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Abstract 

 

The involvement load hypothesis (ILH) proposed by Laufer and Hulstijn (2001) is one of the 

most widely acknowledged hypotheses about vocabulary learning (Hu & Nassaji, 2016). It suggests 

that the effectiveness of a task in promoting vocabulary learning is contingent upon the involvement 

load of the task, which is composed of the amount of need, search, and evaluation it imposes (Hulstijn 

& Laufer, 2001). Tasks with greater involvement loads tend to be more effective than tasks with 

lower loads, and tasks with similar involvement loads tend to promote vocabulary learning similarly 

(Hulstijn & Laufer, 2001). There is rich empirical evidence in support of the ILH in conventional 

learning environments, however, few studies have investigated the ILH in digital game environments. 

To fill this research gap, I conducted the present study to investigate whether the ILH can, in its 

present form, predict differences between digital and non-digital environments. This main research 

question consists of two sub-questions. (1)  For the same vocabulary learning task with the same 

involvement load, do learners perform better in a digital game environment than in a conventional 

one? (2) For two different vocabulary learning tasks in the digital game environment, do learners 

perform differently even though the two tasks are considered to have the same involvement loads 

according to ILH in its present form? 

 

A total of 135 students participated in the study, and they were randomly divided into three 

groups. Students in Group A were asked to complete Task 1: Reading a text and answering reading 

comprehension questions on paper. Students in Group B were asked to complete Task 2: Reading a 

text and answering reading comprehension questions in a digital game. Students in Group C were 

asked to complete Task 3: Reading a text and inferring meanings of the underlined words in a digital 

game. Essentially, there were two pairs of comparisons. The first one was between Group A and 

Group B, which examined whether learners performed differently in a digital game environment and 

in a conventional one while learning with the same vocabulary learning task. The second one was 

between Group B and Group C, which examined whether learners performed differently on two tasks 

with the same involvement load in a digital game-based environment.  

 

The participants were students from a Hong Kong university with similar educational 

backgrounds (first year Master of Education students), language proficiency levels (intermediate 
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English learners), and prior knowledge of the target vocabulary (they knew no more than two target 

words). Their first languages were either Mandarin or Cantonese. Before the project, their prior 

knowledge of the 10 target words was measured using Folse’s (2006) modified vocabulary knowledge 

scale (MVKS). After completing the learning session, all participants were tested immediately using 

the MVKS. Subsequently, 10 from each group were interviewed to investigate their learning 

experiences and perceptions of the learning approaches. One week later, the remaining 35 students 

from each group were post-tested using the MVKS.  

 

I also interviewed 30 students to investigate their learning experience. At the interviews, I 

asked them to reflect on their learning process. Questions included what the students found useful or 

useless for their vocabulary learning and what they thought about the learning task and game. The 

semi-structured interview was conducted to triangulate the quantitative data collected from the post-

tests. It aimed to identify what features of the learning task and game motivated the students, engaged 

them in the learning process, directed their attention to the target vocabulary knowledge, and were 

considered useful by them. Analysis of these features could contribute to the better understanding of 

the experimental results concerning the effectiveness of the three tasks.  

 

In the context of this study, I examined task effectiveness in terms of promoting vocabulary 

learning from two perspectives, the initial learning of the target vocabulary knowledge, which was 

evaluated by an immediate posttest, and the retention of the target vocabulary knowledge, which was 

evaluated by a delayed posttest. The results indicated that for the same task of reading a text and 

answering reading comprehension questions, learners performed better in both immediate learning and 

retention of vocabulary knowledge in a digital game environment than in a conventional one. The 

research results also indicated that, for Task 2: Reading a text and answering reading comprehension 

questions in a digital game and Task 3: Reading a text and inferring meanings of the underlined words 

in a digital game, learners performed differently. Although the two tasks induce the same involvement 

load (moderate need, search, and evaluation) and tend to promote vocabulary learning with similar 

effectiveness according to the ILH, the research results showed that Task 3 was significantly more 

effective than Task 2.  

 

The interview results indicated that the superiority of digital game environments over non-

game environments was likely attributable to the digital game learning environment that was 
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conducive to the increase in learning motivation. Moreover, as reading comprehension did not 

specifically direct or guide students to focus on the target vocabulary, they rarely attempted to 

remember the forms of the target words or figure out the exact meanings of the target words. Thus, 

they did not spend additional efforts on building clear form-meaning links for the target words, which 

might be the main reason why the reading comprehension task was less effective than the reading plus 

inferencing task.  

 

Thus, I suggested that the application of ILH to digital game-based vocabulary learning may 

consider adding one more degree of prominence to “need” when evaluating the involvement load of a 

task in digital game environments. I also suggested that when learners are required to infer exact 

meanings of target words based on the contexts, the involvement load of search should be strong, rather 

than moderate. 
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Glossary  
 

Term  Definition  

Checklist In this dissertation, the checklist refers to Nation and Webb’s (2011) 

checklist of the technique feature analysis. It consists of five main 

components: motivation, noticing, retrieval, generation, and retention. 

Engagement Engagement refers to the behavioural, cognitive, and emotional state of a 

student when s/he concentrates on learning (Elmaadaway, 2018). In this 

dissertation, I focused on the engagement with vocabulary. It involves 

frequency of exposure; attention; noticing; intention, requirements, and 

need to learn; manipulation of the vocabulary; and amount of time and 

interaction with it (Schmitt, 2008). 

Frequency of Exposure Frequency of exposure refers to the number of times that a learner 

encounters a word within a particular period (Schmitt, 2008). 

Generative Use Generative use of vocabulary refers to encountering a word in new contexts 

different from previous input or using it in original contexts (Nation, 2001). 

Hypothesis A hypothesis is an assumption proposed for the sake of argument, the 

successful execution of which will cause the expected consequences. 

Motivation Motivation at the language level is orientation toward the language, the 

speakers, and their cultures; motivation at the learner level is the desire for 

self-achievement; and motivation at the learning situation level is related 

to factors such as the learning activities, materials, contexts, and goals 

(Dörnyei, 1994). 

Need In this dissertation, need is the drive to learn. It is the motivational 

dimension of involvement as in Laufer and Hulstijn’s (2001) involvement 

load hypothesis.  

Noticing Noticing refers to a learner’s attention and conscious perception of target 

knowledge (Schmitt, 2000). 

Strategy In this dissertation, the strategy refers to the learning methods and 

conscious thoughts and actions that learners take to complete a task or 

achieve a learning goal. 

Theory A theory includes definitions of key variables, the domain where the theory 

applies, the relationships among variables, and the predictions (Wacker, 

1998).  
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CHAPTER 1: INTRODUCTION 
 

 

 

1.1 Research Background 

English has the largest number of speakers and the third-largest number of native speakers in 

the world according to the statistics from Ethnologue (2019a), which is the annual publication data 

source for living languages collected by SIL international (SIL International, 2019), an international 

non-profit organization. Specifically, the total number of English speakers globally, including 379 

million native (L1) speakers and 753 million second language (L2) speakers, is 1.132 billion 

(Ethnologue, 2019b). According to the three-circles model of English-speaking countries proposed by 

Kachru (2006), the countries in the world are categorized as (i) "inner circle" countries, such as the 

United States and the United Kingdom, which have a large number of L1 speakers; (ii) "outer circle" 

countries, such as India and Nigeria, which have a small number of L1 speakers and use English as 

their L2 in education, government or media; and (iii) "expanding circle" countries, such as China and 

Brazil, which have a large number of English as a foreign language (EFL) learners. Moreover, using a 

loose criterion of language proficiency, the total number of English speakers is more than two billion 

(Crystal, 2003). By 2019, there were 27 non-sovereign and 55 sovereign entities, using English as their 

official language (Ethnologue, 2019b). In sum, English is now widely acknowledged as the global 

lingua franca (Jenkins, 2006; Seidlhofer, 2005).  

  

With the trend of globalization and the development of information technology, learning 

English has becomes a necessity for non-English speakers to enhance their communicative and 

intercultural competence in modern society (Ahmad, 2016; Sharifian, 2013). One of the most 

fundamental requirements for learning English is vocabulary acquisition as words are the basic units 

of the English language (Alqahtani, 2015; August, Carlo, Dressler, & Snow, 2005; Landau, Smith, & 

Jones, 1988). Although the importance of vocabulary acquisition to English language learning has 

been commonly acknowledged in academic and educational communities, there does not seem to have 

any agreement on "which vocabulary learning strategy is the most effective" (Hulstijn, 1992; Konopak 

et al., 1987).  

 

Generally, research on vocabulary learning strategies falls into two categories. The first 

category is incidental vocabulary acquisition, which refers to "the process of acquiring vocabulary 

with the focus on something other than target words" (Paribakht & Wesche, 1999, p. 196). The other 

category is intentional vocabulary acquisition, which refers to a process of acquiring target words 

http://www.ethnologue.com/
http://www.ethnologue.com/
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deliberately without involving other irrelevant information (Nation, 2006). This second learning 

strategy is usually considered an "explicit" or "decontextualized" process (Elgort & Warren, 2014). In 

many previous studies (Nation & Newton, 1997; Schmitt, 2000), intentional vocabulary acquisition 

has been criticized as this strategy is quite time-consuming and least effective even if it is a necessary 

step before using incidental vocabulary acquisition. In contrast, incidental vocabulary acquisition 

embeds target words in various contexts so that the learner can implicitly acquire these words without 

focusing on them (Laufer & Hulstijn, 2001). As the target words are acquired in various contexts, the 

incidental learning strategy can facilitate the development of various aspects of vocabulary knowledge 

and improve learning motivation (Zou, Xie, Li, Wang, & Chen, 2014). 

  

The rapid development of digital games (Barbosa, & Madeira, 2019; Hodgson, Man, & Leung, 

2010) in recent years has provided an excellent opportunity for further facilitating incidental 

vocabulary acquisition. Many research studies (Chen, Tseng & Hsiao, 2018; Neville, Shelton & 

McInnis, 2009; Yip & Kwan, 2006; Zou, Huang & Xie, 2019) have attempted to gamify vocabulary 

teaching and learning in digital game environments. Digital game-based vocabulary learning 

(DGBVL), supported by various language learning theories, has become a popular learning approach 

to incidental vocabulary acquisition (Zou, Huang & Xie, 2019). For example, the contextual 

vocabulary learning theory states that greater mental efforts are needed for the contextual learning 

paradigm than conventional learning ones (Hulstijn, 1992). Therefore, better retention can be achieved 

by the contextual learning paradigm, which has been aptly facilitated and supported by immersive 

digital gaming environments (Dickey, 2011; Hamari et al., 2016; Sung & Hwang, 2013). Another 

supporting theory for DGBVL is multimedia learning theory (Mayer, 2003), which argues that the 

simultaneous information processing in rich media (e.g., video, images, and animation) can promote 

the effectiveness of word retention. Due to the power of game development engines and the fast 

development of graphic-processing hardware in recent years, digital game-based learning (DGBL) can 

be considered an ideal form for providing rich media for language learners (Chang, Liang, Chou, & 

Lin, 2017).  

 

1.2 Motivation  

The preliminary motivation for the present study is to investigate whether the theories about 

vocabulary learning in conventional environments (i.e., paper-based environments) can also account 

for the results of vocabulary learning in digital game environments. Among a range of vocabulary 

learning theories, the Involvement Load Hypothesis (ILH) developed by Laufer and Hulstijn (2001) is 
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one of the most widely acknowledged hypotheses about vocabulary learning (Hu & Nassaji, 2016). It 

suggests that the effectiveness of a task in promoting vocabulary learning is contingent upon the 

involvement load of the task, which is composed of the amount of need, search, and evaluation it 

imposes (Hulstijn & Laufer, 2001).  

 

Specifically, need is the drive to learn the target vocabulary; search refers to the attempt to find 

the meanings or forms of the target vocabulary; and evaluation involves comparing different word 

meanings and forms, as well as creating new contexts for the target vocabulary. Need is moderate 

when learners are imposed by the task to learn the target vocabulary and is strong when learners are 

self-imposed to learn. Search has only one degree of prominence. Evaluation is moderate when 

learners compare words to decide which ones are appropriate for the contexts and strong when learners 

create original contexts using the target vocabulary (Laufer & Hulstijn, 2001). The sum of the degrees 

of the three components of the ILH is the involvement load of a certain task. According to the ILH, 

the involvement load of a task is associated with the cognitive load required by the task for learners’ 

completion of it (Laufer & Hulstijn, 2001). Tasks with higher involvement load are more effective 

than the tasks with lower involvement load (Laufer & Hulstijn, 2001).  

 

The ILH has been widely employed for estimating the task-induced involvement loads and the 

task effectiveness in promoting vocabulary learning in conventional learning environments (Eckerth 

& Tavakoli, 2012; Laufer, & Rozovski-Roitblat, 2015; Zou, 2012, 2017), however, few studies have 

investigated whether the ILH could be applied to estimate vocabulary learning effectiveness in digital 

game environments. Because the characteristics of digital game environments, including media 

richness and immersive contexts, can facilitate word retention according to multimedia and contextual 

learning theories (Hulstijn, 1992; Mayer, 2003), it is uncertain whether effective factors for facilitating 

word retention are characteristics of digital game environments or learning tasks alone. Thus, research 

on the application of ILH in game environments is important.  

 

There also have been some inconsistent empirical results for the ILH in non-game tasks. For 

example, Zou (2017) found that composition writing tasks can be more effective in promoting word 

retention than sentence-writing tasks, whereas Laufer (2001) found similar levels of vocabulary 

acquisition for both tasks. Thus, further investigation of the ILH in terms of its applicability in 

estimating effectiveness of vocabulary learning tasks is needed.  
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 To fill the research gap, this study investigates the application of the ILH in digital game 

environments. Specifically, based on the previous research which examined whether tasks with higher 

involvement load promoted more effective vocabulary learning than those with lower involvement 

load in conventional learning environments, I examine whether the involvement loads of different 

tasks are similarly associated with the task effectiveness in digital game environments. In this way, I 

aim to generalize the findings and empirical results attained from conventional learning tasks when 

measured against the results reached in tasks in digital game environments. Moreover, as there has 

been limited research on how to estimate involvement loads of vocabulary learning tasks in digital 

game environments, I aim to augment the ILH in the context of digital game-based vocabulary learning.  

 

1.3 Significance 

The main significance of this dissertation is as follows. Firstly, I examine whether the ILH, 

which is typically employed for estimating involvement loads of vocabulary learning tasks, is still 

valid for tasks in digital game environments. In this way, I generalize the application of the ILH from 

conventional learning settings to digital game-based learning environments. I also compare the 

effectiveness of vocabulary learning tasks in the conventional learning environment and the digital 

game environments, through which, I investigate the potential effects of learning environments on 

learning performance. Thirdly, I employ both qualitative and quantitative methods for data collection 

to provide solid evidence for the empirical results. Fourthly, I propose possible modifications to the 

ILH, extending it from a hypothesis that is mainly used in conventional learning settings to one that 

can also be applied to estimate the effectiveness of vocabulary learning tasks in digital game 

environments and guide digital game-based vocabulary teaching and learning. Additionally, I discuss 

the implications for how to integrate digital game-based vocabulary learning into teaching and learning 

practices. I focus specifically on task-induced involvement load and task effectiveness in conventional 

and digital game-based vocabulary learning settings, aiming to bridge conventional and digital game-

based vocabulary learning from the perspective of the ILH.   

 

1.4 Organization 

The remaining chapters of this dissertation are organized as follows: In Chapter 2, a 

comprehensive literature review is presented by examining research studies about second language 

vocabulary acquisition, digital game-based vocabulary acquisition, and the ILH. In Chapter 3, the 

research methodology, including the main research questions, participants, experimental design, 

learning task materials, and effectiveness measurement, adopted in this study, is explained. Chapter 4 
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reports the empirical results corresponding to the main research questions. Chapter 5 discusses the 

empirical results, possible reasons for such results, and recommendations concerning how to augment 

the ILH and apply it in digital game environments. Chapter 6 elaborates on the implications for digital 

game-based vocabulary acquisition in terms of methodology and pedagogy, aiming to bridge 

conventional and digital game-based vocabulary learning from the perspective of the ILH. Finally, 

Chapter 7 summarizes the findings and limitations to provide insights into future research directions. 
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CHAPTER 2: LITERATURE REVIEW 
 

 

 

2.1 Introduction 

The general field of this research is second language vocabulary acquisition, which involves 

main questions concerning what vocabulary knowledge is, how vocabulary learning occurs, and what 

main theories about vocabulary learning are. Within this general field, I investigated game-based 

vocabulary learning, which also involves questions concerning what it is and based on what theories, 

game-based vocabulary learning is founded. So, I reviewed in this chapter two main research areas – 

second language vocabulary acquisition and digital game-based vocabulary learning, which can be 

further divided into several sub-areas (i) vocabulary knowledge, vocabulary learning, and vocabulary 

learning theories, including the ILH; and (ii) game-based vocabulary learning and game-based learning 

related theories. 

   

Specifically, Section 2.2: Second Language Vocabulary Acquisition (SLVA) presents the 

importance of vocabulary knowledge, explains what aspects of knowledge are involved in vocabulary 

knowledge, and reviews various types of vocabulary learning.  

 

Section 2.3: Vocabulary Learning Theories introduces main vocabulary learning theories and 

then elaborates on two most widely acknowledged theories, the ILH and the checklist of technique 

feature analysis (TFA). 

 

Section 2.4: Computer Assisted Language Learning reviews the development of computer 

assisted language learning and typical research issues of the field. 

 

Section 2.5: Digital Game-Based Vocabulary Learning (DGBVL) begins with an overview of 

the different paradigms for game-based vocabulary acquisition and then discusses the theoretical 

frameworks from the linguistic and education dimensions, which have often been used as the 

supporting theories for DGBVL. Furthermore, as the current study is closely related to DGBVL, a 

comprehensive review about the recent research studies about DGBVL are conducted.    

 

2.2 Second Language Vocabulary Acquisition 

In the literature of second language vocabulary acquisition, the importance of vocabulary 

knowledge has been commonly agreed upon in both academic and educational communities, although 
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there has been a long-term inconsistency over definitions and measurements for vocabulary knowledge 

(Barcroft, 2004; Landauer, Kireyev, & Panaccione, 2011; Lightbown & Spada, 2006; Singh, Hui, 

Chan, & Golinkoff, 2014). However, this inconsistency implies there is a need for a framework with 

various aspects and measurements of vocabulary knowledge. Accordingly, this section will first 

examine the different aspects and measurements of vocabulary knowledge, and then different 

vocabulary learning methods will be elaborated.  

 

2.2.1 Vocabulary knowledge 

Vocabulary acquisition is one of the most important skills necessary for learning a foreign 

language. David Wilkins (1972) identified the significance of words by arguing that "without grammar 

little can be conveyed, without vocabulary nothing can be conveyed" (p. 111). People need to use 

words to express themselves in any language. Therefore, building a deep and rich vocabulary can give 

L2 students a solid language knowledge preparation for using English to convey their message more 

efficiently.  

 

Vocabulary knowledge can be divided into a few aspects. For example, Webb (2005) divided 

vocabulary knowledge into five aspects – orthography, syntax, association, grammatical functions, and 

meaning and forms – which can be measured by receptive and productive tests. Nation (2001, p. 31) 

presented "a list of the vocabulary knowledge types that native-speakers typically possess and the list 

including (1) a word's spoken form, (2) a word's written form, (3) a words' part-of-speech, derivative 

forms, and grammatical patterns, (4) a word's collocations, (5) how frequently a word is used in a 

language, (6) the many stylistic constraints which determine if a word is appropriate in a particular 

context, (7) a word's conceptual meaning(s), and (8) a word's semantic network of associations." 

Furthermore, the Lexical Quality Hypothesis (Perfetti, 2007; Perfetti & Hart, 2002) assumed that the 

knowledge about meanings and forms was the most important for developing reading skills. 

 

Additionally, vocabulary is the foundation for developing all other language skills, including 

reading, listening, speaking, writing, and translation. Words are the main resources used by learners 

when they are using English. Language learners use words in virtually all communicative contexts: 

when they are reading a text in English; when they are writing a letter to a friend who can only read 

English; when they are communicating with native English speakers, when they watch a movie without 

subtitles, or when they are listening to a favorite English song.  
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However, learning new words is difficult for students, particularly in the K-12 EFL/ESL 

context. One of the most difficult aspects of learning a foreign language is how to retain newly learned 

words (Alemi, 2010), as they often disappear from the memory if the learners simply store the words 

without using them. Vocabulary learning difficulties are often caused by certain features of the English 

language. For instance, English has many idiomatic expressions natural to native speakers. However, 

they require extra effort from EFL/ESL learners to master their usage. Students need to understand 

how multiple words whose meaning is often opaque are used together to produce meaning. Further, 

the spelling of English words is often inconsistent making pronunciation difficult. Words that share 

similar spellings may have completely different sounds, for example, the words "dough" and "tough." 

In addition, English vocabulary can sometimes be used differently according to its context. Learners 

may have many chances to use day-to-day English in informal situations; however, what they have 

learned in the classrooms is formal academic English, which means that there is a gap between learner's 

vocabulary knowledge and their language usage. Thus, they often do not hear or use what they have 

learned (Nation, 2001). 

 

All these challenges can make it difficult to learn new words in English. Therefore, besides 

emphasizing the importance of vocabulary learning, English learners also need to actively explore 

efficient vocabulary learning strategies and utilize many resources to increase the effectiveness of their 

vocabulary acquisition. Students can become better readers and writers if they actively pursue their 

vocabulary acquisition. Essentially, the vocabulary learning principle is straightforward: effective 

retrieval of words comes from effective storage of words because effective input always precedes 

effective output (Nation, 2001, 2013). 

 

2.2.2 Vocabulary learning 

There are various strategies for vocabulary learning. According to Schmitt and Schmitt (1993), 

vocabulary learning strategies can generally be categorized into two types. The first type is when a 

new word is learned for the first time, such as when a dictionary is used to check the meaning of the 

word. The second strategy is to remember the word. Common ways of remembering words include 

written and verbal repetition. Sanaoui (1995) identified two vocabulary learning approaches in second 

languages from the perspective of how much vocabulary learning is organized by the learners. These 

vocabulary learning approaches include structured and unstructured approaches. Compared with the 

structured approach, learners who adopt an unstructured approach are more likely to engage in self-

initiated activities, independent study, recording vocabulary items, reviewing their records, and 
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practicing the words they have learned. In another study, Gu and Johnson (1996) divided 91 vocabulary 

learning strategies into cognitive strategies and metacognitive regulation. Cognitive strategies include 

behaviors such as the use of the dictionary, contextual guessing, and note-taking. Metacognitive 

regulation comprises Selective Attention and Self-Initiation. Even though scholars have classified 

vocabulary learning strategies differently due to the difference in focus (Fan, 2003), those 

classifications still provide basic understandings of the strategy types.  

 

Furthermore, some research has focused on the specific activities that help the learners to 

acquire new words. Day (1991) found that students can learn new words incidentally through reading. 

Students perform even better in vocabulary tests if they use a bilingual dictionary while reading 

(Luppescu & Day, 1993). In addition to dictionary, which can help to define unknown words for 

learners, it reveals that students learn new words more effectively while listening to stories explaining 

the target words (Brett, Rothlein, & Hurley, 1996). Swanborn and De Glopper (1999) similarly 

identified the factors that affect students’ learning of unknown words when reading. Factors include 

learners' reading ability, text target word ratio, and vocabulary knowledge. To make vocabulary classes 

more interesting for learners, researchers tend to develop vocabulary learning strategies based on 

digital games. Nguyen and Nga (2003) demonstrated that students can learn new words that appear in 

games. Furthermore, Yip and Kwan (2006) showed that students perform better when using online 

vocabulary games as a learning tool.  

 

From the perspective of Hong Kong university students, Fan (2003), who investigated students’ 

use of dictionaries, found that the most frequent vocabulary learning strategy was guessing at the 

meaning of unknown words. In line with of Fan's findings, the most frequently used vocabulary 

learning strategies are contextual guessing and dictionary use for Chinese university students (Gu, 

2010). Asgari and Mustapha (2011), conducting research in a Malaysian university, also investigated 

the common use of strategies in learning vocabulary. The researchers found that learning through 

reading, the use of the dictionaries and media use were the most common strategies for ESL learners.  

 

2.2.3 Different Types of Vocabulary Learning  

The academic community generally believe that the recognition and production aspects of 

vocabulary learning are developed through implicit vocabulary learning, while the learning of 

vocabulary meanings and meditational aspects is mainly through explicit vocabulary learning (Nation, 

2001). Implicit vocabulary learning, a natural learning process without conscious operations, is 
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suitable for the learning of vocabulary forms and grammar collocations (Ellis, 2004). However, 

learners may be impervious to certain knowledge aspects, and thus input fails to become intake, 

explicit vocabulary learning with conscious attention and noticing of linguistic cues is therefore 

important (Schmidt, 2000). Explicit vocabulary learning induces learners’ conscious involvement in 

selecting and processing linguistics features, and such forms of elaboration and deliberate inferencing 

are conducive to the learning of vocabulary meanings and use (Nation, 2001). Nevertheless, explicit 

vocabulary learning activities impose heavy mental processing and tend to be laborious and demanding 

in terms of learner concentration, so a balance between implicit and explicit vocabulary learning is 

crucial. 

 

Incidental vocabulary learning happens when learners acquire vocabulary knowledge from 

contexts without intending to do so, typical examples of which include extensive reading and game 

playing (Nation, 2001). Intentional vocabulary learning happens when learners acquire vocabulary 

knowledge by deliberately committing lexical information to memory, typical examples of which 

include doing spelling exercises and memorizing a list of target words (Barcroft, 2004). In sum, 

learners’ focal attention in incidental vocabulary learning is on something other than learning the 

language itself, while their focal attention in intentional vocabulary learning is the language. Incidental 

vocabulary learning is meaning-focused, while intentional vocabulary learning is language-focused 

(Zou, 2012).  

 

The literature suggests that incidental vocabulary learning with explicit focus on vocabulary 

knowledge is conducive to effective vocabulary knowledge retention (Nation, 2001). This is likely 

because incidental vocabulary learning normally involves frequent exposures, and explicit vocabulary 

learning through focused exercises promises great chances of information memorization by virtue of 

direct attention and concentration on target knowledge (Schmitt, 2000, 2008). Therefore, incidental 

vocabulary learning with explicit word-focused exercises can supplement each other and lead to 

effective learning. Game-based vocabulary learning is a typical type of incidental vocabulary learning 

with explicit word-focused exercises (Zou, Huang, & Xie, 2019). 

 

2.3 Vocabulary Learning Theories  

The recognition that some ways of vocabulary learning are more conducive to effective 

acquisition of vocabulary knowledge than others has engendered studies that aim to identify factors 

promoting effective vocabulary learning. It is generally believed that motivation, noticing of key 
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features of vocabulary knowledge, frequency of exposure, and generative use of target vocabulary are 

essential factors (Nation, 2001; Schmitt, 2008).  

 

2.3.1 Motivation, Noticing, Frequency of Exposure, Generative Use, and Engagement with 

vocabulary  

Motivation refers to the need or drive to learn. Both Gardner and MacIntyre’s model of 

integrative and instrumental motivation (1991) and Bagnole’s model of extrinsic and intrinsic 

motivation (1993) believe that external reward for learning is equally important as learner interest in 

the learning activity itself. Concerning language learning motivation, Dörnyei (1994) proposed that 

motivation at the language level is orientation toward the language, the speakers, and their cultures; 

motivation at the learner level is the desire for self-achievement; and motivation at the learning 

situation level is related to factors such as the learning activities, materials, contexts, and goals. 

Language learning motivation influences language learners in a multitude of perspective, including 

their learning behaviors, attitudes, participation in learning activities, and engagement in learning 

processes, all of which place influences on their learning performance and persistence in learning 

(Gardner, 2007).  

 

The noticing hypothesis holds that conscious noticing of key features of vocabulary knowledge 

is essential for learners to successfully change input into intake (Schmidt, 1995). Noticing is also 

referred to as attention and learners’ conscious perception of selected knowledge features in some 

contexts (Schmitt, 2000). The chance of a word being noticed by a learner is associated with various 

factors, including the salience of the word in the input, the learner’s previous encounters with the word, 

and her/his awareness of the importance of the word (Mackey, 2006; Nation, 2001). Based on the 

noticing hypothesis and numerous studies on effective approaches to vocabulary teaching and learning, 

Ellis proposed a concept form-focused instruction, which refers to “any planned or incidental 

instructional activity that is intended to induce language learners to pay attention to linguistic forms” 

and argued that form-focused instruction is important for successful vocabulary learning (Ellis, 2001, 

p.1). Results of many empirical studies have provided support to the effectiveness of form-focused 

instruction and indicated that word-focused tasks are good approaches to implementing form-focused 

instruction (e.g., Hulstijn & Laufer, 2001; Kim, 2008; Zou, 2016).  

 

Many researchers also believe that the frequency of the word influences the chance of a word 

being noticed to a large extent, and frequent exposure to the target vocabulary is conducive to 
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successful learning (Schmitt, 2008). As complete mastery of a word involves learning a few 

component knowledge aspects, vocabulary learning is incremental in nature and a cumulative process 

with subsequent encounters building on previous ones (Nation, 2001). The first encounter with a new 

word may inform a learner how the word looks or sounds like and what it means in that context. The 

learner may notice the word class through subsequent encounters, but consolidation of these 

knowledge aspects demands a few more encounters, and even more for the enhancement of contextual 

knowledge aspects, such as the collocational and semantic-grammatical constraints on word use 

(Schmitt, 2008). The relationship between word knowledge and reading is reciprocal. Reading leads 

to word knowledge development, while word knowledge is indispensable for reading comprehension. 

Some researchers believe that 95% of the running words in a text need to be known for thorough 

understanding; and knowing 98-99% of the words in a text is desirable for incidental vocabulary 

learning to take place while reading for pleasure (Nation, 2001). Thus, extensive reading with graded 

readers, the syntax and lexis of which are controlled to make the content accessible to learners, is 

widely recommended (Nation & Anthony, 2013).  

 

Generative use of vocabulary, which refers to the meeting or using a word in new contexts, is 

of low degree when the context where the word is used is slightly different from the original input but 

high when the context is substantially different (Nation, 2001). High degrees of generative use indicate 

that a learner has started to integrate the vocabulary knowledge into her/his language system (Nation, 

2001). The results of a number of empirical studies show that higher degrees of generative use (i.e., 

filling target words in blanks based on given contexts, creating original contexts for target words, etc.) 

are more effective than lower degrees of generative use (i.e., encountering target words in new contexts 

while reading or listening, etc.) in terms of promoting the learning of vocabulary knowledge (Joe, 1998; 

Nation, 2001; Schmitt, 2008). Generative use has direct implications for pedagogy as it promotes 

effective learning through promoting learners to re-conceptualize and consolidate their word 

knowledge (Joe, 1998; Newton, 1995; Ebrahimzadeh, 2017). 

 

These four psycholinguistic factors, motivation, noticing of key features of vocabulary 

knowledge, frequency of exposure, and generative use of target vocabulary all play important roles in 

effective vocabulary learning. Motivation views learning from the perspective of learners’ willingness 

to learn; noticing is a prerequisite for transforming input into intake; frequency of use strengthens and 

consolidates prior knowledge; and generative use indicates learners’ reconceptualization of vocabulary 

knowledge (Nation, 2001; Schmitt, 2008). Effective vocabulary learning ought to involve all four 
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factors, and those which involve more factors tend to promote better learning than those which involve 

fewer factors (Zou, 2012). A summary of these four factors and their importance for vocabulary 

learning is presented in Table 1.  

 

Motivation Motivation influences students’ learning behaviors, attitudes, participation in 

learning activities, and engagement in learning processes, all of which relate 

to their learning performance and persistence in learning.  

Noticing Conscious noticing of key features of vocabulary knowledge is essential for 

learners to successfully change input into intake 

Frequency of 

exposure 

Frequent exposure to the target vocabulary is essential for the learning of 

different aspects of word knowledge.  

Generative use Generative use promotes learners to re-conceptualize and consolidate their 

word knowledge. 

Table 1: Four psycholinguistic factors that are important for vocabulary learning 

 

Additionally, Schmitt (2008) summarized nine factors that would lead to engagement with 

vocabulary. Firstly, Schmitt believed that increased frequency of exposure could increase the chance 

of remembering a target word. Secondly, attention on the target vocabulary knowledge is essential, 

and increased attention can lead to successful learning of the target knowledge. Thirdly, noticing of 

the target knowledge aspect plays an important role, and increased noticing is conducive to effective 

learning. Fourthly, learners ought to have intention to learn, and when their intention increases, the 

learning effectiveness increases as well. Fifthly, when learners feel the requirement to learn, possible 

causes of which might be learners’ awareness that the target vocabulary knowledge could fill a 

knowledge gap for them or teachers’ requirements, their learning engagement increases. Sixthly, when 

learners feel a need to learn or use the target vocabulary, a possible cause of which might be the need 

to complete a learning task, their engagement increases. Seventhly, with increased manipulation of the 

target vocabulary and its properties, learners’ engagement increases. Eighthly, increasing amount of 

time on learning leads to increasing engagement with vocabulary. Lastly, increased amount of 

interaction with the target vocabulary can enhance learning engagement and lead to successful learning 

(Schmitt, 2008). These nine factors summarize the main features of effective vocabulary learning; 

however, they seem overlap with each other sometimes. Thus, it is not easy for teachers and teachers 

to evaluate the exact number of factors that a task involves. Consequently, an easier to apply theory or 

model concerning effective vocabulary learning features is necessary. A summary of the nine factors 
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is presented in Table 2. 

1) Increased frequency of exposure 

2) Increased attention on the lexical item 

3) Increased noticing of the lexical item 

4) Increased intention to learn the item 

5) A requirement to learn the item (by a teacher or syllabus) 

6) A need to learn/use the item (for a task or a personal goal) 

7) Increased manipulation of the item and its properties 

8) Increased amount of time spent engaging with the item 

9) Amount of interaction with the item 

Table 2: Nine factors that lead to engagement with vocabulary  

 

2.3.2 Levels of Processing Theory    

The levels of processing theory argues that the chance of remembering a piece of information 

in long-term memory depends on the depth with which it is processed, not the length of time that it is 

held in short-term memory (Craik & Lockhart, 1972). Compared to superficial information processing 

(e.g., answering questions about structural and phonemic aspects of a word), meaningful information 

processing (e.g., answering questions about whether a word fits a context or to what category it belongs) 

leads to deeper processing and better retention (Craik & Tulving, 1975).  

 

Specifically, the depth of processing qualitatively refers to various types of processing, 

including the shallowing processing of structural aspects of vocabulary knowledge and the deep 

processing of word meanings (Brown & Craik, 2000). While the elaboration refers to the richness or 

extensiveness of processing within one level (Lockhart & Craik, 1990).  

 

Numerous empirical results in the literature can serve as evidence in support of this theory of 

levels of processing. However, it is limited in that it does not state explicitly what constitutes a level 

of processing, which level is deeper than another, and why (Hulstijn & Laufer, 2001). It is generally a 

framework of heuristic value.  

 

2.3.3 Involvement Load Hypothesis   

Acknowledging the significance of the levels of processing theory, the involvement load 
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hypothesis argues that deep information processing is essential for successful information 

memorization and realizes the necessity of operationalizing the cognitive notions (i.e., depth of 

processing and elaboration on vocabulary information) from the perspective of vocabulary learning 

tasks (Hulstijn & Laufer, 2001). Thus, among several hypotheses which have been proposed to explain 

vocabulary learning and task effectiveness in promoting vocabulary learning, the ILH has been widely 

recognized by the academic community. 

 

The ILH can be considered as a framework for investigating incidental vocabulary learning 

(Reynolds, 2017). Specifically, need refers to the momentum of completing the task. It has two degrees 

of prominence. It is moderate when the learning drive is imposed by external factors and strong when 

it is imposed by the learners themselves. Search is the attempt to look for the meaning or form of a 

word and has only one degree of prominence. Evaluation involves either comparing different meanings 

or forms to select one that is most suitable for the given context or creating original contexts using 

target words (Laufer & Hulstijn, 2001). Evaluation is strong when original contexts are created for the 

target words while moderate when not. Table 3 shows the three components of ILH and their degrees 

of prominence. Search and Evaluation are from the cognitive dimension, and Need is from the 

motivational dimension (Hulstijn & Laufer, 2001). 

 

Cognitive dimension Motivational dimension 

Search Evaluation Need 

Moderate when learners 

attempt to look for the 

meaning or form of a word 

Moderate when learners compare 

different meanings or forms and 

select one that is most suitable for 

the given context 

Moderate when it is externally 

imposed.  

 Strong when original contexts are 

created using target words 

Strong when it is self-imposed 

by the learners themselves.  

Table 3: The dimensions, components, and degrees of the Involvement Load Hypothesis (Hulstijn & 

Laufer, 2001; Xie, Zou, Lau, Wang, & Wong, 2016) 

 

The ILH has been widely adopted by researchers in measuring the effectiveness of vocabulary 

learning. For example, Reynolds (2017) applied this hypothesis as a framework in his research. He 

selected a mobile game called Draw Something, which asks players to draw and guess a given word. 

This study investigated how involvement loads were induced while students played the mobile game. 
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Jung and Graf (2008) also argued that personalized learning helps learners acquire new words more 

effectively. The Personalized Learning Theory suggests that the instructional method should be 

designed to meet learner needs. Specifically, the learning objectives can be adjusted based on learners’ 

knowledge gap and intended learning outcomes; the instructional approaches can be varied according 

to learners’ preferences and habits; and the instructional content can be customized based on learners’ 

prior knowledge. Xie et al. (2016) applied the ILH in personalized vocabulary learning and developed 

a framework, which could generate word-focused tasks via involvement load-based profiles and topic-

based profiles obtained from social media. The results showed that the ILH-guided personalized 

vocabulary learning system promoted more effective and enjoyable vocabulary learning than 

intentional vocabulary learning. This indicates that appropriate use of the ILH in accordance with the 

learning contexts and needs has important practical impact in pedagogy.  

 

Hazrat and Read (2021) critically reviewed the ILH and identified two categories of issues. 

Concerning its assumptions, the ILH is limited in terms of its “uncertainty about the relative weight of 

the components, lack of evidence regarding the effect of the distribution of the components, and the 

limited range of scores available to assign to tasks” (p. 1). Equal degrees of need, search, and 

evaluation do not necessarily contribute to vocabulary learning equally (Kim, 2011), and tasks with 

the same involvement load but different distribution of the components are not equally effective (Hu 

& Nassaji, 2016). Kim (2011) suggested that strong evaluation might be more important than strong 

need or search. Laufer (2019) also argued that evaluation and search are not of equal importance in 

promoting vocabulary learning. Concerning its predictive ability, firstly, the ILH is influenced by time 

on task (Hazrat & Read, 2021). Hulstijn and Laufer (2001) argued that time on task was different from 

time on target vocabulary, so the ILH did not consider time on task. However, Keating (2008) found 

that when time on task was controlled, tasks with higher involvement load were not more effective 

than those with lower load. Huang et al.’s (2012) meta-analysis also indicated that longer time on task 

led to better vocabulary learning. Secondly, the predictive ability of the ILH is influenced by students’ 

level of proficiency (Hazrat & Read, 2021; Kim, 2011). Keating (2008) doubted that the ILH only 

applied to beginning learners. Thirdly, the predictive ability of the ILH is influenced by the frequency 

of students’ exposure to target words (Hazrat & Read, 2021). Flose (2006) compared one sentence 

writing task and three cloze exercises and found that the former less effective than the latter though its 

involvement load was greater, so it seemed that frequency of exposure played a more influential role 

than involvement load in determining task effectiveness. Eckerth and Tavakoli (2012) also argued that 

frequency of exposure and task involvement load were both important for vocabulary learning, 
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nevertheless, the effect of frequency of exposure did not seem to last over time, but that of involvement 

load did. 

 

Another limitation of the ILH is that most studies on it were conducted in non-game 

environments, so it is uncertain whether the ILH can, in its present form, predict differences between 

digital and non-digital environments. Thus, I conducted the present study to investigate whether the 

ILH can predict differences between digital and non-digital environments. I also aimed to discuss the 

issues concerning the relative weight of the three components of the ILH: need, search, and evaluation 

in response to Hazrat and Read’s (2021) call for research in this direction. 

 

2.3.4 Technique Feature Analysis  

The checklist of Technique Feature Analysis (TFA) is another commonly used vocabulary 

learning theory. It was developed by Nation and Webb (2011) and examines the involvement of five 

main categories (i.e., motivation, noticing, retrieval, generation, and retention). Each category further 

includes three to five items. There are altogether 18 questions in the checklist, and point values are 

used to evaluate different techniques (Nation & Webb, 2011). The scores for each criterion question 

are in binary mode (either 0 or 1), so the score of TFA ranges from 0 to 18. The full list is presented 

in the Table 4. 
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 Table 4: All Components and Criteria of Techniques Feature Analysis (Nation, & Webb, 2020) 

 

Motivation: this component contains three criteria regarding the motivational factors of the 

learning tasks. They ask whether the task has a clear vocabulary learning goal, whether it motivates 

learning, and whether learners could select the words to learn by themselves.  

 

Noticing: this component contains three criteria about whether the learning activities involve 

noticing in the three ways. Specifically, they ask whether the task focuses learner attention on the target 

words, whether it raises learners’ awareness of word learning, and whether it involves negotiation.  

 

Retrieval: this component contains five criteria regarding whether the learning activities 
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involve the retrieval of the target words. They ask whether the task involves retrieval of the word 

meaning or form, whether it is productive or recall, whether there are multiple retrievals, and whether 

they are spaced.  

 

Generation: this component contains three criteria regarding whether the learning activities 

involve the generative use of the target words from three aspects. They ask whether the learning 

activity involves generative use, whether it is productive, and whether there is a marked change that 

involves the use of other words. Th last criterion is a further follow-up to the previous one and is only 

applicable for productive generative use. Joe (1998) proposed a scale for measuring different degrees 

of generativity, the details of which are shown in Table 5. Generally, there are four degrees of 

prominence of generativity: (i) no generation refers to repeating/copying/reading the text from the 

materials directly; (ii) low generation refers to slight changes in the text in terms of grammar or 

inflection; (iii) reasonable generation refers to substantial changes in the text in terms of grammar or 

collocation; and (iv) high generation refers to elaborating or stretching the meaning or changing the 

derivational affixes. For this criterion, the involvement of the use of other words indicates that the 

degree of prominence of generativity is high. For example, if the learning activity involves sentence 

production based on the target words, the score of this criterion will be given one point as the sentence 

production involves the use of other words in the productive generative use.  

 

Generativity Scale Descriptions 

0 No generation 

 

1 Low generation 

2 Reasonable generation 

repeating/copying/reading the text from the materials directly. 

slight changes in the text in terms of grammar or inflection. 

substantial changes in the text in terms of grammar or collocation. 

3 High generation elaborating/stretching the meaning or changing the derivational affixes 

Table 5: The scale of generativity (Joe, 1998; Nation & Webb, 2011)  

 

Retention: this component contains four criteria regarding whether the learning activities 

involve different methods for promoting the retention of target words. The first one asks whether the 

activity ensures successful form and meaning linkage, the second one asks whether it involves learners 

noticing an instance of using the target words in a meaningful context or not. The third criterion checks 

whether the learning activity involves the learner seeing visual images of the meanings of target words 

or deliberately establishing a linkage between visual images and the meanings of target words or not. 
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The last one checks whether the learning activity involves the learning of several unknown words that 

share similar/opposite meanings, or not.  

       

2.3.5 Comparing Involvement Load Hypothesis to other Theories   

Compared to ILH, the TFA seems more accurate in terms of evaluating the effectiveness of 

word-focused tasks, as it includes more items which represent a wider range of specific features that 

play important roles in retention of target vocabulary knowledge. Nation and Webb (2020) compared 

the ILH and TFA and found that the use of TFA can be more distinguishable than ILH for estimating 

the effectiveness of vocabulary learning tasks. Zou and Xie (2018) also adopted TFA in a personalized 

vocabulary learning system and found it useful for estimating task effectiveness. 

 

However, the ILH is an easier approach than TFA to conceptualizing the mental efforts induced 

by certain tasks. TFA contains five components (i.e., motivation, noticing, retrieval, generation, and 

retention), and each component includes three to five sub-categories. If one wants to check the TFA 

of a vocabulary learning task, s/he needs to answer 18 questions in total. However, the ILH is 

comprised of three components (i.e., need, search, and evaluation). If one wants to check the 

involvement load of a vocabulary learning task, s/he only needs to answer three sets of questions: (1) 

Is need involved? What is the degree of it? (2) Is search involved? What is the degree of it? (3) Is 

evaluation involved? What is the degree of it? Thus, the evaluation of a task in terms of the TFA is 

more complicated than the ILH, which includes only three dimensions. However, some researchers 

compared ILH and TFA and suggested that TFA was more accurate than ILH (e.g., Chaharlang & 

Farvardin, 2018; Gohar, Rahmanian & Soleimani, 2018; Hu & Nassaji, 2016; Zou, Wang, Xie, Cheng, 

Wang, & Lee, 2020). This is likely because TFA includes more items than ILH, because of which, it 

appears a bit redundant, and some criteria seem overlapped. 

 

Nevertheless, I select ILH as the general theoretical framework for this study because it is the 

most widely adopted theory in the current literature on task-based vocabulary learning. It is easy to 

apply and has solid foundation on empirical evidence in support of its reliability in terms of estimating 

the effectiveness of vocabulary learning tasks. Many studies confirm that, cloze exercises induce lower 

involvement load (moderate need, no search, and moderate evaluation) than writing tasks (moderate 

need, no search, and strong evaluation) but higher load than reading tasks (moderate need, no search, 

and no evaluation), and cloze exercises are significantly less effective than writing tasks but more 

effective than reading tasks (e.g., Beal, 2007; Eckerth & Tavakoli, 2012; Huang, Willson, & Eslami, 
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2012; Hulstijn & Laufer, 2001; Keating, 2008; Kim, 2008; Mármol & Sánchez-Lafuente, 2013; Zou, 

2017).  

 

Compared to the ILH, many theories, assumptions, and psycholinguistic factors concerning 

vocabulary learning are less comprehensive, for example, the noticing hypothesis, the concept of 

motivation, frequency of exposure, and the hypothesis of generative use. Moreover, the theory of levels 

of processing is less explicit than the ILH, while the TFA is more demanding for the operationalization 

and application. Therefore, ILH is selected as the theoretical framework of this study. Based on this 

theoretical framework, I designed the digital game-based vocabulary learning tasks of this study and 

analyzed the results from the perspective of task-induced involvement load. However, I am also 

interested to know whether it is ILH or TFA that is better to explain the research findings, so I discuss 

the research results from the perspective of the technique features of the tasks as well. Therefore, in 

this literature review section, I reviewed both ILH and TFA.  

 

2.4 Computer Assisted Language Learning 

Computer assisted language learning (CALL) has developed for over 50 years. Warschauer 

reviewed the field in 2000, summarized that CALL had emerged from Structural CALL (from 1970s 

to 1980s) to Communicative CALL (from 1980s to 1990s), and believed that CALL had become 

Integrated CALL in the 21st century (Warschauer, 2000). Structural CALL considered language as a 

formal structural system and focused on grammar-translation and audio-lingual learning. Drill and 

practice were common, aiming to improve students’ language accuracy. Communicative CALL 

regarded language as a mentally constructed system from the cognitive perspective. It focused on 

communicate language teaching, and communicative exercises were common in Communicative 

CALL, aiming to improve students’ language accuracy and fluency. The main digital devices were 

personal computers. Integrated CALL viewed language from the socio-cognitive perspective and 

considered social interaction important for language knowledge and skill development. Content-based 

language learning, English for special purposes, and English for academic purposes were the main 

learning foci, and authentic discourse was essential. Multimedia and internet were applied in integrated 

CALL, aiming to promote students’ agency in language learning (Warschauer, 2000).  

 

Based on Warschauer (2000), Bax clarified the differences among the three stages and re-defined 

them as Restricted CALL (from 1960s to 1980), Open CALL (from 1980s until 2003), and Integrated 

CALL (after 2003) (Bax, 2003). Restricted CALL language systems include mainly closed drills and 
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quizzes. Open CALL systems are more advanced and include simulations, games, and computer-

mediated communication. Integrated CALL focused on integrated language skills and its unique 

features include frequent interaction with other students and some interaction with computer through 

the lesson. Also, different from Restricted CALL and Open CALL, the feedback of Integrated CALL 

is in the format of interpreting, evaluating, commenting, and stimulating thought.  

 

Golonka, et al. (2014) systematically analyzed 350 papers on CALL and identified four main 

types of technology: schoolhouse- or classroom-based technologies, individual study tools, network-

based social computing, and mobile and portable devices. Typical examples of schoolhouse- or 

classroom-based technologies include course management systems (CMS), interactive white board, 

and ePortfolio. Typical examples of individual study tools include corpus, electronic dictionaries, 

intelligent tutoring systems, and Grammar checker. Typical examples of network-based social 

computing include virtual world or serious game, discussion forum, tools for instant messages, social 

networking sites (SNS), blogs, and Wiki. Typical examples of mobile and portable devices include 

tablets, personal digital assistants (PDA), and smartphones. Among different approaches to CALL, 

learners showed generally positive attitude toward virtual world and games (Golonka, et al., 2014). 

 

Gillespie (2020) conducted a bibliometric analysis of 777 articles on CALL published from 2006 

to 2016. He found that the most studied CALL topics included computer-mediated communication, 

natural language processing, and Web 2.0. The less studied topics included mobile-assisted language 

learning, multimedia, virtual reality, blended learning, and games. The scarcely studied topics are web 

and virtual learning environments. The least studied topics include interactive whiteboard and Massive 

Open Online Courses. Digital game-based language learning was a popular topic in CALL though it 

was not one of the most investigated topics (Gillespie, 2020). 

 

I also investigated 1295 articles on CALL with my collaborators using topic modeling and 

bibliometrics and found that the most popular CALL topics include digital multimodal composing, 

mobile devices, multimedia, captions and subtitles, audiovisual resources, computer-mediated 

communication, digital games, glosses and annotations, wiki, digital books, automatic speech 

recognition, virtual world, and virtual reality (Chen et al., 2021). Consistent with the findings of 

Golonka, et al. (2014), we found that digital games were widely applied in CALL. Moreover, our trend 

test indicated that digital games had been increasingly used in recent years and were generally regarded 

as effective means of language learning. This is perhaps because many research results indicated that 
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digital games could promote learners’ engagement and interactions and enhance their language 

development (Chen et al., 2021).  

 

 

2.5 Digital Game-Based Vocabulary Learning 

Digital game-based vocabulary learning is an active sub-field of computer assisted vocabulary 

learning. Digital games are popularly applied by practitioners and researchers to enhance students’ 

learning performance and increase their learning motivation. Many language learners consider 

vocabulary learning boring and feel frustrated as they often forget what they have learned several days 

ago (Zou, 2016). Games appear to be an effective means of vocabulary learning as they are normally 

interesting, and students are generally more willing to repeat learning and practices in the format of 

game playing (Erhel & Jamet, 2013; Yang, Chang, Hwang, & Zou, 2020; Zou et al., 2019).  

 

Learners' recall of newly learned words can also be improved if the targeted words are being 

used in gaming tasks, although there are differences in the learning efficiency of different types of 

tasks. For output-oriented activities, writing tasks can facilitate word retention more effectively than 

reading tasks (Jahangard & Movassagh, 2011), and sentence scramble exercises have been shown to 

be more effective than gap-fill tasks (Haratmeh, 2012). For input-oriented tasks, vocabulary 

acquisition occurs better when learners have the chance to perform an action according to the meaning 

of the input materials (Shintani, 2012). Accordingly, more "depth of processing" from the learners is 

desired when language learning is involved in task performance (Craik & Lockhart, 1972). As deeper 

processing involves more extensive cognitive processing and tends to appear when people are 

conducting tasks of information searching and decision making, these types of tasks have better 

potential to facilitate learning and retention. Situated in the context of a game-based vocabulary 

learning environment, the deep processing of concepts that are represented by the targeted words are 

facilitated when learners are taking proactive roles in the games.  

 

Furthermore, learners are more willing to recall newly learned words if they need to judge the 

concepts that are represented by the words to reach success in compelling problem-solving scenarios. 

For instance, based on research by Nairne et al. (2007), it is more effective for learners to learn novel 

words based on a survival scenario in the wilderness than learning the vocabulary by moving to a new 

house in the city. Because of the "survival processing effect," students will feel a sense of urgency and 

actively put more effort into exploring multiple roles for the learning items (Toyota & Kikuchi, 2005). 
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Strong affective factors, including fear or excitement, caused by natural predators or human attackers 

in an imagined survival scenario can help facilitate memory and recall in vocabulary learning 

(Soderstrom & McCabe, 2011). Gameplayers' emotions can be stimulated using various strategies. 

Usually, game developers design obstacles, problems, and decision-making tasks for players to 

manage under different situations so that learners will be motivated to explore possible solutions to 

the problems. Additionally, if the players are interested in designed situations, they may generate 

strong emotions. The attraction levels of the challenges or scenarios presented by the games for are 

different for each learner. In this case, how the games facilitate learners' vocabulary learning can be 

influenced to a great extent by the players’ interest in learning the subject matter represented by the 

games.   

 

Prior research has investigated the efficacy of using computer games and simulations to 

facilitate vocabulary learning, with mixed results being reported. For example, some studies have 

reported positive results of the digital game, Sims, in helping university students in their English 

language learning (Miller & Hegelheimer, 2006; Ranalli, 2008). In contrast, the research results of 

game-based vocabulary learning in other studies have been less promising. DeHaan and colleagues 

(2010) designed a laboratory-based experiment with a music videogame. Participants in this study 

were required to learn the lyrics in videogames in pairs, where one person played while the other 

watched. Researchers tested the participants' vocabulary acquisition twice, once immediately after the 

task, and the other two weeks later. The results revealed the game players recalled less vocabulary than 

the watchers; and there was a dramatic decrease in vocabulary retention for all the participants in the 

second test. The authors attempted to explain the result using the cognitive load theory: the game 

players took multiple tasks of finishing the game tasks and learning the lyrics simultaneously, possibly 

generating extraneous cognitive load during the learning process. As a result, participants' learning 

outcomes were negatively influenced by the extraneous cognitive load.  

 

Several principles regarding the use of games to facilitate vocabulary learning in SLA have 

been generated by research studies; however, the efficiency of game-based vocabulary learning 

remains uncertain. Therefore, it seems timely to design digital games under the guidance of the existing 

theoretical frameworks to assess their effectiveness for vocabulary acquisition.  
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2.5.1 Theories Related to Digital Game-Based Vocabulary Learning  

Most of the theories or theoretical frameworks adopted in game-based vocabulary studies fall 

into two dimensions, the linguistic and the educational dimension, according to a recent review study 

about game-based vocabulary learning (Zou et al., 2019). A summary of all relevant theories, 

theoretical concepts, and instructional approaches is presented in Table 6.  

 

Dimension Theories, theoretical concepts, and instructional approaches 

Linguistics ➢ Involvement load hypothesis/levels of processing hypothesis 

➢ Extramural English 

➢ Input hypothesis 

➢ CALL task appropriateness 

Education ➢ Game-based learning 

➢ Interaction hypothesis/collaborative dialog/ competitive learning 

➢ Zone of proximal development/Scaffolding 

➢ Generative theory of multimedia learning 

➢ Situated learning/contextual learning 

➢ Motivation 

➢ Activity theory 

➢ Connectivity theory 

➢ Personalized learning 

➢ Flow theory 

Table 6: The extracted learning theoretical frameworks from Zou et al. (2019, p.13) in digital game-

based vocabulary learning 

 

(1) The Involvement Load Hypothesis was applied by Ranalli (2008), Sandberg et al. (2014), and 

Ali Mohsen (2016) to design the research and explain the empirical results.  

(2) Extramural English refers to the type of out-of-classroom learning when learners learn and use 

language in digital settings based on personal interests (Sundqvist & Wikström, 2015). It is 

initiated and undertaken by learners independently without teacher evaluation or guidance. 

Typical extramural English learning activities include listening to English songs, watching 

English movies, posting English comments on social media, or chatting with other game 

players in English (Sundqvist & Wikström, 2015; Sylvén & Sundqvist, 2012). 
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(3) Input Hypothesis argues that learning occurs when learners receive input that is slightly higher 

than their current level of language proficiency (Krashen, 1982). Sylven and Sundqvist (2012) 

applied this hypothesis to guide their research on game-based extramural English learning for 

young learners. 

(4) Computer-Assisted Language Learning Task Appropriateness is a framework developed by 

Chapelle (2001) to evaluate whether a task is appropriate for learning or not by examining six 

components: learner fit, positive meaning focus, language learning potential, impact, 

authenticity, and practicality. 

 

In the education dimension, a total of 10 theories are employed to guide the design of research 

or explain the results. The details of these theories are listed as follows. 

(1) Game-based learning theories in general focus on the positive learning outcomes of digital 

games for education (Boyle et al., 2016; Connolly, Boyle, Hainey, McArthur, & Boyle, 2012; 

Müller, Son, Nozawa, & Dashtestani, 2018; Yu, 2018), the social and psychological factors of 

digital games for facilitating language learning (Peterson, 2010; Peterson, 2013), features that 

make learning attractive (Gee, 2009), and the student-centered perception of digital games 

(Blake, 2011). 

(2) The Interaction hypothesis (Long, 1981), which is further developed as collaborative dialog by 

Swain (2000) and social interaction (Verga & Kotz, 2017), claims that collaboration, 

interaction, and/or competition can result in effective learning, which has been supported by 

several empirical studies (Karakostas & Demetriadis, 2011; Whittemore, 1924). Creation of 

rich opportunities for interaction is a key feature of digital games, which lead to successful 

learning effectively.  

(3) Zone of proximal development proposed by Vygotsky (1980) is a well-known theory claiming 

that a reasonable development process of learning is to fill the closest knowledge gaps between 

the learners' actual levels with guidance. The zone of proximal development can be viewed as 

a kind of scaffolding, which provides actions or assistance according to the learner's 

requirement (Wesiak et al., 2014). Many digital games applied this theory to guide their design 

for effective learning.  

(4) The generative theory of multimedia learning (Mayer, 1997; Mayer, 1999a; Mayer 2001; 

Mayer & Moreno, 2002) makes use of the multi-modality of learning materials including text, 

images, and videos for promoting the learning effectiveness of learners as the cognitive load 

will increase if learners receive information from multiple channels. There have been several 
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digital game-based vocabulary learning studies (Ali Mohsen, 2016; Sandberg et al., 2014; 

Smeets & Bus, 2015; Wu & Huang, 2017; Young & Wang, 2014), which use the multimedia 

theory as a theoretical foundation. Also, many digital games integrate multimedia into their 

design and promote learning effectively.       

(5) Situated learning (Brown, Collins, & Duguid, 1989), also known as contextual learning, 

integrates language learning into real or simulated contexts and situations that facilitates 

learners’ understanding of the actual use of the language. Recently, researchers have 

implemented situated/contextual language learning in digital game environments using mobile 

technologies (Hwang & Wang, 2016; Sandberg et al., 2014). The results showed that digital 

games are an effective means of providing vivid and rich environments for situated learning.  

(6) Motivation is a significant factor in improving learning effectiveness (Dörnyei, 1994). Some 

researchers (Sylvén & Sundqvist, 2012; Young & Wang, 2014) have investigated the ways 

digital games help to increase motivation for vocabulary learning. The literature generally 

indicate that digital games are effective for all students in terms of increasing learner 

motivation (Hung, Huang, & Hwang, 2014; Papastergiou, 2009), as they normally provide rich 

opportunities for interaction, immediate reward for achievement, and fun activities for learning 

(Zou et al., 2019). Further, students may have improved intrinsic motivation in digital game 

(Proulx, Romero, & Arnab, 2018), especially when the game involve peer-peer collaboration 

(Liao, Chen, & Shih, 2019). 

(7) Activity theory describes a transformative process that derives outcomes between the 

interaction of subjects and objects by using tools (Nardi, 2003; Peña-Ayala, Sossa, & Ménde, 

2014). Activity theory has been used to guide many related studies, including personalized 

learning environments (Buchem, Attwell, & Torres, 2011), learning support (Daniels, Edwards, 

Engeström, Gallagher, & Ludvigsen, 2009), teaching practices (Blina & Munrob, 2008), 

learning objects (Hansson, 2012), and game-based vocabulary learning (Pan, 2017). 

(8) Connectivity theory, proposed by Klimesch (1994), assumes that vocabulary knowledge can be 

virtually represented as a connected network, the higher complexity of which indicates a 

greater possibility of vocabulary acquisition. Franciosi (2017) applied this theory to guide game 

design and explain vocabulary learning results. 

(9) Personalized learning is defined as "instruction in which the pace of learning and the 

instructional approach are optimized for the needs of each learner. Learning objectives, 

instructional approaches, and instructional content (and its sequencing) may all vary based on 

learner needs. In addition, learning activities are meaningful and relevant to learners, driven by 
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their interests, and often self-initiated." (U.S. Department of Education, 2017, p. 9). According 

to this learning strategy, Wei et al. (2018) investigated personalized strategies for game-based 

vocabulary learning and found that learning effectiveness can be enhanced by personalized 

game-based learning.  

(10)  Flow theory, first proposed by Csikszentmihalyi (1975), describes an ideal mental state under 

which the learner is fully involved and immersed in performing a certain task. Flow theory has 

been used for guiding the development of digital educational games (Kiili, 2005) for providing 

an immersive and engaging gaming experience. For the achievement of flow in games, Salen 

and Zimmerman (2004) highlighted the importance of challenge, clear goals and feedback, and 

a sense of control for game design. Schell (2008) also regarded challenge, clear goals, few 

distractions, and direct feedback important. Song and Zhang (2008) similarly suggested that 

goals, feedback, and balance between challenge and students’ skills are crucial for well-

designed games. Digital educational games, which provide learners with flow experiences, 

have been shown to lead to effective learning and engagement (Wang & Chen, 2010; Wei et 

al., 2018). The results showed that the three dimensions of engagement (i.e., behavioral, 

cognitive, and emotional engagement) are interrelated, and emotional engagement alone does 

not necessarily lead to learning if consequent cognitive engagement is absent (Ge & Ifenthaler, 

2017). A number of previous studies indicate that game environments are conducive to the 

increase of learner engagement from all three dimensions (Zou et al., 2019).  

 

Concerning the effectiveness of digital game in terms of promoting vocabulary learning, 

studies have demonstrated that the presence of social and cultural interaction leads to successful 

learning. The situated cognition theory argues that social interaction and conversation are essential for 

learning since all knowledge cannot be separated from the activities and situations in which they are 

produced (Brown et al., 1989). Moreover, Jonassen (1997) further showed that problems related to 

communities are complex and ill-structured, which facilitate the development of schematized 

knowledge in the cultural and linguistic context. Based on the theories mentioned above, Neville et al. 

(2009) designed an interactive fictional digital game. This game aimed to engage learners by using 

their existing schemata in their local culture and then applying them to a foreign culture. The results 

indicated that the game indeed helped students to learn. Further, Cognitive Load Theory (Sweller, 

1994) is often used in assessing interaction with instructional technology in learning. It claims that the 

learning process requires mental effort to process information. New knowledge is produced by 

working memory when individuals access new information. This theory was further developed as a 
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common measurement for instructional design to determine whether learning materials contain too 

much complexity (Paas, Renkl, & Sweller, 2003). For instance, DeHaan, Reed, & Kuwada (2010) 

adopted Cognitive Load Theory as a framework when they developed a music video game for 

vocabulary learning. The purpose of their research was to investigate whether there is too much 

cognitive load on second language learners when interactivity factors are included in games. In this 

study, the participants were divided into (i) watchers who only observing games-playing procedures 

and (ii) players who played games and had more interactions with games than watchers. The results 

demonstrated that cognitive loads of players were higher than watchers significantly. Another second 

language acquisition theory, namely the sociocultural theory, focuses on the importance of minimizing 

the gap between a learner's current and potential language level (Lantolf & Thorne, 2008). Stimulated 

by this theory, Sylvén and Sundqvist (2012) found that there is a positive relationship between the 

frequency of playing online role-playing games and language proficiency development. The contextual 

vocabulary learning theory states that contextual learning leads to higher retention of newly learned 

words since it requires learners to put in more mental effort than translation learning (Hulstijn, 1992). 

This theory implies that digital games can help facilitate vocabulary learning because they are able to 

provide immersive and contextual environments for learners (Dickey, 2011; Hamari et al., 2016; Sung 

& Hwang, 2013). Multimedia learning theory (Mayer, 2014) also demonstrated the crucial role of 

media in learning. This theory claims that simultaneous processing of information in multiple 

modalities (e.g., texts, voices, images, and so on) is conducive to successful retention.  

 

Multimedia learning theory is not only established based on three existing theories, i.e., dual 

coding theory (Clark & Paivio, 1991; Paivio, 1990), cognitive load theory (Baddeley, 1992; Chandler 

& Sweller, 1991; Sweller, 2002), and constructivist learning theory (Mayer, 1996; Mayer, 1999; 

Wittrock, 1991), but also on a new integrated theory "involving cognitive processing in multiple 

channels" (Mayer & Moreno, 2002, p. 111), which was based on some research about cognitive 

processes for different learning channels (Schnotz, Boeckheler, & Grzondziel, 1999; Schnotz, Picard, 

& Henninger, 1994). Moreover, a subsequent study conducted by Mayer (2011) showed the 

connections between multimedia learning and educational games and investigated how to develop an 

effective educational game. In addition, to further support the contextual vocabulary learning theory 

and multimedia learning theory, Sandberg et al., (2014) developed a mobile game for vocabulary 

learning. This study applied multimedia objects to create common scenes in daily life, which integrated 

contextual and multimedia learning. The researchers indeed found that the students had a better 
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learning performance when using mobile applications with game characteristics, which supported the 

significance of both theories. 

 

In sum, a range of theories have been used in the current literature to either guide the design of 

digital games or explain the vocabulary learning results. Some are adapted from the theories that are 

originally proposed for language learning, and some from those for general education, most of which 

are not specifically proposed for digital game-based vocabulary learning.  

2.5.2 Research Trends of Digital Game-Based Vocabulary Learning  

As vocabulary is a crucial element of language, and vocabulary knowledge is regarded as the 

foundation of language acquisition, learners attribute great importance to vocabulary learning, and 

have strong interest in effective vocabulary learning methods (Hu & Nassaji, 2016). Various factors 

that play important roles in successful vocabulary learning have been identified, including but not 

limited to, attention toward, attempts to retrieve target information, generative use of words, and the 

amount of time spent engaging with the words (Schmitt, 2008; Nation & Webb, 2011). Many of these 

factors are induced when learners conduct explicit learning that involves conscious elaboration and 

deliberate mental processing of target information; however, this approach has the drawbacks of being 

laborious and having a high demand of focused concentration (Schmitt, 2000; Nation, 2001). In 

addition, educators have emphasized the importance of situating learners in the contexts of using 

vocabulary (Sun & Dong, 2004). To complement explicit learning with incidental learning in an 

enjoyable and contextualized learning mode, game-based vocabulary learning emerged (Moreno-Ger, 

Burgos, Martinez-Ortiz, Sierra, & Fernandez-Manjon, 2008).  

 

With the quick and massive expansion of digital educational games in various contexts, digital 

game-based vocabulary learning has become a recognized field, and many studies have been 

conducted to investigate the effectiveness of digital games in promoting vocabulary learning and to 

explore factors that tend to facilitate vocabulary learning in game environments (Zou et al., 2019). Zou 

et al. found 10 types of digital games for vocabulary learning and generally positive effects of them 

on short-term and long-term vocabulary learning. There have also been a number of review studies on 

technology-enhanced and digital game-based language learning, however, none of which focuses 

specifically on digital game-based vocabulary learning in interactive learning environments. Also 

focusing on digital game-based vocabulary learning, Chiu, Kao, and Reynolds (2012) conducted a 

meta-analysis of 14 relevant studies and reported the significantly effectiveness of digital games for 

vocabulary knowledge development. Kucirkova (2017) reviewed interactive digital books only, and 

Peterson (2010) concentrated on the use of massively multiplayer online role-playing games in 
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language learning, so other games were not analysed. Though Hung, Yang, Hwang, Chu, and Wang 

(2018) conducted a scoping overview of various digital games in language education, only a small 

portion of their analysis was relevant to vocabulary learning. Both Tsai and Tsai’s (2018) and Chen et 

al.’s (2018) meta-analyses focused on the effectiveness of digital games and had little mention of other 

aspects such as game features, players, and key factors that lead to successful retention. Moreover, 

Tsai and Tsai (2018) did not include games for first language vocabulary learning, and Chen et al. 

(2018) reviewed 10 studies only. Therefore, a more focused and thorough review of all existent 

literature on digital game-based vocabulary learning with in-depth discussions of the digital games, 

the learners, the learning processes, and the learning outcomes in interactive learning environments is 

necessary. In response to this call, I conducted a systematic review of digital game-based vocabulary 

learning and analyzed them from a range of aspects such as the features and devices of the digital 

games, the players’ backgrounds, and learning outcomes.   

 

Data Selection. To understand the research trends and topics in digital game-based vocabulary 

learning, the following three-step process were employed. The Web of Science Core Collection was 

used for the primary search, and the Boolean expression was (TS=("vocabulary learning" or 

"vocabulary learning" or "word acquisition" or "vocabulary acquisition" or "learn word" or "learn 

vocabulary") AND TS=(game or gaming or gamification) AND TS=(digital or mobile or ubiquitous 

or computer)). I selected these keywords to maximize the possibility of including all relevant articles 

on digital game-based vocabulary learning. The literature type was set as “article,” the timespan was 

set as all years, and only one citation index, the Social Science Citation Index (hereafter, SSCI), was 

ticked for quality assurance. Many review studies, for example, Hung et al. (2018) and Zou et al. 

(2019), analyzed SSCI publications only to ensure that all reviewed articles were of high quality. At 

the prior stage of our data selection, I included book chapters, conference papers, and non-SSCI journal 

articles but found them of unsatisfactory quality due to the absence of important details such as 

descriptions and explanations of the digital games, learners, experiment setting, and research results, 

etc. Thus, I finalized the review target as SSCI journal articles, as reliable review results are conditional 

upon reliable data sources. The search result showed 48 articles. These articles were further checked 

according to the inclusion criterion that the articles ought to be empirical research on digital game-

based vocabulary learning among normal language learners, and the exclusion criteria that review 

articles, meta-analysis studies, and research on learners with special needs ought to be excluded. 

Accordingly, 19 articles were excluded from the review list, including (1) two review articles, (2) two 

meta-analysis studies, (3) four studies on learners with dyslexia, autism, or special needs, (4) five 
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studies on learning with digital books, music, or media, (5) two research on game design, and (6) four 

non-SSCI articles. 29 articles were included for analyzing the research trends and topics. 

 

 

Figure 1: Publication Years 

 

General Publication Situation. Concerning the general publication situation, the number of 

publications of empirical research on digital game-based vocabulary learning among normal language 

learners, as presented in Figure 1, has been increasing in the past decade. A total of 16 out of 29 (over 

55%) studies was published in the past three years. These studies were published in 17 different 

journals, with more than one published in the Journal of Educational Technology & Society, 

Computers & Education, Journal of Educational Computing Research, Computer Assisted Language 

Learning, British Journal of Educational Technology, Computers in Human Behavior, and ReCALL 

(see Figure 2).  

 

 

Figure 2: Journal titles and numbers of publications in the journals 
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Research Methods. Overall, a total of 25 studies applied experimental or quasi-experimental 

treatment to investigate digital game-based vocabulary learning. Pre- and post-tests were common 

means of evaluation of the effectiveness of digital games in promoting vocabulary learning. 

Approximately 90% of studies (n = 26) measured the participants' short-term vocabulary learning 

outcomes through immediate post-tests (e.g., Franciosi, 2017; McGraw et al., 2009; Mohsen, 2016; 

etc.). Six also conducted delayed post-tests to evaluate the participants' long-term retention of the target 

vocabulary knowledge (e.g., Calvo-Ferrer, 2017; Huang & Huang, 2015; McGregor, Marshall, Julian, 

& Oleson, 2019; Pan, 2017; Wei et al., 2018; Young & Wang, 2014). The number of studies on long-

term effects of digital game-based vocabulary learning was smaller than that of studies on short-term 

effects because long-term research is more demanding and involves more distractors (Nation, 2001). 

It has higher demands of participant commitment and needs additional resources such as funding and 

human resources to maintain the implementation of long-term projects. Moreover, the games ought to 

be fun so that students are willing to play them for a long period of time. Research on the short-term 

effects of digital game-based vocabulary learning is limited as it is common for students to lose the 

vocabulary knowledge that they have learned before, and it is possible that some games promote very 

effective immediate vocabulary learning, while students forget the words they have learned quickly in 

a short period of time. It is therefore necessary for students to keep playing the game so that their short-

term memory of the words can be transformed into long-term memory (Masoura & Gathercole, 2005).  

 

It is noteworthy that some researchers also evaluated the participants' productive vocabulary 

knowledge in the post-tests, in addition to the receptive knowledge (e.g., Dore et al., 2019; Hao, Lee, 

Chen, & Sim, 2019; Sandberg et al., 2014; Smeets & Bus, 2015; Sundqvist & Wikstrom, 2015). 

Nevertheless, the learning outcomes concerning productive knowledge development were not as 

positive as those concerning receptive knowledge, which is likely because much more practices are 

necessary for the development of productive knowledge (Nation, 2001), yet most participants in 

studies on DGBVL spent limited time on game. 

 

Questionnaire surveys were also frequently applied in research on digital game-based 

vocabulary learning to investigate different learner-related aspects. The foci of the questionnaires used 

in game-based vocabulary learning research and the representative studies are summarized in Table 7. 

 

Research issue Representative studies  

Learner motivation Calvo-Ferrer, 2017; Huang & Huang, 2015; Li, Meng, Tian, Zhang, 
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& Xiao, 2019; Young & Wang, 2014 

Learner attitude Chen et al., 2019; Hao et al., 2019; Ranalli, 2008; Mueller et al., 

2018; Young & Wang, 2014 

Learning anxiety Hong, Tai, & Ye, 2019; Wei et al., 2018 

Learners’ flow experience Hong et al., 2019; Hung et al., 2015; Li et al., 2019 

Learners’ self-efficacy Hong et al., 2019 

Learners’ self-esteem Hong et al., 2019 

Learners’ cognitive load Hwang & Wang, 2016 

Table 7: Foci of the questionnaires used in game-based vocabulary learning research 

 

Interviews, as another important research method, were used in studies of Chen, Liu, & Huang 

(2019), Hao et al. (2019), Hung et al. (2015), and Hwang & Wang (2016). Additionally, several studies 

involve observation as a means of data collection (e.g., Chen et al., 2019; Hung et al., 2015; Sundqvist 

& Wikstrom, 2015). 

 

Game Types. According to the game taxonomies of Dondi and Moretti (2007) and Connolly et 

al. (2012), as well as our knowledge of GBVL, I coded the game types with nine categories.  

(1) Simulation games are the games that imitate a real life or imaginary situation where players 

adopt different strategies to solve problems in a game environment (Reiners & Wood, 2015; Khenissi 

et al., 2016).  

(2) In role-playing games, players assume the roles of characters and take responsibility for 

acting out these roles to complete certain missions in an immersive fictional setting (Crawford, 2003; 

Cornillie, Thorne, & Desmet, 2012). 

(3) Card games involve using playing cards as the primary device for players to take turns to 

play (Tsai, Tsai, & Lin, 2015; McGraw et al., 2009). 

(4) Puzzle games usually require players to solve a puzzle (e.g., identify a logic problem or 

navigate complex locations such as mazes) for advancement, and they typically involve a series of 

sequentially presented stages which are related in that players need to benefit from each achieved step 

to solve the following one (Wolf, 2001; Khenissi et al., 2016). 

(5) Exergames require players’ physical movements for task completion, so they rely on 

technology that tracks body movement or reaction (Godwin-Jones, 2016). AR and VR technologies 

are usually involved, the former of which offers a semi-transparent vision blended with reality while 

the latter blocks out users’ actual environments by replacing a self-contained one (Godwin-Jones, 



47 

 

2016).  

(6) Tutorial games are simple games that are particularly designed for educational purposes, 

and they are normally at the beginning point of a game level coordinate (Criswell, 2009).  

(7) Gamification refers to a process of transforming non-game learning environments into more 

game-like environments and applying game design and mechanics to strengthen non-game activities 

by adding participation, competition, collaboration, and engagement; it may not necessarily be a newly 

developed game (Deterding et al., 2011; Werbach, 2014).  

(8) Games of hybrid genre refer to any games that involve more than one of the above game 

types or features.  

A summary of the game types is presented in Table 8. To ensure that I cover all possible game 

types, I also include (9) Others, which are defined as games that are not in the range of the above types. 

 

Simulation games Games that imitate a real life or imaginary situation where players adopt 

different strategies to solve problems. 

Role-playing 

games 

Games where players assume the roles of characters and take responsibility 

for acting out these roles to complete certain missions in an immersive 

fictional setting. 

Card games Games with cards as the primary device for players to take turns to play. 

Puzzle games Games where players solve puzzles. 

Exergames Games that require players’ physical movements for task completion. 

Tutorial games Games that are particularly designed for educational purposes. 

Gamification A process of transforming non-game learning environments into more game-

like environments and applying game design and mechanics to strengthen 

non-game activities. 

Table 8: Game types 

 

Concerning the popularity of vocabulary learning games that were investigated in the literature, 

puzzle games, tutorial games, gamification and hybrid genre were more popular than simulation games, 

role-playing games and card games. And only a very small number of Exergames were investigated. 

Moreover, compared to the early years (i.e., first half of the review period, which is from 2008 to 2013), 

three new types of games emerged in the recent years (i.e., second half of the review period, which is 

from 2014 to 2019), namely simulation games, Exergames and gamification, showing that research on 

digital game-based vocabulary learning had extended to a wider range of game types. Additionally, 
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the growth rates of tutorial games, role-playing games, card games and hybrid genre from the first to 

the second period were respectively 250%, 200%, 150% and 100%. Such tremendous increases 

demonstrated significant developments in the field in terms of the number of games and reflected that 

vocabulary acquisition was transforming from tedious repetitive practice to enjoyable digital game-

based vocabulary learning.  

 

Game Features. Based on Dondi and Moretti’s (2007) analysis and Fu, Su, and Yu’s (2009) 

list of game factors, together with our knowledge of the relevant literature, the major features of 

vocabulary learning games are listed in Table 9. In addition to the general frameworks of Dondi and 

Moretti (2007) and Fu et al. (2009), the specific features for some categories were adapted from 

representative research in the corresponding areas. The features concerning personalization had the 

foundation in Peterson (2010), Butler (2017), Kucirkova (2017) and Hsu (2017); those of 

multimodality in Kucirkova (2017) and Butler (2017); those of goal clarity in Chou, Hung, and Hung 

(2014); those of feedback and challenge in Butler (2017); and those of social interaction in Ryu (2013) 

and Peterson (2010).   

Feature  Content   

Personalization  Does the game provide a track record for the player to view 

their learning process? 

 Does the game collect players’ personal data (e.g., gender, 

age, hobbies, etc.) and use them to customize the learning 

experience? 

 Can players select the types of activities that they want to 

play? 

 Can players select the types of target words that they want to 

learn? 

 Can players select the levels of difficulty of the game?   

 Do players have their own avatar? 

Multimodality  Does the game involve images of the target words? 

 Does the game involve audio of the target words? 

 Does the game involve video of the target words? 

 Does the game involve hyperlinks to other explanatory 

content? 

 Does the game involve AR or VR features?  

 Does the game provide clues that aim to help players find out 

the answers to questions or solutions to problems? 

Goal clarity  Are students given in-person briefing or guidance on how to 

play the game? 

Feedback  Does the game provide feedback on players’ performance in 
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Table 9:  Game features 

 

Among various features, personalization and multimodality were the two most popular, a 

possible reason of which is that these two features can be realized through wider ranges of approaches 

than features such as goal clarity, feedback, and challenges (Sundqvist & Wikstrom, 2015; Butler, 

2015, 2017; Chen & Lee, 2018). Personalization, for example, can be achieved by providing students 

with track records so that they can view their learning processes, by letting students decide the levels 

of difficulty of the games, choosing the types of activities that they want to play and selecting their 

own avatars, as well as by customizing students’ learning experiences according to their preferences 

and language skills (Peterson, 2010; Butler, 2017; Kucirkova, 2017; Hsu, 2017). There are also various 

formats and modes of multimedia, including but not limited to images, audio, video, hyperlinks and 

AR or VR features. Another possible reason for the popularity of personalization and multimodality is 

the wide acknowledgement of their effectiveness in promoting successful learning. Researchers like 

Türk and Ercetin (2014), Mohsen (2016) and Boers, Warren, Grimshaw, and Siyanova-Chanturia 

(2017) all argued that multimodality was conducive to vocabulary learning. Studies such as Huang, 

Huang, Huang, and Lin (2012) and Huang, Liang, Su, and Chen (2012) all showed empirical support 

for the contribution of personalization to effective vocabulary learning.  

 

Specifically, concerning the detailed use of multimodal elements in games, images and audio 

were the most frequently used, followed by clues and videos. This is perhaps because it was easier to 

integrate images and audio in games, while requiring more time and effort to develop clues and videos. 

Hyperlinks and AR and VR features were newly emerged elements of the games in the second period, 

implying important new trends beyond traditional multimodality for vocabulary learning games.  

 

the game?  

Social interaction  Can players talk to other players in the game? 

Can players send messages to other players in the game? 

Can players compete with other players in the game? 

Can players collaborate with other players to complete a task 

together in the game? 

Challenge  Are there speed or time limitations? 

 Do players need to overcome different types or levels of 

challenges in the game?   

Immersion  Do players feel that they are involved in the game?  
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  Among various features, personalization is the one with the biggest increase, showing that 

game designers were aware of its great roles in increasing learner engagement and motivation. 

Concerning the detailed application of personalized learning features in games, activity selection 

increased from zero in the early years to 13 in the recent years, indicating a greater diversity of game 

features with the advancement of educational technology in recent years. The players could not only 

decide what target words to learn and what difficulty levels to select but also the types of activities that 

they wanted to play. Moreover, only one game in the early years provided learners with personal 

avatars, while 14 in the recent years empowered players to select and design avatars. The growth rate 

was huge. Overall, the increasingly more varied options and sophisticated personalization elements 

are likely associated with the great development of educational technologies and continuous efforts of 

educators and researchers.  

 

Following personalization and multimodality, goal clarity, feedback, and social interaction, as 

three essential elements for educational games, were also commonly integrated in vocabulary learning 

games. These features tended to provide learners with enjoyable, effective, and interactive learning 

environments (Tsai & Tsai, 2018; Chen et al., 2018; Kucirkova, 2017). Specifically, concerning social 

interaction features, more attempts which aim to provide more interactive learning environments and 

empower players with more interaction opportunities appear necessary for future game development, 

given that the importance of discussions, competition and collaboration for successful vocabulary 

learning is widely acknowledged (e.g., de la Fuente, 2002; Barcroft, 2004; Ellis, 2006). The numbers 

of challenge and immersion features, however, were smaller, indicating less mature developments in 

these aspects. This probably resulted from the fact that it was time-consuming to embed elements that 

induce challenge and immersion in the games. These two features however play important roles in 

leading to successful and enjoyable vocabulary learning (Sweetser & Wyeth, 2005; Ke & Abras, 2013; 

Butler, 2015, 2017); future games are therefore advised to integrate more of them.  

 

Game Devices. Concerning the devices for digital game-based vocabulary learning, over half 

of the studies adopted computers, possible reasons of which include that computers are easy-to-access, 

and it is less time-consuming to develop games that are compatible with computers. Moreover, the 

proportion of the studies that did not adopt any digital devices was very small, showing a preference 

for digital over traditional games. Additionally, no research involved the use of tablets or smartphones 

in the early years, while over one fourth of the studies in the recent years used tablets or smartphones, 

indicating the start of an era for ubiquitous game-based vocabulary learning. The fast advancement 
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and popularity of mobile technologies also led to the development of vocabulary learning games 

towards the direction of mobile learning (Tsai & Tsai, 2018; Chen, Tseng, & Hsiao, 2018). Such a 

development trend is promising as mobile assisted language learning is advantageous in promoting 

effective learning, increasing motivation, satisfaction, confidence, and authenticity (Kukulska-Hulme 

& Viberg, 2018), which play important roles in vocabulary learning. One study has been conducted 

on the use of wearable devices for vocabulary learning in the second period, which is perhaps because 

games that are compatible with wearable devices need to be built from scratch and demand up-to-date 

IT skills and knowledge from educational researchers (Bower & Sturman, 2015). Other possible 

reasons for the small number of this type of games include the lack of mature software for the 

development of the games and the knowledge gap between IT engineers and language teachers and 

researchers (Shadiev, Hwang, & Liu, 2018). A summary of the game device and their affordances and 

limitations is presented in Table 10. 

 

Game 

devices 

Affordances Limitations  

Computers Easy-to-access.  

Less time-consuming to develop 

games that are compatible with 

computers. 

Not as innovative as mobile and 

wearable devices.  

Tablets or 

smartphones 

Support mobile learning. Time-consuming to develop games that 

are compatible with mobile devices. 

Wearable 

devices 

Innovative. 

Can collect rich user data. 

Lack of mature software for the 

development of the games. 

Knowledge gap between IT engineers 

and language teachers and researchers. 

Table 10: Game devices and their affordances and limitations 

 

Learning Elements Integrated in Games. Among various factors that are conducive to effective 

vocabulary learning, I focused on retrieval and generation from the learning process dimension, 

because factors such as motivation, engagement and noticing were closely associated with game 

features which have been discussed from the game dimension. The general status of the involvement 

of retrieval and retention in digital game-based vocabulary learning is that retrieval was much more 

widely used. Given that the effectiveness of generation in promoting vocabulary learning has been 
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acknowledged among researchers and educators for years (e.g., Laufer & Hulstijn, 2001; Kim, 2008; 

Zou, 2017). Moreover, retrieval was not commonly used in the games that were developed in the early 

years, and it was until the recent years that the integration of this element was hugely increased, 

indicating a developing awareness of the significance of retrieval among game developers in the 

second period. However, the type of retrieval being adopted was mainly simple retrieval, yet multiple 

and spaced retrievals, which were of higher levels, were employed with a rather low frequency. In 

sum, vocabulary learning games had been comparatively mature in terms of increasing learners’ 

motivation, engagement and noticing of the target vocabulary, yet aspects such as retrieval and 

generation were less widely employed. 

 

Retrieval, different from re-studying which simply involves repetition, is the act of accessing 

and utilizing the knowledge stored in memory (Roediger, 2000). Multiple retrievals play important 

roles in consolidating memory traces (Karpicke, 2017; Karpicke & Roediger, 2008). Spaced retrievals 

promote better learning than successive retrievals as distributed training conditions lead to larger 

amounts of learning than massed conditions (Baddeley, 1997; Rohrer & Pashler, 2007). Generation, 

or generative use, refers to the encountering or using of words in new contexts that differ from the 

previous encounters (Nation, 2001). Receptive generation prompts reconceptualization of a learner’s 

knowledge of a word while meeting it in new contexts through listening or reading, while productive 

generation entails creating an original context for a word through speaking or writing (Nation, 2001). 

Thus, the latter involves a greater depth of processing and promotes more effective learning (Zou, 

2017). 

 

Figure 3: The education levels of the participants in the early years (gray) and the recent years 

(blue) 

Study Participants. I read the methodology sections of the studies carefully, focused on the 

background information of the participants, and found that almost 35% of the studies were conducted 
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among tertiary students or above, over 25% among primary students, and almost 20% among preschool 

students as shown in Figure 3. This is perhaps because researchers had easier access to tertiary students, 

and primary and preschool teachers and students tended to have a more open mind about games. 

Moreover, no study investigated games for secondary students in the first period, while two 

explorations were conducted among this new learner group in the second period, demonstrating certain 

developments in the field, as well as calling for more investigations. Additionally, the growth rate of 

studies among primary students was significant in recent years, showing an increasing focus on this 

learner group. Many researchers argued that games were very helpful for young learners in such 

aspects as increasing their learning motivation and effectiveness, releasing anxiety, and promoting 

active and interactive learning (e.g., Kuppens, 2010; Sandberg et al., 2014; Butler, 2015; Hung et al., 

2015; Pan, 2017; Chen & Lee, 2018, etc.). Similar benefits of digital game-based vocabulary learning 

have also been found among students at tertiary or above levels (e.g., McGraw et al., 2009; DeHaan et 

al., 2010; Huang & Huang, 2015; Verga & Kotz, 2017; Calvo-Ferrer, 2017; Wei et al., 2018, etc.). 

 

The participants’ first languages were mainly Chinese, Japanese and English, and their target 

languages were mainly English. Specifically, based on the information as reported in the methodology 

of the articles, the first language of almost 30% of the participants was Chinese, and the target language 

of almost 80% of the participants was English. This is probably because of three reasons. Firstly, 

English as a lingua franca was the target language of a large proportion of learners (Jenkins, 2007); 

and secondly, Chinese learners are particularly eager to learn English and regard vocabulary as crucial 

to successful language learning (Zou, 2016; Zou, 2017). Moreover, over 30% of the reviewed articles 

were published by Taiwan researchers and 10% by Japanese researchers, indicating that scholars from 

these two areas were the leading players in the field. 

 

Learning Outcomes. Very positive results were reported by research on digital game-based 

vocabulary learning, including improved language-related knowledge (e.g., vocabulary knowledge, 

reading proficiency levels, etc.), language learning-related knowledge (e.g., vocabulary learning 

strategies and methods, etc.), and affective state (e.g., motivation, confidence, etc.). Among all studies, 

only one study (i.e., Young & Wang, 2014) reported that digital game-based vocabulary learning was 

not more effective than other approaches in promoting long-term retention of vocabulary meaning. 

Most studies observed greater effectiveness of digital game-based vocabulary learning than others in 

leading to successful vocabulary learning (e.g., Sandberg et al., 2014; Huang & Huang, 2015; Hung et 

al., 2015; Hwang & Wang, 2016; Franciosi, 2017; Wei et al., 2018, etc.). 
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From the perspective of target vocabulary knowledge aspects, meaning was the most frequently 

investigated (slightly below 35%), followed by form: pronunciation (over 20%) and spelling (slightly 

below 20%). This is likely because it is easy to integrate word meanings and forms in games, and there 

are diverse ways to enhance knowledge of form-meaning links (Nation, 2001). Vocabulary use, 

however, demands more sophisticated game design, and thus was comparatively less examined 

(slightly below 15%). But its growth rate from the early years to the recent years (over 450%) was 

greater than that of the average (approximately 300%), indicating that studies on digital game-based 

vocabulary learning were attending to this aspect. Possible reasons of this include researchers’ 

increased realization of the importance of productive vocabulary knowledge and the development of 

sophisticated commercial vocabulary learning games (Wei et al., 2018; Yu, 2018). 

 

To sum up, the above results show the following research trends and future development 

directions:  

(1) Research on digital game-based vocabulary learning mainly adopted quantitative methods but 

attempts to investigate this field via qualitative approaches were growing. Most studies were 

short term, so research on the long-term effects of digital game-based vocabulary learning is 

necessary.  

(2) Most games were for tertiary or above and primary or below students; there is thus a call for 

games for secondary school students. The games were mainly for English language learning, 

and the majority were custom-built by researchers. Computers were the most common device 

for game playing, but the number of games that are compatible with tablets or smartphones 

was growing fast. 

(3) Simulation, role-playing and puzzle games were the three most common types of games, the 

growth rates of which were also the biggest. The games were developing in the direction of 

refinement and sophistication, providing players with a greater number and a wider range of 

game features. Moreover, the games were comparatively mature in terms of increasing 

learners’ motivation, engagement and noticing of the target vocabulary, yet aspects such as 

retrieval and generation were less widely employed, so future game design and research are 

advised to focus more on these two aspects. 

(4) Most games focused on the development of language-related knowledge, and some on affective 

states. A small number of studies investigated language learning-related knowledge, indicating 

a need for research in this direction. 
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(5) The target knowledge aspects of vocabulary learning games were mostly meaning and form 

(pronunciation and spelling); more research on the learning of word usage is necessary.  

 

Moreover, vocabulary knowledge involves various aspects such as receptive and productive 

meaning, form and use, and current vocabulary learning applications concentrate mainly on receptive 

knowledge of word meaning and form. As deep levels of processing and elaboration on vocabulary 

are conducive to the learning of word usage, it is suggested that future games integrate more elements 

that induce deep processing and elaboration (Zou, 2016; Zou 2017). Speaking and writing are typical 

learning activities that induce deep processing and effective learning of word usage (Kim, 2008), and 

it is recommended that vocabulary learning games provide more opportunities for students’ speaking 

or writing practice in the formats of collaboration or competition within games through audio or video 

recording or text inputting. These results indicated that the current research on digital game-based 

vocabulary learning is limited as they mostly investigated games for intentional vocabulary learning, 

rather than incidental vocabulary learning. Considering the importance of contextualized and situated 

vocabulary learning, it is suggested that developers of vocabulary learning games focus more on 

designing meaningful and facilitative contexts for learning (Kinginger & Wu, 2018). Contexts can also 

increase students’ learning motivation, which is essential for effective learning (Lin, Hwang, Fu, & 

Chen, 2018), so it is of significance to develop games that provide contextualized incidental 

vocabulary learning. In response to this call, I attempted to enhance students’ vocabulary learning 

while playing a digital role-playing game in this study. I managed to situate the learning of target 

vocabulary in a digital game environment and designed the game settings in a way that aligned with 

the learning context. So, when students are asked to complete the digital game-based learning tasks, 

they are immersed in the gameplay and incidentally learn the target vocabulary in contexts as presented 

by the digital role-playing game, and their main foci is not decontextualized intentional vocabulary 

learning.  

 

To achieve these objectives, it is necessary that different parties, including game designers, 

technicians, researchers, language teachers and learners, etc., collaborate on the game development. 

The use of vocabulary learning theories (e.g., the involvement load hypothesis, the technique feature 

analysis, etc.) as the theoretical frameworks of the games is particularly important, as e-learning 

systems based on comprehensive linguistic frameworks tend to promote better vocabulary learning 

than those without strong linguistic support (Hu & Nassaji, 2016; Zou & Xie, 2018). Additionally, the 

integration of innovative educational technologies plays a paramount role in contributing to the 
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development of successful vocabulary learning games, so it is advised that more use of innovative 

technologies and involvement of technicians is indispensable for the advancement of vocabulary 

learning games. With interesting and effective vocabulary learning games, students tend to be more 

willing to spend more time playing the games for a longer period; it is thus suggested that more 

research ought to be conducted on the long-term effects of digital game-based vocabulary learning. 

Therefore, I investigated students’ retention of the target vocabulary knowledge in this study by 

conducting a delayed post-test one week after the learning treatment. Many studies on task-based 

vocabulary learning in conventional learning environments (e.g., Folse, 2006; Laufer & Hulstijn, 2001; 

Keating, 2008; Zou, 2016, 2017) also applied this method of conducting delayed post-tests to measure 

the long-term effects of vocabulary learning tasks on students’ vocabulary learning performance.  

 

2.6 Summary 

In this chapter, I firstly reviewed in Section 2.2 what vocabulary knowledge and vocabulary 

learning are, what aspects of knowledge are included, and what the main approaches to vocabulary 

learning are. I then summarized in Section 2.3 the most popular theories, hypothesis, and arguments 

about vocabulary learning, including (1) psycholinguistic factors such as motivation, noticing, 

frequency of exposure, and generative use, (2) the levels of processing theory, (3) the involvement 

load hypothesis, and (4) the checklist of task feature analysis. In Section 2.4, I reviewed the 

development of computer assisted language learning. In Section 2.5, I reviewed theories related to 

game-based vocabulary learning and the research trends of digital game-based vocabulary learning.  

 

Based on the literature review, I found that lots of theories and hypothesis have been proposed 

to explain and discuss why some vocabulary learning tasks are more effective than others, for example, 

the noticing hypothesis, the levels of processing theory, ILH, and TFA. However, most of them are for 

vocabulary learning in conventional learning environments, while few are specifically proposed for 

digital game-based vocabulary learning. Thus, in this research, I attempted to investigate whether the 

theories and hypothesis that were commonly applied to evaluate conventional vocabulary learning 

tasks could be generalized to examine vocabulary learning in digital game environments. As the ILH 

is easy to apply and is the most widely adopted theory in the current literature on task-based vocabulary 

learning, I selected it as the theoretical framework of the study.  

 

I also noticed that although many previous studies on digital game-based vocabulary learning 

reported positive results concerning the effectiveness of digital games in promoting vocabulary 
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learning, most of them did not explain why digital games were effective from the theoretical 

perspective or discuss the theoretical implications of these studies in the field of digital game-based 

vocabulary learning. So, in this study, I attempted to investigate the effectiveness of digital games in 

promoting vocabulary learning from the perspective of task-induced involvement load.  

 

Moreover, to fill the gap that many previous studies on digital game-based vocabulary learning 

did not investigate the long-term effects of digital games on students’ vocabulary learning, I conducted 

a delayed post-test one week after the learning treatment to measure students’ retention of the target 

vocabulary knowledge.  

 

In sum, the current literature on digital game-based vocabulary learning is mainly limited in 

that (1) few previous studies have been designed with reference to vocabulary learning theories, (2) 

the theoretical implications of the previous research in the field of digital game-based vocabulary 

learning have not been thoroughly discussed, and (3) few studies have conducted delayed post-tests to 

investigate the long-term effects of digital games on vocabulary learning. Thus, I designed this study 

with ILH as the theoretical framework, attempted to discuss its theoretical implications in the field of 

digital game-based vocabulary learning, and measured students’ retention of the target vocabulary 

knowledge through a delayed post-test.  

 

My a priori hypotheses are that the ILH, in its present form, may not be able to predict 

differences between digital and non-digital environments, and learners perform better in a digital game 

environment than in a conventional one for the same vocabulary learning task with the same 

involvement load. This hypothesis is based on the previous research results which indicated that digital 

game environments could motivate vocabulary learning and led to effective learning (see Section 2.5 

Digital game-based vocabulary learning for more details). Secondly, I hypothesized that for two 

different vocabulary learning tasks in the digital game environment, learners perform differently even 

though the two tasks are considered to have the same involvement loads according to ILH in its present 

form. This hypothesis is based on the previous research results which indicated that the ILH is limited 

in terms of its uncertainty about the relative weight of the components, and tasks with the same 

involvement load but different distribution of the components are not equally effective (see Section 

2.3.3 Involvement load hypothesis for more details).  
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CHAPTER 3: METHODOLOGY 
 

 

 

3.1 Introduction 

As discussed in Section 1.2, I aim to investigate whether the ILH, a hypothesis which was 

developed by Hulstjn and Laufer (2001) for estimating task-induced involvement loads in conventional 

incidental vocabulary learning environments, can be applied to the tasks in digital game environments. 

This research objective is founded on two limitations that I have identified in the current literature. 

Firstly, it is still challenging to generalize the findings and empirical results attained from conventional 

learning tasks when measured against the results reached in tasks in digital game environments. 

Secondly, there has been limited research on how to estimate the involvement loads for learning tasks 

in digital game environments. Most studies on ILH were conducted in conventional learning 

environments, while few investigated the application of ILH in digital game environments.  

 

The main research question that guides my study is: Can the ILH, in its present form, predict 

differences between digital and non-digital environments? It consists of two sub-questions.  

(1) For the same vocabulary learning task with the same involvement load, do learners perform 

better in a digital game environment than in a conventional one? 

(2) For two different vocabulary learning tasks in the digital game environment, do learners 

perform differently even though the two tasks are considered to have the same involvement 

loads according to ILH in its present form?  

 

The second research question was proposed from the perspective of ILH, which argues that 

tasks with the same involvement load share similar effectiveness in promoting vocabulary learning. 

For example, as the two tasks: (1) reading comprehension and looking up target words in a dictionary 

and (2) reading comprehension and consulting a teacher about knowledge of target words induce the 

same involvement load, they are estimated to have similar facilitative effects on vocabulary learning. 

According to ILH, the involvement load of the two tasks is moderate need, search, and no evaluation. 

Tasks with higher involvement load tend to be more effective than those with lower involvement load, 

and tasks with the same involvement load tend to be similarly effective in promoting vocabulary 

learning. It is noteworthy that the ILH is proposed from the dimension of tasks and estimates task 

effectiveness based on task features, and that learner factors are not the main foci of the ILH, so the 

estimation of the effectiveness of a task based on its involvement load is from the task dimension, 

rather than the learner dimension.  
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In the context of this study, I examined task effectiveness in terms of promoting vocabulary 

learning from two perspectives, (1) the initial learning of the target vocabulary knowledge, which was 

evaluated by an immediate posttest which was conducted immediately after the participants completed 

the learning tasks; and (2) the retention of the target vocabulary knowledge, which was evaluated by a 

delayed posttest which was conducted one week after the participants completed the learning tasks.  

 

In the following sections of this chapter, I introduce and elaborate on the learning tasks, 

participants, experimental design, learning tasks, and task effectiveness measurement.   

 

3.2 Task Design 

 According to ILH, each vocabulary task induces involved loads on three components (i.e., need, 

search, and evaluation). Different vocabulary learning tasks can have the same involved loads. For 

example, the two different vocabulary learning tasks: "Reading a text and answering reading 

comprehension questions" and "Reading a text and inferring meanings of the underlined words", 

induce the same involvement loads (i.e., 1+1+1) for need, search, and evaluation (Hu & Nassaji, 2016).  

 

Specifically, in the reading comprehension task, learners read and understand the text where 

the target words are highlighted and then answer several multiple-choice questions that focus on the 

comprehension of the sentences containing the target word. In other words, learners ought to 

understand the meanings of the target words to be able to answer the multiple-choice questions 

correctively. So, learners’ need is moderate as it is imposed by the task requirement; search is induced 

as learners need to infer meanings of the target words to understand the text; and moderate evaluation 

is involved as learners encounter the target words being used in new contexts by reading when they 

complete the multiple-choice questions. Thus, the involvement load of this task is 1+1+1, which 

denotes "Need at level 1 (moderate), Search at level 1 (moderate), and Evaluation at level 1 

(moderate)" (Hu & Nassaji, 2016). 

 

 Concerning the reading and meaning inferencing task, learners read and guess the meanings 

of the target words based on the contexts, so their need is moderate as the learning of the target words 

is imposed by the task requirement, and search is induced as meaning seeking is involved. Moderate 

evaluation is also involved as learners are guided to compare their inferred meanings of the target 

words to the provided multiple choices based on the contexts. Thus, the involvement load of this task 
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is also 1+1+1 (Hu & Nassaji, 2016).    

 

As these two tasks induce the same involvement load, they tend to promote vocabulary learning 

at similar levels of effectiveness, according to the ILH (Laufer & Hulstijn, 2001). Many empirical 

studies have also provided evidence of support concerning that tasks with the same involvement load 

are of similar effectiveness in terms of promoting vocabulary learning in conventional exercises 

performed on paper (Hulstijn & Laufer, 2001; Yaqubi, Rayati, & Allemzade Gorgi, 2012; Hu & 

Nassaji, 2016). However, it is still unknown whether this finding can be applied to game-based 

environments for these two tasks. Thus, I focus on these two vocabulary-learning tasks in this study. 

 

In summary, the rationale for selecting these two tasks include four aspects. 

(1) Same Involvement Loads. To eliminate the potential impact from different sums or different 

combinations of the involvement loads from three components in the ILH, it is necessary to 

select two learning tasks with the same involvement loads in all three different components 

(i.e., need, search, and evaluation). Currently, the levels of involvement load for the two 

selected learning tasks in these three components are the same (i.e., moderate levels).     

(2) Balanced Involvement Loads. These two tasks have balanced involvement loads in three 

components (i.e., need, search, and evaluation) in the ILH. If a learning task does not have 

these two characteristics, the task will have unbalanced involvement loads in these three 

components. For example, if the task has involvement load of either (1+0+1) or (1+2+1), the 

higher/lower involvement load for a specific component, i.e., search in this case, can create a 

potential bias which would lead to different learning performances. Thus, the selection of these 

two tasks can also eliminate the possible bias caused by unbalanced involvement loads from a 

certain component (Zou, 2017)  

(3) Minimal Differences. There are minimal differences between the two selected tasks. The same 

reading text and format of target words can be used in the two tasks. If I select two significantly 

different learning tasks, such as dictionary-induced vocabulary learning and inferencing with 

the same involvement loads (Zou, 2016), there would be two potential problems. One is that 

the gamification of these two tasks becomes a challenge. First, a built-in dictionary would be 

needed in the digital game. And secondly, the game environment for these two tasks would be 

significantly different, e.g., the built-in dictionary would need additional data sources, so the 

game flow and design would be different. To have a consistent game environment and reduce 

the cost, keeping minimal differences between the two selected tasks is necessary.   
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(4) Easy implementation. The selected two tasks can be easily implemented both on paper and in 

the digital game. Some vocabulary learning tasks, including composition-writing and sentence-

writing (Zou, 2017), can be easily implemented on paper, whereas it is difficult to adopt and 

integrate them into game flow. 

 

 Task Description Environment Target Words Learning Materials 

Task 1  

 

Reading a text and 

answering reading 

comprehension 

questions 

paper  same ten target 

words 

same reading text 

Task 2 

 

Reading a text and 

answering reading 

comprehension 

questions 

digital game same ten target 

words 

same reading text 

Task 3 

 

Reading a text and 

inferring meanings 

of the underlined 

words 

digital game same ten target 

words 

same reading text 

Table 11: Details of the three tasks 

 

After finalizing the types of the selected tasks, the format of the tasks was decided as follows 

based on the research questions and research objectives. Three tasks were investigated (see Table 11). 

Task 1: Reading a text and answering reading comprehension questions is paper based. Task 2: 

Reading a text and answering reading comprehension questions is digital game based. Task 3: Reading 

a text and inferring meanings of the underlined words is also digital game based. To minimize the 

differences between Task 2 and Task 3, the same target words and reading text were used. According 

to the ILH, these three tasks have the same ILH loads (i.e., 1+1+1) in three components "need," 

"search," and "evaluation" (Hu & Nassaji, 2016), and it is estimated that they are similarly effective in 

terms of promoting vocabulary learning (Gu, 2003; Webb, 2007; Milton, 2008; Laufer, & Rozovski-

Roitblat, 2011). More details of the reading text and the target vocabulary are presented in Section 3.6 

Learning materials.  
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3.3 Research Design 

To answer the two research questions, which are (1) For the same vocabulary learning task 

with the same involvement load, do learners perform better in a digital game environment than in a 

conventional one? And (2) For two different vocabulary learning tasks in the digital game 

environment, do learners perform differently even though the two tasks are considered to have the 

same involvement loads according to ILH in its present form? The experiments were designed 

following the framework illustrated in Figure 4. Participants were divided into three groups (i.e., Group 

A, B, and C). Each group of participants was required to complete one vocabulary learning tasks (i.e., 

Task 1, 2, or 3). More details of the participants are presented in Section 3.4 Participants. The details 

of the group division and task description are introduced as follows. 

 

 

Figure 4: The research framework of this study  

 

Essentially, there were two pairs of comparisons among the three groups of participants. The 

first one was the comparison between Group A and Group B. This comparison aimed to answer the 

first research question about whether for the same vocabulary learning task, learners perform better in 

a digital game environment than in a conventional one. Therefore, the only experimental setting 

difference between these two groups was the game environment. In other words, I employed the 

conventional learning environment (i.e., on paper) in Group A, while the digital game-based learning 

environment for the same task was adopted in Group B. The second one was the comparison between 

Group B and Group C. This comparison aimed to answer the second research question about whether 

for two different vocabulary learning tasks in the digital game environment, learners perform 

differently even though the two tasks are considered to have the same involvement loads according to 

ILH. In other words, I used "Reading a text and answering reading comprehension questions" as the 
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learning task in Group B, while "Reading a text and inferring meanings of the underlined words" was 

employed in Group C as the learning task. Both tasks were under the same digital game-based 

environment (see Table 12). More details of the game are presented in Section 3.5 Game design. 

 

 

Table 12: The details of three learning tasks and their relationships to the research questions 

 

As illustrated in Figure 4 and Table 12, the three vocabulary learning tasks were assigned to 

three groups of participants, Group A, Group B, and Group C, respectively. Task 1 required 

participants to read a text and complete the multiple-choice task on the text on paper. The reading text 

and target words of Task 2 were the same as those of Task 1; however, participants needed to complete 

it in a digital game learning environment. For Task 3, participants needed to read the same text, learn 

the same target words, and choose the most suitable definitions for the target words while doing the 
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post-reading exercises. Similar to Task 2, participants completed Task 3 in a digital game learning 

environment. The similarities and differences between the three tasks are presented in Table 12.  

 

In summary, the learning environment was the main difference between Task 1 and 2, whereas 

the task types were the main difference between Task 2 and 3. Note that Task 2 and Task 3 are of 

different task types but induce the same involvement load (i.e., 1+1+1) with reference to the ILH. 

Research question 1 can be answered through a comparison between Task 1 and 2 by using the same 

task content with different learning environments. Task 2 and 3 addressed question 2 by requiring 

students to complete different tasks in the same learning environment. Each group completed only one 

specific vocabulary learning task, illustrated in the first row in Table 7. This experimental design is 

similar to other language learning studies on ILH (Laufer & Hulstijn, 2001; Laufer & Girsai, 2008).  

 

 

Figure 5: The designed experimental procedures  

 

This experiment consists of five stages: the pre-test, the learning process, the immediate post-

test, the in-depth interview, and the delayed post-test, as shown in Figure 5. More details of the pre-

test are presented in Section 3.3.1; details of the learning process are presented in Section 3.3.2; details 

of the immediate post-test are presented in Section 3.3.3; details of the interview are presented in 

Section 3.3.4; and details of the delayed post-test are presented in Section 3.3.5. As a brief summary, 

the experimental procedures are elaborated as follows. 

 

3.3.1 Pre-test  

A pre-test was conducted to examine the participants’ prior knowledge of the ten target words. 

The measurement tool of the pre-test was the same as those of the immediate posttest and delayed 

posttest. More details of this measurement tool are presented in Section 3.7. A total of 159 participants 

were asked to attend the pre-test three weeks before the experiment. The pre-test lasted ten minutes. 
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During the pre-test, the participants were asked to respond whether they have met these words before. 

This pre-test design is similar to other vocabulary acquisition studies for foreign language learners 

(Laufer & Hulstijn, 2001; Laufer & Girsai, 2008). The students who knew more than two target 

vocabulary were not invited to further participate in the project, and a total of 24 students were 

excluded at this stage. More details of the participants are presented in Section 3.4.  

 

I used Folse’s (2006) modified version of Paribakht and Wesche’s (1997) vocabulary 

knowledge scale as the measurement tool of the pre-test because it could evaluate learners’ different 

levels of vocabulary knowledge, from not knowing the meaning of a word to being able to create an 

original context using the word (Schmitt, 2000). Several previous studies on the ILH also used this 

measurement tool to evaluate learners’ initial development of knowledge of target words, for example, 

in Folse (2006) and Zou (2016, 2017). The aspects of vocabulary knowledge evaluated by this 

modified vocabulary knowledge scale (i.e., the receptive knowledge of word meanings and productive 

knowledge of meanings and use) are the aspects which are most likely to be learnt by language learners 

at the initial stage of vocabulary knowledge development, so most previous studies also concentrate 

on the measurement of these knowledge aspects (Schmitt, 2000; Zou, 2017).  

 

3.3.2 Learning Processes  

After completing the pre-test, the selected 135 participants, who knew no more than two target 

vocabulary, were invited to participate in the learning session. They were randomly and equally 

assigned to three groups and then asked to complete the vocabulary learning tasks. Groups A, B, and 

C completed Tasks 1, 2, and 3, respectively. As introduced earlier in Section 3.2 Task design, Group 

A read a given text and completed the multiple-choice reading comprehension exercises on paper, 

while Group B completed the same task in digital game format. For Group C, the participants read the 

same text as Group A and B and inferred meanings of the underlined words while playing the digital 

game.  

 

The location for the learning was a classroom equipped with more than 30 laptops at The 

Education University of Hong Kong. The duration of the learning process lasted about 30 minutes. 

Due to the differences between the three learning tasks, the learning settings for the three groups of 

participants were arranged as follows. For Group A, the learning task was paper based, and therefore 

all participants were provided with the pre-printed hard copies of the learning materials, and all copies 

of learning materials were returned to the research team members to prevent the exposure of the 
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learning materials to other participants before the experimental procedures. For Group B and C, as the 

two learning tasks were slightly different, two versions of digital games were developed and installed 

in the personal computers in the classroom. To make the learning process smooth, several student 

helpers had already been trained to be familiar with the game operations and provided technical support 

to the participants using the personal computers and guided the game playing in the classroom when 

necessary.   

 

I conducted a pilot study before the project experiment to estimate the length of time the 

participants might need for task completion. Six participants were selected for this pilot study 

according to the four criteria (i.e., the 1st year postgraduate master students from a local university at 

Hong Kong; their English proficiency is between International English Language Testing System 

(IELTS) Band 5.5 to 7.0; they have minimal prior knowledge about target words; and their first 

language is not English). These participants were asked to complete all tests without a limited time. A 

timer was used to record their time for completing each test. The average time for the participants’ 

completion of the learning tasks was 27 minutes, and the longest time they needed was 29 minutes. 

Thus, it seemed that 30 minutes were appropriate for the learning period. 

  

In sum, all learners participated in the experiment in normal class hours in a typical classroom 

setting. I explained to them the project purposes and general background and obtained their consent to 

participate in the research prior to the experiment. I also obtained relevant ethical approval from 

University of Bristol and The Education University of Hong Kong. I was an academic staff member 

of The Education University of Hong Kong at the time of data collection. All students participated in 

the project voluntarily and completed the learning in 30 minutes. More details of the participants are 

presented in Section 3.4 Participants, and details of the research ethics are in Section 3.8 Research 

ethics.   

 

3.3.3 Immediate Post-test  

After completing the 30-minute learning process, a 10-minute immediate post-test was 

immediately arranged for all three groups of participants. To eliminate the potential impact caused by 

different test formats, I employed paper-based post-tests for all three groups rather than using a game-

based assessment, which could be considered a negative or positive factor for the assessment 

performance (Mavridis, & Tsiatsos, 2017; Ventura, & Shute, 2013). The post-test was the same as the 

pre-test, as illustrated in Appendix 4.  
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The reason for using the same test for pre-test and immediate/delayed post-tests are as follows. 

First, the effectiveness of word retention should be measured by the differences in performance 

between the same set of tests (Hulstijn & Laufer, 2001; Newton, 1995; Ulanoff & Pucci, 1999). Second, 

the inconsistency between the format of tests could lead to the learners' different performance for the 

same set of tests as found by many studies (Bell & Hay, 1987; Currie, & Chiramanee, 2010).  

 

The post-test duration was strictly controlled at 10 minutes according to the results of the pilot 

study concerning the needed time for the post-test completion. The average time for the participants’ 

completion of the post-test was 8 minutes, and the longest time they needed was 10 minutes. Therefore, 

the duration of the post-tests was set as 10 minutes. 

 

This immediate post-test aimed to measure the participants’ initial learning of the target 

vocabulary knowledge, and it was conducted immediately after the participants completed the learning 

tasks. The details of the measurement tool are presented in Section 3.7 Measurement tool: the modified 

vocabulary knowledge scale.  

 

3.3.4 In-depth Interview  

To collect qualitative data concerning the participants’ learning processes, 20 minutes of in-

depth interviews were conducted after the immediate post-test. A total of 30 participants, 10 from each 

group, were selected by random sampling (Robinson, 2014). More details of the participants are 

presented in Section 3.4. The interview was conducted in a standard classroom at The Education 

University of Hong Kong. Interviews were conducted in the participants’ first language (i.e., Chinese) 

using retrospective interview protocols because they are considered as the least disturbing method 

towards participants' cognition (Someren, Barnard, & Sandberg, 1994). The protocols allowed the 

researcher to ask relevant questions to gather sufficient qualitative data for further analysis (Fehr, 

Fischbacher & Rosenbladt, 2003). The interview was audio-recorded, and the participants were 

encouraged to express themselves freely in whatever languages they preferred (i.e., English, Mandarin, 

Cantonese, or a mixed use of them).  

 

Sample questions concerning the learning tasks include "What do you think about the learning 

task?" "What did you notice during learning?" and "What did you find useful or useless for vocabulary 

learning concerning the learning task?". Sample questions concerning the digital game include "What 
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do you think about the digital game?" "Do you like this way of learning?" and "What did you find 

useful or useless for vocabulary learning concerning the digital game?". 

 

The semi-structured interview was collected to triangulate the quantitative data collected from 

the post-tests. The participants were encouraged to express themselves freely and report whatever they 

thought about the learning tasks, approaches, and processes. They were especially asked to reflect on 

their learning experiences and what they found useful for their learning of the target vocabulary, what 

helped them concentrate on the vocabulary learning, and what distracted them from the learning or 

placed negative influences on their learning experiences. Analysis of these features could contribute 

to the better understanding of the experimental results concerning the effectiveness of the three tasks.  

 

3.3.5 Delayed Post-test 

The delayed post-test aimed to verify long-term word retention after completing the learning 

task (Schellekens, Sijtsma, Vegter, & Meijman, 2000; Nakata, 2008). Thus, I conducted delayed post-

tests one week after the immediate post-test and the interview. One week has been regarded as the 

standard interval between immediate post-test and delayed post-test in previous research (Hulstijn & 

Laufer, 2001; Laufer & Girsai, 2008). To minimize any impact caused by environmental factors, a 

similar test environment (i.e., a classroom) and the same duration (i.e., 10 minutes) were employed for 

the delayed post-tests. In addition, the same test papers, as shown in Appendix 4, were used. 

 

The interviewees were not post-tested to avoid potential influences of the interview on the 

participants’ performance in the delayed posttest. That is, after the immediate post-test, the students 

participated in either the interview or the delayed post-test, rather than both. More details of the 

participants were presented in Section 3.4. 

 

This delayed posttest aimed to evaluate the participants’ retention of the target vocabulary 

knowledge, and it was conducted one week after the participants completed the learning tasks. During 

this one week, the participants were asked to not attempt to recall any information about the 10 target 

words or review the target vocabulary knowledge in any way. As the target words were out of the most 

frequently used 8000 words, according to Davies’ (2012) Corpus of Contemporary American English 

(COCA), it is unlikely that the participants would encounter these words during this one-week period. 

Thus, it could infer that the main influence on the participants’ performance in the delayed posttest 

was the tasks that they completed during the learning session, rather than other factors. Many empirical 
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studies on the ILH were also designed in this way to investigate the effects of task types on students’ 

retention of target vocabulary knowledge, for example, Laufer and Hulstijn (2001), Folse (2006), 

Keating (2008), Kim (2008), and Zou (2012, 2016, 2017). 

 

3.4 Participants 

The participants recruited in this study were master's degree students from a Hong Kong 

university. To ensure that the recruited students' language proficiency was at similar levels, the 

following methods for selecting candidates was employed: 

➢ All participants had to be students in their first year of a master's degree programme from The 

Education University of Hong Kong. They had learned English as a foreign language for 

approximately 12 years on average. This aims to minimize possible influences of the 

participants’ backgrounds on their vocabulary learning performance in this research.   

➢ All participants had to have obtained scores of a Band 5.5 to Band 7.0 from the International 

English Language Testing System (IELTS), which is a typical entry score for admission to 

postgraduate programmes of local universities. (If the IELTS scores were not available, the 

participants’ HKDSE English Language Level used a reference, with Level Three of HKDSE 

scores being accepted). This aims to minimize possible influences of the participants’ language 

proficiency levels on their vocabulary learning performance in this research.   

➢ All participants were asked to take a pre-test. I did not invite the students who knew more than 

two target words to participate in the experiment but only selected those who had little prior 

knowledge of the target words. This aims to minimize possible influences of the participants’ 

prior knowledge of the target vocabulary on their vocabulary learning performance in this 

research.  

➢ The first language (L1) of all participants was either Mandarin or Cantonese but not English. 

This aims to minimize possible influences of the participants’ first languages on their 

vocabulary learning performance in this research. 

 

In sum, these criteria aimed to minimize the possible differences among the participants. Note 

that the reason for setting the scores between Band 5.5 and Band 7.0 from the IELTS as a compulsory 

condition were: (i) first-year postgraduate non-local students have obtained this score or above for the 

admission to a local university; (ii) some local students in Hong Kong do not have to take IELTS to 

gain admission into master’s degree programmes when the medium of instruction of their Bachelor 

programme is English. To ensure that the participants without IELTS scores had similar language 
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proficiency, they were required to provide their HKDSE score, as the Level Three for HKDSE – 

English is equivalent to a Band 5.5 from the IELTS according to the mapping relationship between 

HKDSE English Language Levels and Mean IELTS Band Scores, which is based on a data released 

by the Education Bureau of Hong Kong (HKEAA, 2013). When students have studied for four years 

in an undergraduate programme, their average scores on the IELTS are 6.76 according to a 

comprehensive assessment survey of English proficiency by University Grant Council (UGC, 2014).  

 

In addition, taking the pre-test helped to confirm that all participants not only had similar 

language proficiency but also little prior knowledge of the target words in the experiments. Some 

studies have revealed that the prior knowledge on the words of participants tends to result in a better 

performance in word retention (Hulstijn, Hollander, & Greidanus, 1996; Shin, 2010).  

 

Based on the selection criteria, I invited a total of 192 students to participate in this research at 

the first stage through different channels, including emails, social media platforms, posters, and so on. 

These participants were mainly (i) 1st year master’s-level students from a local university in Hong 

Kong; (ii) their English proficiency was between IELTS Band 5.5 to 7.0; (iii) they had minimal prior 

knowledge about the target words; and (iv) their first language was Mandarin or Cantonese, not 

English. The criteria (i), (ii), and (iv) were checked through a self-reported list before attending the 

pre-test. For criteria (iii), I implemented the following methods to check whether the participants met 

it: 

➢ The participants were asked to complete a pre-test and try their best to answer questions about 

the target vocabulary knowledge. The material for the pre-test is shown in Appendix 4.  

➢ If a participant knew more than two target words, s/he would not be invited to participate in 

the following parts of the project.   
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Stages Number of Participants 

Pilot studies (n = 45) The pilot study on how 

much time students need 

for task completion  

n = 6 

(The details are presented in Section 3.3.2 

Learning processes.) 

The pilot study on what 

digital device should be 

used for the digital game  

n = 10 

(The details are presented in Section 3.5.3 

Selection of the digital tool for playing the 

game.) 

The pilot study on the 

appropriateness of the 

game  

n = 7 

(The details are presented in Section 3.5.4 

Game flow.) 

The pilot study on the 

appropriateness of the 

reading text  

n = 8 

(The details are presented in Section 3.6.1 

The reading text.) 

The pilot study on the 

appropriateness of the 

target vocabulary 

n = 9 

(The details are presented in Section 3.6.2 

The target vocabulary.) 

The pilot study on the 

importance of the target 

vocabulary 

n = 7 

(The details are presented in Section 3.6.2 

The target vocabulary.) 

Experiments (n = 135) Enrollment stage  n = 192 

Pre-test  n = 159 

Learning session  n = 135 

Immediate Post-test  n = 135  

Interview  n = 30  

(10 participants in Group A, 10 participants 

in Group B, and 10 participants in Group C) 

Delayed Post-test  n = 105  

(35 participants in Group A, 35 participants 

in Group B, and 35 participants in Group C) 

Table 13: The number of participants in different experimental stages 

 

As demonstrated in Table 13, among the 192 students who participated in this research at the 
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first stage, 135 of them met the selection criteria, so they were invited to participate in the experiment. 

Among these 135 participants, 132 were mainland Chinese, and three were Hong Kong students. These 

participants were assigned to three groups randomly, with 45 participants in each group. The three 

Hong Kong students were assigned to the three groups randomly. Group A learned the target 

vocabulary through completing Task 1: Reading a text and answering reading comprehension 

questions on paper; Group B learned the target vocabulary through completing Task 2: Reading a text 

and answering reading comprehension questions in a digital game environment; and Group C learned 

the target vocabulary through completing Task 3: Reading a text and inferring meanings of the 

underlined words in a digital game environment. Among the 45 participants in each group, 10 of them 

were interviewed after the immediate posttest, and the remaining 35 participants were tested again one 

week later to measure their retention of the target vocabulary. The details of the tasks are presented in 

Section 3.2 Task design; the details of the research design are presented in Section 3.3; and the details 

of the pre-test, learning processes, the immediate and delayed post-tests, and the interview are 

presented in Section 3.3 Research design.  

 

A group size of 35 was selected because (i) the error of t-distribution would remain stable and 

small when the sample size is 30 or larger (Hogg & Tanis, 2009) and (ii) it is convenient to administer 

with the sample size of 30 to 40 since the normal classroom size is about 30 to 40 at Hong Kong 

universities. 

 

3.5 Game Design 

In this sub-section, I firstly explain the rationale for my selection of the game development tool 

and the selection of the digital tool for playing the game. After that, I explain the game flow explicitly 

with associated screenshots of the digital game. 

 

3.5.1 Selection of the Game Type 

I selected digital role-playing games as the digital game type of this study based on the 

following considerations. Firstly, digital role-playing games could effectively immerse students in 

digital game environments when they act certain roles in the game to complete game challenges (Zou 

et al., 2019). Secondly, it is easy to embed learning activities in digital role-playing games, as game 

designers can place different Non-player Characters (NPC) in the game to guide players to complete 

various tasks (Hwang & Wang, 2016). The game players can also have conversations with the NPCs.  

In this way, learning activities in digital role-playing games are normally very interactive, and the 
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literature indicated that students basically showed positive attitudes towards learning while playing 

digital role-playing games (Cornillie, Thorne, & Desmet, 2012). Thirdly, digital role-playing games 

are easy to develop and effective in promoting vocabulary learning (Hwang & Wang, 2016; Sylven & 

Sundqvist, 2012). 

 

3.5.2 Selection of the Game Development Tool 

For Task 2 and Task 3, there were many possible software tools for developing digital games. 

Using a survey conducted by a professional game design organization called Gamedesigning (2019), 

I compared a list of the most popular game development tools (Table 14). These tools are GameMaker, 

Unity, Stencyl, Construct 3, Cocos2D, PlayCanvas, RPGMaker, and MonoGame. To pick the most 

suitable game development tool on the list, I set some selection criteria. The criteria can be summarized 

as follows:  

➢ Dedicated to 2D Game Development. The reason for selecting 2D games rather than 3D games 

for our project was that the cost of 3D games is much higher. For example, the cost of 

developing a popular 2D game called "Flappy Bird" was $US300, whereas the cost of 

developing a 3D game called "Candy Crush" with a similar style to "Flappy Bird" was about 

$US100,000 (MeliorGames, 2019). Moreover, if the game development tool is not dedicated 

to 2D games, the software tool is more complicated and requires more domain knowledge and 

experience in game development. To reduce the cost and required manpower, the game 

development tools dedicated to 2D digital games development were selected. 

➢ Easy Use of Programming Language. As shown in Table 9, several programming languages 

like C#, C++, Python and Lua are supported by different game development software tools. A 

critical factor for selecting these software tools is the easy use of the programming language 

because the maintenance and revision costs of the digital games are significantly reduced if the 

programming language can be easily learned and used. In other words, I would not need to 

seek a professional C++ game developer for further revisions of the digital game if the source 

code of the game is easy to be maintained.  

➢ Widely Used in Educational Research. As digital games are an essential tool in in educational 

research, it is necessary for the selected game development tool to be widely and maturely used 

in academic communities. Notably, the game development tool should be used in language or 

vocabulary learning research. 

 

Software Price Platforms Develop skills Official Website 

GameMaker Free - Desktop Without programming www.yoyogames.com/s
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- Mobile 

- Console 

- Web 

- UWP 

- Mobile  

- Console 

(drag-and-drop system) 

for 2D digital games 

tudio 

Unity Condition

ally Free 

- Desktop 

- Web 

- UWP 

- Mobile  

- Console 

- VR/AR 

Uses C# for scripting for 

both 2D and 3D digital 

games 

unity3d.com 

Stencyl Free  - Desktop 

- Web 

- Mobile  

Uses Haxe programming 

language and drag-and-

drop system 

www.stencyl.com 

Construct 3 Free - Desktop 

- Web 

- Console 

Uses visual programming 

for 2D digital games 

www.scirra.com 

Cocos2D Free - Desktop 

- Web 

- Mobile 

- Console 

Uses various 

programming languages 

including C++, 

Javascript, Lua, Python, 

and so on for 2D digital 

games   

www.cocos2d.org 

PlayCanvas Free - Desktop 

- Web 

- Mobile 

 

Uses Javascript for 3D 

digital games 

www.playcanvas.com 

RPGMaker Free - Desktop 

- Mobile 

- Console 

Uses simple 

programming languages 

for 2D digital games   

www.rpgmakerweb.co

m 

MonoGame Free - Desktop 

- Mobile 

- Console 

Uses XNA and C# for 2D 

digital games 

www.monogame.net 

Table 14: The most popular free game development tools (Gamedesigning, 2019) 

 

Using the above three criteria, I eventually selected the RPGMaker as the game development 

tool for this study. RPGMaker is a dedicated game development software for 2D games, and there 

have been thousands of 2D digital games created using RPGMaker (Itch, 2019). Although RPGMaker 

supports a programming language for game scripting, it is more frequently used as a non-programming 

interface to implement the internal flow and logic of games without any programming (Whitehead, 

2008). Therefore, it is relatively easy to maintain and revise games by using RPGMaker. RPGMaker 

has also been widely employed to develop digital games in the academic communities of educational 

technologies. For example, Yang and Chang (2013) employed RPGMaker in 19-week-long biology 
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and computer programming classes and found that the students gained better performance in terms of 

academic achievement and critical thinking skills than a control group of students who were using 

flash games for learning. Hwang and Wang (2016) proposed to compare two different guiding 

strategies (i.e., single-loop and double-loop learning) for English vocabulary acquisition in situated 

computer games developed by RPGMaker. From the behavioral patterns identified in this study, the 

digital games developed by RPGMaker engaged the participants in both single and double-loop 

learning strategies. Furthermore, several studies (e.g., Jian, Shen, Huang, Chen, & Chen, 2015; Zou et 

al., 2019) have demonstrated that RPGMaker is an effective game development tool for educational 

studies.     

 

3.5.3 Selection of the Digital Tool for Playing the Game  

Concerning the selection of the digital tool for playing the digital game, I conducted a survey 

among 10 students who had similar backgrounds as the participants of the experiment. These students 

were asked to indicate the degrees of their preferences for the devices used for playing the digital 

game. The survey used a five-point Likert scale (i.e., 5 - "Strongly Preferred," 4 - "Preferred," 3 - 

"Neutral," 2 - "Not Preferred" and 1 - "Strongly Not Preferred") to denote the degree of preferences 

from the most to least preferred medium for the experiment. If the students strongly preferred a digital 

device, they were asked to select 5; and if they strongly dis-preferred a digital device, they were asked 

to select 1. The participants were asked to give scores for all three types of digital devices, which were 

computers, tables, and mobile phones.  

 

 

Figure 6: The results of the survey for the preferred tool for playing the digital game   
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The survey results showed that the students preferred playing the digital game using computers 

over tablets and mobile phones. There are two potential reasons for these survey results. First, the 

mobile phone may not be so acceptable for certain text-based learning tasks as they involve high 

cognitive loads. For example, students prefer not to use mobile phones and tablets for learning tasks 

involving the review of products and services due to the complexity and necessity of accessing multiple 

information sources (Calabrich, 2016). Second, the five participants in the pilot study indicated that 

mobile phones and tablets might not be suitable for this learning task due to the limited screen size for 

reading the task descriptions and learning materials, whereas key information can easily be located 

when displayed on computers as the screen sizes were much bigger.  

 

In sum, based on the above considerations and survey results, I decided to use RPGMaker to 

develop a computer-based digital game for this research. That is, the participants who did Task 2: 

Reading a text and answering reading comprehension questions and Task 3: Reading a text and 

inferring meanings of the underlined words learned the target vocabulary through playing a digital 

role-playing game using computers. The details concerning the selection of the game type are 

presented in Section 3.5.1. 

 

3.5.4 Game Flow  

The selected game development software RPGMaker can be used to develop various storylines 

and ways for participants to experience digital games. Previous studies have revealed that the flow 

experience in game-based learning provides a better flow experience and various kinds of cognitive 

loads compared to non-game learning (Chang et al., 2017; Wang & Chen, 2010). Other studies (Erhel 

& Jamet, 2013; Erhel & Jamet, 2019) have suggested that other factors, including instructions, student 

motivation and feedback, can lead to different performances for students with similar prior knowledge 

in terms of learning outcomes, engagement in the learning process and so on. To minimize the potential 

impact caused by the above factors, I developed a simple and straightforward game flow with only 

two scenarios.  
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Figure 7: The detailed game flow of the learning task 
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Figure 8: The game interface of the first scenario 

 

Figure 9: The game interface of the first scenario with the instructions 
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Figure 10: The game interface of the second scenario with the task card 

 

Figure 11: The game interface of the second scenario of question items 
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Figure 12: The game interface of the second scenario of completion of all questions 

 

The first scenario was the entry point, which provided some instructions, e.g., "Please read the 

text on the task card and then answer the ten comprehension questions given by the monsters" 

(Appendix 2), and "Please read the text on the task card and then choose the correct definitions for ten 

questions given by the monsters" (Appendix 3). The game interface for the first scenario is shown in 

Figures 8 and 9. The game flow (Figure 7) is summarized as follows: 

(1) The participant can control the game character on the hilltop to move and then chat with a Non-

player Character (NPC) mentor. 

(2) The participant reads the instructions given by the NPC mentor. The instructions contain the 

main descriptions of the tasks. Then, the participant can move the game character to the entry 

of the second scenario, as shown in Figure 9.  

(3) After entering the second scenario, the game character, controlled by the participant, receives 

a task card from a treasure chest. Note that this step is set as compulsory in the game. The task 

card contains the reading materials of the learning task, as shown in Figure 10. Note that the 

participant can open or close the task card by using the menu or the keyboard at any time during 

the game. 

(4) The game character encounters 10 monsters on the path to completing the mission. Each 
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monster gives a multiple-choice question as shown in Figure 11. The question items are listed 

in Appendixes 2 and 3. The participant selects an answer for the questions provided by 10 

monsters.  

(5) The system checks whether the answer is correct or not. If the answer is incorrect, the system 

moves to step 6.1. Otherwise, the system moves to step 6.2. 

(6) Step 6.1: The health points (HP) of the game character are deducted by 20 points. Note that the 

initial HP of the character is 200 points. The system then checks the HP of the character.  

➢ If the HP is greater than zero, the participant can continue the game. 

➢ Otherwise, the game flow moves to Step 7. 

➢ Step 6.2: If the participant selects the correct answer, the monster is destroyed. The 

system then checks whether there is a next monster or not. 

➢ If some monsters remain, the participant goes back to Step 4 to repeatedly continue the 

procedure. 

➢ Otherwise, the game flow moves to Step 8. 

(7) If the character's HP is less than or equal to zero, the game is over. The participant is then 

forced to go to the game's starting point and play it again. 

(8) When reaching this step, the participant can control the game character to chat with the NPC 

mentor again. The mentor congratulates the participant on the success of completing the whole 

learning task, as shown in Figure 12.  

(9) If the participants reached this step, they have successfully completed the vocabulary learning 

task.  

 

From the detailed steps of the above game flow, note that there is a mechanism, to force 

participants to read the learning materials and try to understand the target words which leads to the 

conclusion of the game if the participant answers the questions correctly. In addition, helpers in the 

classroom can assist and teach the participants how to play the game to ensure that all participants 

strictly follow the flow to complete the learning task. Participants can easily play the game by using a 

keyboard or mouse. The four keyboard arrows control the movement of the character in the game, 

while the space bar or the “enter” key triggers events, including answering the question items, 

completing the instructions, and so on. Alternatively, they can use the mouse to control movement and 

trigger events of the character in the game. Before playing the game, participants are given oral 

instructions on how to play. During the main study, there were two helpers who were familiar with the 

game and computer settings in the classroom to address any technical and game-playing issues for all 
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participants while they played.  

 

To ensure that the developed role-playing game was easy-to-play and to minimize the impact 

of various impediments in the game-flow design, I invited seven participants to join another pilot study. 

This pilot study aimed to investigate (i) whether the game was easy to play, (ii) whether the game flow 

was appropriate or not, and (iii) whether the process of completing the learning task in the digital game 

was distracted by the game design or not. The participants in this pilot study completed the digital 

game learning tasks first. Four participants completed the digital game for Task 2: Reading a text and 

answering reading comprehension questions, while three participants completed the digital game for 

Task 3: Reading a text and inferring meanings of the underlined words. The next step was to ask them 

to indicate their opinions on three statements: (i) "You agree that the game is easy-to-play," (ii) "You 

agree that the game flow is appropriate," (iii) "You agree that your learning is not distracted by the 

game flow," through three corresponding five-point Likert scales (i.e., 1. strongly disagree, 2. disagree, 

3. neutral, 4. agree, 5. strongly agree). 

 

The mean score asking whether the participants agreed with the first statement "You agree that 

the game is easy-to-play" was 4.29; the mean score asking whether the participants agreed with the 

second statement "You agree that the game flow is appropriate" was 4.14; and the mean score asking 

whether the participants agreed with the third statement "You agree that your learning is not distracted 

by the game flow" was 4.00. These results indicate that the simple design of game flow and scenarios 

successfully led to easy-to-play, appropriateness, and no distraction for game-based learning. No 

participants gave scores of "1 strongly disagree," or "2 Disagree." In other words, all participants had 

somewhat agreed with the three statements. This result is another indicator to verify the 

appropriateness of the game design. 

 

3.6 Learning Materials  

3.6.1 The Reading Text  

 The three learning tasks of this study were reading-based and shared the same reading text. The 

selection of the reading text played an important role in the design of the learning tasks. After a pilot 

study among five students, I decided to follow the reading text employed in Zou (2017) as it has the 

following two features: (i) most students were familiar with the topic of the reading text; and (ii) its 

level of difficulty was suitable for intermediate-level foreign language learners. As explained in the 

study conducted by Zou (2012), topic familiarity was a prime factor for developing or selecting the 
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reading text as previous studies (Ellis, 2001; Pulido, 2003; Xie et al., 2016) have revealed that the 

learning performance can be improved in terms of word retention or reading comprehension if the 

learner is more familiar with the topic of the text. The other important factor was the level of difficulty 

of the reading text. To ensure the difficulty of the reading text was at an appropriate level, Zou (2012) 

used three criteria and the interview in her pilot study. Specifically, the three criteria are "(i) the density 

of words unfamiliar to the subjects should be approximately 2% of the text; (ii) the text should be 

about 500 words; and (iii) the contexts of the target words should clearly indicate their meanings" 

(Zou, 2012, p. 108). These criteria have been supported by several previous studies (Liu and Nation, 

1985; Hirsh and Nation, 1992; Laufer, 1997; Nation, 2001; Robinson, 2003).  

 

Therefore, I used the same reading text used by Zou (2012), the topic of which was "coping 

with the procrastination," as shown in Appendix 2. This reading text was extracted from the book 

"Wordsmith: A Guide to College Writing" (Arlov, 2000). This text has been employed in previous 

studies (Kim, 2011; Zou, 2012; Zou, 2017) by revising the length and complexity depending on the 

language proficiency of the participants. I used Zou's (2012) version of the text. This version has been 

reduced from 640 words to 507 words by taking the density of unfamiliar words and the suitability of 

length into account. Specifically, the text is composed of eight paragraphs, and the 10 target words are 

evenly distributed in the eight paragraphs. Each paragraph includes no more than two target words, 

and no sentence includes more than two target words. Except the 10 target words, all other words are 

among the most frequently used 5000 words, so it is unlikely that any participants of this study may 

not know any words except the target ones.  

 

The participants of the present study were similar to Zou's study (2012), i.e., foreign language 

learners with intermediate English language proficiency. However, there were still some minor 

differences between the participants in these two studies. The main participants of Zou's (2012) study 

were senior-year undergraduate students at Tsinghua University, which is ranked as the top university 

in Mainland China. In our study, the students were first-year master’s students in The Education 

University of Hong Kong.  

 

To assess the degree of topic familiarity and the level of difficulty of the reading text, I 

conducted the pilot study by asking the eight participants to indicate their perceptions and feelings 

about the reading text. Similar to the previous pilot surveys, the survey used a five-point Likert scale 

(i.e., 5 - "Very familiar," 4 - "Familiar," 3 - "Neutral," 2 - "Unfamiliar" and 1 - "Very unfamiliar") to 
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denote the degree of topic familiarity. Similarly, a five-point Likert scale (i.e., 5 - "Very easy," 4 - 

"Easy," 3 - "Neutral," 2 - "Difficult" and 1 - "Very difficult") was used to denote the level of difficulty 

of the reading text. The participants in the pilot study were also invited to anonymously indicate their 

perceptions and feelings about these two criteria. 

 

 Mean SD 

Topic Familiarity 3.167 0.937 

Levels of Difficulty 3.250 0.965 

Table 15: Survey results of the topic familiarity and level of difficulty 

 

As illustrated in Table 15, the survey results of both topic familiarity and the level of difficulty 

showed that the reading text from Zou (2012) could be used for this study. The mean score regarding 

topic familiarity was 3.167 with a standard deviation of 0.937 and the mean score of the topic difficulty 

was 3.250 with a standard deviation of 0.965. These results indicate that almost 90% participants had 

neutral feeling about the two criteria. Therefore, I can draw a preliminary conclusion that the 

employment of the reading text from Zou (2012) was reasonable and acceptable for the participants in 

our study in terms of topic familiarity and the level of difficulty. 

 

3.6.2 The Target Vocabulary  

A total of 10 target words in the reading text were chosen based on two reasons.  

➢ Comparable to previous studies- Many previous studies (Hulstijn and Laufer, 2001; Laufer, 

2003; Folse, 2006; Laufer and Girsai, 2008; Kim, 2011; Zou, 2012; Zou, 2017) have also 

decided upon, 10, for the number of words to use in a test. This choice of 10 target words 

helps to remain consistent with other experimental results for the sake of comparison.  

➢ Density of unfamiliar words of text- As mentioned, the first two criteria for selecting the 

reading text were "(i) the density of words unfamiliar to the subjects should be 

approximately 2% of the text; and (ii) the text should be about 500 words" (Zou, 2012, p. 

108). Therefore, the number of target (i.e., unfamiliar) words should be 2% of 500 words, 

which is ten. 

 

After confirming the number of target words, the next step was to select the ten target words. 

In this study, I follow the criteria proposed by Zou (2012) and Christ, Wang, and Chiu (2017). 

Detailed criteria about how to select target words were specified as follows. 
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➢ Unfamiliar to participants- The participants in this study had to be unfamiliar with the 

selected target words. If participants are familiar with some target words, it would be 

challenging for us to identify whether the target words were learned through the designed 

learning tasks or whether the words were already known by the participants. Although 

there was a minor difference between the groups of participants of Zou's study (2012) and 

the current study, the same target word selection strategy, which used "words outside the 

most frequently used 8000 words listed in the Test for English Majors Band 8 (TEM 8), 

was the most likely way to select the unknown target words, as the vocabulary list of TEM 

8 has already included all words listed in the College English Test Band 4 (CET-4) and 

College English Test Band 6 (CET-6) in Mainland China" (Zou, 2012, p.128), was 

employed in the current study. This was because CET-6 has frequently been used as proof 

of the English proficiency for the admission of postgraduate programmes at local Hong 

Kong universities for several years (EdUHK, 2019). 

➢ Various parts of speech- The selected target words had to represent various part of speech 

as the potential impact from grammatical categories has been identified in previous studies 

(Ludwig, 1984; Laufer, 1990; Nation, 2001; Folse, 2006; Christ et al., 2017; Zou, 2012). 

Specifically, Ludwig (1984) showed that the learning difficulty seems to be different if the 

target words were verbs, nouns, adverbs, or adjectives. Laufer (1990) found that adverbs 

were most difficult, adjectives and verbs were second most difficult, and nouns were the 

easiest ones to be learned. Nation (2001) found that the meaning of nouns and verbs tended 

to be inferred more easily than other parts of speech as they have more relationships with 

the context. Therefore, this study chose target words of various parts of speech (Zou, 2012; 

Christ et al., 2017). 

➢ Sole meaning- Target words had to contain only a single consistent meaning when 

embedded in the reading contexts (Zou, 2012). Zou (2012) explained the reasons for this 

as follows: (i) the target words might induce additional ILH involvement loads if the target 

words had multiple meanings in the same context; (ii) target words are more difficult to 

learn if they are polysemous, as supported by a research study conducted by Saeman 

(1970); and (iii) the consistent and single meaning of target words can ensure the reliability 

of vocabulary tests in this study (e.g., it is difficult to determine the degree of 

understanding of a target word containing multiple meanings if the participants only 

understand one or two of these meanings). Therefore, words with a single consistent 

meaning in the reading context were selected.  
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➢ Conceptually familiar- As suggested by Zou (2012) and Christ et al. (2017), target words 

should convey concepts which are familiar to the participants as participants do not have 

to use extra mental effort to construct new concepts during the learning process. According 

to the findings of previous studies (Daneman, & Green, 1986; Nagy, Anderson, & Herma, 

1987; Nation, 2001; Rupley, & Nichols, 2005; Shefelbine, 1990), if the concepts conveyed 

by target words are familiar to the subjects, learning and inferring their meanings is easier 

than target words which convey unfamiliar concepts. Hence, the target words with the 

familiar concepts were selected (Zou, 2012; Christ et al., 2017). 

➢ Important for text comprehension- The target words should be important for text 

comprehension (Wieland, 2008), and the participants should feel the need of learning the 

targe words while reading the text (Wieland, 2008). Thus, I designed the task in a way that 

the target words were closely related to the completion of the reading task and the 

understanding of the core idea of the reading text.        

 

Based on the above criteria, I decided to employ the ten target words from Zou's study (2012) 

as shown in Appendix 4. Not only did the participants in Zou’s study and ours have similar English 

language proficiency (i.e., IELTS and CET Band 6 which are considered as having comparable English 

proficiency levels for admission into postgraduate programmes in local universities [EdUHK, 2019]), 

but our pilot studies also confirmed the appropriateness of these target words. There were four pilot 

studies assessing the target words. The first study was to determine whether the target words were 

unfamiliar to the participants or not, and the second one was to examine whether the concepts conveyed 

were familiar to the participants or not (Zou, 2012). The third one examined whether the number of 

target words was appropriate or not, and the final one examined whether the target words were 

necessary for text comprehension. 

 

The first pilot study, which aimed to test whether the target words would likely be unfamiliar 

to the project participants, was conducted on nine postgraduates who shared similar backgrounds with 

the intended participants of the main study. Similar to Zou's methods (2012) on the pilot study, I 

employed the modified vocabulary levels test (VLT) proposed by Nation (1990), which "test[s] lexical 

knowledge via a matching task in which words in one column have to be matched to definitions in an 

adjacent column" (Zou, 2012, p. 115). A sample of the modified VLT, which categorized the target 

words according to their parts-of-speech, is shown in Table 16. To avoid participants randomly 

guessing the correct answers, two distracters were added to the word list in the left column. The result 
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of this pilot study revealed that none of the target words were correctly matched by the participants 

showing that the selected ten target words were likely unfamiliar to the intended participants of the 

main study.   

 

1. stymie 

2. renege 

3. eulogy  

4. taunt 

5. assiduous 

 

(  ) to upset someone by laughing at him 

(  ) to break a promise, an agreement, etc 

(  ) very careful to ensure that something is done properly 

Table 16: A sample of modified vocabulary levels test (Zou, 2012, p. 116) 

 

The second pilot study, which aimed to assess whether the concepts conveyed were familiar to 

the participants or not, was conducted on the same nine students. For this pilot study, the dictionary 

entry of each target word was given to the participants. To assist in understanding the concepts 

conveyed by the target words, the dictionary entry contained the word form, pronunciation, semantic 

meaning, part-of-speech and a sample sentence. Appendix 5 shows the entries of all 10 target words. 

The participants were provided with the entries and then asked to indicate their degree of familiarity 

with the concepts conveyed by the word on a five-point Likert scale: "very familiar, familiar, neutral, 

unfamiliar, very unfamiliar." The definitions of the target words were extracted from the Longman 

Dictionary of Contemporary English 5. Table 17 shows the familiarity scale. The result revealed that 

none of the concepts conveyed by the selected target words were unfamiliar to the nine participants. 

The familiarity score averaged 4.27 (5 denotes "very familiar, and 1 denotes "very unfamiliar" for the 

ten target words). For each word, the average score ranged from 3.89 to 4.79. Therefore, I concluded 

that the concepts conveyed by the selected ten target words were familiar to the intended participants 

of the main study.   

 

The third pilot study, again conducted on the nine postgraduate students, aimed to examine 

whether the number of target words was appropriate or not. Similar to the second pilot study, the 

participants were asked to indicate their feelings and perceptions about the degree of appropriateness 

in learning the ten target words. The participants indicated their opinions on the statements such as: 

"You agree that the number of target words is appropriate," using a five-point Likert scale (i.e., 1. 

strongly disagree, 2. disagree, 3. neutral, 4. agree, 5. strongly agree). The resulting average score was 

4.22. None of the participants marked "strongly disagree" or "disagree." In other words, almost all 
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participants acknowledged that the size of target words was appropriate for this learning task. 

 

Instructions: 

Please indicate your degree of familiarity with the concepts conveyed by the target 

words. You need to select the answers from a five-point Likert scale.  

1. taunt  

/tɔːnt $ tɒːnt/ verb [transitive]  

to try to make someone angry or upset by saying unkind things to them → tease 

taunt somebody about something  

➢ The other children taunted him about his weight. 

taunt somebody with something  

➢ They taunted him with the nickname 'Fatso.' 

➢ And he'll believe you, will he?' Maria taunted. 

-tauntingly  adverb 

taunt 

• Of course he wasn't, an inner voice taunted. 

• They were accosted by three white youths who taunted and then attacked them. 

• The older boys taunted Chris and called him a girl. 

• Or maybe, as she'd taunted earlier, his actions were governed by boredom. 

• She was held in jail overnight, and she alleges in her lawsuit that guards taunted 

her with ethnic slurs. 

• Now the telephone had acquired a personality, sat on the shelf so smug, taunting 

her with its silence. 

• He couldn't forget how they had taunted him about his appearance. 

• She went on taunting him until he lost his temper. 

• They taunt me and beat me. 

• When I didn't want to fight he would taunt me repeatedly. "Coward, '' he would 

say, "coward, coward, coward....'' 

• You can blast your buddies and taunt them verbally at the same time. 

Please indicate your degree of familiarity with the concepts conveyed by taunt here: 

1. Very unfamiliar 2. Unfamiliar 3. Neutral 4. familiar 5. Very familiar 

Table 17: A sample questionnaire measuring word familiarity (Zou, 2012)  

The final pilot study concerning the appropriateness of the selected target words, which 
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examined whether the target words were important or not, was conducted on seven different 

postgraduate students with similar educational backgrounds. Specifically, I examined their participants’ 

perceptions about the importance of the target words by asking them to indicate their feelings and 

perceptions about the degree of importance of the 10 target words for understanding the text. They 

completed the reading task and then gave their opinions on the statement, "You agree that the ten target 

words are important to understand the reading text" via a five-point Likert scale (i.e., 1. strongly 

disagree, 2. disagree, 3. neutral, 4. agree, 5. strongly agree). The average score was 4.00 indicating that 

these ten target words were important for the participants to understand the reading text. 

 

3.7 Measurement Tool: The Modified Vocabulary Knowledge Scale  

I used the modified vocabulary knowledge scales (MKVS) proposed by Folse (2006) in the 

pre-test, immediate and delayed post-tests to measure the participants’ prior knowledge of the target 

vocabulary, their initial learning of the target vocabulary, and retention of the vocabulary knowledge 

one week later, as explained in Section 3.3 Research Design. This subsection introduces the 

measurement of the three learning tasks in detail.  

 

 As reviewed in Section 2.2.1, vocabulary knowledge can be divided into a few aspects. For 

example, Webb (2005) divided vocabulary knowledge into five aspects – orthography, syntax, 

association, grammatical functions, and meaning and forms, which can be measured by receptive and 

productive tests. Nation (2003, p. 31) presented "a list of the vocabulary knowledge types that native-

speakers typically possess and the list including (1) a word's spoken form, (2) a word's written form, 

(3) a words' part-of-speech, derivative forms, and grammatical patterns, (4) a word's collocations, (5) 

how frequently a word is used in a language, (6) how frequently a word is used in a language, (7) the 

many stylistic constraints which determine if a word is appropriate in a particular context, (8) a word's 

conceptual meaning(s), and (9) a word's semantic network of associations". 

 

 Furthermore, the Lexical Quality Hypothesis (Perfetti, 2007; Perfetti & Hart, 2002) assumes 

that knowledge about word meanings and forms is the most important element for developing reading 

skills. "One very common characteristic of learner vocabulary was that vocabulary knowledge was 

restricted to certain aspects of a word rather than encompassing the full knowledge normally available 

to native speakers" (Zou, 2012, p. 136). Therefore, it was more likely that the participants would 

acquire only a partial rather than the full meaning of the selected target words within a few instances 

of learning the new words (Zou, 2012). Motivated by this observation, the selected tool for task 
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measurement should evaluate the acquisition of only a partial knowledge of the target words. 

Accordingly, the Modified Vocabulary Knowledge Scale (MVKS) was selected as the task 

measurement tool. MVKS is a modified version used by Folse (2006) and Zou (2012). The Vocabulary 

Knowledge Scale (VKS), the original version of MVKS, proposed by Paribakht and Wesche (1997), 

arrived in the form of a self-report, five-point Likert scale for measuring the degree of self-perceived 

and demonstrated knowledge of target words by participants (Kim, 2011). The five word-knowledge 

descriptors of VKS are listed in Table 18.  

 

Scales Descriptions 

5 The participant is familiar with the word. 

4 The participant does not know the meaning but is familiar with the word. 

3 The participant can provide a correct translation/synonym for the word. 

2 The participant can use the word with semantic appropriateness in a 

sentence. 

1 The participant can use the word with semantic and grammatical 

appropriateness in a sentence. 

Table 18: The five scale of VKS of vocabulary knowledge (Paribakht and Wesche, 1997; Zou 2012) 

 

1. - I do not know what this word means. 

2. - I know this word. It means_________________________. 

(provide an English synonym or a translation in your native language) 

3. - I can use this word in a good example sentence. Write your sentence here: 

___________________________________________________________ 

(If you do #3, you must do #2 also.) 

 

Note: Adapted from Paribakht & Wesche, 1997 

Table 19: Folse's (2006) Modified Vocabulary Knowledge Scale (MVKS) 

     

 However, previous studies (Wesche and Paribakht, 1996; Read, 2000; Kim, 2011), have 

claimed that VKS was developed for tracking the development of vocabulary knowledge rather than 

generally measuring vocabulary knowledge. Therefore, the following studies (Folse, 2006; Zou, 2012) 

proposed using modified versions of the VKS in their studies.   

 Folse's (2006) MVKS is shown in Table 19, which is a modified version of VKS proposed by 
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Paribakht and Wesche (1997). MVKS employs a three-point scale rather than a five-point scale in 

the original version as the three-point scale can easily be used in measuring the vocabulary 

knowledge of participants through a test and self-report form. In addition, in a previous study (Zou, 

Xie, Rao, Wong, Wang & Wu, 2017), the researchers found that a five-point scale of vocabulary 

knowledge has slightly better accuracy (i.e., 1.5%) than a three-point scale; however, the cost in 

terms of participant effort and evaluation was relatively more expensive. Specifically, two points are 

given if the participants can demonstrate not only the correct semantic meaning of a target word but 

also the correct usage of the word in a sentence. One point is given if participants can understand the 

correct meaning of the target word but cannot use it correctly in a sentence. No points are given if 

participants neither understand the meaning of the target word nor use it correctly in a sentence. 

  

 

Table 20: The Modified Vocabulary Knowledge Scale (Folse, 2006) further adapted by Zou (2012) 

Zou (2012) employed Folse's (2006) MVKS in her research as shown in Table 20. The 
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differences between Zou's version (2012) and Folse's (2006) were minimal: (i) the detailed instructions 

were moved to the top part; (ii) a concise table form was used for writing the answer; (iii) the semantic 

meaning of the target words was not only expressed by a synonym or a translation but also other forms; 

and (iv) the example sentences for the target words had to contain at least seven words. In this study, 

I followed Zou's (2012) version for measuring the vocabulary knowledge scale.    

 

In sum, this MVKS was used as (1) the measurement tool for the pre-test to evaluate the 

participants’ prior knowledge of the target vocabulary, (2) the measurement tool for the immediate 

post-test to evaluate the participants’ initial learning of the target vocabulary knowledge, and (3) the 

measurement tool for the delayed post-test to evaluate the participants’ retention of the target 

vocabulary knowledge. The maximum possible scores for the pre-test, immediate and delayed post-

tests are all 20, as there are 10 target words. The minimum possible scores for the three tests are all 

zero.  

 

3.8 Research Ethics 

I conducted the study strictly following the research ethics of University of Bristol and The 

Education University of Hong Kong. In line with the relevant policies on research integrity, I applied 

to the Human Research Ethics Committee of both University of Bristol and The Education University 

of Hong Kong for ethical clearance. I obtained the ethical approval prior to any data collection or 

analysis as shown in Appendix 6 to 12.  

 

Specifically, as explained in Section 3.4 Participants, I invited 192 students to participate in 

the research through different channels, including emails, social media platforms, posters, and so on. 

Based on the selection criteria, 159 students participated in the pre-test. While 24 of them, who knew 

more than two target vocabulary, were excluded from the research at this stage based on the selection 

criteria. I selected the remaining 135 students for the research and explained to them that no potential 

risks were involved in this study. I also gave them a brief introduction of the project, telling them that 

the whole experiment process, including the pre-test, learning process, and posttests, lasted for around 

one hour and were conducted in regular classrooms or computer labs. All students participated in the 

project voluntarily, and they were ensured that they had the right to question any part of the procedure 

and could withdraw at any time without penalty of any kind. No one withdrew from the study. 

 

As explained in Section 3.3 Research design, a total of 135 students participated in the project. 
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Their prior knowledge of the target vocabulary was measured by a pre-test before the experiment. 

They were then randomly and equally assigned to three groups (45 students in Group A did Task 1, 45 

students in Group B did Task 2, and 45 students in Group C did Task 3). All students participated in 

the immediate post-test, which evaluated their initial learning of the target vocabulary knowledge, after 

the learning session. Subsequently, 10 students from each group were interviewed to collect data 

concerning their learning processes. The remaining 35 students from each group were post-tested again 

one week later to measure their retention of the target vocabulary knowledge. More details are 

presented in Section 3.3.1 Pre-test, Section 3.3.2 Learning processes, Section 3.3.3 Immediate post-

test, Section 3.3.4 In-depth interview, and Section 3.3.5 Delayed post-test, respectively.  

 

3.9 Data Analysis  

This study involved three vocabulary learning tasks: Task 1: "Reading a text and answering 

reading comprehension questions on paper", Task 2: "Reading a text and answering reading 

comprehension questions in a digital game," and Task 3: "Reading a text and inferring meanings of 

the underlined words in a digital game." T1, T2, and T3 are used as abbreviations for Task 1, Task 2, 

and Task 3, respectively, in this section. The involvement loads of the three learning tasks in three 

components, including Need, Search, and Evaluation, (Section 3.2) were not only the same but also 

equally distributed. Specifically, the involvement loads of the three components in ILH were at 

moderate levels (1+1+1) for the three learning tasks (Hu & Nassaji, 2016). As the involvement loads 

of these three learning tasks were the same and equally distributed in terms of need, search, and 

evaluation, the differences between the three tasks were essential and critical. 

 

Research questions Learning tasks ILH 

Need  Search  Evaluation 

1) For the same 

vocabulary learning 

task with the same 

involvement load, do 

learners perform 

better in a digital 

game environment 

than in a 

conventional one? 

Task 1: Reading a text and 

answering reading 

comprehension questions 

(on paper) 

 

Task 2: Reading a text and 

answering reading 

comprehension questions 

(in a digital game) 

1 

 

 

 

 

1 

1 

 

 

 

 

1 

1 

 

 

 

 

1 
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2) For two different 

vocabulary learning 

tasks in the digital 

game environment, 

do learners perform 

differently even 

though the two tasks 

are considered to 

have the same 

involvement loads 

according to ILH in 

its present form? 

Task 2: Reading a text and 

answering reading 

comprehension questions 

(in a digital game) 

 

Task 3: Reading a text and 

inferring meanings of the 

underlined words (in a 

digital game) 

1 

 

 

 

 

1 

1 

 

 

 

 

1 

1 

 

 

 

 

1 

Table 21: The purposes of two comparisons among the three groups  

 

As shown in Table 21, the only difference between Task 1 and Task 2 is the learning 

environment. The conventional learning environment (on paper) was employed in Task 1, whereas the 

digital game environment was employed in Task 2. Thus, I compared these two tasks to answer the 

first research question. I collected data concerning the effectiveness of these two tasks in terms of 

promoting students’ initial learning of the target vocabulary through an immediate posttest, which was 

conducted immediately after the participants completed Task 1 and Task 2. I also collected data 

concerning the effectiveness of these two tasks in terms of promoting students’ retention of the target 

vocabulary through a delayed posttest, which was conducted one week after the participants completed 

the tasks. Through comparing the participants’ scores in the immediate post-test, I evaluated whether 

for the same learning task, learners performed better in initial vocabulary learning in a digital game 

environment than in a conventional one. Through comparing the participants’ scores in the delayed 

post-test, I evaluated whether for the same learning task, learners performed better in vocabulary 

retention in a digital game environment than in a conventional one.  

 

Objective 1.1:   

To investigate whether for the same learning 

task, learners performed better in initial 

vocabulary learning in a digital game 

environment than in a conventional one 

Comparison 1.1:  

To compare the immediate post-test scores of 

the participants who completed Task 1 and Task 

2 
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Objective 1.2:   

To investigate whether for the same learning 

task, learners performed better in vocabulary 

retention in a digital game environment than in 

a conventional one 

Comparison 1.2:  

To compare the delayed post-test scores of the 

participants who completed Task 1 and Task 2 

Objective 2.1:   

To investigate whether for two different 

learning tasks, which are similarly effective in 

terms of promoting vocabulary learning in a 

conventional learning environment, learners 

performed differently in a digital game 

environment from the perspective of initial 

vocabulary learning 

Comparison 2.1:  

To compare the immediate post-test scores of 

the participants who completed Task 2 and Task 

3 

Objective 2.2:   

To investigate whether for two different 

learning tasks, which are similarly effective in 

terms of promoting vocabulary learning in a 

conventional learning environment, learners 

performed differently in a digital game 

environment from the perspective of vocabulary 

retention  

Comparison 2.2:  

To compare the delayed post-test scores of the 

participants who completed Task 2 and Task 3 

 Table 22: The objectives and comparisons 

 

The only difference between T2 and T3, was the learning environment. Therefore, I compared 

these two tasks to answer the second research question. I collected data concerning the effectiveness 

of these two tasks in terms of promoting students’ initial learning of the target vocabulary through an 

immediate posttest, which was conducted immediately after the participants completed Task 2 and 

Task 3. I also collected data concerning the effectiveness of these two tasks in terms of promoting 

students’ retention of the target vocabulary through a delayed posttest, which was conducted one week 

after the participants completed the tasks. Similarly, through comparing the participants’ scores in the 

immediate post-test, I evaluated whether for two different learning tasks, which are similarly effective 

in terms of promoting vocabulary learning in a conventional learning environment, learners performed 

differently in a digital game environment from the perspective of initial vocabulary learning. Through 
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comparing the participants’ scores in the delayed post-test, I evaluated whether for two different 

learning tasks, which are similarly effective in terms of promoting vocabulary learning in a 

conventional learning environment, learners performed differently in a digital game environment from 

the perspective of vocabulary retention. The objectives and comparisons are summarized in Table 22. 

 

The interview data were analyzed to understand the participants’ learning experiences. 

Specifically, I transcribed the audio recordings of the interviews literally first, and then read the 

transcripts several times to obtain a general understanding of the whole picture of the participants’ 

learning processes. Many other studies applied similar methods as well, for example, Zou (2012, 2016, 

2017). After obtaining a comprehensive understanding, I started to concentrate specifically on the 

episodes when the participants reported the features of the learning tasks and learning environments 

conducive to their learning of the target vocabulary knowledge. I also paid attention to the differences 

among the three tasks and wrote down notes concerning how these differences might have possible 

influences on the initial learning and retention of the target vocabulary.  

 

Specifically, I read through each transcript carefully and paid attention to the parts when 

learners reported what they felt useful for their learning of target words. I also highlighted the 

important words, phrases, and sentences that indicated the students’ perceptions of the learning 

experience, as well as what they did and noticed. After highlighting these, I found that these texts were 

normally what the students noticed or felt during the learning process, including what features 

motivated or demotivated them, what engaged them, what directed their attention to the target 

vocabulary knowledge, what distracted them, what they liked or disliked, and what they felt useful or 

useless. Based on these categories, I grouped and labeled the data accordingly. After the categorizing 

and labeling, I further organized and analyzed the data to identify the features of different learning 

tasks.  

 

3.10 Summary 

In this chapter, I have explained the research methodology in detail. In the introduction, I 

explained that the purpose of the current study is to investigate whether the ILH developed by Hulstijn 

and Laufer (2001), a measurement theory for estimating involvement loads for tasks in incidental 

vocabulary acquisition, can be applied to the tasks in DGBVL as the experimental results of existing 

studies cannot be generalized for DGBVL, and because there have been few studies on this topic. 

Motivated by this research objective and theoretical analysis, I asked two research questions which 
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were: 1) For the same vocabulary learning task with the same involvement load, do learners perform 

better in a digital game environment than in a conventional one? 2) For two different vocabulary 

learning tasks in the digital game environment, do learners perform differently even though the two 

tasks are considered to have the same involvement loads according to ILH in its present form? For the 

interpretation of the research results, I also aimed to investigate whether the ILH or competing theories 

can account for the results. 

 

The participants and criteria for selecting participants were then introduced and discussed. The 

participants were from The Education University of Hong Kong and had similar educational 

backgrounds (i.e., first year Master of Education students), language proficiency levels (i.e., 

intermediate English learners), and prior knowledge of the target vocabulary (i.e., knew no more than 

two target words). Their first languages were either Mandarin or Cantonese. The details are presented 

in Section 3.4 Participants. I explained the experimental design in detail in Section 3.3 Research design. 

The research framework contained two comparisons among three group, which were (i) "responding 

either on paper or in a digital game" (i.e., Group A vs. Group B) and (ii) "responding on two different 

tasks which have the same ILH loads" (i.e., Group B vs. Group C). The first comparison was to answer 

the first research question and the second comparison was to answer the second research question. The 

two comparisons among the three groups formed the research framework of this study. All participants 

were randomly assigned to complete one of the three tasks and were given the same amount of time to 

complete the tasks.  

 

The details concerning the tasks design and research design are explained in Section 3.2: Task 

Design and Section 3.3: Research Design, which further includes explanations of the pre-test, the 

learning process, the procedure for conducting the pre-test, immediate post-test, and delayed post-test, 

and the interview. Subsequently, in Section 3.4: Participants, I explained the criteria of selecting the 

participants for the three groups. In Section 3.5, I explained the game design; and in Section 3.6, I 

explained the procedures and rationale for selecting the learning tasks, including the selection of 

reading topic, reading text, and target words. The learning task measurement was then discussed in 

Section 3.7: Measurement Tool. The proposed task measurement was based on Folse's (2006) 

Modified Vocabulary Knowledge Scale (MVKS), which was further revised by Zou (2012). Finally, 

the differences between Folse's MVKS (2006) and Zou's task measurement (2012) were explained in 

this section.  
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In Section 3.8 Research ethics, I explained the ethical issues and relevant procedures. In Section 

3.9, I provided details concerning how different data were analyzed for the answering of the two 

research questions and explained why these comparisons and analysis could lead to the successful 

question answering.  
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CHAPTER 4: EXPERIMENTAL RESULTS 
 

 

 

4.1 Introduction 

In this chapter, I report the results from the experiment. Specifically, I report the results of the 

pre-test, immediate post-test, delayed post-test for the three groups in the following six sections. I 

employed the MVKS as the task measurement for scoring all tasks in our experiment. The scores on 

the tasks reflect the effectiveness of promoting vocabulary learning on the tasks (Zou, 2012).  

 

The remaining parts of this chapter are organized as follows. In Section 4.2, the results are first 

presented to provide a global view. The detailed results of the test of normality and test of homogeneity 

of variance are then introduced and reported in Section 4.3 and Section 4.4, respectively. In Section 

4.5, I discuss the effectiveness of the three vocabulary learning tasks. I then report the results of the 

first comparison between Task 1 (Reading a text and answering reading comprehension questions on 

paper) and Task 2 (Reading a text and answering reading comprehension questions in a digital game) 

to examine whether learners had a better performance in the two learning environments (on paper vs. 

in a digital game) for the same learning task in Section 4.6. In Section 4.7, I report the results of the 

second comparison between Task 2 and Task 3 (Reading a text and inferring meanings of the 

underlined words in a digital game) to examine whether students performed differently in a digital 

game learning environment for two different learning tasks with the same involvement loads.  

 

4.2 Overall Experimental Results 

The three groups of participants’ scores in the pre-test are summarized in Table 18. As 

explained in Section 3.3 Research Design, the pre-test evaluated the participants’ prior knowledge of 

the target vocabulary, and Folse’s (2006) modified vocabulary knowledge scale (MVKS) was used as 

the measurement tool. I selected only the students who knew no more than two target vocabulary to 

participate in the research, as explained in Section 3.3.1 Pre-test and Section 3.4 Participants. So, the 

maximum score of the students in the pre-test was 4, and the minimum score was 0 as some students 

knew none of the target vocabulary before participating in the research. I further run several tests to 

examine the participants’ pre-test scores. The results showed that the mean scores and standard 

deviations of the three groups of participants’ pre-test scores were similar. Thus, it can be concluded 

that the three groups of participants shared similar prior knowledge of the target vocabulary, and the 

differences of their immediate post-test scores, which indicated their initial learning of the target 

vocabulary knowledge, and the differences of their delayed post-test scores, which indicated their 
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retention of target vocabulary knowledge, resulted mainly from the different tasks that they did during 

the treatment.  

 

The pre-test, immediate and delayed post-test scores of the three groups of students who did 

Task 1, Task 2, and Task 3 were independent. All participants in each group were different. No student 

was in more than one group. 

 

As presented in Table 23, the mean immediate post-test score of the participants who did Task 

1 was 5.11 (with the standard deviation of 2.62), which was lower than those of the participants who 

did Task 2 (M = 7.22; SD = 3.01) and Task 3 (M = 10.62; SD = 2.52). The mean score of the participants 

who did Task 3 was the highest among the three. Concerning the three groups of participants’ highest 

immediate post-test scores, that of the participants who did Task 1 was 12, that of those who did Task 

2 was 13, and that of those who did Task 3 was 16. The three groups of participants’ lowest immediate 

post-test scores were 0, 2, and 6, respectively. The overall immediate post-test mean was 7.66 (with a 

standard deviation of 3.51), showing that all three tasks promoted generally satisfactory initial learning 

of the target vocabulary knowledge.  

 

 N Pre-test scores Immediate post-test scores Delayed post-test scores 

M SD Max Min  M SD Max Min  M SD Max Min 

Task 1 35 1.43 1.48 4 0 5.22 2.61 12 0 4.17 2.43 10 0 

Task 2 35 1.40 1.35 4 0 7.22 3.01 13 2 5.46 2.55 10 0 

Task 3 35 1.31 1.30 4 0 10.62 2.52 16 6 7.46 2.31 12 3 

Total 105 1.38 1.36   7.66 3.51   5.69 2.76   

Table 23: Descriptive statistics of the participants’ pre-test, immediate and delayed post-test scores 

 

The three groups of the participants’ mean scores in the delayed post-test displayed similar 

trends as those of the immediate post-test. The mean delayed post-test score of the participants who 

did Task 1 was 4.17 (with the standard deviation of 2.43), which was lower than those of the 

participants who did Task 2 (M = 5.46; SD = 2.55) and Task 3 (M = 7.46; SD = 2.31). The three groups 

of participants’ highest delayed post-test scores were 10, 10, and 12, respectively. Their lowest delayed 

post-test scores were 0, 0, and 3, respectively. The overall delayed post-test mean was 5.69 (with a 

standard deviation of 2.76), showing that all three tasks promoted generally satisfactory retention of 

the target vocabulary knowledge, considering that the participants’ prior knowledge of the target 
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vocabulary was very little. 

 

 

Figure 13: The overall MVKS scores of the three groups of participants in the three tests 

 

The MVKS scores of the three groups of participants who did the three tasks in the pre-test, 

immediate post-test, and delayed post-test were consolidated and plotted in Figure 13. From the trends 

and results from the figure, it can be observed that: 

(1) The mean scores of the immediate post-test of the participants who did Task 1 (Reading a text 

and answering reading comprehension questions on paper) was lower than those of the 

participants who did Task 2 (Reading a text and answering reading comprehension questions 

in a digital game) and Task 3 (Reading a text and inferring meanings of the underlined words 

in a digital game), indicating that Task 1 was less effective than Task 2 and Task 3  in terms of 

promoting initial learning of the target vocabulary knowledge.  

(2) The mean scores of the delayed post-test of the participants who did Task 1 was lower than 

those of the participants who did Task 2 and Task 3, indicating that Task 1 was less effective 

than Task 2 and Task 3 in terms of promoting retention of the target vocabulary knowledge.  

(3) The mean scores of the immediate post-test of the participants who did Task 2 was lower than 

those of the participants who did Task 3, indicating that Task 2 was less effective than Task 3 

in terms of promoting initial learning of the target vocabulary knowledge.  

(4) The mean scores of the delayed post-test of the participants who did Task 2 was lower than 

those of the participants who did Task 3, indicating that Task 2 was less effective than Task 3 

in terms of promoting retention of the target vocabulary knowledge.  

(5) For all three learning tasks, the mean scores of the participants in the immediate post-test were 

higher than their mean scores in the delayed post-test. 
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4.3 Test of Normality 

To examine whether the three groups of participants’ MVKS scores in the pre-test and the 

immediate and delayed post-tests were normally distributed, I employed two typical statistical tests, 

Kolmogorov-Smirnov and Shapiro-Wilk, to examine the data.   

 

For the three groups of participants’ pre-test scores, the values of Kolmogorov-Simirnoy tests 

of the three sets of data were all smaller than 0.01. Similarly, the statistic values of the Shapiro-Wilk 

tests of the three sets of data were smaller than 0.01. These results showed that the three groups of 

participants’ pre-test scores were not normally distributed, which is likely because I selected only the 

students who knew no more than two target vocabulary to participate in the study. As explained earlier 

in Section 3.4 Participants, this selection criterion aims to minimize the possible influences of students’ 

prior knowledge on their learning of the target vocabulary.  

 

 For the three groups of participants’ immediate post-test scores, the values of Kolmogorov-

Simirnoy tests of the three sets of data were 0.11, 0.12, and 0.12, respectively. The degrees of freedom 

(i.e., df values) for the three tasks were all 35. More importantly, the sig. values of the Kolmogorov-

Simirnoy tests of the three groups of participants’ MVKS scores were 0.20, 0.20, and 0.16, respectively. 

A sig. value greater than 0.05, indicates that the MVKS scores followed a normal distribution. The 

Shapiro-Wilk tests showed whether the data follow the normal distribution. The statistic values of the 

Shapiro-Wilk tests of the three groups of participants’ MVKS scores were 0.974, 0.963, and 0.967, 

respectively. The df values for the three groups were all 35. The sig. values of the Shapiro-Wilk tests 

of the three groups of participants’ MVKS scores in the immediate post-tests were 0.55, 0.27, and 0.36, 

respectively, indicating normal distribution of the data.  

 

 For the three groups of participants’ delayed post-test scores, the values of Kolmogorov-

Simirnoy tests of the three sets of data were 0.10, 0.11, and 0.10, respectively. The df values for the 

three tasks were all 35. The sig. values of the Kolmogorov-Simirnoy tests of the three groups of 

participants’ MVKS scores were all 0.200, which indicated normal distributions. The values of the 

Shapiro-Wilk tests of the three groups of participants’ MVKS scores were 0.970, 0.974, and 0.970, 

respectively. The df values were all 35. The sig. values of Shapiro-Wilk tests of the three groups of 

participants’ MVKS scores in the delayed post-tests were 0.45, 0.55, and 0.45, respectively. As they 

were greater than 0.05, the data were normally distributed. 
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In sum, the three groups of participants’ MVKS scores in the pre-test were not normally 

distributed, but their scores in both immediate and delayed post-tests were normally distributed. These 

assumptions were examined by two types of statistical tests, the Kolmogorov-Smirnov and Shapiro-

Wilk tests.  

 

4.4 Test of Homogeneity of Variance 

I also examined whether the three groups of participants’ MVKS scores in the pre-test and 

immediate and delayed post-tests shared homogeneous variances. I conducted the Levene's test with 

the “task type” (i.e., Task 1, Task 2, and Task 3) as the grouping variable and the “three groups of 

participants’ MVKS scores in the pre-test, immediate post-test, and delayed post-test” as the dependent 

variables.  

 

For the three groups of participants’ pre-test scores, the sig. value of the Levene's test was 0.53. 

As it is greater than 0.05, it can be concluded that the three groups of participants’ scores in the pre-

test shared homogeneous variances. For the participants’ scores in the immediate post-test, the sig. 

value of the Levene's test was 0.24, which is greater than 0.05, meaning that there were no significant 

differences among the three groups of data. Thus, the three groups of participants’ scores in the 

immediate post-test shared homogeneous variances. For the participants’ scores in the delayed post-

test, the sig. value of Levene's test was 0.91, which similarly indicated that there were no significant 

differences among the three groups of data. So, the three groups of participants’ scores in the delayed 

post-test also shared homogeneous variances. 

 

In sum, the three groups of participants’ MVKS scores in the pre-test, immediate post-test, and 

delayed post-test all shared homogeneous variances, as verified by the Levene's tests. That is, although 

the three groups of participants’ means of the immediate and delayed post-tests differed greatly, they 

passed the test of homogeneity of variance. As presented earlier in Section 4.3 Test of normality, the 

three groups of participants’ MVKS scores in the immediate and delayed post-tests also met the 

requirement of normal distribution.  

 

4.5 Task Effectiveness in Terms of Promoting Initial Learning and Retention of Target Vocabulary 

Knowledge  

The post-test scores of the participants are compared in this section through four independent 

samples t-tests.  
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1) For the first independent samples t-test, I compared the immediate post-test scores of the 

participants who did Task 1 (Reading a text and answering reading comprehension 

questions on paper) and those who did Task 2 (Reading a text and answering reading 

comprehension questions in a digital game). 

2) For the second independent samples t-test, I compared the immediate post-test scores of 

the participants who did Task 2 and those who did Task 3 (Reading a text and inferring 

meanings of the underlined words in a digital game). 

3) For the third independent samples t-test, I compared the delayed post-test scores of the 

participants who did Task 1 and those who did Task 2. 

4) For the fourth independent samples t-test, I compared the delayed post-test scores of the 

participants who did Task 2 and those who did Task 3. 

 

The main foci of these independent samples t-tests are on two comparisons, (1) the comparison 

between Task 1 and Task 2, the participants of which did the same learning task in two different 

learning environments (i.e., one on paper and one in a digital game environment); and (2) the 

comparison between Task 2 and Task 3, the participants of which did two different tasks with the same 

involvement load (i.e., moderate need, search, and moderate evaluation) in the same digital game 

environment.  

 

The results of the two comparisons can indicate (1) whether for the same learning task, learners 

performed better in initial learning and retention of target vocabulary knowledge in a digital game 

environment than in a conventional one; and (2) whether for two different learning tasks with the same 

involvement load, learners performed differently in a digital game environment from the perspective 

of their initial learning and retention of the target vocabulary knowledge. Many researchers agreed that 

the effectiveness of vocabulary learning tasks can be demonstrated by the differences between the 

learners’ post-test scores (e.g., Folse, 2006; Laufer & Hulstijn, 2001; Keating, 2008; Zou, 2012; Hu & 

Nassaji, 2016).  

 

4.5.1 Comparing Task 1 and Task 2 in Terms of Promoting Initial Learning 

 As presented in Table 24, the values in the “Equal variances assumed” row were the results of 

the independent samples t-test, as the sig. value of the Levene’s test for equality of variances was 0.15, 

greater than 0.05. The sig. value of the sig. (2-tailed) was 0.003, which was smaller than the 

significance level of 0.05, indicating that these two sets of data were significantly different. Similarly, 
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the 95% confidence interval of the difference ranged from -3.46 to -0.76, excluding the value of 0, 

which also indicated significant difference between the mean scores of the participants who did Task 

1 and Task 2 in the immediate posttest. 

 

 

Levene's 

Test for 

Equality of 

Variances t-test for Equality of Means 

F Sig. t Df 

Sig. (2-

tailed) 

Mean 

Difference 

Std. Error 

Difference 

95% Confidence 

Interval of the 

Difference 

Lower Upper 

Equal 

variances 

assumed 

2.07 .15 -2.96 68 .004* -2.00 .67 -3.34 -.65 

Equal 

variances 

not 

assumed 

  

-2.96 66.68 .004 -2.00 .67 -3.34 -.65 

*p < 0.05 

Table 24: Results of the independent samples t-test of the participants’ scores in the immediate 

posttest (Task 1 vs. Task 2) 

 

Thus, in terms of promoting initial learning, Task 1 (Reading a text and answering reading 

comprehension questions on paper) was significantly less effective than Task 2 (Reading a text and 

answering reading comprehension questions in a digital game). This indicated that for the same 

learning task, learners performed better in initial vocabulary learning in a digital game environment 

than in a conventional one.  

 

4.5.2 Comparing Task 2 and Task 3 in Terms of Promoting Initial Learning 

As presented in Table 25, the values in the “Equal variances assumed” row were the results of 

the independent samples t-test, as the sig. value of the Levene’s test for equality of variances was 0.14, 

greater than 0.05. The sig. value of the sig. (2-tailed) was smaller than the significance level of 0.05, 

indicating that these two sets of data were significantly different. Similarly, the 95% confidence 

interval of the difference ranged from -4.72 to -2.07, excluding the value of 0, which also indicated 

significant difference between the mean scores of the participants who did Task 2 and Task 3 in the 

immediate posttest. 
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Levene's 

Test for 

Equality of 

Variances t-test for Equality of Means 

F Sig. t Df 

Sig. (2-

tailed) 

Mean 

Difference 

Std. Error 

Difference 

95% Confidence 

Interval of the 

Difference 

Lower Upper 

Equal 

variances 

assumed 

2.23 .14 -5.12 68 .00* -3.40 .66 -4.72 -2.07 

Equal 

variances 

not 

assumed 

  

-5.12 65.96 .00 -3.40 .66 -4.72 -2.07 

*p < 0.05 

Table 25: Results of the independent samples t-test of the participants’ scores in the immediate 

posttest (Task 2 vs. Task 3) 

 

Therefore, in terms of promoting initial learning, Task 3 (Reading a text and inferring meanings 

of the underlined words in a digital game) was significantly more effective than Task 2 (Reading a text 

and answering reading comprehension questions in a digital game). This indicated that for two 

different learning tasks with the same involvement load (i.e., moderate need, search, moderate 

evaluation), learners performed differently in a digital game environment.  

 

4.5.3 Comparing Task 1 and Task 2 in Terms of Promoting Retention 

In the context of this study, students’ retention of vocabulary knowledge was measured by a 

delayed post-test one week after the treatment, as explained earlier in Section 3.3 Research design. 

Many similar studies applied this measurement approach, for example, Keating (2008), Kim (2008), 

and Zou (2012, 2016, 2017). Specifically, the effectiveness of the tasks in promoting retention of target 

vocabulary knowledge was demonstrated by the participants’ scores in the delayed post-tests (Hulstijn, 

2001; Zou, 2012; Hu & Nassaji, 2016). The participants’ MVKS scores in the delayed post-tests were 

set as the test variables and the task type as the grouping variable.  

 

As presented in Table 26, the values in the “Equal variances assumed” row were the results of 

the independent samples t-test, as the sig. value of the Levene’s test for equality of variances was 0.70, 
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greater than 0.05. The sig. value of the sig. (2-tailed) was 0.03, which was smaller than the significance 

level of 0.05, indicating that these two sets of data were significantly different. Similarly, the 95% 

confidence interval of the difference ranged from -2.47 to -0.09, excluding the value of 0, which also 

indicated significant difference between the mean scores of the participants who did Task 1 and Task 

2 in the delayed posttest. 

 

 

Levene's 

Test for 

Equality of 

Variances t-test for Equality of Means 

F Sig. t df 

Sig. (2-

tailed) 

Mean 

Difference 

Std. Error 

Difference 

95% Confidence 

Interval of the 

Difference 

Lower Upper 

Equal 

variances 

assumed 

.14 .70 -2.15 68 .03* -1.28 .59 -2.47 -.09 

Equal 

variances 

not 

assumed 

  

-2.15 67.82 .03 -1.28 .59 -2.47 -.09 

*p < 0.05 

Table 26: Results of the independent samples t-test of the participants’ scores in the delayed posttest 

(Task 1 vs. Task 2) 

 

Thus, in terms of promoting retention of the target vocabulary knowledge, Task 1 (Reading a 

text and answering reading comprehension questions on paper) was significantly less effective than 

Task 2 (Reading a text and answering reading comprehension questions in a digital game). This 

indicated that for the same learning task, learners performed better in retention of the target vocabulary 

knowledge in a digital game environment than in a conventional one.  

 

4.5.4 Comparing Task 2 and Task 3 in Terms of Promoting Retention 

As presented in Table 27, concerning the delayed post-test scores of the participants who did 

Task 2 and Task 3, the values in the “Equal variances assumed” row were the results of the independent 

samples t-test, as the sig. value of the Levene’s test for equality of variances was 0.72, greater than 

0.05. The sig. value of the sig. (2-tailed) was 0.001, which was smaller than the significance level of 

0.05, indicating that these two sets of data were significantly different. Similarly, the 95% confidence 
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interval of the difference ranged from -3.16 to -0.83, excluding the value of 0, which also indicated 

significant difference between the mean scores of the participants who did Task 2 and Task 3 in the 

delayed posttest. 

 

Levene's 

Test for 

Equality of 

Variances t-test for Equality of Means 

F Sig. t df 

Sig. (2-

tailed) 

Mean 

Difference 

Std. Error 

Difference 

95% Confidence 

Interval of the 

Difference 

Lower Upper 

Equal 

variances 

assumed 

.12 .72 -3.42 68 .001* -2.00 .58 -3.16 -.83 

Equal 

variances 

not 

assumed 

  

-3.42 67.34 .001 -2.00 .58 -3.16 -.83 

*p < 0.05 

Table 27: Results of the independent samples t-test of the participants’ scores in the delayed posttest 

(Task 2 vs. Task 3) 

 

Thus, in terms of promoting retention of the target vocabulary knowledge, Task 3 (Reading a 

text and inferring meanings of the underlined words in a digital game) was significantly more effective 

than Task 2 (Reading a text and answering reading comprehension questions in a digital game). This 

indicated that for two different learning tasks (i.e., Task 2 and Task 3) with the same involvement load 

(i.e., moderate need, search, moderate evaluation), learners performed differently in a digital game 

environment.  

 

4.6 Loss of Vocabulary Knowledge   

I also investigated students’ loss of vocabulary knowledge by examining the attrition rates of 

their post-test scores, which refer to the change of the three groups of participants’ mean scores from 

the immediate post-test to the delayed post-test. For example, if a student’s immediate post-test score 

is 10, and her/ his delayed post-test score is 8, the attrition rate is 0.2, i.e., (10 - 8)/10 = 0.2. I used the 

attrition rates as the dependent variables and task type as the fixed factor and examined the differences 

among the three groups of participants’ attritions through a one-way ANOVA. The data met the basic 

assumptions for ANOVA. They were drawn independently of each other, normally distributed, and 



109 

 

shared homogenous variances (see Table 29). 

 

As presented in the following Table 28, the mean attrition of the participants who did Task 1 

was 0.21 (SD = 0.23), which was lower than the mean attrition of the participants who did Task 2, 0.24 

(SD = 0.27). The mean attrition of the participants who did Task 3 was the highest among the three 

groups of participants, which was 0.29 (SD = 0.18).  

 

 N Attrition  

M SD Max Min  

Task 1 35 0.21 0.23 1 0 

Task 2 35 0.24 0.27 1 0 

Task 3 35 0.29 0.18 0.6 0 

Total 105 0.24 0.23   

Table 28: Descriptive statistics of the attritions  

 

 Levene Statistic df1 df2 Sig. 

Attrition Based on Mean 3.04 2 102 0.052 

Based on Median 2.08 2 102 0.13 

Based on Median and with adjusted df 2.08 2 88.15 0.13 

Based on trimmed mean 2.62 2 102 0.07 

Table 29: Test of Homogeneity of Variances  

 

 

 Sum of Squares df Mean Square F Sig. 

Between Groups (Combined) 0.11 2 0.05 1.02 0.36 

Linear Term Contrast 0.11 1 0.11 2.03 0.15 

Deviation 0.001 1 0.001 .01 0.90 

Within Groups 5.53 102 0.05   

Total 5.64 104    

Table 30: ANOVA Results 

 

The results of the ANOVA showed no statistically significant difference among the three 

groups of participants’ attritions. As shown in Table 30, the Sig value was 0.36, which was greater 
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than 0.05. The results of the multiple comparisons, as presented in Table 31, also indicated that the 

three groups of participants’ attritions were not significantly different, as the sig. values were all greater 

than 0.05. 

 

 

(I) Task Type (J) Task Type 

Mean Difference  

(I-J) Std. Error Sig. 

95% Confidence Interval 

Lower Bound Upper Bound 

1.00 2.00 -0.03 0.05 1.00 -0.16 0.10 

3.00 -0.07 0.05 0.47 -0.21 0.05 

2.00 1.00 0.03 0.05 1.00 -0.10 0.16 

3.00 -0.04 0.05 1.00 -0.18 0.09 

3.00 1.00 0.07 0.05 0.47 -0.05 0.21 

2.00 0.04 0.05 1.00 -0.09 0.18 

Table 31: Results of Multiple Comparisons 

 

Such results indicated that the three groups of students had similar rates concerning their loss 

of vocabulary knowledge after the learning sessions. Regardless of their learning environments and 

learning tasks, all students forgot the target vocabulary knowledge with similar rates.  

 

4.7 Interview Results  

 As for the qualitative data, which were collected from 30 participants who were interviewed 

after the immediate post-test, I analyzed and coded them to identify important features of the three 

tasks (i.e., Task 1: Reading a text and answering reading comprehension questions on paper; Task 2: 

Reading a text and answering reading comprehension questions in a digital game; and Task 3: Reading 

a text and inferring meanings of the underlined words in a digital game). Specifically, the important 

features included the following aspects: 

1. What features motivated the students’ vocabulary learning; 

2. What features demotivated the students’ vocabulary learning; 

3. What features engaged the students in the learning processes; 

4. What features directed the students’ attention to the target vocabulary knowledge; 

5. What features distracted the students’ vocabulary learning; 

6. What features the students liked; 

7. What features the students disliked; 

8. What features the students considered useful for their learning of the target vocabulary knowledge; 

9. What features the students considered useless for their learning of the target vocabulary knowledge. 
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The coding results showed that the digital game learning environment indeed led to a positive 

effect on learning motivation. As shown in Extract 1, the participant reported that he made some efforts 

to learn how to play the game and found that the game was quite motivating (…The game was 

interesting and motivating…). All extracts were transcribed from the audio interview data and literally 

translated to English when the interviewees spoke Chinese. The respondent in Extract 2 had experience 

in digital game playing and found it was easy-to-play, which reduced the degree of tediousness in 

conventional vocabulary acquisition (…I enjoyed the game. In this way, acquiring vocabulary is not 

a tedious process anymore…). Extract 3 showed that the digital game could also promote the 

motivation of the learner who was a non-game player in terms of task-driven form (...The goal of the 

game task stimulated me to complete the learning process…)  

 

Extract 1: "Although I was not familiar with the operation of digital games at the beginning, I 

understood how to play the game after guidance and demonstration from the assistant. The game was 

interesting and motivating. It is a good way to learn new words. However, the cost of this method 

seems to be very high."    

 

Extract 2: "I usually play mobile games. Thus, playing the digital game is easy for me. I enjoyed 

the game. In this way, acquiring vocabulary is not a tedious process anymore. Hope that a mobile 

version of the game can be developed in the future." 

 

Extract 3: "I am not a fan of digital games, but the use of the game is similar to reading an 

interesting story. The goal of the game task stimulated me to complete the learning process. I think 

this way of learning is very interesting, and I want more chances of learning in this way." 

 

Similar comments on the game can be identified from almost all interviewees who learned the 

target vocabulary through playing the game. All 20 students (10 who did Task 2: Reading a text and 

answering reading comprehension questions in a digital game and 10 who did Task 3: Reading a text 

and inferring meanings of the underlined words in a digital game) reported that they loved this digital 

game-based approach to learning, feeling it interesting, creative, and innovative. A total of 16 out of 

20 students believed that digital game-based learning could release their feelings of anxiety, which 

was conducive to the learning of target knowledge. Moreover, all 20 students said that they wanted to 

have more chances to learn in this way.  
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Extract 4: "I felt immersed in the digital game and forgot about other things.” 

 

Extract 5: "I did not feel any anxiety.” 

 

Extract 6: "I enjoyed the digital game environment. It is relaxing.” 

 

Concerning Task 1: Reading a text and answering reading comprehension questions on paper, 

the 10 participants who were interviewed generally believed that reading comprehension was a 

common approach to language learning, and they were very familiar with this task type. Similar 

comments concerning the popularity of reading comprehension as a common task type or means of 

learning can be found among the 10 participants who did Task 2: Reading a text and answering reading 

comprehension questions in a digital game.  

 

It is noteworthy that a total of 18 out of 20 students (10 who did Task 1 and 10 who did Task 

2) admitted that they felt vocabulary learning through reading comprehension not as effective as other 

common vocabulary learning task types, with which they were also very familiar and had practiced 

many times in the past years of language learning (e.g., cloze exercises, inferring meanings of target 

words, sentence writing, etc.). For explicit explanations concerning this perception, 16 interviewees 

explained that they felt that reading comprehension did not specifically directed or guided them to 

focus on the target vocabulary, so their attention was generally on the whole context for comprehension. 

They rarely attempted to remember the forms of the target vocabulary or figure out the exact meanings 

of the target words. Thus, they did not spend additional efforts on building clear form-meaning links 

for the target words. This might be the main reason why they found it difficult to remember the target 

words’ meanings and forms after completing the reading comprehension tasks.  

 

Extract 7: "I think vocabulary learning through reading comprehension is not very effective, 

compared to other methods. I do not normally focus too much on certain words while reading. It’s a 

bit unnatural, as the main target is the context, not the vocabulary I think.” 

Extract 8: "I did not pay much attention to the forms of the underlined words.” 

Extract 9: "I was not aware that the purpose is to memorize the underlined words, but I knew 

they are important to the reading comprehension.” 

 

  All 10 participants who did Task 3: Reading a text and inferring meanings of the underlined 
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words in a digital game showed positive attitudes towards this way of learning. They regarded it both 

interesting and effective. A total of 7 interviewees out of 10 suggested that this game-based inferring 

task should be more commonly applied in language education. One student even commented that the 

digital game could vividly contextualize the background setting, and the inferring task could 

effectively direct learners’ attention to the target knowledge, so this task was very useful for learning.  

 

Extract 10: "This task is very interesting and effective for learning. I think digital game-based 

vocabulary learning is great. I like the idea of playing to learn.” 

Extract 11: "I like the idea of asking NPCs to guide me to guess the meanings of target words 

based on the context. This makes the learning fun.” 

Extract 12: "The game situated me in vivid contexts. I enjoy learning in this way.” 

 

4.8 Summary 

In this section, I firstly reported the experimental results of the study. Generally, the results 

showed that the three vocabulary learning tasks were effective in terms of promoting both initial 

learning and retention of vocabulary knowledge, considering that the participants had very little prior 

knowledge of the target vocabulary. Significant differences among the three tasks were identified. I 

then presented the interview results with extracts. Table 32 is a summary of the quantitative and 

qualitative results. 

 Quantitative results Qualitative results  

Can the ILH, 

in its present 

form, predict 

differences 

between 

digital and 

non-digital 

environments? 

For the same vocabulary 

learning task with the same 

involvement load, learners 

performed better in a digital 

game environment than in a 

conventional one. 

1) Students considered digital game-based 

vocabulary learning interesting and effective 

and showed positive attitudes towards this 

way of learning. 

2) The game environment could reduce students’ 

feelings of anxiety. 

For two different learning 

tasks with the same 

involvement load according 

to ILH in its present form 

(i.e., moderate need, search, 

moderate evaluation), 

learners performed 

3) Reading comprehension did not specifically 

direct or guide students to focus on the target 

vocabulary. Students’ attention was generally 

on the whole context for comprehension. They 

rarely attempted to remember the forms of the 

target vocabulary or figure out the exact 

meanings of the target words.  
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differently in a digital game 

environment.  

4) The inferring task could effectively direct 

learners’ attention to the target vocabulary 

knowledge. 

Table 32: Summary of the quantitative and qualitative results 

 

Concerning the first research question, “For the same vocabulary learning task with the same 

involvement load, do learners perform better in a digital game environment than in a conventional 

one?”, the research results indicated that, for the same task of reading a text and answering reading 

comprehension questions, learners performed better in both immediate learning and retention of 

vocabulary knowledge in a digital game environment than in a conventional one. The interview results 

indicated that students considered digital game-based vocabulary learning interesting and effective and 

showed positive attitudes towards this way of learning. The game environment could also reduce 

students’ feelings of anxiety. 

 

Concerning the second research question, “For two different learning tasks, which are similarly 

effective in terms of promoting vocabulary learning in a conventional learning environment, do 

learners perform differently in a digital game environment?”, the research results indicated that, for 

Task 2: Reading a text and answering reading comprehension questions in a digital game and Task 3: 

Reading a text and inferring meanings of the underlined words in a digital game, learners performed 

differently. Although the two tasks induce the same involvement load (moderate need, search, and 

evaluation) and tend to promote vocabulary learning with similar effectiveness according to the ILH, 

the research results showed that Task 3 was significantly more effective than Task 2. The interview 

results also indicated that reading comprehension did not specifically directed or guided students to 

focus on the target vocabulary, so students’ attention was generally on the whole context for 

comprehension, and they rarely attempted to remember the forms of the target vocabulary or figure 

out the exact meanings of the target words. Whereas the inferring task could effectively direct learners’ 

attention to the target knowledge, so students spent more additional efforts on building clear form-

meaning links for the target words than those who learn with the reading comprehension task.  

   

According to the ILH, it seemed that all three tasks induced the same involvement load. 

However, the empirical results showed statistically significant differences among the three tasks in 

terms of their effectiveness of promoting initial learning and retention of target vocabulary knowledge. 

One representative competing theory of the ILH is the TFA, which was proposed by Nation and Webb 
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(2011) on the basis of the ILH. Hu and Nassaji (2016) investigated two tasks, “reading a text and 

answering reading comprehension questions on paper” and “reading a text and inferring meanings of 

the underlined words on paper”. They considered that these two tasks had the same TFA score. Thus, 

it seemed that TFA also cannot explain the empirical results of this study well. In the following chapter, 

I will discuss possible reasons concerning why the three tasks appeared to induce the same involvement 

load and have the same TFA score but promoted vocabulary learning with significantly different 

effectiveness.  
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CHAPTER 5: DISCUSSION 
 

 

 

5.1 Introduction 

In this chapter, I discuss the research results from three main perspectives. Firstly, I analyze 

the effectiveness of digital game-based vocabulary learning in Section 5.2. Two main factors that play 

important roles are analyzed: increase of motivation and decrease of anxiety. Then I discuss the 

participants’ engagement with vocabulary while doing the three vocabulary learning tasks in Section 

5.3. After these analyses, I revisit the ILH and TFA from the perspective of digital game-based 

vocabulary learning in Section 5.4, attempting to suggest how these two representative hypotheses that 

attempt to evaluate the effectiveness of word-focused learning tasks can be applied in digital game 

environments.   

 

5.2 Effectiveness of Digital Game-Based Vocabulary Learning 

 As reported in Section 4.5 Effectiveness of three vocabulary tasks, the effectiveness of all three 

tasks in terms of promoting initial learning and retention of target vocabulary knowledge were 

statistically significant. Task 2: Reading a text and answering reading comprehension questions in a 

digital game and Task 3: Reading a text and inferring meanings of the underlined words in a digital 

game were significantly more effective than Task 1: Reading a text and answering reading 

comprehension questions on paper. These results of the post-tests were consistent with many previous 

studies on digital game-based vocabulary learning (Zou et al., 2019). For example, Tsai and Tsai (2018) 

conducted a meta-analysis study on 26 empirical studies on digital game-based second-language 

vocabulary learning and found rich empirical evidence in support of the use of digital games in 

vocabulary learning. Firstly, when the experimental groups learned with video games, while the 

control groups learned with non-game-related activities, a large overall effect size was found. Secondly, 

when the experimental groups learned with video games with specific features added or changed, while 

the control groups learned with the base versions of the games, a medium overall effect size was 

reported. Thirdly, when the experimental groups learned through playing a digital game, while the 

control groups learned via conventional media, a medium to large overall effect size was found. 

Fourthly, when both experimental and control groups played the same digital game but were grouped 

by nongame-related variables, non-significant effect size was found.  

 

Similarly, Chiu et al.’s (2012) meta-analysis of 14 studies on digital game-based vocabulary 

learning reported that digital games were significantly effective for vocabular knowledge development. 
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Hwang and Wang (2016) developed a digital role-playing game to help students learn English 

vocabulary about daily life and integrated flash cards, cloze, and multiple-choice exercises as 

supplementary exercises into the game. Their investigation on the students’ vocabulary learning 

performance and behaviors also showed that vocabulary learning through playing a digital role-playing 

game could lead to better learning performance and higher engagement in the learning processes, 

compared to the conventional learning approach (Hwang & Wang, 2016). Pan (2017) also found that 

students who learned with a motion-sensing game performed significantly better than those who 

learned in a conventional non-game approach. Additionally, Sylven and Sundqvist (2012) found that 

gameplay could lead to improvement of language learners’ proficiency levels.  

 

5.3 Digital Game Environment and Motivation 

Concerning the digital game-related features, which may play important roles in leading to 

effective vocabulary learning, the results of this study indicated that the digital game environment was 

conducive to the increase of learner motivation. As reported in Section 4.8 Interview results, almost 

all interviewees who learned through playing the digital role-playing game showed positive attitudes 

towards the digital game environment and felt motivated to learn in this way. Most students also 

described the game-based learning environment as interesting and creative. Similar results have been 

reported in many previous studies on digital game-based learning.   

 

As reviewed previously in Chapter 2 Literature Review, there is rich empirical evidence in 

support of the effectiveness of game-based learning. Papastergiou (2009, p.10) has shown that a simple 

digital game, which is integrated with curricular contents, can be "more effective [at] promoting the 

knowledge acquisition of computer memory concepts and more motivational for students than the non-

game approach." Papastergiou (2009) also pointed out that the digital game learning environment can 

be motivational and effective for all students despite the greater appreciation and experience on digital 

games of certain groups such as male students. Erhel and Jamet (2013) investigated the impact of 

different types of instructions and feedback in digital games and found that digital games with different 

instructions and feedback can promote learning and motivation. In addition, some recent research 

studies have further revealed the positive effects of digital game environments on motivation. Proulx 

et al. (2018) explained how a digital game promoted extrinsic and intrinsic motivation. Further, Liao 

et al. (2019) found that collaborative digital game-based learning can promote the intrinsic motivation 

of students. Zou et al. (2019) reviewed 21 studies for digital game-based vocabulary learning and 

found that most studies noted positive effects on motivation via digital game-based learning.  
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In sum, based on the interview data, I found one potential reason for the finding that the 

students who did Task 2 (Reading a text and answering reading comprehension questions in a digital 

game) and Task 3 (Reading a text and inferring meanings of the underlined words in a digital game) 

outperformed those who did Task 1 (Reading a text and answering reading comprehension questions 

on paper). The digital game environment was conducive to the increase of learner motivation. There 

is rich empirical evidence in support of this argument in the literature. Erhel and Jame (2013), Hung 

et al (2014), Liao et al. (2019), and Papastergiou (2009) all reported that the digital game learning 

environment can better motivate learners during their learning process than conventional learning 

environments.  

 

5.4 Digital Game Environment and Anxiety  

The interview data also suggested that the digital game environment could reduce students’ 

anxiety of English learning. A common challenge for language learners is that many students feel 

anxious while learning foreign languages, and it is important to provide them with learning 

environments where the atmosphere and contexts are relaxing and comfortable (Yang et al., 2020). In 

this study, I found that around 80% of the interviewees who did Task 2 (Reading a text and answering 

reading comprehension questions in a digital game) and Task 3 (Reading a text and inferring meanings 

of the underlined words in a digital game) believed that the digital game environment could reduce 

their feelings of anxiety.  

 

Similarly, many previous studies reported that their participants who learned with digital games 

had better performance than those who learned in conventional learning environments and experienced 

lower levels of anxiety. Young and Wang (2014) believed that digital game-based vocabulary learning 

was very helpful for speaking practices of students with low language proficiency levels, as they might 

suffer more from anxiety and benefit more from the game environments, compared to students with 

high language proficiency levels. Wei et al. (2018) also found that integrating personalized assistance 

strategies into games could create a low anxiety learning environment and lead to effective vocabulary 

learning. Similarly, Wu and Huang (2017) considered it important to release learner anxiety and found 

digital games useful in terms of reducing anxiety and enhancing students’ engagement.   

 

In sum, the results of this study indicated another potential reason for the finding that Task 2 

and Task 3 were significantly more effective than Task 1. The digital game environment was conducive 
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to the decrease of learner anxiety. The results of many empirical studies also suggested that digital 

games could release learner anxiety, which was conducive to effective learning (e.g., Wei et al., 2018; 

Wu & Huang, 2017; Yang et al., 2020; Young & Wang, 2014). 

 

5.5 Engagement with Vocabulary  

As explained in Section 2.3 Vocabulary Learning Theories, many researchers have attempted 

to propose theories, hypothesis, or models to explain why certain tasks are more effective than others 

in terms of promoting vocabulary learning, and what features of vocabulary learning tasks tend to lead 

to successful and effective learning of vocabulary knowledge. Schmitt (2008) proposed the term 

“engagement with vocabulary” and summarized nine factors that would lead to engagement, including 

1) increased frequency of exposure; 2) increased attention; 3) increased noticing; 4) increased intention 

to learn; 5) a requirement to learn; 6) a need to learn or use the target vocabulary; 7) increased 

manipulation of the target vocabulary and its properties; 8) increased amount of time on learning; and 

9) increased amount of interaction with the target vocabulary (Schmitt, 2008).  

 

I found that this concept “engagement with vocabulary” could well account for my research 

result that Task 2 (Reading a text and answering reading comprehension questions in a digital game) 

was significantly less effective than Task 3 (Reading a text and inferring meanings of the underlined 

words in a digital game). The interview data collected from the 20 participants who did Task 2 and 

Task 3 suggested that Task 3 induced more engagement with vocabulary than Task 2.  

 

A total of eight out of 10 interviewees who did Task 2 reported that they did not re-read the 

text and check relevant parts when they answered the comprehension questions, as they felt it 

unnecessary. Seven out of 10 students also admitted that they did not notice that the reading 

comprehension questions were closely related to the underlined target words, and they were not aware 

that each question associated to one target word. Thus, they did not spend additional time or efforts on 

the words. All 10 students knew that the ten underlined words were important for the completion of 

the reading comprehension task, however, only two of them attempted to re-read the relevant text and 

answer the comprehension questions based on the associated contexts for the target words. Most 

students did not intentionally focus on the target vocabulary while completing the relevant 

comprehension exercises or feel the need of doing so.  

 

Nevertheless, all 10 interviewees who did Task 3 knew that the 10 inferencing exercises were 
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for the 10 target words, as they were specifically asked what these words meant in the contexts of the 

reading text. Thus, they were clear about the learning goal of this task, the 10 target words’ meanings 

and forms. Moreover, all students reported that they re-read the text and checked relevant parts when 

they did the inferencing exercises, as they felt it necessary and important. This is very different from 

what the students who did Task 2 reported. Moreover, a total of nine out of the 10 interviewees who 

did Task 3 mentioned that these inferencing exercises directed them to pay attention to the target 

vocabulary, the contexts where they were used in the reading text and attempted to identify clear 

meanings of the target words. On the contrary, seven out of the 10 interviewees who did Task 2 

admitted that they only had very vague ideas about the meanings of the target words, as they did not 

feel the need of figuring out the exact meanings of the target words. It seemed that knowing what the 

contexts meant was sufficient for the completion of Task 2, and knowledge of the exact meanings of 

the target words was not a must.   

 

In sum, the results indicated that Task 3: Reading a text and inferring meanings of the 

underlined words in a digital game induced more engagement with vocabulary than Task 2: Reading 

a text and answering reading comprehension questions in a digital game. Specifically, the students 

who did Task 3 were aware of the vocabulary learning goal. They tended to intentionally pay attention 

to the target vocabulary. Compared to the students who did Task 2 and only had vague ideas about the 

meanings of the target words, the students who did Task 3 attempted to identify clear meanings of the 

target words based on their contexts by re-reading the relevant texts. Moreover, the students who did 

Task 3 regarded knowing the exact meanings of the target words a must, while those who did Task 2 

did not.  

 

5.6 Flow theory   

As reviewed in Section 2.5.1, students tend to be more concentrated on learning and are more 

willing to spend longer time engaged in learning when they experience flow, so the flow experience is 

likely to lead to effective learning (Wang & Chen, 2010; Wei et al., 2018). According to Salen and 

Zimmerman (2004), Schell (2008), and Song and Zhang (2008), three factors are essential for the 

creation of the flow experience: clear goals, immediate feedback, and challenge-skill balance. In this 

study, the learning goals of Task 2 (Reading a text and answering reading comprehension questions in 

a digital game) and Task 3 (Reading a text and inferring meanings of the underlined words in a digital 

game) were clear. The digital role-playing game also provided students with immediate, clear, and 

unambiguous feedback. Moreover, the interview results indicated that the participants’ language skills 
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and the challenge of completing the reading comprehension and inferencing exercises were balanced. 

Thus, most participants experienced the flow states while learning through playing the games. 

However, the students who learned with Task 1 (Reading a text and answering reading comprehension 

questions on paper) did not receive immediate feedback while writing down the answers to the 

comprehension exercises on paper, which was different from those who submitted answers to the game 

system and  received automatic feedback.  

 

The interview results also indicated that the students who learned with Task 2 and 3 assumed 

roles while playing the games, had stronger sense of control, and felt more immersed in the learning 

than those who learned with Task 1 and answered reading comprehension questions on paper. Such 

sense of control and feelings of immersion also led to the flow states of the students who learned with 

Task 2 and 3.  

 

The interview results did not suggest any major differences between the students who learned 

with Task 2 and 3 concerning their flow experience. The main differences were between these two 

groups of students and those who learned with Task 1. 

 

5.7 Noticing and Form-focused Instruction  

According to the noticing hypothesis, students learn a word better when s/he notices it than 

when s/he pays little attention to it (Schmidt, 1995). Also, as reviewed in Section 2.3.1, the concept of 

form-focused instruction contends that planned instructional activity leads to successful vocabulary 

learning (Ellis, 2001). From the perspectives of noticing and form-focused instruction, Task 3 

(Reading a text and inferring meanings of the underlined words in a digital game) involves form-

focused instruction and intentionally guides learners to notice the target words, while Task 2 (Reading 

a text and answering reading comprehension questions in a digital game) did not.  

 

The interview results also revealed that the reading comprehension task did not specifically 

direct or guide students to focus on the target vocabulary, so their attention was generally on the whole 

context for comprehension. They rarely attempted to remember the forms of the target vocabulary or 

figure out the exact meanings of the target words. Thus, they did not spend additional efforts on 

building clear form-meaning links for the target words. Nevertheless, the inferencing exercises asked 

students to guess meanings of the target words from context, so more noticing was involved, and 

students intentionally pay attention to the context of the target words. These attempts might be the 
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main contributor to their learning of the words.  

  

Therefore, the involvement of noticing and form-focused instruction in Task 2 and Task 3 

seemed to be an important difference between them and Task 1. The students also reported in the 

interviews that they felt noticing and form-focused instruction helpful for effective vocabulary learning.  

     

5.8 Revisiting ILH and TFA from the Perspectives of Digital Game-Based Vocabulary Learning   

Both ILH and TFA are proposed for the evaluation of task effectiveness in conventional 

learning environments. They are from the dimension of task design, aiming to help teachers select 

appropriate task types for vocabulary teaching. They are not proposed from the perspective of learners, 

so learner factors are not the key elements when teachers evaluate the involvement load or technique 

features of a vocabulary learning task. In other words, for the evaluation of the involvement load or 

the analysis of the technique features of a vocabulary learning task, it is not necessary to take learner 

factors into account. Nevertheless, this does not necessarily mean that ILH and TFA regard learner 

factors unimportant for vocabulary learning; it is because they are proposed from the dimension of 

task design and focus mainly on task features.  

As discussed in 4.7 Task Effectiveness in Terms of Promoting Retention and Section 4.9 

Summary, neither ILH nor TFA could account for the results of this study. This is likely because the 

participants of this research did Task 2 (Reading a text and answering reading comprehension 

questions in a digital game) and Task 3 (Reading a text and inferring meanings of the underlined words 

in a digital game in game environments). The change of learning environments from the paper-based 

mode to the digital game-based mode seemed to induce different involvement loads and task features. 

Firstly, learner motivation generally tends to be higher in the digital game-based mode than the paper-

based mode. Secondly, learner anxiety seems to be higher in the digital game-based mode than the 

paper-based mode. 

 

5.8.1 Applying ILH to Digital Game-Based Vocabulary Learning 

I suggest that teachers, learners, and researchers consider the following revisions when they 

apply ILH to digital game-based vocabulary learning. Firstly, consider adding one more degree of 

prominence to “need” when evaluating the involvement load of a task in digital game environments. 

Take Task 2 of this study as an example. I suggest that its task-induced involvement load should be 

adjusted from “moderate need, search, and moderate evaluation” to “strong need, search, and moderate 

evaluation”, because it is of the digital game-based mode. This being the case, the result that Task 2 
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promoted more effective learning than Task 1 can be explained, as the adjusted involvement load of 

Task 2 (2+1+1) is higher than Task 1 (1+1+1). 

 

Secondly, consider adding one more degree of prominence to “search” when learners are 

required to infer exact meanings of target words based on the contexts. So, when learners infer 

meanings of the contexts where target words are integrated, the involvement load of search is 

moderate; while when learners infer meanings of the target words, the involvement load of search is 

strong. Take Task 3 of this study as an example. I suggest that its task-induced involvement load should 

be adjusted from “moderate need, search, and moderate evaluation” to “strong need, strong search, 

and moderate evaluation”, as it is of the digital game-based mode, and it requires learners to infer 

meanings of target vocabularies. Consequently, the result that Task 3 promoted more effective learning 

than Task 2 can be explained, as the adjusted involvement load of Task 3 (2+2+1) is higher than Task 

2 (2+1+1). 

 

5.8.2 Applying TFA to Digital Game-Based Vocabulary Learning 

Based on the empirical results of this study and the relevant literature on digital game-based 

vocabulary learning, I also propose one suggestion: adding one criterion in the category “motivation”, 

“Is the activity game-based?”  

 

Concerning the three tasks of this study, I suggest that their TFA scores should be 4, 5, and 7, 

respectively. The details are presented in Table 33. The first question, “Is there a clear vocabulary 

learning goal?”  refers to whether the learning activity has a clear vocabulary learning goal or not. If 

there is a clear vocabulary learning goal in the learning activity, it is more likely to motivate learners 

to complete this learning activity than those learning activities without a clear vocabulary learning goal. 

All three tasks have clear vocabulary learning goals, as the participants who did these tasks in this 

study reported that they knew these were vocabulary learning tasks.  

 

The second question, “Does the activity motivate learning?” refers to whether the format of the 

learning task contains motivational elements, which can be further categorized into (i) game-based 

elements such as games or puzzles; (ii) challenging elements: the learners feel that the learning activity 

is a challenge for them; and (iii) elements for awareness of learning achievements such as a progress 

bar or word cards. All three tasks are given one score. The three groups of students all felt the activity 

motivating, as the topic of the reading text “Procrastination” was closely related to their daily life, and 
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many interviewees said that they felt this reading text was written for them. Procrastination was a 

common problem among these students, and everyone tended to have great empathy with the story.  

 

For the third question, “Do the learners select the words?”, this criterion is given a score of 

zero if learners are required to learn the specified target words. The criterion is given a score of “1” if 

learners can select their preferred target words or the learners give attention to the words due to their 

interests. For example, the learner may make a note of some words when she is reading an interesting 

magazine. All three tasks are given zero score. The target words are selected by the task designer, me, 

not them. 

 

For the fourth question, “Is the activity game-based?”, Task 2 (Reading a text and answering 

reading comprehension questions in a digital game) and Task 3(Reading a text and inferring meanings 

of the underlined words in a digital game) are of the digital game-based mode, so they are given one 

score. However, Task 1: Reading a text and answering reading comprehension questions on paper is 

given zero score.  

 

The fifth question, “Does the activity focus attention on the target words?” is in the dimension 

of Noticing. This criterion refers to whether there is an explicit noticing of the unknown target words 

during the learning process or not. For example, if the target words are in bold font, this criterion is 

given one point. Otherwise, a score of zero is given. Task 1 and Task 2 are given zero score, while 

Task 3 one score. As reported by the interviewees who did Task 1 and Task 2, they did not pay special 

attention to the target words as they felt it unnecessary. However, those who did Task 3 re-read the 

relevant text to infer the exact meanings of the target words, thus attention on the target words was 

induced by this activity.  

 

Similarly, the sixth question asks, “Does the activity raise awareness of new vocabulary 

learning?”. Different from the above criterion, which aims to check whether there is an explicit notice 

on the unknown target words, this criterion refers to the explicit notice of something about the learning 

of the target words. For example, if the learner identifies the words from a short essay or uses them in 

an original context, the learning activity is deemed to raise awareness of new vocabulary learning. 

Therefore, the score of this criterion will be given one point. Task 1 and Task 2 are given zero score, 

while Task 3 one score. The interview data indicated that only the students who did Task 3 were aware 

that the inferencing exercises were associated with new vocabulary learning, while those who did Task 
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1 and Task 2 did not know that the 10 reading comprehension questions were closely related to the 10 

target words.  

 

 

Table 33: My suggested TFA scores  

 

The seventh question asks, “Does the activity involve negotiation?”. The criterion refers to 

whether the learning activity involves any negotiation about the target words. According to the 

research conducted by Newton (1995), negotiating the meaning of the target words was more effective 

for learning than target words without any negotiation. If the learning activity involves the negotiation 

of the target words, the score of this criterion will be given one point. The three tasks are reading based, 

and no negotiation is involved. All three tasks are given zero score. 

 

In the dimension of retrieval, the eighth question asks, “Does the activity involve retrieval of 

the word?”. This criterion refers to whether there is an activity involving the retrieval of the word 

meaning or form. The word meaning and the word form correspond to the receptive and productive 

vocabulary knowledge, respectively. In other words, this criterion is essentially to check whether the 

activity involves the receptive/productive retrieval. The activities involved these two types of retrievals 
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are given  one point for each criterion. 

 

The ninth question asks, “Is it productive retrieval?”. As mentioned in the previous criterion, 

which aims to check whether the activity involves the receptive/productive retrieval, the current 

criterion is a follow-up step to confirm whether the involved retrieval type is productive as this type 

of retrieval has been found to be more difficult than simple receptive retrieval according to Yanagisawa 

(2016). Thus, one point is given for the previous and current criteria if the learning activity involves 

the productive retrieval. For example, the learning task "create an original sentence which uses the 

target words" involves productive retrieval. 

 

The tenth question asks, “Is it recall?”. Recall refers to whether the learning activity involves 

the retrieval of the word meaning or form from the memory or not. Note that recall is different from 

recognition, which is a process to identify the meaning or form from the reading materials or the 

sentences rather than the learner’s memory. If the learning activity involves the recall of the target 

words, it is given one point. 

 

The 11th question asks, “Are there multiple retrievals of each word?”. This criterion refers to 

whether the learning activity requires the learners to conduct more than one retrieval of the word 

meaning and form for the target words. For example, learning activities with multiple exercises, 

including multiple choices on the word meaning and word completion for each target word, involves 

multiple retrievals. If the activity has this characteristic, the score of this criterion is awarded one point. 

 

The 12th question asks, “Is there spacing between retrievals?”. This criterion refers to the 

multiple retrieval of word form and meaning for each word in the learning activity. Here, the criterion 

checks whether there is a certain time interval between multiple retrievals in the learning task. 

According to Baddeley (1992), time intervals between multiple retrievals of target words can be more 

facilitative for promoting word retention than multiple retrievals without time intervals. If the learning 

activity involves time intervals between the multiple retrievals of target words, it is given one point.   

 

In the dimension of generation, the 13th question asks, “Does the activity involve generative 

use?”. This criterion refers to whether there is generative use of the target words in the learning activity. 

The generative use of the target words improves the learning effectiveness and promotes word 

retention according to previous studies (Joe, 1998; Schmitt, 2008). There are two types of generative 
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use of target words, which are receptive generative use and productive generative use. The former 

denotes that the learner has met a target word that was used in a certain way, while the latter refers to 

the learner using a target word in a new way. If the learning activity involves one of the two types of 

generative use of the target words, it is given one point.  

 

The 14th question asks, “Is it productive?”. This criterion refers to the generative use of the 

target words in the learning activity. According to Joe (1998) and Laufer (2009), the productive 

generative use of target words requires more mental efforts, which leads to more effective learning of 

words than receptive generative use. Therefore, this follow-up criterion confirms whether the type of 

generative use is productive or not. If the learning activity involves productive generative use of the 

target words, one point is given. 

 

The 15th question asks, “Is there a marked change that involves the use of other words?”. This 

criterion is a further follow-up to the previous one and only applicable for productive generative use. 

For this criterion, the involvement of the use of other words indicates that the degree of prominence 

of generativity is high. For example, if the learning activity involves sentence production based on the 

target words, the score of this criterion will be given one point as the sentence production involves the 

use of other words in the productive generative use.  

 

In the dimension of retention, the 16th question asks, “Does the activity ensure the successful 

linking of form and meaning?”. This criterion checks whether the learning activity establishes a linkage 

between the form and meaning of the target words or not. The linkage between form and meaning can 

be enhanced by the successful retrievals of form or meaning but can be undermined by errors. If the 

learning activity is very likely to build the linkage between form and meaning, it is given one point. 

Specifically, some learning activities, such as consulting dictionaries, which require the retrieval of 

the form and meaning of target words at the same time, can get one point for this criterion, whereas 

other learning activities, such as fill-in-the-blanks, which separate the retrieval of form and meaning 

of target words, get a score of zero. 

 

The 17th question asks, “Does the activity involve instantiation?”. This criterion checks whether 

the learning activity involves learners noticing an instance of using the target words in a meaningful 

context or not. One of the potential reasons that instantiation is important for word retention is that the 

use of target words in a meaningful context can be associated with a visual situation. The visual 
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situation of the use of the target words can promote the retention of the target words. Therefore, if the 

learning activity involves instantiation of the target words, one point is given. 

 

The 18th question asks, “Does the activity involve imaging?”. This criterion checks whether 

the learning activity involves the learner seeing visual images of the meanings of target words or 

deliberately establishing a linkage between visual images and the meanings of target words or not. One 

obvious example of a learning activity that involves imaging, is showing pictures of the meanings of 

target words by using an image search engine like Google Image. If keywords (target words) are input 

into the search engine, the results contain many images, which reflect the semantic meanings of the 

input. If the learning activity involves imaging of the target words, it is given one point. 

 

The 19th question asks, “Does the activity avoid interference?”. This criterion checks whether 

the learning activity involves the learning of several unknown words that share similar/opposite 

meanings, or not. For example, if the learning activity puts a set of synonyms together, the learning 

difficulty will be significantly increased according to previous studies (Warring, 1997; Erten and 

Tekin, 2008). Therefore, it is important to ensure that vocabulary acquisition will not be interfered 

with by other words. If the learning activity avoids interference from other synonyms or words of 

opposite meaning during the acquisition of target words, it is given one point. 

 

For the five questions in the category “retrieval”, the three questions in the category 

“generation”, and the first three questions in the category “retention”, all three tasks are given zero 

scores. While for the last question of retention, “Does the activity avoid interference?” all three tasks 

are given one score.  

 

Based on these TFA scores (i.e., 4 for Task 1, 5 for Task 2, and 7 for Task 3, respectively), it 

seems that the adjusted TFA could account for the research results appropriately. Compared to ILH, 

TFA is more detailed and comprehensive. Some researchers compared ILH and TFA and suggested 

that TFA was more accurate than ILH (e.g., Chaharlang & Farvardin, 2018; Gohar et al., 2018; Hu & 

Nassaji, 2016; Zou et al., 2020). This is likely because TFA includes more items than ILH, because of 

which, it appears a bit redundant, and some criteria seem overlapped.  

 

5.9 Summary 

 In this chapter, I discussed the research results from several aspects. Firstly, the effectiveness 
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of digital game-based vocabulary learning. Then, I discussed the digital game environment and 

motivation and anxiety. I argue that digital games could lead to effective vocabulary learning as they 

are able to increase learner motivation but reduce learner anxiety. In Section 5.5, I discussed learner 

engagement with vocabulary and argued that the task of asking learners to infer the exact meanings of 

target words could increase learner engagement with vocabulary, compared to reading comprehension. 

I also discussed the results from the perspective of the flow theory, noticing and form-focused 

instruction in Section 5.6, 5.7, and 5.8, respectively.  

 

Based on these analysis and discussions, I suggest that the application of ILH to digital game-

based vocabulary learning should consider adding one more degree of prominence to “need” when 

evaluating the involvement load of a task in digital game environments. I also suggest that when 

learners are required to infer exact meanings of target words based on the contexts, the involvement 

load of search should be strong, rather than moderate. Concerning the application of TFA to digital 

game-based vocabulary learning, I suggest adding one criterion in the category “motivation”, “Is the 

activity game-based?” 
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CHAPTER 6: IMPLICATIONS 
 

 

 

6.1 Introduction 

In this chapter, I discuss the implications of the findings based on the experimental results from 

two perspectives. The first perspective concerns the theoretical contributions of the current study to 

the field of digital game-based vocabulary learning and L2 vocabulary acquisition. The second 

perspective is the pedagogical implications that digital game-based learning has on vocabulary 

learning and L2 vocabulary acquisition.  

 

The remaining sections of this chapter are structured as follows. Section 6.2 discusses the 

theoretical implications of the main findings (i.e., the three suggestions) in Chapter 5. In Section 6.3, 

the implications for vocabulary learning in terms of classroom pedagogical practices is introduced. 

Section 6.4 summarizes the implications discussed in this chapter. 

 

6.2 Theoretical Implications 

From the theoretical perspective, the findings have uncovered how the conventional allocation 

on the Need component of ILH for vocabulary learning tasks in a digital game learning environment 

is inappropriate. The Need component of ILH is based on the notion that "strong need is intrinsically 

motivated, while moderate need is imposed by an external agent" (Zou, 2012, p. 2). As research studies 

have typically required participants to attend to learning procedures, the Need component of ILH of 

conventional vocabulary learning tasks were generally considered as "moderate need." However, this 

seems inappropriate for digital game-based vocabulary learning. Like the results of this study, many 

previous studies (e.g., Hung et al., 2014; Erhel and Jamet, 2013; Liao et al., 2018; Papastergiou, 2009; 

Proulx et al., 2018; Zou et al., 2019) also argued that learners who learned through playing digital 

games were more motivated than those who learned in conventional ways. Thus, I suggest that digital 

game-based vocabulary learning tasks induce “strong need” (the 1st suggestion). I also suggest that 

when learners are required to infer exact meanings of target words based on the contexts, the 

involvement load of search should be strong, rather than moderate (the 2nd suggestion).  

 

 The third suggestion advocates the use of TFA for estimating the effectiveness of vocabulary 

learning tasks. Compared to ILH, it is more detailed and comprehensive, so the evaluation results seem 

accurate. Concerning the application of TFA to digital game-based vocabulary learning, I suggest 

adding one criterion in the category “motivation”, “Is the activity game-based?” 
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6.3 Pedagogical Implications 

 In this section, the pedagogical implications are discussed based on the perspectives of 

students, teachers, and educational game designers.  

 

Implications for students. From the perspective of students, the findings of the current studies 

can be mainly used for their own vocabulary acquisition. Specifically, students should play digital 

games to learn new words as many studies (Erhel and Jame, 2013; Hung et al., 2014; Liao et al., 2019; 

Papastergiou, 2009; Proulx et al., 2018; Zou et al., 2019) have revealed that digital games can increase 

learning motivation. Furthermore, the results of the current study demonstrate that (i) tasks performed 

in a digital game environment are more effective than the same task performed on paper (T2 vs. T1; 

T2 > T1) and (ii) tasks performed in a digital game environment are more effective than the tasks 

performed with the same ILH involvement loads on paper (T3 vs. T1; T3 > T1) in promoting word 

retention and vocabulary acquisition. In addition, a new criterion, “Is the activity game-based?” in the 

revised version of TFA showed that learning tasks using digital game-based learning can be more 

effective than the same tasks without digital game-based learning in promoting word retention and 

vocabulary acquisition.  

 

Students are also suggested to seek out digital role-playing games for their learning because 

digital games have been shown to be effective for vocabulary learning in several studies (Hwang & 

Wang, 2016; Sylvén & Sundqvist, 2012). Sylvén and Sundqvist (2012) found that there is a positive 

relationship between the frequency of playing online role-playing games and language proficiency 

development. Hwang and Wang (2016) compared two different guiding strategies (i.e., single-loop 

and double-loop learning) for English vocabulary acquisition in situated computer games developed 

by RPGMaker and found that both strategies were more effective than non-game learning tasks. The 

findings from the current study also demonstrate that role-playing games are an effective learning 

activity. Notably, the digital game environment in learning tasks T2 and T3 developed by RPGMaker 

was a role-playing game. 

 

Implications for teachers. From the perspective of teachers, the findings of this study provide 

them with implications on how to adopt digital game-based vocabulary learning in classroom 

activities. The first suggestion is to employ a game-based teaching approach for vocabulary learning. 

According to the review conducted by Zou et al. (2019), the game-based teaching approach has been 

found to be more effective than conventional classroom teaching approaches for vocabulary learning 
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by all studies related to digital game-based vocabulary learning in terms of short-term word retention, 

while eight of 11 studies found that it is more effective in terms of long-term word retention. This 

finding is also supported by the current study, which showed that the tasks performed on paper are less 

effective than the similar tasks performed in a digital game environment. However, there are still some 

studies indicating that digital game-based vocabulary learning might not be more effective. For 

example, Hung et al. (2015) found that high-achieving students control (i.e., traditional learning) and 

experimental (i.e., digital game-based learning) groups performed similarly in terms of word retention, 

although the performance of low-achieving students in the experimental group outperformed the 

control group significantly. A possible explanation for this is that the high-achieving students were 

already self-motivated, and the digital game may not have been able to further improve their learning 

motivation. Two studies (Calvo-Ferrer, 2017; Huang & Huang, 2015) also observed that the students 

in the group that used DGBVL performed similarly to the group of students who employed the 

traditional learning approach. Surprisingly, Young and Wang (2014) found a negative result in long-

term vocabulary acquisition for a group of students using DGBVL compared to a group using 

traditional learning approaches. A possible explanation is that the game embedded in Young and 

Wang's study (2014) was similar to an exercise rather than a digital game as there were no game 

elements such as game flow and storyline.  

 

Another implication for teachers is to investigate game acceptance before conducting digital 

game-based vocabulary learning and provide sufficient support to guide students on how to play digital 

games. First, acceptance of game-based learning is an important factor for successful learning. 

Bourgonjon, De Grove, De Smet, Van Looy, Soetaert, and Valcke (2013) proposed an acceptance 

model for digital game-based learning for teachers. Cheng, Lou, Kuo, and Shih (2013) developed a 

similar model for student acceptance of digital games. If teachers or students do not accept the use of 

digital games as a learning tool, they may be reluctant to view digital game-based learning as a viable 

learning approach. To address this problem, a common practice is to involve students in the 

development process and conduct a pilot study as I did in the current study. Second, providing 

sufficient support to guide students on how to play games is an essential ingredient for successful 

digital game-based vocabulary learning. All, Castellar, and Van Looy (2016) showed that various types 

of support, including procedure support, technical support, and game-playing, can facilitate the 

effectiveness of digital game-based learning. In the current study, I arranged for an assistant to help 

the participants to address technical and game-playing problems and provide guidance on game-

playing to train participants before conducting the actual learning activity. The qualitative data showed 
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that some participants really benefited from this step.  

The final implication for teachers concerns the need to keep a high level of motivation among 

students. Digital game learning, by employing various strategies, including competition and 

diversifying game contents, achieves this objective. Although this implication may not be directly 

supported by the findings of the current study, some participants told me that they became a bit tired 

of the digital game when they repeatedly played it without any new content and playing strategies. 

Annetta (2010) reviewed various educational digital games and summarized six key features, including 

"identity, immersion, interactivity, increasing complexity, and instructional," for engaging and 

motivating players. Although digital games are directly relevant to these six dimensions, teachers can 

still adopt various strategies for enhancing these features. For example, teachers may organize 

competitions among different groups of students using a scoreboard to enhance interactivity. Teachers 

can also provide additional guidelines and instructions to improve the instructional components of 

digital games when they are insufficient. 

 

Implications for educational game designers. From the perspective of educational game 

designers, there are also some implications regarding how to develop successful digital games for 

vocabulary learning and these can be categorized into two levels. The first level concerns how to design 

an engaging game. In the current study, the qualitative data revealed that participants have positive 

comments about the storylines. More generally, Ge and Ifenthaler (2017) proposed a three-dimension 

model of motivation and engagement for educational games, which included emotional, behavioral 

and cognitive dimensions. Specifically, there are 15 features, including fascinating storylines, 

conceptual play space, uniqueness and thrilling experiences, immediate positive feedback, challenges 

with more controls and fewer constraints, uncertainty or unexpectedness, relatedness, connections, 

emotional associations, incentives, and choices, controls, and decision making, for a motivating and 

engaging game design (Ge & Ifenthaler, 2017). Accordingly, digital game designers need to take these 

features into consideration when designing games.  

 

The second level of implications concerns how to integrate vocabulary learning into a digital 

game. The findings of the present study revealed that the TFA provides a good theoretical framework 

for estimating the effectiveness of vocabulary learning tasks which can help digital game designers. In 

addition to the use of TFA, Calvo-Ferrer (2017, p. 265) argued that "cognitive engagement plays a 

more important part in L2 vocabulary acquisition than the feeling of fun during gameplay." Digital 

game designers may thus consider how to infuse cognitive engagement into their game designs. 
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According to the three-dimensional model proposed by Ge and Ifenthaler (2017), cognitive 

engagement is significantly improved if the learning tasks and game content can increase the degree 

of uncertainty and involve decision making. Furthermore, Zou et al. (2019) suggested that interactivity 

plays an essential role in digital game-based vocabulary learning. Accordingly, game designers should 

consider how to facilitate interactivity in vocabulary learning games, for example, by adding 

competitive functions. 

 

6.4 Summary 

 In this section, the implications based on the findings of this study from two main aspects have 

been discussed. The first aspect concerns the theoretical implications, which are elaborated based on 

the three main suggestions described in Chapter 5. Specifically, the first implication, based on 1st 

suggestion, is that the conventional allocation on ILH neglected the fact that the learning tasks, which 

have been well-designed and integrated with some motivational elements (e.g., games and digital game, 

collaboration), may intrinsically motivate learners. The second implication based on 2nd suggestion is 

that we can generalize that TFA has better predictive power than the ILH from conventional learning 

to digital game-based learning for all vocabulary learning tasks. The third implication based on 3rd 

suggestion is the possibility of extending the original TFA theory by adding suitable criteria.  

 

 The second aspect concerns the pedagogical implications, which were discussed based on the 

perspectives of students, teachers, and educational game designers. From the perspective of the 

students, they are suggested to (i) employ digital games as one of their learning tools for vocabulary 

acquisition and (ii) select role-playing games as the digital game types for their learning. From the 

perspective of the teachers, they are suggested to (i) employ a game-based teaching approach for 

vocabulary learning; (ii) investigate the level of game acceptance among their students before 

conducting digital game-based vocabulary learning and also to provide sufficient support to guide 

students how to play the digital games; (iii) to keep a high-level of learning motivation by employing 

various strategies, including competition, diversifying game contents and so on. From the perspective 

of educational game designers, they are suggested to (i) take the features proposed by Ge and Ifenthaler 

(2017) into consideration during game design and (ii) examine the effectiveness of vocabulary learning 

tasks in digital games by using the revised version of TFA; and (iii) increase the degree of uncertainty, 

involve decision making and consider interactivity in the game design. 
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CHAPTER 7: CONCLUSION AND LIMITATIONS 
 

 

7.1 Conclusion 

This thesis has examined whether the ILH theory, a typical theoretical framework for 

evaluating involvement loads of vocabulary learning tasks, is still valid for tasks in digital game 

environments or not. Specifically, I attempted to answer the following two research questions in this 

study:  

 

(1) For the same vocabulary learning task with the same involvement load, do learners perform 

better in a digital game environment than in a conventional one? 

(2) For two different vocabulary learning tasks in the digital game environment, do learners 

perform differently even though the two tasks are considered to have the same involvement 

loads according to ILH in its present form? 

 

To answer these questions, I developed a research framework by establishing three different 

groups. Specifically, the research framework contained two comparisons among three group, which 

were (i) "comparison between tasks performed on paper and digital games" (i.e., Group A vs. Group 

B) and (ii) "comparison between two different tasks which induce the same ILH loads according to the 

original version of the ILH" (i.e., Group B vs. Group C). The first comparison was to answer the first 

research question, and the second comparison was to answer the second research question. Further, 

other details in the experimental design were explained including the criteria of selecting the 

participants for the three groups, the specification of three vocabulary learning tasks, the procedure 

concerning how to conduct the pre-test, immediate post-test, and delayed post-test and the learning 

processes of vocabulary acquisition. 

 

I reported the overall experimental results of the three groups of participants who completed 

the three tasks, i.e., Task 1: Reading a text and answering reading comprehension questions on paper, 

Task 2: Reading a text and answering reading comprehension questions in a digital game, and Task 3: 

Reading a text and inferring meanings of the underlined words in a digital game.  

 

The research results indicated that:  

(1) The three vocabulary learning tasks were effective in terms of promoting initial learning and 

retention of target vocabulary knowledge;  
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(2) Task 3 was more effective than Task 2 and Task 1 in terms of promoting initial learning and 

retention of target vocabulary knowledge;  

(3) Task 2 was more effective than Task 1 in terms of promoting initial learning and retention of 

target vocabulary knowledge.    

 

Accordingly, I proposed three suggestions for the application of ILH and TFA in digital game-

based vocabulary learning and discussed the theoretical and pedagogical implications. Firstly, I 

suggest that the application of ILH to digital game-based vocabulary learning should consider adding 

one more degree of prominence to “need” when evaluating the involvement load of a task in digital 

game environments. I also suggest that when learners are required to infer exact meanings of target 

words based on the contexts, the involvement load of search should be strong, rather than moderate. 

Concerning the application of TFA to digital game-based vocabulary learning, I suggest adding one 

criterion in the category “motivation”, “Is the activity game-based?” 

 

The pedagogical implications were discussed based on the perspectives of students, teachers, 

and educational game designers. 

(1) Students are suggested to:  

➢ employ digital games as one of their learning tools for vocabulary acquisition; and 

➢ select digital role-playing games as the game types for their learning.  

(2) Teachers are suggested to:  

➢ employ a game-based teaching approach for vocabulary learning;  

➢ investigate the level of game acceptance of their students before conducting digital game-

based vocabulary learning and provide sufficient support to guide students on how to play 

digital games;  

➢ keep a high-level of learning motivation by employing various strategies, including 

competition and diversifying game contents.  

(3) Educational game designers are suggested to:  

➢ take the features proposed by Ge and Ifenthaler (2017) into consideration during game 

design; 

➢ examine the effectiveness of vocabulary learning tasks in digital games by using the revised 

version of TFA; and 

➢ increase the degree of uncertainty, involve decision making, and consider interactivity in 

game design. 
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In summary, the research frameworks, research questions, findings, experimental results, and 

implications further the understanding of digital game-based vocabulary learning. In the next section, 

the limitations of the study and future research directions are discussed.   

 

7.2 Limitations 

However, due to limited resources, the current study has limitations in the following aspects. 

Firstly, I only developed one type of digital games (i.e., the digital role-playing game) using the 

RPGMaker because of a limited development budget. There are many types of digital games, for 

example, simulation games, motion-sensing games, adventure games, digital card games, and digital 

board games. As the results of this study were obtained from digital role-playing game-based 

vocabulary, and the effects of game types on game-based vocabulary learning were not investigated, 

the generalizability of the research findings to other game types for vocabulary learning tends to be 

limited. Therefore, future research may consider comparing different types of games and examining 

and discussing whether game types place significant influences on the effectiveness of digital game-

based vocabulary learning.  

 

Moreover, a range of game features may be involved in a type of game, while in this study, my 

foci were not specific game features separately but the game as a whole part. Thus, I did not discuss 

whether it was the multimedia enhanced game scenarios or the interaction with the NPCs that led to 

the effective learning. I considered all features of the game together and discussed their total effects 

on vocabulary learning, rather than separate contribution to the task effectiveness. Future studies may 

consider comparing different game features (i.e., interactivity, challenge levels, numbers of players, 

game flow, etc.) and investigating how much they lead to successful vocabulary learning, respectively.  

 

 Another limitation is the limited number of task types that I investigated in this study. Only 

two task types were investigated: (1) Reading a text and answering reading comprehension questions, 

and (2) Reading a text and inferring meanings of the underlined words. The results arising from the 

limited types of learning tasks cannot be generalized to other types of learning tasks. Accordingly, 

future studies may consider investigating the effectiveness of different types of learning tasks in digital 

game environments in terms of promoting initial learning and retention of target vocabulary 

knowledge.  

 

Concerning the ILH, its assumptions are limited from three aspects. Its three components, need, 
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search, and evaluation do not necessarily contribute to vocabulary learning equally, thus it is 

problematic to give them the same weight. However, it is uncertain what weight should be given to 

the three components respectively, and this is the first limitation of the ILH (Hazrat & Read, 2021). 

Secondly, according to the ILH, tasks with the same involvement load ought to be similarly effective 

despite of its distribution of the components. Nevertheless, my research and others’  (e.g., Hu & 

Nassaji, 2016; Laufer, 2019; Kim, 2011) indicated that tasks with the same involvement load but 

different distribution of the components are not equally effective. Thirdly, the range of involvement 

load scores available to assign to tasks is limited, so it seems necessary to add more degrees of 

prominence to the different components. Moreover, the predictive ability of the ILH is influenced by 

students’ proficiency levels, the frequency of their exposure to target words, and time-on-task (Hazrat 

& Read, 2021). Lastly, the number of studies on ILH, which are conducted in game environments, is 

limited. Therefore, future research may consider focusing more on the applications of ILH in game-

based vocabulary learning.  

 

Additionally, based on the review of the literature on digital game-based vocabulary learning, it 

can be seen that the number of Exergames is comparatively smaller than other types of games. This 

indicated that the AR/VR technologies for vocabulary education was not yet mature enough, and the 

application of AR and VR technologies in the field of vocabulary learning was limited. Another 

possible reason for this is the knowledge gap between AR/VR developers and educators. The 

development of AR/VR games involves sophisticated game design and technologies, and most 

available tools for AR/VR game development demand at least some knowledge of computer science 

(Jiang, Zhang, Shang, & Jong, 2017); yet it is likely that the majority of language teachers or 

researchers feel it is difficult to make use of these tools, so it is important to develop some easy-to-use 

tools for language educators to develop their own games. If the threshold of AR/VR game development 

can be lowered, the number of this type of games is likely to increase fast, given that language learners 

and teachers have great interest in game-based learning in virtual contexts (Lan, 2014). Moreover, 

there had been a call for contextualized augmented or virtual environments where learners can immerse 

themselves in language learning contexts, the use of games for the realization of which could make 

the immersion more authentic and increase learner engagement (Lan, 2015). Many researchers and 

educators believed in the essential role of omni-environments (either real or virtual) in promoting 

effective language learning in multimodality (Ozcelik & Acarturk, 2011), so it is suggested that future 

research focus more on AR/VR vocabulary learning games and the development of simpler tools that 

can be easily mastered by language teachers and educators, which will tend to engender meaningful 
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advancement in the field of game-based language learning.  
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APPENDICES 

Appendix 1. Task 1 - Reading a text and answering reading comprehension questions on 

paper (adapted from Zou, 2012) 
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Appendix 2. Task 2 - Reading a text and answering reading comprehension questions in a 

digital game (adapted from Zou, 2012) 
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Appendix 3. Task 3 - Reading a text and inferring meanings of the underlined words in a 

digital game (adapted from Zou, 2012) 
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_________________________________________________________________________________ 

Instructions: 

Please read the text in the task card, infer the meanings of the underlined words, and answer the 

questions asked by the monsters (i.e., the NPCs of the game). 

_________________________________________________________________________________ 

 

Dealing with Procrastination 

Procrastination refers to the act of delaying the work you should do to a later time. It is wasting time 

when you have some work to do but choose not to do it early.  
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Appendix 4. The Modified Vocabulary Knowledge Scale Used in the Pre-test, Immediate 

Post-Test, and Delayed Post-Test (Folse, 2006; Zou, 2012) 
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Appendix 5. Entries of the Target Words  
 

These entries are extracted from the Longman Dictionary of Contemporary English 5 and online 

corpus (www.ldoceonline.com/dictionary/). 
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Appendix 6. The Ethical Review Approval Letter from The Education University of Hong 

Kong 
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Appendix 7. The Ethical Review Approval Letter from University of Bristol 
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Appendix 8. SoE Research Ethics Form - University of Bristol 
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Appendix 9. Test Sample 
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Appendix 10. Student Interview Sample Questions 
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Appendix 11. Student Consent Form 
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Appendix 12. Information Sheet 
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