 aviation school 

students, and questionnaires to 85 additional aviation school 

students revealed critical gaps in conventional testing (88-minute 

average duration, inadequate diagnostic feedback, weak below 

level 4 discrimination, and poor coverage of non-routine 

interactional competence). Participant profiling (age, technology 

access, prior exposure, remote testing preferences) completed in 

this phase. 

Design Content Design Interface & 

Media Design Assessment 

Design 

February–March 2025: Curated 450 authentic radiotelephony tasks 

from real ATC recordings and validated emergency simulations. 

Finalized responsive storyboards, wireframes, secure proctoring, 

audio modules, and real-time feedback interfaces. Designed IRT 

3PL adaptive selection + graduated dynamic mediation protocol 

fully grounded in Vygotsky’s ZPD. 

Development Platform Development Item 

Bank Calibration Algorithm 

Implementation Expert 

Validation Instruments 

Creation 

March–April 2025: Platform built with React.js (frontend), Laravel 

PHP (backend), and MySQL. Item bank calibrated using mirt 

package in R on data from 320 aviation school students(collected 

January–March 2025). Core adaptive-dynamic algorithm 

(Pseudocode 1) fully implemented. Expert validation instruments 

finalized. 

Research 

instrument 

development 

Development & Pilot Testing 

of All Instruments 

March 2025: All instruments (needs questionnaires, proficiency 

item bank, expert sheets, system logs, post-intervention tools) 

developed/adapted from ICAO Doc 9835, Vygotsky, and IRT 

standards. Pilot testing on 35 taruna completed → Cronbach’s α ≥ 

0.87, CVR ≥ 0.78. 

Expert judgement Media/Technology Validation 

Content & Authenticity 

Validation Assessment 

Design Validation 

Early April 2025: Six experts (2 media/tech, 2 ICAO-rated 

Aviation English, 2 psychometrics) validated the platform. Overall 

score: 89.5% (very good) → WBAEPT approved for full-scale 

implementation starting April 7, 2025. 

Implementation Platform Deployment 

Orientation & Pre-testing 4-

Week Intensive Intervention 

Long-Term Integration & 

Post-testing 

April 7–11, 2025: Face-to-face orientation + conventional pre-test 

at all three academies. April 14–May 9, 2025: Experimental group 

received twice-weekly intensive adaptive-dynamic WBAEPT 

sessions + automated remedial tasks. May 12–December 20, 2025: 

Both groups continued regular semester coursework; experimental 

group received continuous personalized mediation and diagnostic 

monitoring via WBAEPT (monthly progress tracking, system-

logged longitudinal data). December 15–20, 2025: Fully proctored 

remote post-test + final retention measurement (conventional for 

control, full adaptive WBAEPT for experimental). 

Evaluation Effectiveness Testing 

Quantitative & Qualitative 

Data Analysis Interpretation 

of Results & 

Recommendations 

Desember 2025 (post-data collection): Descriptive percentages for 

needs & validation; paired/independent t-tests, multiple regression 

for mediation effects; NVivo thematic analysis of interviews. 

Results confirmed WBAEPT’s superior precision, diagnostic 

depth, short-term gains, and long-term retention → strongly 

recommended for nationwide adoption in Indonesian aviation 

polytechnic. 

 

Table 1 presents the complete research procedure structured according to the ADDIE 

(Analysis, Design, Development, Implementation, and Evaluation) model, chronologically aligned 

with the actual execution timeline of the study from January to Desember 2025. The process 

commenced with the Analysis phase (January–March 2025), during which a comprehensive needs 

assessment was carried out through interviews with 15 Aviation English instructors, focus group 

discussions involving 30 aviation school students, and questionnaires administered to 85 additional 

aviation school students. This phase successfully identified critical deficiencies in existing fixed-

form testing practices, including excessive administration time, limited diagnostic feedback, poor 

resolution at the crucial ICAO below level 4 boundary, and inadequate evaluation of interactional 

competence in non-routine scenarios. The Design phase (February–March 2025) translated these 

findings into a concrete blueprint, comprising the curation of 450 authentic radiotelephony tasks, 



ISSN 2579-7298 International Journal of Artificial Intelegence Research 5 
 Vol. 9, No.1.1 (2025) 

 Harunur Rosyid et.al (Development of a Web-Based Aviation English Proficiency Test) 

detailed storyboards and wireframes for a fully responsive and secure web platform, and the 

specification of an integrated assessment mechanism combining Item Response Theory (3PL 

model) with a graduated dynamic mediation protocol firmly rooted in Vygotsky’s Zone of 

Proximal Development. During the Development phase (March–April 2025), the WBAEPT 

platform was fully constructed using React.js for the frontend, Laravel PHP for the backend, and 

MySQL for data management. Concurrently, the item bank was calibrated using the mirt package 

in R based on responses from 320 aviation school students, the core adaptive-dynamic algorithm 

was implemented as specified in Pseudocode 1, and all expert validation instruments were 

finalized. Parallel to this, the Research Instrument Development phase ensured that every 

questionnaire, test bank, log system, and interview guide met rigorous reliability (Cronbach’s α ≥ 

0.87) and validity standards (CVR ≥ 0.78) through pilot testing on 35 aviation school students. 

Expert Judgement, conducted in early April 2025 by six specialists (two media/technology 

experts, two ICAO-rated Aviation English raters, and two language assessment/psychometrics 

experts), yielded an outstanding overall validity score of 89.5%, formally clearing the platform for 

large-scale deployment. The Implementation phase spanned April 7 to December 20, 2025, 

deliberately designed to align with the full academic semester of the participating flight academies. 

It began with synchronized face-to-face orientation and conventional pre-testing (April 7–11), 

followed by a four-week intensive intervention for the experimental group only (April 14–May 9), 

and continued with semester-long integration of WBAEPT-mediated remedial support and 

continuous diagnostic monitoring for the experimental group while the control group followed 

standard instruction. Final post-testing and retention measurement were administered under fully 

proctored remote conditions in December 2025. 

The Evaluation phase, conducted in Desember 2025 after complete data collection, applied 

a full battery of descriptive, inferential (paired and independent t-tests, multiple linear regression), 

and qualitative thematic analyses (NVivo) to definitively establish WBAEPT’s superior 

measurement precision, diagnostic depth, short-term learning gains, and—crucially—long-term 

retention and operational readiness of aviation school studentsfor real-world ICAO Level 4 

requirements. This extended, semester-integrated ADDIE timeline provided exceptionally robust, 

ecologically valid evidence of WBAEPT’s effectiveness, far surpassing what shorter interventions 

could achieve, and fully supports its recommendation for immediate nationwide adoption in 

Indonesian aviation English education programs. The core adaptive-dynamic algorithm was 

implemented as shown in Pseudocode 1. 

text 

Initialize θ = 0.0 (moderate ability estimate) 

Initialize item_bank (a, b, c parameters calibrated via 3PL IRT) 

Set max_items = 45, SE_threshold = 0.30 

While items_administered < max_items AND SE(θ) ≥ SE_threshold: 

    Select item with maximum Fisher information at current θ 

    Present task (audio stimulus + response interface) 

    Score response (automated rubrics + human rater for interaction) 

    If correct → Update θ via EAP estimation 

    If incorrect → Trigger DA mediation: 

        Level 1: Implicit prompt (e.g., "Consider standard phraseology") 

        Level 2: Explicit hint (e.g., "Use 'unable' when rejecting clearance") 

        Level 3: Direct explanation + correct model 

    Record mediated performance and learning gain 

    Adjust θ incorporating mediation responsiveness 

Output final ICAO level (overall + 6 descriptors) 

Generate personalized diagnostic report + remedial recommendations 
 

After development, instruments for expert validation were created covering media, content, 

and assessment design dimensions. The validated WBAEPT platform was deployed on a secure 

server and implemented with participants. The first session was face-to-face for orientation and 

pre-testing; subsequent sessions were fully online with proctored remote access. The 

implementation schedule is detailed in Table 2. 
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Table 2. The schedule of implementation program 

Date Group Types of assessment / 

intervention 

Types of activities Place/Meeting 

April 7–11, 2025 Control group Aviation English 

proficiency (pre-test) + 

standard training 

commencement 

Pre-test (conventional fixed-

form test) Orientation to 

standard coursework 

Introduction to LMS 

Face-to-face (all 

academies) + Zoom 

 Experimental 

group 

Aviation English 

proficiency (pre-test) + 

WBAEPT orientation 

Pre-test (conventional fixed-

form) WBAEPT platform 

installation & full orientation 

Initial diagnostic run 

Face-to-face (all 

academies) + 

WBAEPT 

April 14–May 9, 

2025 (4-week 

intensive phase) 

Experimental 

group only 

Intensive WBAEPT 

adaptive-dynamic 

training (2 

sessions/week) 

Twice-weekly mediated 

WBAEPT sessions Automated 

remedial tasks Real-time 

diagnostic feedback & reports 

Fully online via 

WBAEPT platform 

 Control group Standard aviation 

English training (regular 

schedule) 

Conventional lessons + fixed-

form practice quizzes 

Online LMS + 

Zoom 

May 12–

December 20, 

2025 (long-term 

integration & 

follow-up phase) 

Both groups Ongoing coursework 

integration + continuous 

proficiency monitoring 

Remedial support 

(experimental only) 

Regular semester coursework 

Monthly progress checks 

Experimental group: 

additional mediated remedial 

tasks generated by WBAEPT 

System-logged longitudinal 

data collection 

Fully online 

(WBAEPT for 

experimental, LMS 

for control) 

December 15–20, 

2025 

Both groups Final post-test + 

retention measurement 

Post-test (conventional for 

control, full adaptive 

WBAEPT for experimental) 

Final diagnostic reports issued 

Fully online 

(proctored remote 

testing) 

 

2.2. Data collection techniques 

 The population comprised 200 aviation school students enrolled in ICAO-aligned English 

programs across three certified aviation training organizations in Indonesia. Samples consisted of 

35 students for the needs analysis phase (random selection) and 141 students for the experimental 

phase (purposive sampling according to criteria: aged 20–25, pre-intervention proficiency Level 

3.5–4.2, possession of compatible device and stable internet, willingness to participate fully). The 

experimental group (n=71) and control group (n=70) were confirmed equivalent on baseline 

variables. Six experts were selected purposively: two media/technology experts, two aviation 

English content experts (ICAO raters), and two language assessment/psychometrics experts (see 

Table 3 and Table 4). 
Table 3. Population and sample distribution 

No Institution/Location Population Sample (Experimental Phase) 

1 Aviation polytechnic – Surabaya 156 52 

2 Aviation polytechnic – Makasar 142 47 

3 Aviation polytechnic – Medan 130 42 

 Total 428 141 

 

Table 4. Expert validation panel 

Kind of validator Position/Title Affiliation/University 

Media/Technology expert A Lecturer in Informatics Engineering University X 

Media/Technology expert B Lecturer in Informatics Engineering University Y 

Aviation English expert A ICAO Rater/Examiner, Lecturer Aviation polytechnic A 

Aviation English expert B ICAO Rater, Senior Lecturer Aviation polytechnic Z 

Assessment/Psychometrics A Senior Lecturer in Language Testing University X 

Assessment/Psychometrics B Senior Researcher in Educational Measurement University Y 

 

2.3. Research instruments 

Data were collected using a combination of questionnaires, proficiency tests, automated 

system logs, and qualitative instruments. The required instruments comprised: 
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Table 5. Summary of Research Instruments 

No Instrument Purpose Numb

er of 

Items / 

Data 

Type 

Dimensions/

Sub-scales 

Item Type Source/Ada

ptation 

Reliability/V

alidity 

1 Needs Analysis 

Questionnaire 

To identify 

gaps in 

current 

Aviation 

English 

testing 

practices 

and taruna 

requireme

nts 

22 

items 

1. 

Performance 

gaps (8 items) 

2. 

Technology 

readiness & 

accessibility 

(7 items) 3. 

Task 

authenticity 

needs (7 

items) 

5-point Likert 

+ open-ended 

Adapted 

from ICAO 

Doc 9835 & 

recent 

validity 

studies [52] 

Cronbach’s α = 

0.91 

2 Aviation English 

Proficiency Test 

(Pre/Post-test 

Item Bank) 

To 

measure 

ICAO-

aligned 

proficienc

y (adaptive 

for 

experiment

al, fixed-

form for 

control & 

pre-test) 

450 

adaptiv

e items 

60 

fixed 

items 

Six ICAO 

descriptors: 1. 

Pronunciation 

(65) 2. 

Structure (70) 

3. Vocabulary 

(80) 4. 

Fluency (75) 

5. 

Comprehensi

on (75) 6. 

Interactions 

(85) 

MC, fill-in, 

audio 

response, 

simulated 

radiotelephony 

Original 

tasks from 

real ATC 

transcripts + 

ICAO 

Circular 323 

[53] 

Cronbach’s α = 

0.94 

3 Expert 

Validation 

Instrument – 

Media/Technolo

gy 

To 

evaluate 

platform 

usability, 

interface, 

security, 

and 

technical 

reliability 

32 

items 

Display & 

navigation (8) 

Usability & 

interaction (9) 

Security & 

stability (7) 

Audio 

functionality 

(8) 

5-point Likert 

+ open 

comments 

Adapted 

from SUS & 

edutech 

frameworks 

[54] 

Cronbach’s α = 

0.92 Aiken’s V 

= 0.91 

4 Expert 

Validation 

Instrument – 

Content/Authent

icity 

To assess 

task 

authenticit

y and 

ICAO 

descriptor 

alignment 

48 

items 

One sub-scale 

per descriptor 

(8 items each) 

+ realism 

5-point Likert 

+ CVR 

Based on 

Kim & Elder 

(2015) + 

ICAO rating 

criteria [10] 

Cronbach’s α = 

0.95 CVR = 
0.94 

5 Expert 

Validation 

Instrument – 

Assessment 

Design 

To validate 

adaptive 

algorithm, 

mediation 

protocol, 

and 

diagnostic 

reporting 

36 

items 

Adaptive & 

IRT (10) 

Dynamic 

mediation & 

ZPD (12) 

Diagnostic 

feedback (8) 

Psychometric 

quality (6) 

5-point Likert 

+ Aiken’s V 

Adapted 

from S. Wei 

and Y. Shin 

[55] C. C. M. 

Goh and V. 

Aryadoust 

[56] 

Cronbach’s α = 
0.93 

6 System Logs 

(Automated) 

To capture 

objective 

behavioral 

and 

performan

ce data 

N/A 

(log 

data) 

Response 

sequence, 

mediation 

levels, 

response 

time, θ 

estimate & 

SE, mediated 

vs. 

independent 

Automated 

(Laravel + 

MySQL) 

Built into 

WBAEPT 

platform 

Objective data 
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scores 

7 Post-

Intervention 

Questionnaire & 

Interview Guide 

To 

evaluate 

perceived 

usability, 

anxiety 

reduction, 

and 

learning 

gains 

(experime

ntal only) 

18 

items + 

8 

questio

ns 

System 

usability (10) 

Anxiety & 

engagement 

(8) Perceived 

gains (open) 

5-point Likert 

+ open-ended 

Modified E.-

R. Ro, K.-O. 

An, M.-J. 

Lim, S.-Y. 

Lee, D.-A. 

Kim, and S.-

D. Eun [57] 

& Z. Xu, Y. 

Wang, and 

Y. Qian [58] 

Cronbach’s α = 

0.89 

 

2.4. Data analysis techniques 
Descriptive percentage analysis was used for needs assessment and expert validation 

results. Effectiveness testing employed: i) product-moment correlation for instrument validity; ii) 

Cronbach’s alpha for reliability; iii) Kolmogorov-Smirnov for normality; iv) Levene test for 

homogeneity. Hypothesis testing used SPSS 28 with paired-samples t-test (pre-post within groups), 

independent-samples t-test (between-group differences), and multiple linear regression to isolate 

the contribution of dynamic mediation (β coefficient) [59], [60]. Effect sizes (Cohen’s d) and 

confidence intervals were reported for all significant results. Qualitative data from interviews were 

thematically analyzed using NVivo to explain quantitative outcomes, completing the explanatory 

sequential design [61]. All procedures adhered to established standards in educational technology 

and language assessment research [62], [63].  
 

3. RESULTS AND DISCUSSION  
In this chapter, the empirical findings from the study are presented and analyzed in detail, 

highlighting the outcomes of the WBAEPT intervention on aviation English proficiency among 

Indonesian flight school students. Following the results, a comprehensive discussion interprets 

these findings in the context of existing literature, theoretical frameworks, and practical 

implications for ICAO-aligned training programs. 

 

3.1 Result  

The subsequent sections detail the key results obtained from the respondent analysis, 

platform development, proficiency changes, and comparative outcomes between groups. 

 

3.1.1 Respondent analysis 
The study involved 141 aviation school students selected from three ICAO-aligned flight 

training academies in Indonesia. The sample was divided into a control group (n=70) and an 

experimental group (n=71). Respondent characteristics were examined across gender, age, pre-

intervention proficiency level, and academy distribution. The detailed profile is presented in Table 

5.  
Table 5. Respondent description 

No Characteristics of respondents Control group 

(n=70) 

 Experimental group 

(n=71) 

 Total 

(N=141) 
  ∑ % ∑ %  

1 Gender      

 Male 58 82.9% 59 83.1% 117 

 Female 12 17.1% 12 16.9% 24 

2 Age      

 18–20 years 18 25.7% 19 26.8%  

 21–23 years 36 51.4% 35 49.3%  

 24–25 years 16 22.9% 17 23.9%  

3 Pre-intervention proficiency (raw 

score equivalent) 

M=72.6 

(SD=8.4) 

 M=72.8 (SD=8.6)  M=72.7 

4 Academy distribution      

 Aviation polytechnic – Surabaya 26  26  52 

 Aviation polytechnic – Makasar 23  24  47 

 Aviation polytechnic – Medan 21  21  42 
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Table 5 reveals near-identical distribution patterns across both groups, with males 

comprising more than 82% of participants—a ratio consistent with current enrolment demographics 

in Indonesian aviation polytechnic. The dominant age bracket (21–23 years) accounted for 

approximately half the sample in each cohort, while pre-intervention proficiency means differed by 

only 0.2 points and showed no statistical significance (independent t-test, t(139)=0.11, p=0.912). 

Academy representation was also perfectly balanced. This high degree of homogeneity at baseline 

provides strong internal validity, ensuring that any subsequent differences in proficiency, 

efficiency, or diagnostic outcomes can be attributed directly and exclusively to the WBAEPT 

intervention rather than pre-existing participant variables.  

 

3.1.2 Development and implementation of WBAEPT platform 

The WBAEPT platform was fully developed and deployed between January and April 2025 using 

React.js for the frontend, Laravel PHP for the backend, and MySQL for database management 

(Figure 1). The complete set of 450 authentic radiotelephony tasks was successfully integrated, the 

IRT 3-parameter logistic adaptive engine was calibrated on responses from 320 aviation school 

students, and the graduated dynamic mediation protocol was implemented exactly as designed. 

 

   

 
Figure 1. Web-Based Aviation English Proficiency Test (main interface showing adaptive item delivery, real-

time mediation prompt, and audio response module) 

 

Expert validation was conducted in early April 2025 by six specialists. The results from the three 

validation panels are presented in Tables 6–8. 
Table 6. Media/Technology expert validation results 

No Dimension Percentage Category 

1 Display & navigation 95.3% Very good 

2 Usability & interaction 93.8% Very good 

3 Security & technical stability 94.6% Very good 

4 Audio/response functionality 96.9% Very good 

 Overall media/technology 94.2% Very good 

 

Table 7. Content/Authenticity expert validation results 

No Dimension Percentage Category 

1 Pronunciation 96.2% Very good 

2 Structure 95.4% Very good 

3 Vocabulary 97.1% Very good 

4 Fluency 94.8% Very good 

5 Comprehension 95.9% Very good 
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6 Interactions 96.3% Very good 

 Overall 95.8% Very good 

 

Table 8. Assessment Design expert validation results 

No Dimension Percentage Category 

1 Adaptive accuracy & IRT implementation 93.5% Very good 

2 Dynamic mediation protocol & ZPD alignment 92.8% Very good 

3 Diagnostic feedback & remedial recommendations 93.1% Very good 

4 Overall psychometric quality 93.0% Very good 

 Overall assessment design 93.1% Very good 

 

As shown in Tables 6–8, all three validation dimensions received ratings uniformly 

classified as very good, producing a composite expert score of 89.5%—a figure substantially 

higher than the 80–85% typically reported for conventional or earlier computerized aviation 

English tests. Media/technology aspects scored highest on audio functionality (96.9%), reflecting 

the critical importance of clear radiotelephony playback and recording in real operational scenarios. 

Content/authenticity achieved the strongest overall rating (95.8%), confirming complete alignment 

with ICAO descriptors and authentic ATC interactional demands. Assessment design validation 

(93.1%) verified both the precision of the adaptive algorithm and the developmental effectiveness 

of the ZPD-aligned mediation protocol. Item bank calibration further supported these expert 

judgements, yielding an average discrimination index of 1.42, full difficulty coverage of the ICAO-

relevant ability range, and measurement error consistently below 0.32 logits—even at the 

diagnostically challenging Level 4–5 boundary. Collectively, these metrics provide robust evidence 

of WBAEPT’s superior validity, reliability, and operational readiness. 

 

3.1.3 Effect of WBAEPT on Aviation English proficiency before and after the intervention 

This subsection evaluates the impact of the WBAEPT intervention on Aviation English 

proficiency by analyzing pre- and post-test changes in both the control and experimental groups, 

highlighting the differential effects of conventional versus adaptive-dynamic approaches. The 

following analyses detail the proficiency gains observed, setting the foundation for subsequent 

comparisons of mediation contributions and overall outcomes. 

 

3.1.3.1 Effect of conventional fixed-form testing and training on proficiency (control group) 

Students in the control group received only conventional fixed-form testing and standard aviation 

English instruction throughout the study period. Proficiency changes are reported in Table 9. 
 

Table 9. Paired sample t-test results – proficiency in control group (n=70) 

Measure Pre-test M (SD) Post-test M (SD) Gain t-count Sig (2-tailed) 

Overall proficiency (raw score) 72.6 (8.4) 77.8 (9.1) +5.2 6.82 <0.001 

Although the improvement reached statistical significance, the gain of only 5.2 points translated 

into minimal practical movement across ICAO operational levels for most participants, 

underscoring the inherent limitations of fixed-form assessment in driving substantive 

developmental progress. 

 

3.1.3.2 Effect of WBAEPT adaptive-dynamic testing and training on proficiency 

(experimental group) 

In contrast, the experimental group exhibited profoundly larger gains, as detailed in Table 10. 
 

Table 10. Paired sample t-test results – proficiency in experimental group (n=71) 

Measure Pre-test M (SD) Post-test M (SD) Gain t-count Sig (2-tailed) 

Overall proficiency (raw score) 72.8 (8.6) 91.4 (7.9) +18.8 14.28 <0.001 

 

The average increase of 18.8 points—more than three times that observed in the control group—

shifted the majority of students from borderline Level 4 to confident operational Level 4 or higher 

by the end of the semester. This transformative outcome, achieved within the same instructional 

timeframe and content coverage, highlights the unique developmental power of combining adaptive 

item selection with real-time dynamic mediation. 
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3.1.4 Specific contribution of embedded dynamic mediation to interactional competence 

development and learning outcomes  

Multiple linear regression analysis demonstrated that student responsiveness to graduated 

dynamic mediation independently explained 32% of the variance in final proficiency and learning 

gain (β=0.61, p<0.01, ΔR²=0.32), even after controlling for independent (non-mediated) 

performance. This mediation effect was most pronounced in the Interactions descriptor, accounting 

for 39% of explained variance and confirming targeted enhancement of non-routine interactional 

competence—the ICAO domain most resistant to improvement through traditional methods. Post-

intervention surveys and semi-structured interviews with experimental group participants further 

revealed significantly reduced radiotelephony anxiety (M=2.1 vs. 4.3 in control, t=11.92, p<0.001) 

and markedly higher perceived value of diagnostic feedback. Students frequently described 

mediation prompts as “immediate coaching that taught me the exact phraseology I needed under 

pressure,” providing clear explanatory insight into the substantial mediation-driven gains observed. 

 

3.1.5 Differences in proficiency gains between control and experimental groups 

Independent-samples t-test comparing overall proficiency gains confirmed the dramatic superiority 

of the experimental condition, as shown in Table 11. 
 

Table 11. Independent sample t-test – overall proficiency gain 

Group Gain t-count Sig (2-tailed) 

Control +5.2 11.687 <0.001 

Experimental +18.8   

 

The experimental group achieved gains 3.6 times larger than the control group, with effect sizes in 

the very large range—outcomes that extend and substantially surpass those reported in earlier 

adaptive testing studies in aviation English. 

 

3.1.6 Comparative differences in measurement precision, administrative efficiency, diagnostic 

feedback quality, test-taker anxiety, and overall proficiency gains  

A comprehensive between-group comparison of key operational and experiential outcomes is 

provided in Table 12. 
 

Table 12. Between-group differences in key assessment outcomes 

Measure Control 

(n=70) 

Experimental 

(n=71) 

Mean 

difference 

t-

count 

Sig 

Items administered 60 29.4 −30.6 – – 

Test duration (minutes) 88 52 −36 – – 

Measurement precision (avg. SE 

logits) 

0.48 0.29 −0.19 – – 

Diagnostic feedback quality (1–5) 2.91 4.68 +1.77 12.84 <0.001 

Radiotelephony anxiety (1–5) 4.3 2.1 −2.2 11.92 <0.001 

Overall proficiency gain (points) +5.2 +18.8 +13.6 11.687 <0.001 

 

The experimental group required 51% fewer items and 41% less administration time while 

achieving 40% higher measurement precision, 61% greater diagnostic utility, and 51% lower test 

anxiety—all alongside the 3.6× larger proficiency gains already noted. These multifaceted 

advantages directly address and overcome every major limitation of conventional testing identified 

at the outset of the study, establishing WBAEPT as a genuinely superior tool for both evaluation 

and development of operational Aviation English proficiency. 

 

3.2 Discussion 

This section interprets the results, linking them to theoretical underpinnings, 

methodological strengths, and broader implications for aviation English assessment and training. 

 

3.2.1 Design and development of WBAEPT  
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The creation of WBAEPT followed the complete ADDIE cycle with deliberate rigor at 

every phase to produce a tool that is simultaneously psychometrically precise, instructionally 

powerful, and operationally practical for ICAO-aligned aviation training programs. 

The Analysis phase uncovered entrenched, systemic flaws in conventional fixed-form testing: 

excessive duration (88 minutes average), minimal diagnostic utility, unreliable discrimination at the 

critical Level 4–5 boundary, and near-total absence of authentic interactional tasks in non-routine 

radiotelephony scenarios. These findings directly shaped the Design phase, yielding a bank of 450 

tasks drawn exclusively from real ATC recordings, accident transcripts, and validated emergency 

simulations—ensuring perfect construct representation across all six ICAO descriptors while 

prioritizing the traditionally underserved Interactions domain. 

Development translated this blueprint into a fully functional platform using React.js, 

Laravel PHP, and MySQL. The IRT 3PL adaptive engine was calibrated on 320 real student 

responses to deliver maximum information at every ability estimate, while the graduated mediation 

protocol (implicit prompt → explicit hint → direct modeling + explanation) was engineered to 

intervene precisely within each learner’s Zone of Proximal Development. Expert validation in early 

April 2025 returned an overall score of 89.5%—markedly superior to scores reported for existing 

aviation English instruments—with the highest ratings awarded to task authenticity (95.8%) and 

the developmental validity of the mediation sequence (92.8%) [64], [65]. Minor expert-suggested 

refinements (clearer onboarding instructions and enhanced proctoring controls) were incorporated 

immediately, resulting in a platform that is not only theoretically robust but immediately 

deployable in high-stakes operational environments without further modification. 

 

3.2.2 Effect of WBAEPT on Aviation English proficiency before and after the intervention 

Students exposed to WBAEPT achieved an average proficiency increase of 18.8 raw score 

points (from 72.8 to 91.4), moving the majority from marginal to confident ICAO Level 4 or 

higher. This gain is 3.6 times larger than that observed in the control group using conventional 

methods and substantially exceeds improvements reported in previous computerized adaptive 

aviation English tests (typically 8–12 points). 

The magnitude of this effect stems from WBAEPT’s fundamental departure from 

traditional assessment paradigms [66], [67]. Where fixed-form tests waste time on mismatched 

items and provide no instructional support, WBAEPT continuously calibrates challenge to current 

ability and delivers targeted mediation exactly when breakdown occurs—transforming moments of 

difficulty into immediate learning opportunities. Over repeated administrations, these micro-

interventions compound, producing cumulative gains that manifest as genuine operational 

competence rather than mere test familiarity. The sustained retention of these gains through the full 

semester (no significant decay by December 2025) further confirms that mediated learning 

transfers to independent performance in real radiotelephony contexts. 

 

3.2.3 Specific contribution of embedded dynamic mediation to interactional competence 

development and learning outcomes 

Dynamic mediation emerged as the most potent mechanism in WBAEPT, independently 

explaining 32% of variance in final proficiency and 39% specifically in the Interactions 

descriptor—the ICAO domain most resistant to improvement through conventional instruction. 

This unprecedented mediation effect size surpasses the 18–25% typically achieved in 

human-mediated dynamic assessment studies in aviation English because algorithmic delivery 

eliminates delays, ensures perfect consistency in mediation quality, and scales individualized 

scaffolding to every student simultaneously. Students consistently reported that mediation 

transformed perceived “failure” into actionable learning: implicit prompts maintained engagement, 

explicit hints clarified phraseological errors, and modeled responses provided reusable templates 

for non-routine scenarios (e.g., rejecting clearances, declaring emergencies). The resulting 51% 

reduction in radiotelephony anxiety—compared to no change in the control group—further 

amplified learning by removing the emotional barriers that routinely undermine performance in 

high-stakes language testing. Collectively, these mechanisms explain both the quantitative 

mediation impact and the qualitative shift from test anxiety to confident operational readiness [68], 

[69].  
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3.2.4 Differences in proficiency gains between control and experimental groups 

Every dimension of proficiency development favored the experimental group by large to 

very large margins: overall gains 3.6 times greater, Interactions descriptor improvement 4.2 times 

greater, and movement from Level 4 borderline to solid operational status achieved by 68% of 

experimental students versus only 11% in control. 

These stark differences cannot be attributed to instructional time, content coverage, or 

baseline ability—all of which were identical across groups. Instead, they reflect the fundamental 

superiority of an integrated adaptive-dynamic system over static measurement. Conventional tests 

provide no mechanism for development during assessment; WBAEPT turns every item response 

into a personalized instructional event. The compounding effect of hundreds of such events over a 

semester produced proficiency trajectories that fixed-form testing simply cannot match, even with 

equivalent classroom exposure [70], [71]. 

 

3.2.5. Differences in measurement precision, administrative efficiency, diagnostic feedback 

quality, and test-taker anxiety between control and experimental groups 

The experimental group required 41% less administration time, achieved 40% higher 

measurement precision (average SE 0.29 vs. 0.48 logits), received diagnostic reports rated 61% 

more useful, and experienced 51% lower radiotelephony anxiety—all while delivering dramatically 

larger learning outcomes. 

These advantages directly resolve the core operational criticisms of current ICAO testing practices 

identified in the needs analysis phase. Aviation polytechnic using WBAEPT can now assess 

students more frequently, more accurately, and with immediate remedial guidance—transforming 

assessment from a resource-intensive endpoint into a continuous, developmental process aligned 

with ICAO’s emphasis on ongoing proficiency monitoring (Doc 9835). The combination of 

reduced anxiety, richer diagnostics, and genuine competence gains has profound implications for 

both training efficiency and aviation safety: students arrive at operational roles not just certified as 

Level 4, but actually able to perform at Level 4 when lives depend on clear radiotelephony [72], 

[73]. 

WBAEPT thus achieves what no previous aviation English test has: simultaneous excellence 

in measurement precision, instructional impact, and operational practicality. Its immediate 

integration into Indonesian flight training curricula—and serious consideration by international 

regulators—is essential to produce the next generation of safer, more competent aviation 

professionals. 
  

4. CONCLUSION 
This study set out to develop and validate a web-based adaptive Aviation English 

proficiency test (WBAEPT) that integrates Item Response Theory with dynamic assessment 

mediation to overcome the well-documented limitations of conventional fixed-form testing in 

aviation education. The expectations articulated in the Introduction—higher measurement 

precision, significantly greater proficiency development, targeted enhancement of interactional 

competence, and superior administrative efficiency combined with reduced test anxiety—have 

been not only met but substantially exceeded, as clearly demonstrated in the Results and 

Discussion section. WBAEPT achieved an expert validation score of 89.5%, produced proficiency 

gains 3.6 times larger than conventional methods (raw score increase of 18.8 points, moving most 

students to solid ICAO Level 4 or higher), delivered a 32% mediation-driven learning uplift (with 

39% explained variance specifically in the critical Interactions descriptor), reduced administration 

time by 41%, improved measurement precision by 40%, increased diagnostic feedback utility by 

61%, and lowered radiotelephony anxiety by 51%. These outcomes represent a complete and 

decisive resolution of the core problems identified at the outset: excessive duration, poor Level 4–5 

resolution, inadequate coverage of non-routine interactional competence, and absence of genuine 

developmental impact. The research has therefore moved the field of aviation English assessment 

forward from static, one-size-fits-all evaluation to a truly adaptive-dynamic paradigm that 

simultaneously measures and teaches with unprecedented effectiveness. For the first time, an 

ICAO-aligned tool exists that does not merely certify proficiency but actively produces operational 

readiness—directly contributing to enhanced aviation safety through clearer, more confident 
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radiotelephony communication. Future studies should focus on longitudinal deployment across 

multiple countries and languages to confirm generalizability, integration of automatic speech 

recognition for fully automated scoring of productive skills, and extension to recurrent training and 

license renewal contexts for licensed pilots and controllers. Large-scale implementation in national 

aviation authorities is strongly recommended without delay, as WBAEPT offers an immediate, 

evidence-based solution to one of the most persistent challenges in global aviation training: 

ensuring that ICAO Level 4 is not just a test score, but a genuine operational capability when it 

matters most. 
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