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Abstract* 

 
Learning vocabularies is an essential task when 

learning a foreign language. However, most learners 
seem to experience similar difficulties in learning 
vocabularies in terms of large burden and a lack of 
motivation. In this paper, we propose an approach for 
web-based vocabulary learning through personalized 
word association games. By applying game-based 
learning, we aim at making vocabulary learning more 
attractive and more fun for learners. On the other 
hand, personalized learning has high potential to make 
vocabulary learning more effective by suiting the 
learning process to the students’ individual needs. The 
paper shows how these two learning concepts can be 
integrated in an educational system, demonstrating the 
architecture and functionality of a personalized, game-
based vocabulary learning system.  
 
1. Introduction 
 

Computer-assisted language learning (CALL) 
provides learners with easy access to learning 
environments irrespective of place and time, and 
increases motivation and effectiveness of learning with 
multimedia content. Furthermore, many efforts have 
already been made for overcoming some shortages 
often observed in CALL, such as flexible interaction, 
adaptivity, and personalization. Some CALL systems, 
e.g., ICICLE [1] and E-tutor [2], show such 
improvements by using student modeling techniques 
for correcting grammatical errors and giving feedbacks 
based on learners’ production and according to 
learners’ level of proficiency. 
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  The importance of vocabulary in language learning 
has led active studies on vocabulary acquisition theory 
and vocabulary learning strategies. The considerable 
attention has produced various CALL systems for 
vocabulary learning, such as CAVOCA [3], WUFUN 
[4], and PowerWords [5]. Rather than simply 
supporting a self-study for vocabulary learning, these 
lexical CALL systems provide learners with various 
types of learning tasks, based on the learners’ 
vocabulary levels and the learning history. However, in 
fact many CALL systems still have a tendency of 
dealing with vocabulary learning as a simple 
complement to a reading skill. Therefore, the need 
arises towards systems that fully focus on supporting 
learners in vocabulary learning and providing them 
with a learning environment that adapts to their 
individual knowledge, preferences, and needs as well 
as motivates and encourages students to learn 
vocabularies. Thus, more vigorous studies need to be 
conducted on CALL for vocabulary learning in order 
to provide interaction, personalization, and motivation, 
complying with the learner’s need. 

In this sense, this paper proposes an approach for a 
web-based vocabulary learning system that is designed 
based on two key learning concepts, personalized 
learning and game-based learning, which have been 
paid increasing attention to in e-learning in the last 
years. As Brusilovsky [6] describes, adaptivity and 
personalization in educational systems have high 
potential to help learners in learning by, for example, 
fitting the content to their needs or providing them 
with adaptive navigation support. Furthermore, Burgos 
et al. [7] and Amory [8] point out that educational 
electronic games can provide pedagogical elements 
such as interactivity, problem solving, user 
involvement, motivation, and creativity. In addition, 
adaptive and personalized aspects can be incorporated 
in games [9].  

This paper presents an approach for personalized 
and game-based vocabulary learning, aiming at making 



vocabulary learning more interesting, more effective, 
and easier for learners. Section 2 describes the details 
of our approach. Subsequently, the architecture of a 
system that incorporates the strategies of personalized 
and game-based vocabulary training is presented. In 
Section 4, we explain the functionality and the 
workflow of the system in more detail. Section 5 
concludes the paper. 
 
2. A new approach for vocabulary learning 
 

Learning by means of associations is one of the 
well-known learning strategies. Crow and Quigley [10] 
show the effectiveness of this strategy through 
empirical evidence. In this study, we apply the concept 
of associations in order to compose a game for 
vocabulary learning. Instead of memorizing given 
associated pairs, learners are encouraged to produce 
their own associations or find out possible associative 
relationships through game-based tasks. During this 
process, learners are expected to spontaneously 
practice to repeatedly recall the new words and to 
make meaningful connections between their prior 
lexical knowledge and the new words.  

Another key concept in the proposed approach is 
personalized (or adaptive) learning which means that 
the content and learning material is adapted to the 
learners’ needs. Many different characteristics and 
needs of learners can be considered in an adaptive 
learning system. An adaptive vocabulary learning 
system is conceivable in the sense that the knowledge 
in terms of known words, the learners’ preferred 
learning styles, and their cognitive abilities can be 
incorporated when learning new vocabularies, making 
the process of learning easier for the learners. Jonassen 
and Grabowski [11] summarized that prior knowledge 
is one of the strongest and consistent individual 
difference predictors of achievement, which makes it 
an important factor for adaptation and personalization 
in learning environments. As a consequence, the 
personalization strategy in the proposed approach 
focuses on considering the learners’ knowledge in 
terms of known vocabularies and uses this information 
for providing learners with personalized vocabulary 
training.  

 
3. Architecture of a personalized and 
game-based vocabulary learning system 
 

Adaptive and personalized educational systems are 
designed for providing different learning experience 
for different learners, considering the individual needs 
and characteristics. While there exist several models 
and frameworks for adaptive systems (e.g., [12], [13]), 

we based our architecture on a model proposed for 
intelligent educational (or tutoring) systems [14], 
which emphasizes the educational aspects. 
Accordingly, 4 modules are necessary to provide 
personalized contents. The expert module is 
responsible for the domain knowledge, which is stored 
in the expert model and for the internal representation 
of the domain knowledge in the system. The student 
module deals with gathering relevant data about the 
learners and storing them in the student model. The 
tutoring module concerns with the determination of 
learning materials depending on the learners’ needs, 
and the interface module deals with presenting those 
contents. The proposed system is constituted of these 4 
components (Fig. 1), each of which is specified in the 
following subsections. 

 

 
Figure 1. Architecture of a personalized 

vocabulary learning system 
 

3.1. Word association data (expert module) 
 

For constructing a database including vocabularies 
and associative information, word association data are 
used, such as Nelson’s word association [15] and 
Edinburgh Word Association Thesaurus [16]. The 
database is built in the form of a semantic network, 
where words are represented by nodes and the 
associative relations of words are described by edges. 
The semantic network graph is additionally clustered 
by graph clustering methods, and is reorganized into 
two different types, that is, conceptual grouping and 
associative grouping [17]. Eventually, 3 different types 
of semantic networks are included in the database: the 
original word-basis graph and the two types of cluster-
basis graphs. From each of these networks, different 
types of associative information can be extracted. 

 
3.2. Learners’ lexicon (student module)  

 
Similarly to the expert model, the learners’ lexical 

knowledge is represented as a network graph, taking 



the learners’ words as nodes and the associative 
relationships of words as edges. The learners’ lexicon 
collected in the student model represents the system's 
view about the learners’ pre-existing lexical knowledge. 
Therefore, the student model grows as the learners 
keep conducting the learning tasks and learning new 
words. In turn, the data in the student model is 
accessed and used for composing the suitable learning 
tasks for each of the learners based on their knowledge. 

 
3.3. Personalized vocabulary engine (tutoring 
module)  

 
The personalized vocabulary engine is responsible 

for calculating and controlling the tasks during a 
learning session. This includes making decisions about 
which words should be presented to obtain word 
associations and also which information should be 
used to help the learning of new words, taking into 
account the learners’ prior knowledge of vocabulary. 

  
3.4. Personalized tasks (interface module)  
 

The interface module is responsible for the GUIs. It 
is concerned in effectively presenting the learning 
materials that are generated by the tutoring module and 
in the easy and friendly interaction with learners. 
 
4. Functionality & workflow of the system  
 

A learning session is composed of 5 stages. This 
procedural division indicates how the personalized 
vocabulary engine works under the interface module, 
in order to generate adaptive tasks for each learner. To 
the learners, the tasks may seem like small pieces of 
one complete game. In the following sections, the 5 
stages are described. 

 
4.1. Initial data setting 
 

The first stage of the learning session aims at 
initializing and enlarging the information about the 
learner’s pre-existing lexicon. For this, a game-based 
task is conducted by asking the learners to produce as 
many associations as possible within a certain time. In 
this task, one word is presented, which is randomly 
chosen by the system. If this word is unknown by the 
learner, he/she can ask for another word. In this case, 
the system provides the learner with a likely easier 
word than the previous one by selecting a word which 
is more frequently used. The usage of words is 
calculated by the tutoring module based on the number 
of associations that a word has to other words, 

assuming that the number of associations reflect the 
frequency of its usage. 

 
4.2. Determining the target words 

 
In stage two, the candidate target words (around 10 

words) are selected. These words are the focus of 
learning during the session. The personalized 
vocabulary engine extracts the words from the expert 
model, choosing only words which do not overlap with 
the words stored in the student model. However, the 
student model represents only a subset of the learner’s 
mental lexicon, and therefore, the candidate target 
words possibly include some words the learners are 
familiar with. Therefore, the candidate word list is 
divided into the known and the new words by the 
learner’s judgment. Both word lists are used for the 
subsequent games in stage four, but the ones checked 
as the new words are more focused.  

 
4.3. Learning the meaning of the target words 
 

In stage three, the learners acquire the basic 
meanings of the target words. They are expected to 
equip themselves with a new lexical knowledge of the 
target words in this stage, before going to the next 
stage. By utilizing a free online dictionary, the 
definition of the words, images, or learner’s native 
language translation are presented. There is no time 
setting in this stage. 

 
4.4. Encoding through word association games 

 
The learners play 3 different types of word 

association games in stage four, where they are 
expected to use the lexical knowledge together with 
their associative ability. The words occurring in this 
stage are a mixture of familiar and new words, 
consisting of the words collected through free 
association in stage one and the target words selected 
in stage two. From the various associative contexts of 
the words, the learners repeatedly practice the new 
words and easily encode them. The three types of 
games are presented in the following and an example 
of each game is illustrated in Fig. 2.  

➀ Turn-taking: The learners produce associations 
with the presented word, taking a turn with the system. 
A time limit is set, so if the learners cannot give the 
association in a given time, the system takes its turn. 
At the end, the learners get a score for their 
performance.  

➁  Guessing: Learners are asked to find a word 
within a given time that can be associated in common 
with some given words. Some hints are available, by 



showing the number of letters or a part of the word, 
however the response time and the number of hints is 
reflected in scoring. 

➂ Gap filling: The learners have to find out the 
concept and subsequently the word to connect two 
given words. A time limit is set and the system gives 
hints such as showing some letters. 

 

 
 

Figure 2. Examples of the 3 different types of 
word association games 

 
4.5. Testing  
 

In stage five, the learners take a multiple choice test 
for confirming the newly learnt target words and their 
basic definition. Only target words for which questions 
are correctly answered are used for updating the 
student model.  
 
5. Conclusion and future work 
 

This paper addressed personalized vocabulary 
learning based on association games. In particular, the 
architecture and functionalities of a system that 
implements personalized, game-based vocabulary 
learning was introduced. The combination of the two 
key concepts of personalized learning and game-based 
learning aims at supporting more effective and 
attractive vocabulary learning. 

Future work will deal with the implementation of 
the system based on the proposed approach as well as 
its evaluation. Another issue for future work is the 
enhancement of adaptivity in the system, considering 
learners’ learning styles and cognitive abilities in 
addition to the learners’ knowledge. 
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