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Abstract 

This study evaluates the effect of a rule-based AI-supported adaptive game-based learning system on Arabic vocabulary learning 

among secondary-level students in Indonesia. A quantitative quasi-experimental pretest-posttest control group design was employed 

with 84 students, consisting of 42 students in the experimental group and 42 students in the control group. The experimental group 

learned Arabic vocabulary through an adaptive game-based system that adjusted task difficulty based on response accuracy, error 

patterns, and learning progress, while the control group received conventional vocabulary instruction. Data were analyzed using 

descriptive statistics, paired-sample t-tests, Welch’s t-test for gain-score comparison, effect size estimation, normalized gain analysis, 

and ANCOVA. The results showed that both groups improved, but the experimental group achieved stronger vocabulary gains than 

the control group. The mean gain score was 7.07 in the experimental group and 3.64 in the control group. Welch’s t-test confirmed 

a significant between-group difference in gain scores, and ANCOVA showed that the experimental group retained a significant 

adjusted advantage after controlling for pretest scores. These findings suggest that adaptive game-based learning can support Arabic 

vocabulary development, although the low N-Gain values and baseline differences require cautious interpretation. 
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1. Introduction1 

The rapid advancement of artificial intelligence in education has encouraged the development of learning systems that 

can personalize tasks, feedback, and instructional pathways based on learner performance. Recent reviews show that 

AI-supported learning has moved from broad technological experimentation toward learner modeling, adaptive 

feedback, and data-informed instructional decision-making (L. Chen et al., 2020; Hwang et al., 2020). In classroom 

practice, this shift matters because learners rarely enter the classroom with equal prior knowledge, similar learning 

speed, or identical responses to feedback. AI-supported environments can help teachers respond to these differences by 

collecting performance information and converting it into instructional decisions. These decisions may include 

changing the level of difficulty, modifying the sequence of tasks, providing corrective feedback, or offering additional 

practice. In language education, personalization is especially important because vocabulary learning requires repeated 

exposure, meaningful use, and gradual consolidation. 

Adaptive learning is pedagogically valuable when it is connected to clear learning goals and transparent instructional 

decisions. Systematic reviews of adaptive learning indicate that AI-enabled systems can support personalized learning 

pathways, but their value depends on how learner data are translated into meaningful feedback and practice 

opportunities (Gligorea et al., 2023; Kabudi et al., 2021). Students who already master basic vocabulary need more 

challenging tasks, while students who still struggle with recognition and recall require more guided repetition. Adaptive 

systems can move beyond uniform instruction by providing differentiated learning experiences that respond to students' 
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actual performance. This is particularly relevant in vocabulary learning because a fixed sequence of exercises may be 

too easy for some students and too difficult for others. 

Vocabulary learning occupies a central position in language education because it shapes learners' ability to comprehend 

input, produce meaningful utterances, and participate in communicative tasks. Vocabulary scholars emphasize that 

lexical knowledge involves more than knowing word meanings; it also includes form, use, collocation, and contextual 

application (Nation, 2013; Schmitt & Schmitt, 2020). In Arabic learning contexts, vocabulary mastery is especially 

important because students must recognize word forms, understand meanings, connect vocabulary with grammatical 

structures, and use words in appropriate contexts. However, vocabulary instruction in many secondary schools still 

relies heavily on teacher explanation, memorization, repetition, and written exercises. These practices remain useful, 

but they often provide limited opportunities for active interaction, immediate feedback, and personalized progression. 

Recent vocabulary studies also show that technology can support lexical learning when it strengthens exposure, 

retrieval, and contextualized practice. Technology-assisted vocabulary learning has been associated with positive 

learning outcomes, but the effectiveness of digital tools varies according to task quality, feedback, and instructional 

integration (Alshumrani, 2024; Hao et al., 2021). In many Arabic classrooms, students may remember words for short 

periods but fail to apply them in context. They may also lose attention when the same instructional pace is imposed on 

students with different levels of readiness. These conditions create a need for learning systems that support repetition 

while also sustaining engagement and adapting task difficulty to individual progress. 

Game-based learning has been widely discussed as one response to problems of attention and participation in the 

classroom. Game elements such as points, levels, challenges, feedback, and progression systems can make learning 

activities more interactive and can encourage students to continue working through tasks (Nadeem et al., 2023; Sailer 

& Homner, 2020). In vocabulary learning, these elements may create repeated exposure without making practice feel 

monotonous. Yet the educational value of game-based learning depends on how well game features support learning 

objectives. A game may increase enthusiasm but still produce limited learning if students focus only on points or speed. 

For this reason, game-based learning must connect motivation, feedback, repetition, and cognitive processing so that 

students do not only play but also build stronger vocabulary knowledge. 

The effectiveness of game-based learning is strongest when game mechanics are aligned with cognitive goals. Meta-

analytic and review evidence indicates that digital games can support learning, but outcomes depend on instructional 

design, feedback quality, cognitive demand, and the connection between game tasks and learning objectives (Boyle et 

al., 2016; Clark et al., 2016). More recent studies in digital game-based vocabulary learning also emphasize that learners 

need meaningful engagement with word meaning, retrieval, and use rather than mere interaction with game features 

(Zhang et al., 2023; Zou et al., 2021). This evidence suggests that game-based vocabulary learning should be designed 

as structured practice, not only as motivational entertainment. 

Adaptive game-based learning offers a stronger instructional direction because it combines motivational design with 

performance-sensitive support. In this model, game features sustain participation, while adaptive mechanisms regulate 

the level of challenge and feedback. Studies on adaptive and AI-assisted game-based learning show that adaptation can 

support learning outcomes when task difficulty, feedback, and learner behavior are monitored during gameplay (Chen 

& Chang, 2024; Hwang & Zhang, 2024). This approach aligns with the view that effective learning occurs when 

students work on tasks that are neither too easy nor too difficult. If a task is too easy, students may become passive. If 

a task is too difficult, students may experience overload and disengagement. Adaptive systems can reduce this problem 

by changing task difficulty in response to learner performance. 

The present study uses the term AI-supported adaptive game-based learning in a careful and specific sense. The system 

examined in this study applied a rule-based adaptive mechanism inspired by reinforcement learning principles, 

particularly the state-action-reward logic associated with Q-learning (Jang et al., 2019). Learner performance indicators, 

such as response accuracy and error patterns, functioned as signals for determining the next instructional action. Task 

difficulty represented the action selected by the system, while correct and incorrect responses functioned as feedback 

signals. However, the system did not implement a fully optimized Q-learning algorithm with autonomous policy 

updating. It is therefore more accurate to describe the intervention as a rule-based adaptive learning environment 

inspired by reinforcement learning principles rather than a full reinforcement learning agent. 

Although research on AI in education, adaptive learning, and digital game-based learning has expanded rapidly, 

empirical studies that evaluate integrated adaptive game-based systems through classroom-based comparative designs 

remain limited. Reviews of AI in education continue to call for stronger empirical designs, clearer pedagogical 

grounding, and more attention to ethical and classroom implementation issues (Bond et al., 2024; Garzón et al., 2025). 
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Many studies emphasize system development, user acceptance, motivational response, or technological affordances. 

Fewer studies test whether adaptive game-based learning produces stronger learning gains than conventional instruction 

while controlling for initial ability. This gap is important because technology-enhanced learning should not be evaluated 

only through novelty or engagement claims. It must also be supported by measurable learning outcomes, appropriate 

comparison groups, and transparent statistical analysis. 

The gap is more visible in Arabic vocabulary learning at the secondary education level. Much of the available research 

on technology-assisted vocabulary learning focuses on English as a foreign or second language (Hao et al., 2021; Lin 

& Lin, 2019). Learning Arabic presents different instructional challenges because students often face unfamiliar 

orthography, morphology, pronunciation patterns, and semantic relationships. In Indonesian Islamic school contexts, 

Arabic is also connected with religious texts and formal curricula, which makes vocabulary mastery academically and 

culturally important. However, empirical evaluation of adaptive game-based learning for Arabic vocabulary remains 

scarce. This study addresses that gap by examining a classroom-based intervention in which an experimental group 

learned through an AI-supported adaptive game-based system and a control group received conventional vocabulary 

instruction. 

This study contributes to the literature in three main ways. First, it provides empirical evidence on adaptive game-based 

vocabulary learning in an Arabic language context, which remains underrepresented in current AI-supported language 

learning research. Second, it applies a pretest-posttest control group design and reports gain-score comparison, effect 

size, normalized gain, and ANCOVA adjustment to account for baseline differences. Third, it offers a cautious 

conceptual framing of rule-based adaptivity inspired by reinforcement learning principles. The research questions are: 

(i) To what extent does AI-supported adaptive game-based learning improve Arabic vocabulary learning outcomes 

compared with conventional instruction? (ii) Does the experimental group demonstrate greater learning improvement 

after pretest differences are considered? 

2. Literature Review 

2.1 AI-supported adaptive learning 

AI-supported learning refers to instructional environments that use computational processes to support learner 

modeling, personalization, feedback, or decision-making during learning. Reviews of AI in education show that 

adaptive learning, intelligent tutoring, learning analytics, and automated feedback have become central themes in the 

field (Chen et al., 2022; Tapalova et al., 2022). These systems are pedagogically important because they can respond 

to learner differences that are difficult to address through uniform classroom instruction. Adaptive learning systems use 

information about learner performance to modify content sequence, task difficulty, feedback, or practice opportunities. 

In language learning, this capacity matters because students differ in vocabulary size, processing speed, memory 

strength, and ability to apply words in context. 

Adaptive learning should not be understood only as a technical feature. Its value depends on the instructional logic that 

connects data, feedback, and learning goals. A system may collect many learner data points but still have limited 

pedagogical value if the adaptation does not support meaningful practice. Recent AI education reviews emphasize the 

need for transparent, ethical, and learning-oriented design rather than technology-centered implementation (Holmes et 

al., 2022; Xaveria et al., 2025). In this study, adaptivity is treated as a pedagogical mechanism that supports 

differentiated vocabulary practice. The rule-based procedure does not claim full algorithmic autonomy. It uses learner 

response patterns to adjust task difficulty and to provide additional practice when students need support. 

AI-supported adaptivity is also connected with the broader development of learning analytics and teacher-facing 

decision support. Classroom discourse and learning analytics research indicate that AI can help identify learning 

patterns, but teachers still need interpretable information to make instructional decisions (Bond et al., 2024; D. Wang 

et al., 2024). This perspective is important for the present study because the system is not positioned as a substitute for 

teachers. Rather, it supports instructional differentiation by providing adaptive task sequencing and immediate feedback 

during vocabulary practice. The teacher remains central in explaining meaning, contextualizing vocabulary, and 

connecting digital practice with classroom communication. 

2.2 Game-based learning and vocabulary development 

Game-based learning draws on design elements such as goals, rules, challenge, feedback, progression, rewards, and 

interaction to support learning engagement. In vocabulary learning, game-based activities can provide repeated 

exposure to words while reducing the monotony often associated with memorization (Plass et al., 2015; Sailer & 
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Homner, 2020). This is useful because vocabulary development requires frequent encounters with words across 

different situations and forms. Game features can also increase task persistence by making practice more immediate 

and interactive. However, the learning effect of game-based learning depends on whether game mechanics direct 

students toward meaningful language processing rather than only competition or point accumulation. 

Recent studies suggest that game-based learning can enhance motivation and participation, but its educational effect is 

shaped by instructional design quality. Zhang et al. (Zhang et al., 2023) and Zou et al. (Zou et al., 2021) show that 

digital game-based vocabulary learning becomes more effective when learner engagement is connected with 

meaningful task design, feedback quality, and vocabulary processing. Game-based vocabulary practice should move 

beyond points, rewards, or competition by guiding learners to retrieve meanings, distinguish similar words, connect 

vocabulary with context, and apply words in meaningful language tasks. Such design helps ensure that game-based 

learning supports cognitive processing rather than merely increasing classroom participation. 

The vocabulary-specific literature increasingly supports the need for deeper and more strategic digital game-based 

language learning. Studies of digital game-based vocabulary learning show that learner engagement, self-regulation, 

and task design are closely related to vocabulary development (Zhang et al., 2023, 2025). These findings are relevant 

because Arabic vocabulary learning requires repeated exposure, recognition of form, semantic discrimination, and 

contextual application. A game environment can support this process only when the game tasks require students to 

process vocabulary meaning and use, not merely select answers quickly. For this reason, the present study treats game-

based interaction as a structured practice environment that combines challenge, feedback, and progression with adaptive 

task sequencing. 

2.3 Reinforcement-learning-informed adaptivity 

Reinforcement learning provides a useful conceptual lens for thinking about adaptive instructional decisions because it 

frames learning as a sequence of states, actions, and rewards. Q-learning is one common reinforcement learning 

approach in which an agent learns which actions are useful in particular states through feedback over time (Jang et al., 

2019). In educational contexts, learner performance can be interpreted as a state signal, instructional task selection can 

be interpreted as an action, and response accuracy can function as a reward or feedback signal. This logic helps explain 

how adaptive systems may select the next learning activity based on prior learner responses. 

Studies of reinforcement-learning-informed education suggest that adaptive pathways can be useful when implemented 

with sufficient data, transparent rules, and careful instructional design. Research on Q-learning for vocabulary practice 

and personalized adaptive learning indicates that performance-based decision rules can support differentiated learning 

pathways (Dudiak et al., 2023; Sajja et al., 2024). The current intervention uses this logic cautiously. It does not 

implement a full Q-learning algorithm with autonomous policy optimization. Instead, it uses a transparent rule-based 

procedure that increases task difficulty after repeated correct responses and decreases task difficulty after repeated 

incorrect responses. 

This cautious framing is important because AI-supported learning can easily be overclaimed. A system that uses rules 

to adapt difficulty is not the same as an autonomous reinforcement learning agent. However, rule-based adaptivity can 

still be pedagogically useful when it is transparent, aligned with learning goals, and empirically evaluated. Mobile and 

adaptive learning research supports the view that transparent adaptive pathways are practical for classroom 

implementation, especially where teachers need to understand how students move through learning tasks (J. Wang, 

2025; Zaini et al., 2025). The system represents a practical form of reinforcement-learning-informed adaptivity rather 

than a fully autonomous AI agent. 

2.4 Arabic Vocabulary learning 

Arabic vocabulary learning requires students to develop knowledge of word meaning, form, pronunciation, semantic 

relationships, and contextual use. For Indonesian secondary-level learners, Arabic is often learned as a foreign language 

within formal Islamic education. Vocabulary mastery supports reading, classroom communication, and access to 

religious and academic texts. Studies on vocabulary teaching and technology-assisted vocabulary learning emphasize 

that vocabulary development requires repeated practice, meaningful context, and feedback-sensitive instruction 

(Alshumrani, 2024; Asllani & Paçarizi, 2021). This makes Arabic vocabulary learning a relevant context for examining 

adaptive game-based instruction. 

The evaluative gap concerns both context and design. Contextually, Arabic vocabulary learning remains 

underrepresented in AI-supported adaptive learning research. Methodologically, many technology-based studies focus 

on learner perception or one-group improvement without sufficient comparison conditions. A pretest-posttest control 
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group design provides stronger evidence because it compares learning gain under two instructional modes. ANCOVA 

further strengthens interpretation when baseline differences exist. This study positions itself as an evaluation-oriented 

investigation of adaptive game-based learning in Arabic vocabulary instruction. It examines not only whether students 

improved, but whether the experimental group improved more than the control group after pretest differences were 

considered. 

3. Methods 

3.1 Research Design 

This study employed a quantitative quasi-experimental pretest-posttest control group design (Creswell & Creswell, 

2017; Rogers & Revesz, 2019). This design was selected because the intervention was implemented in an authentic 

classroom setting where random assignment at the individual level was not feasible. The study involved two intact 

classroom groups. The experimental group received AI-supported adaptive game-based vocabulary learning, while the 

control group received conventional vocabulary instruction. Both groups completed a pretest before the learning 

activities and a posttest after the intervention period. The design allowed the study to compare learning progress 

between groups and to examine whether the experimental group achieved stronger vocabulary improvement than the 

control group. 

The control group design was important for strengthening the credibility of the evaluation. A one-group pretest-posttest 

design can show improvement after an intervention, but it cannot separate the intervention effect from testing effects, 

maturation, repeated exposure, or ordinary classroom learning. By including a control group, this study could estimate 

whether the improvement in the experimental group exceeded the improvement obtained through conventional 

instruction. Because the groups were intact and not randomly assigned, the study remains quasi-experimental. For that 

reason, the analysis examined baseline differences and used ANCOVA to compare posttest outcomes after controlling 

for pretest scores. 

3.2 Participants and Context 

The study was conducted in an Islamic senior high school in Indonesia where Arabic is taught as a compulsory subject. 

The school context was relevant because Arabic vocabulary learning forms an important part of the curriculum and is 

closely linked to reading comprehension, classroom communication, and the ability to understand Arabic texts. Prior 

to the intervention, vocabulary instruction mainly used teacher explanation, memorization, repetition, and written 

exercises. These practices provided a familiar instructional baseline for comparing the added value of adaptive game-

based learning. 

The participants consisted of 84 secondary-level students enrolled in Arabic language learning. The experimental group 

included 42 students, and the control group included 42 students. Participants were selected using purposive sampling 

because the study used intact classroom groups that were accessible for the intervention. The use of intact groups 

reflects the practical constraints of classroom-based educational research, where random assignment is often difficult 

because schools must maintain existing class structures. Although purposive sampling limits generalization, it supports 

ecological validity because the intervention was implemented in a natural learning setting. 

3.3 Intervention and Procedure 

The intervention used an AI-supported adaptive game-based learning system designed to support Arabic vocabulary 

learning. The system integrated vocabulary recognition, contextual use, immediate feedback, scoring, level progression, 

and challenge-based tasks. The learning content was aligned with the vocabulary material taught during the study period 

so that both groups received equivalent content. The experimental group interacted with vocabulary tasks through the 

adaptive game-based system, while the control group learned the same content through conventional instruction. The 

main distinction between the two groups was the mode of learning, not the vocabulary topic itself. 

The adaptive mechanism used a rule-based procedure. Task difficulty increased after three consecutive correct 

responses and decreased after two consecutive incorrect responses. Correct responses moved students toward more 

complex tasks, while repeated incorrect responses triggered easier tasks or additional practice. This rule was designed 

to keep students working at an appropriate level of challenge. The mechanism was inspired by reinforcement learning 

principles because learner performance functioned as feedback for selecting subsequent instructional actions (Dudiak 

et al., 2023; Jang et al., 2019). In classroom implementation, this approach offered a transparent approximation of 
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adaptive decision-making. It did not replace the teacher; rather, it supported differentiated task sequencing and 

immediate feedback during vocabulary practice. 

The learning procedure consisted of five stages. First, all students completed a vocabulary pretest to measure initial 

vocabulary ability. Second, the instructional treatment was implemented in both groups during the same study period. 

Third, the experimental group used the adaptive game-based system, while the control group received conventional 

instruction involving teacher explanation, repetition, vocabulary memorization, written exercises, and corrective 

feedback. Fourth, all students completed a vocabulary posttest after the intervention. Fifth, the data were analyzed to 

compare within-group improvement and between-group learning gains. 

3.4 Instruments 

The main instrument was a vocabulary achievement test used as both a pretest and a posttest. The test measured students' 

ability to recognize, understand, and apply Arabic vocabulary in contextualized learning situations. The items were 

aligned with the vocabulary content taught during the intervention. Using the same construct across the pretest and 

posttest allowed the study to examine changes in vocabulary performance over time. The test focused not only on basic 

word recognition but also on understanding vocabulary meaning and applying vocabulary in simple contextual tasks 

(Nation, 2013; Schmitt & Schmitt, 2020). 

The vocabulary achievement test was reviewed by experts in Arabic language education and educational technology to 

ensure content validity. Expert review focused on the relevance of the items to the learning objectives, the clarity of 

item wording, the appropriateness of vocabulary level for secondary-level students, and the alignment between the test 

and instructional content. Instrument reliability and item quality were examined to support the accuracy and consistency 

of the measurement. These procedures helped ensure that the test was aligned with the instructional content and 

appropriate for assessing students' Arabic vocabulary mastery. 

The study also paid attention to the interpretation of learning progress. In addition to raw gain scores, normalized gain 

was used to examine improvement relative to possible score increase. This measure is useful because two students with 

similar raw gains may have different room for improvement depending on their pretest scores (Bao, 2006; Marx & 

Cummings, 2007). However, normalized gain must be interpreted carefully, particularly when baseline scores are 

already moderate and when intervention duration is limited. For this reason, the study reported both raw gain and N-

Gain results rather than relying on a single indicator. 

3.5 Data Analysis 

Data were analyzed using descriptive and inferential statistical procedures. Descriptive statistics summarized pretest 

scores, posttest scores, gain scores, normalized gain scores, and standard deviations. Shapiro-Wilk tests were used to 

assess normality because the sample size in each group was below 50 (Field, 2024). Levene tests were used to assess 

homogeneity of variance. Paired-sample t-tests examined whether each group improved significantly from pretest to 

posttest. Cohen's dz was used to interpret within-group effect sizes because the paired design involved repeated 

measurement of the same students. 

Between-group learning progress was analyzed through gain-score comparison. Because the gain score did not fully 

meet the homogeneity assumption, the Welch independent-sample t-test was used for the main gain-score comparison. 

A Mann-Whitney U test was also used as a robustness check because the gain and N-Gain distributions were not 

normally distributed. Cohen's d was used to estimate the magnitude of the between-group effect. ANCOVA was then 

conducted using posttest scores as the dependent variable, group as the independent variable, and pretest scores as the 

covariate. This procedure was necessary because the two groups differed significantly at baseline. 

4. Result and Discussion 

 The analysis begins with descriptive statistics, continues with within-group improvement, reports between-group 

gain-score differences, and concludes with ANCOVA adjustment for baseline nonequivalence. 

4.1 Descriptive Statistics 

Table 1 shows the descriptive statistics for the experimental and control groups. Both groups improved from pretest to 

posttest. The experimental group increased from 61.33 to 68.40, while the control group increased from 59.31 to 62.95. 

The experimental group obtained a larger mean gain score than the control group, with a gain of 7.07 compared with 
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3.64. The difference in mean gain was 3.43 points. These results indicate that vocabulary scores improved in both 

instructional conditions, but the experimental group showed a stronger improvement pattern. 

The normalized gain values also show a difference between groups. The mean N-Gain was 0.186 for the experimental 

group and 0.095 for the control group. Based on common N-Gain interpretation, both values fall within the low 

category. This means that the intervention produced measurable improvement, but the improvement did not reach a 

high normalized gain level. The low N-Gain values are important because they prevent an exaggerated interpretation 

of the intervention.  

A baseline comparison was conducted to examine whether the two groups differed in their initial vocabulary ability. 

The Welch independent-samples t-test showed that the experimental group had a significantly higher pretest score than 

the control group, t(81.69) = 2.360, p = .021. This baseline difference justified the use of ANCOVA to compare posttest 

scores after controlling for initial vocabulary ability. 

Table 1. Descriptive Statistics of Vocabulary Scores 

Group N Pretest Mean SD Posttest Mean SD Gain Mean N-Gain 

Experimental 42 61.33 4.04 68.40 6.67 7.07 0.186 

Control 42 59.31 3.80 62.95 6.33 3.64 0.095 

4.2 Within-Group Improvement 

Table 2 presents the paired-sample t-test results for each group. The experimental group showed a significant increase 

from pretest to posttest, with a mean difference of 7.07 points, t(41) = 8.757, p < .001. The within-group effect size was 

large, with Cohen's dz = 1.351. This result indicates that students in the experimental group experienced substantial 

improvement after participating in the adaptive game-based vocabulary learning activities. 

The control group also showed a significant increase from pretest to posttest, with a mean difference of 3.64 points, 

t(41) = 6.846, p < .001. The within-group effect size was also large, with Cohen's dz = 1.056. This finding is important 

because it shows that conventional instruction also produced learning progress. The intervention should not be 

interpreted as the only source of vocabulary improvement. 

Table 2. Paired-sample t-tests for within-group improvement 

Group Pretest 

Mean 

Posttest Mean Mean 

Difference 

t df p-value Cohen’s dz 

Experimental 61.33 68.40 7.07 8.757 41 < .001 1.351 

Control 59.31 62.95 3.64 6.846 41 < .001 1.056 

4.3 Between-Group Differences 

Table 3 reports the between-group comparison of gain scores using the Welch t-test. The experimental group obtained 

a higher mean gain score than the control group. The gain-score difference was statistically significant, t(70.96) = 3.545, 

p = .001, with a medium-to-large effect size, Cohen's d = 0.767. This result indicates that the experimental group 

achieved greater vocabulary improvement than the control group during the study period. 

A Mann-Whitney U test was used as a robustness check and confirmed the significant gain-score difference between 

groups, U = 1259.00, p = .001, with a rank-biserial correlation of 0.427. The robustness check supports the Welch result 

and strengthens confidence that the gain-score difference did not depend only on parametric assumptions. Because the 

experimental group had a higher baseline score, the gain-score result should still be interpreted together with ANCOVA 

adjustment. 

Table 3. Comparisons of Vocabulary Scores 

Comparison Experimental Mean Control 

Mean 

Mean 

Difference 

t df p-value Cohen’s d 

Gain score 7.07 3.64 3.43 3.545 70.96 .001 0.767 

4.4 ANCOVA Adjustment for Baseline Difference 

Because the experimental group started with a significantly higher pretest score, ANCOVA was used to compare 

posttest outcomes after controlling for pretest differences. The adjusted posttest mean was 67.16 for the experimental 
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group and 64.20 for the control group. The group effect remained statistically significant after adjustment, indicating 

that the experimental group retained an advantage even when initial vocabulary ability was considered. 

The classical ANCOVA result showed a significant group effect, F(1, 81) = 9.020, p = .004, partial eta squared = .100, 

as shown in Table 4. The partial eta squared value indicates a meaningful but not excessive group effect. This result 

supports the interpretation that the intervention contributed to stronger posttest performance, but it also reinforces the 

need for careful interpretation because the groups were not randomly assigned. 

Table 4. ANCOVA Posttest Scores 

Source F df p-value Partial η² 

Group effect 9.020 1, 81 .004 .100 

 

4.5 Interpretation of Learning Gains 

The findings indicate that AI-supported adaptive game-based learning produced stronger Arabic vocabulary learning 

progress than conventional instruction. Both groups improved from pretest to posttest, but the experimental group 

showed a larger gain score, higher posttest performance, and higher N-Gain. This pattern is consistent with recent 

evidence that digital game-based vocabulary learning can support receptive and productive vocabulary knowledge when 

learners engage with structured vocabulary tasks (Jia et al., 2024). In the present study, the stronger gains in the 

experimental group suggest that vocabulary improvement was supported not only by game elements, but also by 

repeated practice, immediate feedback, and adaptive task progression. 

Kazu and Kuvvetli (2023) similarly found that digital game-based language learning can contribute to vocabulary 

acquisition when instructional tasks are meaningfully connected to learners’ engagement and classroom learning goals. 

This perspective helps explain why the experimental group outperformed the control group. The adaptive game-based 

system did not simply present vocabulary items in a more entertaining format; it organized practice through challenge, 

feedback, scoring, and level progression. These features may have helped students sustain attention during repeated 

vocabulary practice and respond more actively to learning tasks. 

Nevertheless, the baseline difference between groups requires careful interpretation. Because the experimental group 

began with a higher pretest score, the strongest evidence comes from the gain-score comparison and ANCOVA results 

rather than from posttest comparison alone. The ANCOVA result strengthens the interpretation that the intervention 

had instructional value because the experimental group still showed a significant adjusted advantage after pretest scores 

were controlled. For a classroom-based quasi-experiment, this adjusted comparison provides more credible evidence 

than a simple posttest comparison because it reduces the risk of attributing all posttest differences to the intervention. 

These findings support the central argument of the study that adaptive game-based learning can produce stronger 

vocabulary learning progress when game interaction is combined with performance-sensitive task sequencing and 

immediate feedback. 

The control group also improved significantly, and this finding should not be overlooked. Students in the control group 

learned the same vocabulary content and received teacher guidance, repetition, written exercises, and corrective 

feedback. These conventional activities remain pedagogically useful, especially in Arabic classrooms where vocabulary 

instruction often depends on teacher explanation and guided practice. The intervention should not be interpreted as 

replacing conventional instruction. Its contribution lies in strengthening the pace, feedback, and differentiation of 

vocabulary practice. 

The low N-Gain values also require cautious interpretation. Although the experimental group significantly 

outperformed the control group, the normalized gain remained low. Normalized gain is useful because it explains 

proportional learning improvement rather than merely describing raw score increase (Bao, 2006; Marx & Cummings, 

2007). Thus, the intervention can be interpreted as producing stronger progress than conventional instruction, but not 

as generating a high level of proportional improvement. Future versions of the system should strengthen spaced 

repetition, feedback depth, contextualized sentence production, and individual learning path analytics. 

4.6 Adaptive Mechanism and Instructional Design 

The learning advantage in the experimental group can be explained by the combination of adaptive task sequencing and 

game-based feedback. The rule-based adaptive mechanism increased difficulty after repeated correct responses and 

reduced difficulty after repeated incorrect responses. This procedure helped align task challenge with learner 

performance, a principle that is consistent with adaptive learning research on personalized sequencing and feedback 
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(Gligorea et al., 2023; Kabudi et al., 2021). In classroom practice, this alignment matters because students rarely 

progress at the same pace. Some students need additional repetition, while others require more challenging tasks to 

sustain learning. 

Chowdhury et al. (2024) emphasize that digital game-based language learning can create meaningful vocabulary 

learning experiences when learners are given opportunities for agency, contextualized learning, and generative 

engagement. This insight is relevant to the present study because vocabulary learning was supported through interactive 

tasks rather than passive memorization. The adaptive system encouraged students to respond to vocabulary items, 

receive feedback, and move through task levels according to their performance. Such a structure may reduce the 

mismatch between learner readiness and task difficulty, which is a common limitation in uniform classroom instruction. 

The adaptive mechanism used in this study was deliberately framed as rule-based and inspired by reinforcement 

learning principles. The system used learner performance as feedback for selecting subsequent tasks, reflecting the 

state-action-reward logic associated with reinforcement learning (Jang et al., 2019). Yet the system did not implement 

a full Q-learning model with autonomous policy optimization. This distinction is important because AI-supported 

learning can easily be overclaimed. The intervention should be understood as a transparent, classroom-feasible form of 

reinforcement-learning-informed adaptivity rather than a fully autonomous AI agent. 

The role of immediate feedback also helps explain the learning process observed in the experimental group. In foreign 

language online assignments, feedback timing can influence how learners process errors and improve performance (Lu 

et al., 2023). Immediate feedback in the adaptive game-based system may have helped students recognize mistakes and 

continue practicing without waiting for delayed correction. However, immediate feedback alone is not sufficient. For 

vocabulary learning, feedback should not only indicate whether an answer is correct, but also guide students toward 

meaning, usage, and contextual application. 

Game-based elements may also have supported the learning process by sustaining attention and encouraging task 

persistence. Scoring, progression levels, immediate feedback, and challenge-based activities can make vocabulary 

practice more active and less monotonous when game mechanics are aligned with vocabulary learning tasks (Jia et al., 

2024; Kazu & Kuvvetli, 2023). The low N-Gain values show that game features should not be treated as sufficient by 

themselves. Motivation and participation must be connected with deeper cognitive processing, including retrieval, 

semantic discrimination, sentence-level use, and repeated exposure over time. 

4.7 Pedagogical and Practical Implications 

For Arabic language teaching, the findings suggest that adaptive game-based learning can be used as a supplementary 

strategy for differentiated vocabulary practice. In classrooms with mixed ability levels, a single sequence of vocabulary 

exercises may not adequately respond to students’ different levels of readiness. Adaptive task progression can help 

address this problem by offering practice that corresponds more closely to students’ performance. Nevertheless, teacher 

guidance remains essential. Teachers are still needed to explain vocabulary meanings, model pronunciation, provide 

examples, correct errors, and connect digital practice with spoken and written classroom activities. 

The integration of AI in language education should also be viewed through pedagogical design rather than technological 

novelty alone. Zhu and Wang (2025) argue that AI in language education needs to be examined in relation to learner 

engagement, instructional design, and future implementation challenges. This perspective is important for interpreting 

the present findings. The adaptive game-based system showed instructional potential, but its value depends on how 

well it is integrated into classroom teaching and extended into oral, written, and text-based Arabic learning activities. 

From an educational technology perspective, adaptive learning systems should make the adaptation process transparent, 

pedagogically meaningful, and easy for teachers to monitor. Teachers need to understand why students receive certain 

tasks, how task difficulty changes, and which learners require additional support. For this reason, future systems should 

include teacher-facing dashboards or log summaries that display accuracy, error patterns, level movement, time on task, 

and learning progress. Such information would make the system useful not only as a student practice tool but also as a 

source of instructional feedback for teachers. 

Alfredo et al. (2024) emphasize the importance of human-centred learning analytics and AI in education because learner 

data, automation, and teacher decision-making need to remain aligned with human control, transparency, and 

educational trust. This argument strengthens the practical implication of the present study. Adaptive systems should not 

operate as hidden black boxes. Instead, they should provide interpretable information that helps teachers make 
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instructional decisions. In Arabic vocabulary learning, this is especially important because students may recognize a 

word in a game but still need teacher support to understand its morphology, pronunciation, syntactic function, and 

contextual meaning. 

At the policy level, the study highlights the need to evaluate AI-supported learning through evidence rather than novelty. 

Schools may be attracted to AI-based tools because they appear innovative, but adoption should depend on whether the 

technology improves learning, supports teachers, protects student data, and fits classroom conditions. Ethical and 

transparent implementation is particularly important when learner data are used to guide instructional decisions 

(Holmes et al., 2022). Policy support should include teacher training, infrastructure readiness, content alignment, data 

privacy protection, and continuous evaluation of learning outcomes. 

5. Conclusion 

This study found that AI-supported adaptive game-based learning produced stronger Arabic vocabulary learning 

progress than conventional instruction in a pretest-posttest control group design. The experimental group obtained a 

higher mean gain, posttest performance, and N-Gain than the control group. The gain-score comparison confirmed a 

significant between-group difference, while the ANCOVA result showed that the experimental group retained a 

significant adjusted advantage after pretest differences were controlled. 

The main contribution of this study lies in its evaluation of rule-based adaptive game-based learning in an Arabic 

vocabulary context. By combining adaptive task sequencing, immediate feedback, and game-based interaction, the 

intervention offered differentiated vocabulary practice in a classroom setting. The study also shows that technology-

supported language learning should be judged not only by engagement or novelty, but also by comparative outcome 

data, effect size interpretation, and appropriate statistical control. 

These findings should be interpreted with caution. The study used intact classroom groups, the experimental group had 

a higher pretest score, and the N-Gain values remained low. The dataset also focused on vocabulary test outcomes and 

did not include complete system log-data. Future research should use randomized or matched-group designs, delayed 

posttests, log-data analysis, and comparisons between adaptive and non-adaptive game-based learning to clarify how 

game features, feedback, and adaptive sequencing contribute to vocabulary development. 
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