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Abstract 

Frameworks like the involvement load hypothesis (ILH) and technique feature analysis (TFA) have proved acceptable 
success rates in predicting precisely the effectiveness of paper-based incidental vocabulary learning (IVL) activities. 
However, the prediction precision of these frameworks has not been yet studied and compared in digital game-based 
vocabulary learning (DGBVL) activities. To do so, 37 male and 29 female Omani-Arabic speakers (18-20 years old) were 
randomly assigned to a DGBVL activity that induced low, moderate, or high levels of involvement load. The results of 
the pretest showed that the 20 selected target words, or names of concrete inanimate objects, were new to the participants. 
After completing the DGBVL activities, the results showed that (1) receptive and productive knowledge gain was 
enhanced by DGBVL activities differentially depending on the activity type, (2) TFA was more accurate than ILH in 
prediction, and (3) the prediction of both frameworks was not error-free. Pedagogically, prospective teachers and 
researchers are recommended to use TFA for designing effective DGBVL activities; however, they must be aware that 
relying only on the collective score of TFA may not always lead to desired outcomes. 

Keywords: Involvement Load Hypothesis; Technique Feature Analysis; Digital Game-Based Learning; Incidental 
Vocabulary Learning; Video Games. 

1. Introduction 

There have been many attempts to design effective incidental vocabulary learning (IVL) activities from glossing 
to digital game-based vocabulary learning (DGBVL; Rasti-Behbahani & Shahbazi, 2022) because IVL gains can improve 
the quality of the lexicon and can add information that may not be learned intentionally (Webb, 2020). However, the 
success rates of the proposed interventions are relative and change in different contexts (Yanagisawa & Webb, 2022). 
Then, the necessity for a comprehensive framework that can predict the success rate of teacher-designed activities 
becomes evident. To achieve this aim, Laufer and Hulstijn (2001) borrowed the depth of processing hypothesis from 
psychology. 

The depth of processing hypothesis assumes that vocabulary items that are processed qualitatively and 
quantitatively richer will leave more profound traces on memory and will be retained longer; hence, vocabulary learning 
interventions that promote richer processing can enhance IVL gains effectively (Luafer & Hulstijn, 2001). Based on this, 
Laufer and Hulstijn (2001) introduced the involvement load hypothesis (ILH), a cognitive-motivational and trifold 
framework that assisted with measuring the impact and success rate of IVL activities. Although ILH was supported by 
many studies, its indexing method and predictive power were criticized (Jahangiri & Abilipour, 2014; Folse, 2006; 
Keating, 2008; Kim, 2011; Martínez-Fernández, 2008), which led to its expansion, for example, technique feature analysis 
(TFA; Nation & Webb, 2011), and other modifications (Yanagisawa & Webb, 2022; Zou, 2017).  

Among all the proposed frameworks, ILH and TFA are the most popular. However, there is a debate on their 
accuracy in indexing methods for predicting the success rate of IVL activities. Despite recent attempts (Ehsani & Karimi, 
2022; Gohar et al., 2018; Hu & Nassaji, 2016; Khoshsima & Eskandari, 2017), the scope of the findings is limited to only 
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traditional paper-and-pencil IVL activities, whereas DGBVL activities have been left unexplored while integration of 
new technologies into learning contexts is inevitable (Díez-Arcón & Martin-Monje, 2023; Traxler et al., 2023). Therefore, 
this study constitutes the first attempt to compare the precisions of the ILH and TFA frameworks in indexing the success 
rate of DGBVL activities.  

2. Literature Review 

2.1. Involvement Load Hypothesis (ILH) 

ILH was proposed by Laufer and Hulstijn (2001) to provide a framework that can measure the success rate of 
IVL activities. They assumed that an IVL activity that can provide more opportunities for word processing both 
qualitatively and quantitatively, would lead to greater and more durable IVL knowledge gains. Moreover, they added that 
the effectiveness of the activities can be moderated through three components: need, search, and evaluation.  

The need is the motivational component of the hypothesis and refers to the extent of a learner’s willingness to 
learn a word. It is moderate (score 1) when a learner is asked to learn an L2 word by an external agent like a teacher; 
however, it is strong (score 2) when a learner feels the necessity to learn the word. Search is moderate (score 1) when a 
learner looks for or tries to infer the meaning of an L2 word. It is strong (score 2) when a learner looks for the word form 
(Nation & Webb, 2011). Evaluation is moderate (score 1) when a learner compares the meanings of L2 words to choose 
the most suitable one for a context, e.g., fill-in-the-blank activities, and is strong (score 2) if a learner must decide on the 
L2 form, e.g., sentence or composition writing. “The combination of these factors with their degrees of prominence 
constitutes the task-induced involvement load. The higher the involvement load, the more effective the vocabulary task 
is” (Khoshsima & Eskandari, 2017, p. 51). 

Not all studies in the literature enhanced or found full support for the ILH main hypothesis (Folse, 2006; 
Jahangiri & Abilipour, 2014; Keating, 2008; Kim, 2011; Martínez-Fernández, 2008). They mainly argued against the 
collective effect of components and added that components can contribute to IVL gains separately; that the weight of 
evaluation component contribution is more than that of the other two components (Keating, 2008; Kim, 2011); and that 
the important factors such as frequency and retrieval (Folse, 2006) that can enhance IVL were not considered. Hence, due 
to the importance of ILH, three main modifications have been proposed to improve the indexing and ultimately predictive 
power of ILH. 

Reflecting on the critical contribution of evaluation in IVL, Zou (2017) proposed a modified version of ILH in 
which the evaluation component has four levels: absent, moderate, strong, and super strong. Evaluation is moderate in 
activities such as fill-in-the-blank because such activities do not involve information-processing techniques such as 
chunking, hierarchical organization, or pretask planning. However, in sentence writing and composition writing, 
evaluation is strong and super strong respectively because they involve information-processing techniques either partially 
or fully. Karami and Esrafili’s (2021) study supported Zou’s augmented ILH framework and enhanced emphasis on the 
contribution of evaluation. 

Yanagisawa and Webb (2022) proposed the ILH Plus framework, which is a byproduct of a comprehensive 
meta-analysis study exploring the contribution of ILH to the prediction of IVL gains. Their framework emphasizes the 
individual effect of components and shows that depending on conditions defined by variables, such as test type, test 
intervals, types of tasks, frequency, and mode (spoken or written), the contribution of different ILH components varies. 
Therefore, they introduced two new formulas for indexing task-induced levels of involvement load (to read more, see 
Yanagisawa & Webb, 2022). 

Finally, there is the TFA (see Table 5) checklist by Nation and Webb (2011). This checklist includes many 
factors that have been found effective on IVL. They justified the necessity for a new quantifying method due to the 
incomprehensiveness of ILH and a lack of recognition of previous findings and important factors that may affect IVL 
(Nation & Webb, 2011). The checklist is comprised of five main categories: motivation, noticing, retrieval, generation, 
and retention. In total, there are 18 components, and each component receives a score of either 0 or 1. If a component is 
triggered by the vocabulary learning activity, it is assigned a score of 1; hence, the highest score of TFA is 18. 
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The predictive power of ILH and TFA, but not ILH Plus and the augmented ILH framework, was compared 
recently. Hu and Nassaji (2016) compared the predictive power of ILH and TFA by comparing the performance of 96 
Taiwanese college-level participants who tried to acquire the receptive knowledge of 14 academic words. Four different 
vocabulary learning tasks (text + multiple-choice questions, text + definition selection, reading + fill-in-the-blanks, and 
text + rewording sentences) were designed so that each induced a different level of involvement based on TFA and ILH. 
After comparing the during and immediate after-the-task performances of the participants, the results showed that TFA 
predicted the effectiveness of vocabulary learning tasks more precisely than ILH. Khoshsima and Eskandari (2017), who 
compared different tasks with different indexes in both TFA and ILH frameworks, provided support for the superiority 
of TFA explanatory power over ILH. Immediate receptive and productive knowledge of ten infrequent academic words 
were measured by the vocabulary knowledge scale in this study. In another attempt with different task designs (sentence 
writing, composition writing, and text + comprehension questions) and TFA and ILH scores, Gohar et al. (2018) studied 
the predictive powers of the two frameworks. After administering an immediate posttest that measured the receptive 
knowledge of ten low-frequency academic words, they found that TFA had a better explanatory capability than ILH, but 
only for variances between pretest and posttest and not for during the task performance. Finally, Ehsani and Karimi (2022) 
assigned 110 advanced EFL learners to five vocabulary learning tasks (text + true/false, text + definition selection, text + 
fill-in-the-blanks, text + rewording sentences, and text + comprehension questions) for learning 10 pseudowords including 
verbs, adjectives, and nouns. The tasks differed in their structure and ILH and TFA scores. After an immediate and short-
delayed posttest (1 week) for measuring the receptive knowledge of the target words, they found that TFA had predicted 
the outcome of both immediate and delayed posttests more precisely than ILH had done.  

However, San Mateo-Valdehíta and Criado de Diego (2021), who studied the effect of three tasks inducing 
different ILH and TFA loads on the immediate receptive and productive acquisition of 12 infrequent and 12 pseudo-
Spanish words, found that ILH had better explanatory power than TFA in foreseeing the impacts of tasks. The superiority 
of TFA to ILH has been related to the number of factors that it analyzes (Hu & Nassaji, 2016; Jahangiri & Abilipour, 
2014). It is notable that as there are not enough studies on the predictive power of ILH Plus and the augmented ILH 
framework, they are not compared in this study. 

2.2. Digital Game-Based Vocabulary Learning (DGBVL) 

DGBVL, or implementing computer games for teaching vocabulary (Rasti-Behbahani & Shahbazi, 2022), has 
been widely reported as one of the most important informal language learning activities (Amengual-Pizarro, 2024) that 
can enhance IVL effectively. For example, Camacho-Vásquez and Ovalle (2019) found that DGBVL activities were 
capable of enhancing bachelor students’ knowledge of infrequent academic words. Khazaie and Mashhadi (2020) found 
that integrating even non-English mobile games into L2 vocabulary learning pedagogy can also have a significant effect 
on vocabulary knowledge gains. Rasti-Behbahani and Shahbazi (2022) found that adventure DGBVL activities have the 
potential to enhance IVL, especially the productive recognition of form-meaning. Calvo-Ferrer and Belda-Medina (2021) 
concluded that multiplayer games, in which learners have opportunities for word use, can enhance IVL more effectively 
than games with opportunities limited to encountering new words in the game without any previous input. Sundqvist and 
Nilsson (2022) found that investing time in multiplayer games can significantly impact IVL enhancement. Yang and 
Jeaco (2023) found that their concordance-based game supported lexicogrammatical knowledge of English words, 
phrases, collocations, and many other aspects of word knowledge. The outcomes of this study were supported by Pham 
(2023) who reported that by adding game elements, such as a scoreboard, reward system, and so on, the participants’ 
uptake of infrequent words was noticeably increased. Overall, the impact of DGBVL activities on improving the quantity 
and quality of vocabulary learning is both significant and undeniable (Vnucko & Klimova, 2023). 

Digital games can enhance IVL gains because firstly they improve the learning condition by maximizing 
engagement and motivation, reducing anxiety, promoting learners’ self-confidence, encouraging risk-free attempts, 
enhancing authenticity, and making DGBVL activities goal-oriented (Peterson et al., 2022; Vassilieva & Drugov, 2019; 
Vnucko & Klimova, 2023). Next, the inherent elements of digital games, such as audiovisual effects, story, challenge, 
competition, sense of winning, and immersion (Alexiou & Schippers, 2018), promote opportunities for learning (Hamari 
et al., 2014) and IVL gains (Peterson et al., 2022). Owing to these factors, opportunities for vocabulary learning, such as 
repetition, instantiation, dual encoding, interactivity, and feedback, can be enhanced, which can lead to effective IVL 
gains in DGBVL activities (Rasti-Behbahani, 2021). 
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DGBVL activities can be effective “when [they are] implemented in conjunction with carefully designed 
supplementary materials” (Peterson et al., 2022, p. 81). This idea was supported by Calvo-Ferrer and Belda-Medina 
(2021) and Vinter et al., (2022) who found that an age-appropriate and modified-input DGBVL activity enhanced 
vocabulary learning more effectively. Hence, it is valid to infer that modifying DGBVL activities by adjusting their levels 
of involvement load can enhance IVL gains. However, choosing the best framework, for example, ILH or TFA, for 
modifying DGBVL activities is important because the frameworks help with the decisions on activity designs. Also, an 
imbalanced design may lead to unsuccessful attempts for IVL gain. Conversely, the available literature cannot help with 
choosing the best framework because firstly, most of the relevant studies were conducted in a paper-and-pencil context, 
whereas DGBVL activities were ignored. Secondly, they have focused only on comparing the explanatory power of the 
frameworks in the acquisition of receptive knowledge while productive knowledge is widely neglected. Finally, delayed 
posttests are either absent or administered only a week later instead of a minimum of 3 weeks later (Schmitt, 2010). 
Including a long-delayed posttest is essential because, in the long run, the effect of many factors that either enhance or 
hamper ILH or TFA will diminish drastically (Yanagisawa & Webb, 2022). Hence, this study was an attempt to expand 
the comparative attempts to find the most accurate framework and to fill in those gaps in the literature by answering the 
following questions: 

- To what extent do the DGBVL activities contribute to IVL gains? 

- To what extent could TFA or ILH predict the DGBVL activities contributions? 

3. Methodology 

This empirical study had a quasi-experimental design, and the quantitative data were collected through pretests 
and posttests before and after treatments respectively. 

3.1. Participants 

Through convenient sampling—by visiting English classes and asking English learners to participate in this 
study—66 randomly selected Omani-Arabic speakers (37 males, 29 females; 18-20 years old) participated in this study. 
They were basic level (level 1 out of 3) students in the foundation program at Dhofar University. Their English 
proficiency, evaluated by an online standard test called the Cambridge English Proficiency Test (CEPT), was A2 (CEFR). 
Although proficiency level has a short-term effect on ILH contribution to IVL and its effect diminishes significantly later 
(Webb et al., 2023), 1,000 (1K) and 2,000 (2K) most frequent English words on the Updated Vocabulary Levels Test 
(uVLT; Webb, Sasao, & Balance, 2017) were administered to check the participants’ vocabulary size and ensure their 
homogeneity in word knowledge, and understanding of a walkthrough, or game-guide, instructions. Their average in 1K 
was 83.43% (M = 25.03, SD = 3.12), in 2K was 73.53% (M = 22.06, SD = 3.01), and overall was 78.46% (M = 23.54, SD 
= 3.41). This suggests that their vocabulary knowledge was high enough (González-Fernández & Schmitt, 2020) to 
understand the walkthrough text because 97% of the words in the walkthrough were between 1K and 2K. All the 
participants had played games on PC and knew how to control a PC game by mouse and keyboard. Also, none of them 
had played the game that was used in this study before. 

3.2. Materials 

3.2.1. The Digital Game 

A commercial adventure digital game called Azada: In Libro was selected for the current study. In this game, a 
gamer must stop an evil magician from conquering Azada. There were two reasons why I chose a commercial adventure 
digital game: Firstly, it makes learning meaningful by boosting intrinsic motivation (Pivec et al., 2003); secondly, 
adventure games have interesting puzzles, deep dialogues, and engaging stories that boost motivation (Chen et. al., 2020) 
and support vocabulary learning. 

In this game, puzzles are object-based; that is, a gamer must solve game puzzles by finding specific items and 
using or placing them in their proper locations (see Figure 1). The game is controlled by mouse clicks. 
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Figure 1. Object-Oriented Puzzle: The Doll’s Skirt Is Being Installed to Unlock a Safe 

3.2.2. Walkthrough 

After downloading a walkthrough, or game guide, from the game’s official Website, its first two chapters were 
modified for this study. Firstly, pictorial clues were removed; secondly, the sentences were numbered; finally, target word 
fonts were in bold but the participants were not informed of the reason. IVL can be enhanced effectively if target words 
can attract readers’ attention (Boers, 2022) and word-form focus can play a significant role in word learning (Hu & 
Nassaji, 2016). Time-on-task duration and the negative effects of extensive interaction could have been reduced by 
providing the walkthrough (Rasti-Behbahani & Shahbazi, 2022). 

All the participants needed to read the walkthrough and follow the steps in order and as closely as possible to 
finish the chapters while they were playing the game.  

3.2.3. Target Words 

After checking the frequency profile (on https://www.lextutor.ca/vp/comp/) of the walkthrough text and 
assuming lower chances of familiarity with infrequent words, 20 low to infrequent concrete nouns of inanimate objects 
were selected (see Table 1). Unfamiliarity with the target words was later confirmed (see Table 9). To select them, I 
considered four criteria: Firstly, without knowing them, the participants could not finish critical steps in the walkthrough. 
Secondly, they did not occur more than twice throughout the walkthrough to control the effect of multiple exposures 
(Folse, 2006; Rasti-Behbahani & Shahbazi, 2022). Thirdly, they had to be nouns (names of inanimate objects) because 
the acquisition of nouns is quicker than adjectives, verbs, and adverbs, and this could have reduced the learning load and 
word difficulty (Sökmen, 1997). Fourthly, their frequency band had to be K4 or higher to reduce the chances of A2-level 
learners’ familiarity with the target words (Milton, 2010). Notably, the target words were also pilot-tested by asking ten 
other A2-level nonparticipant students who were studying at level 1 to translate the target words into Arabic. All the 
words were new for the pilot test takers: 

Table 1. Target Words 
 Freq. K  Target Words Freq. K 
Cord 2 4  Bracelet 2 7 
Rod 2 4  Pouch 2 7 
Rack 2 4  Spade 2 7 
Cylinder 2 5  Clover 2 8 
Debris 2 5  Revolver 2 8 
Purse 2 5  Spout 2 8 
Tub 2 5  Cyclone 2 10 
Mattress 2 5  Faucet 2 13 
Crate 2 6  Pestle 2 14 
Scroll 2 6  Anklet 2 16 
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3.2.4. Activity Design 

After modifying the walkthrough, I made three different versions of it. In the first version, I added a single Arabic 
definition for each target word on the right margin (meaning group; see Tables 2, 3, and 4 for step 8 in the walkthrough 
for each group). The definitions were placed on the page margins because learners prefer marginal glosses to other 
locations (Boers, 2022): 

Table 2. Meaning-G Walkthrough Text 

8. Put the faucet on the bottle.  صنبور 
 .means faucet صنبور*

In the second version, I added three different Arabic definitions for each target word on the right margin (choice 
group). It is worth mentioning that each definition was also repeated twice to control their effects (Folse, 2006): 

Table 3. Choice-G Walkthrough Text 

 السلک 
8. Put the faucet on the bottle.  لفیفۀ طومار 
 صنبور  

 .means faucet صنبور means scroll; and لفیفۀ طومار ;means cord السلک*

There was no definition in the third version (recall group) on the walkthrough page margins. Instead, the 20 
target words along with their respective Arabic definitions and a sample sentence for each word were listed and delivered 
on a separate paper to the participants:  

Table 4. Recall Walkthrough Text 

8. Put the faucet on the bottle. 
 

3.3. Task Indexing 

All the three activities were indexed based on both ILH and TFA frameworks by the researcher. They were later 
checked and approved by two applied linguistics professors. 

3.3.1. ILH 

Based on ILH, the meaning activity was indexed as follows: need = 2, search = 0, evaluation = 0. The need was 
strong because the participants needed to know the meanings of the words to complete the game. However, because the 
meanings were provided, they did not need to search for them or do any evaluation. 

The choice activity, in addition to a strong need, triggered search and evaluation (need = 2, search = 1, evaluation 
= 1). However, the search and evaluation were not strong because the participants tried to infer the correct meaning, which 
triggered a moderate search and evaluation (Laufer & Girsai, 2008). 

The recall activity triggered a strong need and a moderate search, but not the evaluation (Need 2, search 1, and 
evaluation 0). This task triggers the search because it persuades an attempt to find the meaning through inferring and 
recalling (Zou, 2012). Also, attempts to recall tidbits about the target words and the words around them can be inferred 
as a search for meaning (Folse, 2006). Moreover, this ILH combination is rarely studied (Yanagisawa & Webb, 2021). 

Overall, based on the ILH framework, the order of the effectiveness of the tasks on IVL gains is as follows: 
choice (4) > recall (3) > meaning (2). 

3.3.2. TFA 

According to TFA, the meaning activity triggered the components 2, 4, 5, 12, 15, and 18 in TFA (Index 6) and 
induced a low level of involvement load. The choice activity activated a few more components in TFA: 2, 4, 5, 7, 10, 12, 
and 18 (Index 7) and increased the level of involvement load induction to a moderate level. The recall activity triggered 
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even more components than the previous two activities including 2, 4, 5, 7, 9, 10, 11, 12, 15, and 18 (Score 10) which led 
to a higher level of involvement load. 

Adventure digital games are motivating so component 2 was activated by all the activities (Pivec et al., 2003); 
the target words were written in bold so all the tasks activated component 4. Due to the implementation of vocabulary 
learning techniques, component 5 was triggered by all the activities; the target words were exposed twice in different 
sentences, so components 12 was scored for all the activities; and component 18 was activated because words like left 
and right, were not taught spontaneously (Nation & Webb, 2010). However, component 15 was triggered exclusively by 
meaning and recall activities because having Arabic definitions could guarantee a successful form-meaning link. 
Components 7 and 10 were activated by the choice and recall activities because of, at least, two encounters for each target 
word form (recall) or its meaning (choice). In the recall activity, component 9 was scored because Arabic definitions were 
not placed on the page margins, and component 11 because the participants had seen the target words a day before their 
main activity.  

Then, based on the TFA frameworks, the order of the effectiveness of the activities on IVL is as follows: recall 
(10) > choice (7) > meaning (6). 

Table 5. ILH and TFA Scores 

 ILH Criteria Scores 
 

 
Meaning Choice Recall 

1 Need 2 2 2 
2 Search 0 1 1 
3 Evaluation 0 1 0 
 Maximum Scores 2 4 3 
 TFA Criteria Scores 
 

 
Meaning Choice Recall 

 Motivation    
1 Is there a clear vocabulary learning goal? 0 0 0 
2 Does the activity motivate learning? 1 1 1 
3 Do the learners select the word? 0 0 0 
 Noticing    
4 Does the activity focus attention on the target words? 1 1 1 
5 Does the activity raise awareness of new vocabulary learning? 1 1 1 
6 Does the activity involve negotiation? 0 0 0 
 Retrieval    
7 Does the activity involve retrieval of the word? 0 1 1 
8 Is it productive retrieval? 0 0 0 
9 Is it recall? 0 0 1 
10 Are there multiple retrievals of each word? 0 1 1 
11 Is there spacing between retrievals? 0 0 1 
 Generation    
12 Does the activity involve generative use? 1 1 1 
13 Is it productive? 0 0 0 
14 Is there a marked change in context that involves the use of other 

words? 
0 0 0 

 Retention    
15 Does the activity ensure successful linking of form and meaning? 1 0 1 
16 Does the activity involve instantiation? 0 0 0 
17 Does the activity involve imaging? 0 0 0 
18 Does the activity avoid interference? 1 1 1 
 Maximum score 6 7 10 
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3.4. Instruments 

3.4.1. Updated Vocabulary Level Test (uVLT) 

On uVLT (reliability = 0.93), first and second frequency bands (1K and 2K), comprising 30 receptive recognition 
questions each, were administered. In this test, the participants needed to match a definition with one of the six alternatives 
(see Table 6). A paper-based version of uVLT was administered and there was no time limit for completing the test: 

Table 6. uVLT Question 1 

 boy rent report size station thing 
How big or small something is       
Place buses and trains go       
Young man       

3.4.2. Achievement Tests 

Two paper-based achievement tests measured the participants’ receptive and productive knowledge gains. In the 
receptive test, the participants needed to recognize the proper Arabic definitions for the bolded English forms in sentences 
(see Table 7). In the productive test, the participants had to fill in the blanks by recalling the proper English form of the 
target words by using the sentences and cues provided (see Table 8). There were 20 questions in each test and each correct 
answer was scored one. The tests were used in two stages: pretest and delayed posttest with no time limit for completing 
them. Administering them as a pretest served two purposes: It could reveal whether, firstly, the selected target words were 
new, and secondly, the DGBVL activities were effective in learning the target words. Notably, in the receptive test, 
options were chosen among the target words to reduce the chances of lucky guess; the productive test was administered 
first, and target words were randomly distributed in each test to avoid the effect of learning from the earlier test: 

Table 7. Receptive Test: Question 3  

3. The murderer used an old revolver.  
a)  خرطوشۀ  b) شاکوش   c)  رصاصۀ      d) مسدس 

 means revolver مسدس means bullet; and رصاصۀ ;means hammer شاکوش ;means cartridge خرطوشۀ *

Table 8. Productive Test: Question 20  

20. In the past, an_________ was worn on feet by Asian women to show that they were married. 

Tests were pilot-tested by administering them to 11 unrecruited A2-level 1 English learners from the same 
training center. The results of Cronbach’s alpha indicated an acceptable level of internal consistency (Taber, 2018): 
receptive test = 0.79, and productive test = 0.81. 

3.5. Procedure 

This study had three stages. In the first stage, after contacting the teenage English learners personally to find 
volunteers, asking them to sign a consent letter, and informing their parents of their participation, volunteers sat for the 
paper-based uVLT. They also sat for paper-based receptive and productive tests (pretest) to check their familiarity with 
the target words. After ensuring their acceptable vocabulary knowledge, they were randomly given meaning (N = 22), 
choice (N = 22), and recall (N = 22) activities. 

In the second phase, a day before the main DGBVL activities, the word list including the target words, their 
Arabic definitions, and sample sentences was distributed to the recall participants. They had 10 min to read it and were 
not informed of the purpose of the word list. They returned the word list after they finished reading it. Next, in a computer 
lab, all the participants were instructed on how to play the game and complete the DGBVL activities. All the participants 
tried to complete the first and second chapters of the game by following the walkthrough steps. I was there during their 
play and helped them with technical issues. The participants spent between 86 and 98 min on their tasks mostly because 
of the cut scenes that were video clips showing more details on the story and users were not able to skip them. 

In the third stage, I administered the delayed posttests four weeks later because firstly, I wanted to measure the 
efficiency of the DGBVL activities in long-run and their effects on word retention; also, if the effect of a vocabulary 
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learning activity can last for at least three weeks, that learning is stable and durable (Schmitt, 2010). Both tests were 
administered at the same time. Finally, no time limit was set for completing the delayed posttests. 

3.6. Data Analysis 

To answer the research questions, I analyzed the elicited quantitative data by SPSS (version 26). The quantitative 
data were analyzed by one-way analysis of variance to find if the DGBVL activities could enhance IVL gains and to 
understand which group in which test had a better performance, LSD post-hoc test to compare the individual effects of 
activities and their differences, and a hierarchical multiple regression analysis to compare the precision of both 
frameworks in predicting the outcome of each DGBVL activity (Calvo-Ferrer & Belda-Medina, 2021). 

4. Results 

Before analyzing the data, Shapiro-Wilk and Levene homogeneity of variance tests were run, and the results 
indicated that variances were homogeneous, and the assumptions for regression analysis, that is, linearity, 
homoskedasticity, independence of errors, normality, and independence of independent variables were also met: 

Table 9. ANOVA (Pretest Scores) 

 Task Mean Standard Deviation F p Value 

Receptive 
(Pretest) 

Meaning 1.13 0.63 1.70 .19 
Choice 1.45 0.59   
Recall 1.45 0.73   

Productive 
(Pretest) 

Meaning 1.13 0.71 0.09 .91 
Choice 1.09 0.75   
Recall 1.04 0.65   

To answer the research questions, firstly, the homogeneity of participants’ knowledge of the target words before 
the main task was checked. The results of ANOVA, which was run on pretest scores (see Table 9), showed that there was 
no significant difference (p > 0.05) in the participants’ knowledge of target words. Also, their mean scores suggested that 
they had little knowledge of the target words: 

Table 10. Descriptive Statistics (Gain Scores) 

 Task Mean SD 
Receptive Meaning 10.40 1.94 
 Choice 7.68 2.53 
 Recall 16.22 2.44 
Productive Meaning 11.77 2.06 
 Choice 8.86 2.58 
 Recall 16.63 1.89 

 

Table 11. ANOVA (Gain Scores) 

 df Mean Square F p 
Receptive Task 2 419.15 77.67 0.00 

Within Groups 64 5.39   
Total 66    

Productive Task 2 339.28 69.95 0.00 
Within Groups 64 4.85   
Total 66    

To answer the first question, a one-way ANOVA was conducted on the participants’ gain scores to examine the 
differences between participants in their IVL gains across the three DGBVL activities. Table 10 shows that the 
participants with the recall activity had the best performances in both receptive (M = 16.2273) and productive (16.6364) 
tests. Next, surprisingly, the participants with the meaning activity performed better in both receptive (M = 10.4091) and 
productive (11.7727) tests than those with the choice activity (MReceptive = 7.6818, MProductive = 8.8636). According to 
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ANOVA results (see Table 11), the differences are also statistically significant (FReceptive = 77.677, FProductive = 69.957; p 
= 0.000): 

Table 12. LSD Post-Hoc Multiple Comparisons Across Tasks 

Tests Activity Between-Tasks Mean Difference Std. Error p 

Receptive (Gain 
Scores) 

Meaning Choice 2.72 .70 .00 
Recall -5.81 .70 .00 

Choice Meaning -2.72 .70 .00 
Recall -8.54 .70 .00 

Recall Meaning 5.81 .70 .00 
Choice 8.54 .70 .00 

Productive (Gain 
Scores) 

Meaning Choice 2.90 .66 .00 
Recall -4.86 .66 .00 

Choice Meaning -2.90 .66 .00 
Recall -7.77 .66 .00 

Recall Meaning 4.86 .66 .00 
Choice 7.77 .66 .00 

To compare the individual effects of activities and their differences, an LSD post-hoc was then conducted. Table 
12 shows that each activity contributed to both receptive and productive IVL gains differentially, and their effects are 
significantly different (p < 0.05): 

Table 13. Assumptions Check Against the LSD Results 

Tests Comparisons Mean Differences ILH Assumption TFA Assumption 
Receptive Meaning > Choice 2.72   
 Recall > meaning 5.81   
 Recall > Choice 8.54   
Productive Meaning > Choice 2.90   
 Recall > meaning 4.86   
 Recall > Choice 7.77   

Table 13 shows that one of the comparisons was not consistent with ILH or TFA assumptions across both 
receptive and productive tests. That is, the participants with the meaning activity performed better than those with the 
choice activity. Moreover, we can see that other comparisons are consistent with the TFA assumptions, whereas only one 
of them is consistent with ILH assumptions. Hence, according to Table 13, the predictive power of TFA is more accurate 
than ILH:  

Table 14. Components Distribution Percentage in ILH 

Activity Need Search Evaluation 
Meaning 2 (100%) 0 0 
Choice 2 (50%) 1 (25%) 1 (25%) 
Recall 2 (66%) 1 (34%) 0 

*Meaning = 100/2 = 50   Meaning: 0-100 = 2 
Choice = 100/4 = 25   Choice: 0-50: 2; 51-75: 3; 76-100: 4 
Recall = 100/3 = 33.333   Recall: 0-66: 2; 67-100: 3 

 

Table 15. Components Distribution Percentage in TFA 

Activity Motivation Noticing Retrieval Generation Retention 
Meaning 1 (16.66%) 2 (33.33%) 0 1 (16.66%) 2 (33.33%) 
Choice 1 (12.5%) 3 (37.50%) 2 (25%) 1 (12.50%) 1 (12.50%) 
Recall 1 (9.09%) 3 (27.27%) 4 (36.36%) 1 (9.09%) 2 (18.18%) 

*Meaning = 100 / 6 = 16.66  Meaning: 0-16.66 = 1; 16.67-50 = 3; 51-66.66 = 4; 66.67-100 = 6 
Choice: 100 / 8 = 12.5  Choice:  0-12.5 = 1; 12.6-50 = 4; 51-75 = 6; 76-87.5 = 7; 87.6-100 = 8 
Recall: 100 / 11 = 9.09  Recall:  0-9.09 = 1; 9.10-36.36 = 4; 36.37-72.72 = 8; 72.73-81.81 = 9; 81.82-100 = 11 
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Finally, gain scores were used to examine which of the two frameworks could explain more differences in 
learners’ vocabulary gains. To do so, the participants’ gain scores were first used to calculate the weighted scores of each 
activity for each participant. Next, a hierarchical multiple regression was run to check which of the two frameworks had 
a higher contribution to IVL gains from the pretests to the posttests. 

Following Hu and Nassaji’s (2016) conversion method, weighted scores, or the score that each participant 
receives based on the weight of each component in each framework (Hu & Nassaji, 2016), were calculated as follows: A 
percentile rank and a score were assigned to the triggered components of each framework based on each task. Next, the 
learners’ gain scores were converted into percentiles. Finally, the learners’ percentile scores were converted into weighted 
scores. The following formula was used to calculate the percentiles for each task: N/20 x 100 = p% (N = score of the task, 
20 = number of the target words; Hu & Nassaji, 2016). For example, if a participant’s gain score was 9 for the meaning 
activity, then their percentile score was 45% (9/20 x 100 = 45). Based on the five components of TFA, a score of 45% 
falls between the 16.67% and 50% percentile rank. As a result, I took this to be roughly equal to index 3 in TFA or 2 in 
ILH (see Tables 14 and 15): 

Table 16. Multiple Regression Analysis of ILH and TFA Predictive Power 

  R2 ∆R2* ∆F* df Sig. F Change 
Receptive Model 1      
 1. ILH 0.63 0.63 112.95 (1, 64) 0.00 
 2. TFA 0.79 0.15 45.48 (1, 63) 0.00 
 Model 2      
 1. TFA 0.78 0.78 234.09 (1, 64) 0.00 
 2. ILH 0.79 0.00 1.39 (1, 63) 0.24 
Productive Model 1      
 1. ILH 0.56 0.56 81.84 (1, 64) 0.00 
 2. TFA 0.77 0.21 58.56 (1, 63) 0.00 
 Model 2      
 1. TFA 0.77 0.77 217.37 (1, 64) 0.00 
 2. ILH 0.773 0.00 0.01 (1, 63) 0.91 

*∆R2: change in R2; ∆F: change in F. 

Table 16 shows the results of a hierarchical multiple-regression for evaluating the ILH and TFA frameworks' 
contributions to both receptive and productive vocabulary gains. The forced entry method was selected for running the 
hierarchical multiple regression in SPSS. Gain scores in receptive and productive tests were defined as dependent 
variables and weighted scores of the tasks in both ILH and TFA as predictor variables. In the regression models for 
receptive and productive knowledge, first ILH was entered into the equation then TFA. In the second regression model 
for receptive and productive knowledge, first TFA was entered into the equation then ILH. 

In model 1 (receptive), after entering ILH into the equation for testing its contribution to receptive knowledge 
gain, ILH explained 63.8% of the variances, which was statistically significant; next, TFA was entered and it could explain 
15.2% additional variances in receptive gains, which was also statistically significant. Conversely, in model 2 (receptive), 
first TFA was entered then ILH into the equation. TFA could explain 78.5% variances in receptive gains, which was 
statistically significant, while ILH could only explain 0.5% additional variances, which was not statistically significant. 

In model 1 (productive), ILH was entered first into the equation and it could explain 56.1% of gains in productive 
knowledge of the target words. Next, TFA was entered and it could explain 21% additional variances. Both predictions 
were statistically significant. Finally, in model 2 (productive), TFA was entered first, and it predicted 77.3% variances, 
which was also statistically significant. However, after entering ILH, it could not explain any additional variances (0%), 
which was not statistically significant. 

The regression analysis results suggest that TFA was significantly much stronger than ILH in predicting and 
explaining receptive and productive incidental knowledge and lexical gains in the DGBVL context. 

5. Discussion 

This study aimed to compare the precision of ILH and TFA frameworks in indexing the success rate of DGBVL 
activities and their contributions to IVL gains. With respect to the first research question, it was found that the three 
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DGBVL activities with different levels of involvement load (LIL) enhanced both receptive and productive knowledge of 
the target words, which supports previous findings (Camacho-Vásquez & Ovalle, 2019; Pham, 2023; Rasti-Behbahani & 
Shahbazi, 2022; Yang et al., 2023). It seems possible that this result might be due to the effect of inherent elements of 
digital games that support learners’ cognitive-emotional engagement (Alexiou & Schipper, 2018) through three phases 
(Hamari et al, 2014). In the first phase, digital games provide motivational resources and affordances that, in the second 
phase, can change learners’ motivation; then, in the third phase, these motivational changes can lead to behavioral changes 
and outcomes that can be guided toward the desired outcomes (Hamari et al., 2014). Therefore, in this study, the digital 
game might have supported IVL by enhancing motivation (Rasti-Behbahani, 2021), which in turn, not only resulted in 
emotional but also profound cognitive engagements. Also, because the DGBVL activities were guided and aimed at 
vocabulary knowledge acquisition, all of them could also result in the desired outcome, that is IVL gains. 

For the second research question, results showed that TFA was more precise than ILH in predicting the 
contribution of DGBVL tasks which supports previous findings (Ehsani & Karimi, 2022; Gohar et al., 2018; Hu & 
Nassaji, 2016; Khoshsima & Eskandari, 2017). There are explanations for this from two perspectives: framework 
components and the structure of DGBVL activities. From the framework components perspective, TFA comprises more 
components than ILH (TFA = 5 vs ILH = 3), which means TFA is sensitive to more factors that can affect IVL gain (Hu 
& Nassaji, 2016). Therefore, owing to the high level of sensitivity, TFA can statistically explain more variances, which 
means it has a more precise predictive power.  Moreover, the accuracy of TFA escalates even higher due to the 
examination of each component from different scopes in contrast with ILH, which just examines three components by 
the absence or two-level presence measure (Ehsani & Karami, 2022). In other words, TFA reflects on the 
multidimensionality of word knowledge (Nation, 2022), which is fairly neglected in ILH. Hence, despite the existence of 
unidentified, but effective, factors that can moderate the quality and quantity of IVL gains, TFA accuracy in DGBVL 
contexts can still remain high. 

Conversely, ILH failure in prediction can also be explained by the extent of its component coverage and its 
approach to treating the components equally (Yanagisawa & Webb, 2021). ILH superficially examines one motivational 
and two cognitive factors, which might or might not have played any significant role in DGBVL activities to enhance 
IVL. In other words, DGBVL activities may rely on factors beyond need, search, and evaluation to enhance IVL gains. 
Moreover, if those cognitive-motivational factors could have played any role, ILH might not have been able to perceive 
them precisely because it just considered their absence or two-level presence. Therefore, in DGBVL contexts, ILH 
predictions suffer from significantly low accuracy due to their limited and superficial analyses. 

The superiority of TFA over ILH can also be discussed by looking at the structure of DGBVL activities. The 
superiority of the recall activity, which was also reported by Calvo-Ferrer and Belda-Medina (2021), can be explained by 
considering the role of spaced repetition and generation or meeting target words in new forms and contexts (Nation, 
2022). Webb et al. (2023) found that the effect size of spaced repetition on IVL gains is much larger than frequent 
exposure in one sitting. In addition, San Mateo-Valdehíta and Criado de Diego (2021) emphasized the importance of the 
generation in IVL gains. By looking at the frameworks, it is obvious that in contrast to ILH, TFA is sensitive to both 
repetition types and generation and examines their effects from multiple angles. Therefore, TFA could sense and measure 
those factors that are neglected in ILH and consequently offer a more accurate indexing method and score.  

On the other hand, ILH hypothesized the choice activity as the most effective of all. By looking at the choice 
task, we can see that the component of search is triggered, which can hinder IVL gains (Yanagisawa & Webb, 2022). 
Moreover, the evaluation was not strong enough to compensate for the negative effect of the search component (Ehsani 
& Karami, 2022). Therefore, the ILH framework misinterpreted the choice activity and indexed it wrongly as the most 
effective of all. Besides, because the ILH framework does not examine the effect of repetition, it misinterpreted the recall 
activity and indexed it as the second most effective.  

Also, this study enhances the assumption of the individual effect of components (Hu & Nassaji, 2016) and 
supports the discussion by Yanagisawa and Webb (2022) that posits long-term retention of task-induced involvement 
load should be evaluated with respect to factors different from those involved in short-term retention. From this 
perspective, TFA was successful in predicting the effectiveness of all three tasks because by looking at the retention 
component individually, both meaning and recall activities received 2 points while the choice activity received only 1 
point which means both meaning and recall activities could lead to better retention. Moreover, meaning activity was more 
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effective than choice because it ensured the successful linking of form and meaning. Also, the recall activity was superior 
to meaning because it triggered spaced-repetition components (Folse, 2006) in addition to all the components that were 
triggered by the meaning activity. 

Finally, although it was reported that the effect of involvement load might diminish or vanish when the long-
term retention of words is examined (Yanagisawa & Webb, 2022), the results of this study showed that TFA can also be 
sensitive to the long-term effect of DGBVL activity-induced involvement loads and predict their effects on both receptive 
and productive knowledge gains. Hence, in contrast to ILH, TFA predictions about the long-term effects of DGBVL 
activities can be reliable. 

6. Conclusion 

Overall, a few significant conclusions can be drawn from this study. The first outcome delineates that DGBVL 
activities can support IVL effectively regardless of activity types and their induced levels of involvement load. Next, 
prospective teachers and researchers can rely on the predictive power of TFA. By doing so, they can design DGBVL 
activities that can guarantee fairly successful short- and long-term IVL gains. Also, regarding the multidimensionality of 
word knowledge, this study showed that TFA can help with designing more effective DGBVL activities for enhancing 
both receptive and productive knowledge. After that, the results of this study imply that the assumption of the collective 
effect of components in both TFA and ILH seems inefficient, and current frameworks require new methods of 
interpretation and indexing of IVL activity effects like ILH+. Finally, due to the multidimensionality of word knowledge 
and the emergence of new learning milieus that introduce unfamiliar but effective factors, ILH and TFA frameworks, 
which are proposed mainly based on the paper-and-pencil research outcomes, must evolve, and be upgraded by adding 
new components or aspects. 

The findings of this study should be interpreted cautiously due to its limitations. Firstly, in this study, only the 
acquisition of nouns was examined, which means that the acquisition of other lexical classes has remained unexplored. 
Moreover, the target words were concrete nouns whose acquisition is both quicker and easier than other types of nouns 
(Nation, 2022). This point should be considered in future studies. In addition, the lack of a control group leads to 
uncertainty about the effect of the DGBVL activities, which could be addressed in future studies. Furthermore, the 
findings of this study are limited to only adventure digital games while the effect of DGBVL activities should be studied 
in the other genres. Last but not least, the small number of participants can statistically limit the generalizability of the 
findings, which should be avoided in upcoming studies. 
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