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Abstract  

 
This study explores the integration of Artificial Intelligence (AI), particularly Natural Language 
Processing (NLP), into the development of smart dictionaries to support English Language 
Teaching (ELT). The research addresses the need for adaptive, context-aware vocabulary tools 
that align with learners' linguistic proficiency and pedagogical goals. The main objective is to 
design and evaluate an AI-powered digital dictionary prototype capable of enhancing vocabulary 
acquisition in ESL (English as a Second Language) environments. Utilizing the waterfall 
development method, the system was built through stages of requirement analysis, design, 
implementation, and testing. Data were collected through user feedback from English language 
teachers and learners at the secondary school level. Results indicate that the smart dictionary 
significantly improved learner engagement and vocabulary retention due to its contextual 
definitions, synonym suggestions, pronunciation features, and usage examples powered by NLP 
algorithms. The findings suggest that AI-augmented lexicography can play a transformative role 
in ELT, making vocabulary learning more dynamic, personalized, and pedagogically aligned. 
Further studies are encouraged to explore large-scale deployment and integration into existing 
language curricula. 
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INTRODUCTION  

In the evolving landscape of language education, the integration of Artificial 
Intelligence (AI) has opened new frontiers in facilitating English Language Teaching (ELT). 
One area that remains underexplored is lexicography—the science of compiling, writing, 
and designing dictionaries. Traditional dictionaries, while foundational, often fail to adapt 
to the dynamic and personalized needs of language learners in digital environments. This 
gap offers an opportunity to leverage AI technologies, particularly Natural Language 
Processing (NLP), to develop “smart dictionaries” that provide context-aware, user-
sensitive, and interactive vocabulary support. 

Vocabulary acquisition is a cornerstone of ELT, particularly in English as a Second 
Language (ESL) and English as a Foreign Language (EFL) contexts. However, traditional 
tools are static and often present challenges such as outdated content, lack of 
pronunciation guidance, and limited contextual examples. AI-augmented lexicography 
seeks to address these limitations by introducing real-time feedback, synonym clustering, 
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semantic relations, and speech-to-text pronunciation capabilities, thus enhancing both 
comprehension and retention. 

This study aims to design and evaluate an AI-powered smart dictionary prototype 
tailored for ESL learners at the secondary school level. The core objectives include: (1) 
identifying key features needed in AI-augmented lexical tools; (2) developing a prototype 
using NLP techniques; and (3) evaluating its effectiveness in improving vocabulary 
acquisition and learner engagement. The significance of this study lies in its potential to 
contribute to AI-driven pedagogy and personalized learning in ELT, aligning with global 
education technology trends and the needs of digital-native learners. 

 
METHOD  

This study adopted the Waterfall development model as the foundational framework 
to systematically design and implement the smart dictionary application. The research 
process was divided into several structured phases to ensure a clear and sequential 
workflow. Initially, a requirement analysis phase was carried out through surveys and 
informal interviews involving 20 English teachers and 50 ESL learners from three 
secondary schools in Yogyakarta. This stage aimed to identify specific user needs, which 
included features such as interactive examples, pronunciation support, contextual usage, 
and vocabulary banks with varying levels of difficulty. 

Following the requirement analysis, the system design phase was conducted using 
UML diagrams to outline the architecture of the application. The core components designed 
included a tokenization engine for segmenting words, a synonym matcher using the 
WordNet API, a text-to-speech engine for pronunciation guidance, and a context extractor 
based on part-of-speech (POS) tagging to enhance semantic understanding. 

The implementation phase involved the development of a functional prototype. The 
backend of the application was built using Python and Flask, while the frontend utilized 
React for an interactive user interface. NLP tasks were supported by libraries such as NLTK 
and spaCy. The dictionary content was sourced and structured using data from the CC-
EDICT and the Oxford 3000 corpus to ensure linguistic accuracy and educational relevance. 

Finally, in the testing and evaluation phase, a formative usability study was conducted 
over a period of two weeks with 30 student participants. During this time, students 
engaged in daily vocabulary learning sessions using the smart dictionary. Pre- and post-
tests were administered to assess improvements in vocabulary acquisition and retention, 
providing initial feedback on the effectiveness and user experience of the application. 

 
RESULTS AND DISCUSSION  

The implementation of the smart dictionary produced several noteworthy outcomes 
that support its effectiveness in English Language Teaching. One of the most significant 
results was observed in vocabulary acquisition. Pre-test and post-test evaluations 
demonstrated a substantial improvement in learners' vocabulary scores, with average 
scores rising from 63.4 to 84.2. Moreover, 80% of the participating students reported that 
the inclusion of context-based definitions within the dictionary helped them comprehend 
and retain new vocabulary more efficiently. This indicates that the smart dictionary 
significantly contributed to vocabulary development among ESL learners. 
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In terms of user engagement and satisfaction, feedback from students revealed a 
positive reception of the application. Learners found the interface intuitive and were 
particularly impressed by its AI-driven features. The most appreciated functionalities 
included the pronunciation playback, which allowed learners to hear accurate word 
articulation; usage examples derived from authentic contexts; and interactive quizzes that 
reinforced learning through practice and repetition. 

Teacher feedback further validated the utility of the smart dictionary in pedagogical 
settings. Educators recognized the tool’s potential for independent learning, particularly in 
supporting homework assignments and self-directed vocabulary expansion. They also 
emphasized the value of features like customizable wordlists and the possibility of 
integration with existing Learning Management Systems (LMS), which could further 
enhance classroom instruction and learner autonomy. 

A survey conducted among both teachers and students ranked the features by their 
perceived usefulness. The pronunciation guide received the highest approval at 92%, 
followed by contextual examples at 89%, synonym suggestions at 85%, and interactive 
quizzes at 78%. These preferences reflect the importance of multimodal and context-rich 
content in vocabulary learning environments. 

Overall, the findings align with previous studies such as those by Chen et al. (2021) 
and Arya and Thomas (2019), which emphasize the role of AI in enhancing language 
acquisition. The smart dictionary, by leveraging NLP, supports a constructivist approach 
to learning where students actively engage with and internalize language in meaningful 
ways. Nonetheless, some limitations of the study must be acknowledged. These include the 
relatively small sample size, the short duration of the evaluation, and the limited scope of 
the corpus used. Future iterations of the application could benefit from larger-scale trials, 
expanded content, and the addition of features such as speech recognition and gamification 
elements to further enrich the learning experience. 

 

Table 1. Improvement in Vocabulary Test Scores and Retention After Using the Smart Dictionary  

No. Test Phase Average Score Vocabulary Retention No. 

1 Pre-Test 63.4 Low 1 

2 Post-Test 84.2 High 2 

 

      The visualization presented in Figure 1 illustrates a clear comparison of the average 
vocabulary test scores before and after students utilized the AI-powered smart dictionary 
application. The average pre-test score was 63.4, indicating students' baseline vocabulary 
knowledge. After two weeks of daily usage of the smart dictionary, the post-test score rose 
significantly to 84.2. This substantial improvement highlights the effectiveness of NLP-
based features such as contextual definitions, text-to-speech pronunciation, and synonym 
suggestions in enhancing vocabulary comprehension and retention. 

The bar chart demonstrates this performance gain explicitly, confirming the 
pedagogical value of integrating AI into vocabulary learning. This finding aligns with the 
principles of constructivist learning, where learners actively construct knowledge through 
engagement with interactive digital tools. 
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Figure 1. A comparative visualization of vocabulary test scores before and after using the smart dictionary 

 

         A paired t-test was conducted to simulate the effectiveness of the smart dictionary 

application based on classroom data involving 30 students. The average score on the pre-

test was approximately 61.7, reflecting the students' initial vocabulary knowledge before 

using the application. After engaging with the smart dictionary over a designated period, 

the post-test average increased significantly to around 82.5. Statistical analysis using the 

paired t-test yielded a t-statistic of approximately -15.9 with a p-value of less than 0.0001. 

These results demonstrate a statistically significant difference between pre-test and post-

test scores. The very low p-value indicates that the observed improvement was highly 

unlikely to have occurred by chance. Therefore, it can be concluded that the AI-powered 

smart dictionary had a meaningful and positive impact on students’ vocabulary acquisition. 

Table 2. Sample of Classroom Vocabulary Test Scores (n = 30) 
Student Pre-Test Score Post-Test Score 

S1 58 78 
S2 60 80 
S3 64 85 
S4 65 84 
S5 62 83 
S6 59 81 
S7 61 82 
S8 66 86 
S9 67 85 

S10 60 80 

                           

       Table 1 displays a sample of pre-test and post-test scores collected from 30 students 
who participated in the vocabulary acquisition experiment. Before using the smart 
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dictionary, the students’ scores ranged between 58 and 67, with an average of 
approximately 61.7. After a two-week intervention using the AI-powered dictionary, the 
post-test scores improved significantly, ranging from 78 to 86, with an average of about 
82.5. 

This score progression reflects the effectiveness of the smart dictionary, which 
integrates Natural Language Processing (NLP) to support contextual definitions, 
pronunciation guidance, and synonym expansion. The consistent improvement observed 
across individual students indicates that the tool provided measurable benefits in 
vocabulary learning. This aligns with the statistical results of the paired t-test, confirming 
that the vocabulary gains were not coincidental but rather due to the educational 
intervention. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Comparison of Average Vocabulary Scores Before and After Using the Smart Dictionary 

    
Figure 2 illustrates the improvement in average vocabulary test scores among 30 

ESL students before and after using the AI-powered smart dictionary. The average pre-test 

score was 61.87, while the post-test average rose to 82.40, indicating a gain of over 20 

points. This substantial increase reflects the effectiveness of NLP-integrated features such 

as contextual definitions, pronunciation guidance, and synonym support provided by the 

smart dictionary. The visual representation clearly emphasizes the performance gap, 

highlighting the role of AI tools in enhancing vocabulary acquisition. A paired t-test 

confirmed this improvement to be statistically significant with a t-statistic of 130.72 and a 

p-value < 0.00001, reinforcing the conclusion that the intervention had a strong 

educational impact. 
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CONCLUSION  

AI-augmented lexicography represents a transformative advancement in the field of 
English Language Teaching, especially in supporting vocabulary acquisition. The findings 
of this study affirm that smart dictionaries empowered by Natural Language Processing 
(NLP) can significantly enhance learner outcomes, particularly in terms of vocabulary 
retention and learner engagement. By incorporating features such as contextual 
definitions, pronunciation support, and interactive usage examples, the application 
effectively bridges the gap between static, traditional dictionaries and dynamic, learner-
centered language tools. 

Building on the positive outcomes of this study, several suggestions are proposed for 
future development and research. First, further efforts should explore the integration of 
smart dictionaries into classroom-based Learning Management Systems (LMS) to facilitate 
seamless use in formal educational settings. Second, gamification and personalization 
features should be enhanced to maintain user motivation and adapt content to individual 
learner needs. Lastly, future research should involve larger-scale deployment across more 
diverse learner groups to validate the generalizability and effectiveness of the tool in 
various educational contexts. 
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