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PAPER

Beware of What Lurks in the Margin: Glosses, Mobile 
Digital Games, and Incidental Vocabulary Learning

ABSTRACT
The study was set to investigate the effectiveness of meaning-given (meaning-G) and 
multiple-choice (choice-G) glosses in enhancing incidental vocabulary learning by word 
learning activities developed with a tablet digital game (DGBVL). Fifty-four Persian speakers 
(13–14 years old) were divided into meaning, choice, and control (CG) groups randomly after 
their vocabulary knowledge sizes were measured (2100–2400). After administering two pre-
tests, measuring receptive and productive knowledge of 20 concrete nouns, participants 
played a commercial adventure game. They read a modified game guide and completed a 
chapter of the game in pairs. Meaning-G had a single Persian definition, choice-G had three, 
and CG had none on the page margins. Three weeks later, the participants took post-tests, 
receptive and productive, without forewarning. Moreover, qualitative data were collected. 
Results showed that 1) DGBVL activities could enhance incidental learning of the target words 
regardless of the gloss types; 2) contrary to our expectations, meaning-G enhanced target word 
productive knowledge acquisition much more effectively than choice-G; and 3) glosses led to 
different vocabulary learning strategies. This study extends the literature by advising pro-
spective teachers to employ meaning-G to enhance vocabulary acquisition through DGBVL 
activities effectively.

KEYWORDS
meaning-given glosses, multiple-choice glosses, digital game-based learning, vocabulary 
acquisition, incidental learning, mobile video games

1	 INTRODUCTION

It has been widely discussed that the knowledge that is gained through incidental 
vocabulary learning [IVL] is crucial for lexical development [35] because, in addition 
to form-meaning, other knowledge such as register, collocation, etc. are enhanced by 
IVL [35]. There are two widely used definitions of IVL, and both apply to this study. In 
applied linguistics, IVL refers to the acquisition of some words by doing a language 
activity that is not designed for learning words [35], and in psychology, “the absence 
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of test announcement” distinguishes incidental and intentional learning [2]. Despite 
the importance of IVL, many studies show that IVL usually does not lead to large 
vocabulary gains [35]. Therefore, different techniques were introduced [27], espe-
cially with the introduction of handheld devices such as tablets into the classrooms, 
to accelerate the rate and quality of IVL gains. Glossing [17] and interactive content 
such as tablet digital games are two techniques that are the focus of this study.

Glosses or annotations are written on the text margins for further clarification 
and better comprehension of texts [2]. It has been discussed that glosses can sup-
port IVL for significant reasons: firstly, they are easily accessible and prevent wrong 
guesses [11]; secondly, glosses can consolidate form-meaning connections because 
they keep the reading process uninterrupted [26]; thirdly, glosses can enhance word 
retention by prompting more lexical [13] and multiple encounters with the target 
words [34].

In addition to glosses, the significant effect of interactive content such as digital 
games on IVL has been widely reported in previous studies [1], [4], [5], [6], [23], 
[24]. Most of these studies discuss the superiority of commercial digital game-based 
vocabulary learning (DGBVL) activities [24] to traditional paper-based activities due 
to digital games’ inherent elements such as “interactivity, rules, goals, challenge, risk, 
fantasy, curiosity, control, rich images, animations, videos, visuals, audios, and inter-
active dialogues” [20].

Hence, to enhance the IVL gains, understanding how to implement glosses in 
interactive vocabulary learning activities such as DGBVL activities properly is essen-
tial. This study, then, is an attempt to investigate the effect of glosses on incidental 
vocabulary learning in tablet DGBVL activities, which has rarely been studied.

1.1	 Glosses	and	incidental	vocabulary	learning

Glosses can be categorized based on their type (in-text, margin, etc.), language 
(L1 or L2), modality (e.g., text + video), and cognitive stimulating methods (e.g., 
multiple-choice glosses) [2]. According to recent meta-analysis studies, glossed 
reading supports IVL effectively by strengthening the form-meaning link and 
enhancing word use knowledge [2], [36]. Despite their advantages, an examination 
of their types or conditions is recommended [37].

In paper-based settings, for example, [12] studied the effects of meaning-given 
glosses (meaning-G), in which a translation of target words is presented on the mar-
gin of a text; multiple-choice glosses (choice-G), in which two or more definitions are 
provided on the margin of a text and L2 learners must choose one; and no glosses on 
IVL. By experimenting on 65 Dutch learners, he found that glosses were effective for 
IVL, although the results showed a small effect size. He also found that meaning-G 
could enhance the form-meaning connection in an immediate post-test more effec-
tively. [13] studied the effect of glosses on 85 undergraduate-level advanced Spanish 
learners’ vocabulary recall and learning. After assigning them to meaning-G L2 
glosses, meaning-G L1 glosses, and no glosses conditions, immediate form-recall and 
translation tests were administered. Glosses helped with more recall and outperfor-
mance in the translation test. [11] tested advanced French learners’ IVL by providing 
L2 meaning-G and found that in addition to dictionary use, glosses could support 
IVL and eliminate the possibility of wrong guesses in reading with no glosses. [34] 
studied the effects of meaning-G, choice-G, appositives (providing an in-text defi-
nition for a target word), and translation on 231 Japanese students. After admin-
istering unannounced both immediate and delayed post-tests, he found that both 
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L1 meaning-G and choice-G could enhance IVL similarly, and their impacts were 
greater than appositives and the translation task. [27] investigated the effects of L1 
choice-G, L2 text reconstruction, and a combination of both on 76 advanced German 
learners’ IVL gains. The results of an immediate and a five-week delayed posttest 
showed that the choice-G condition led to deeper gains in both receptive and pro-
ductive vocabulary knowledge, whereas its effect diminished over time while the 
effect of the combination condition lasted longer. Lastly, [33] compared the effects 
of L2 textual, pictorial, and L2 textual + pictorial glosses on 56 high-intermediate 
English learners’ incidental acquisition of six pseudowords. They found that pic-
torial glosses could promote word meaning retention the best and enhanced the 
previous studies that indicated gloss type can be a determining factor in successful 
incidental vocabulary learning.

Since computers were introduced into classrooms, computerized or multimedia 
glosses such as video, audio, pictorial, and hyperlinked ones have also become pop-
ular. The motivations for using computerized glosses were usually generated from 
theories such as dual coding theory [18], the theory of multimedia learning [16], 
and cognitive load theory [21]. The dual coding theory discusses that learning from 
two channels, e.g., visual and aural, leads to enhanced learning [18]. Moreover, the 
cognitive load theory posits that human cognitive capabilities and processing capac-
ity are limited; therefore, learning activities must be tailored for a better effect [21]. 
Also, the theory of multimedia learning offers a framework to optimize cognitive 
load and audio-visual inputs [16]. Relying on those theories, the literature on gloss-
ing and IVL expanded. For instance, [37] recruited 195 Japanese university students 
and examined whether L1 only, L1 + picture, L2 only, and L2 + picture glosses can 
enhance the IVL gain of 14 English words differently in a multimedia context. He 
found that glosses could enhance immediate recall and recognition, and the differ-
ence between L1 and L2 glosses was not significant. Also, he found that pictorial 
cues were more effective than glossed-only text and explained the results by relying 
on dual coding theory. Finally, [22] found that multimodal glosses (text + audio or 
video) can support IVL more effectively.

Why glosses can be effective was also studied. For instance, [26] studied the effect 
of glosses through think-aloud protocols. They found that texts + gloss can support 
IVL because glosses encourage finding meaning and can enhance form-meaning 
links firmly. Moreover, regarding the importance of vocabulary learning strategies 
[10], [25] studied the effects of the quality and quantity of lexical processing strategies 
that are triggered by meaning-G and choice-G on IVL. She found that the integration 
of mental sources such as meta-cognition and semantic elaboration and the frequent 
attempts to find and evaluate the word meanings are the main reasons for the estab-
lishment and strength of the form-meaning connection. She discussed that, because 
choice-G triggers such conditions but meaning-G provokes only meta-cognitive 
resources and linear text processing, choice-G can lead to stronger form-meaning 
connections, and consequently more effective incidental vocabulary learning.

As is evident, the literature on glossing and IVL is vast in both paper- and 
computer-based contexts. Overall, it is noticeable that regardless of type, L1 glosses 
lead to superior gains; the effect of choice-G was much greater than other gloss 
types—mainly due to the effect of inferencing [9]; meaning-G, as well as hyperlinked 
and interlinear glosses, had similar effects; and different modes of glossing had sim-
ilar effects on IVL [2], [36]. Hence, this study focuses specifically on the effects of 
L1 meaning-G and L1 choice-G on IVL in an interactive computer-based context—
digital games—to extend the current literature on L1 glossing.

https://online-journals.org/index.php/i-jim
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1.2	 Digital	games	and	incidental	vocabulary	learning

[24] defines DGBVL as the educational use of interactive software developed for 
entertainment purposes, or video ordigital games, to learn vocabulary; therefore, 
acquiring vocabulary items incidentally from a digital game that is played for fun 
rather than learning new words can be considered DGB-IVL. It has been shown that 
language learners’ IVL gains can be enhanced greatly by such interactive DGBVL activ-
ities. For instance, [24] found that the productive recognition of form-meaning can be 
enhanced by adventure DGBVL activities. [4] also found that adventure DGBVL activ-
ities that include word-focused exercises can enhance IVL and retention more effec-
tively than those without word-focused exercises, which enhances the findings by [32], 
who found that anticipating learners’ behaviors and providing timely interventions 
can enhance learning. Overall, according to recent meta-analysis studies, DGBVL activ-
ities are significantly effective and preferable to many other IVL activity types [6], [14].

Furthermore, reasons for the positive effects of DGBVL activities on IVL have 
been discussed. [6] found that a digital game’s inherent element, i.e., “challenge,” 
plays a significant role in supporting IVL. [19] found that game-based lectures can 
change learners’ attitudes positively towards and motivate them to learn. Moreover, 
[23] discussed that owing to the essential psychological factors for vocabulary 
acquisition, such as motivation [28], authenticity, repetition, instantiation, dual 
encoding, interactivity, and feedback, DGBVL activities can offer rich opportunities 
for enhancing incidental vocabulary learning.

For IVL gains to increase significantly, modification of digital games through the 
addition of glosses is critical [4], [32]; however, in DGBVL literature this issue has 
rarely been addressed. To the best of our knowledge, only two studies were found that 
have addressed this issue. [1] investigated the effect of multimedia glosses (L1 text + 
picture, L2 text + picture, and picture only) on the immediate and delayed incidental 
acquisition of 12 concrete nouns by 162 Arabic speakers. He found that although all 
three gloss types could enhance vocabulary acquisition, L1 + picture glosses were 
more effective. [4] studied the effects of L1 glosses on 21 eighteen-year-old Chinese 
speakers. They modified a digital game on-screen texts by adding Chinese transla-
tions (L1 meaning-G) to 28 target words in parentheses next to each word. They 
found that the addition of L1 glosses could enhance IVL in DGBVL activities.

Since meaning-G, as well as hyperlinked and interlinear glosses, can have similar 
effects [2], [36], we can deduce that [1] and [4] studied only multimedia and L1 glosses 
that are almost similar in their quality of contribution to supporting IVL. Most impor-
tantly, the majority of studies in glossing literature did not compare the acquisition 
of receptive and productive word knowledge with each other. Hence, investigating 
the effect of choice G on both receptive and productive knowledge seems necessary. 
Therefore, the answers to the following questions are sought in this study:

1. Do DGBVL activities affect IVL?
2. To what extent does providing meaning-G and choice-G L1 glosses make a 

significant difference in IVL through a DGBVL activity?

2	 METHODOLOGY

This study was quasi-experimental. Also, based on the definitions of IVL dis-
cussed above, the nature of vocabulary learning was incidental because participants 
played the game with no intention of learning target words, and the post-tests were 
administered without forewarning.
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2.1	 Participants

Based on the convenience-sampling method, participants of this study were 
selected among junior high school students who studied English four hours per 
week in evening classes for one year. Selected participants were 54 randomly 
selected Persian speakers, comprising 23 males and 31 females whose age range was 
between 13 and 14 years old. They were categorized as lower-intermediate based 
on their school’s in-house proficiency test. However, the vocabulary size test (VST) 
(14,000 Version, receptive) was also administered and revealed that participants’ 
breadth of English word knowledge was from 2100 to 3400 words (M = 2727.77, 
SD = 379.28). Therefore, based on the common european framework of reference 
(CEFR), their proficiency in English was between A2 and B1. They were accustomed 
to playing digital games in their free time and had no familiarity with the selected 
game in this study.

2.2	 Materials

The digital game. We used Haunted Hotel: Death Sentence Collector’s Edition for 
this study, which was an adventure game in which gamers help a detective unravel 
the secret of his missing friend by solving object-based puzzles (see Figure 1). 
Boosting intrinsic motivation [20], and enhancing target language learning through 
interesting and engaging puzzles and dialogues [4] were two main reasons why an 
adventure game was selected.

Fig. 1. Item-based puzzle

Game guide. After downloading a game guide, or a guide text that gives gamers 
hints to solve puzzles in the game, from the game’s developer website, we modified 
the first chapter for this study. Firstly, picture guides were deleted; next, numbers 
were assigned to the sentences. Moreover, since glosses on the page margins are 
preferable by many learners [13], [36], we placed the target word Persian definitions 
on the page margins.

Providing the game guide could reduce time spent on the task and hamper the 
negative effects of extensive interactivity [24]. Participants were supposed to read 
the game guide and follow the steps precisely to complete the game successfully.

Target words. The game guide text frequency profile was checked first by 
Lextutor. Next, twenty low- to infrequent concrete nouns of inanimate objects such 
as skull (K4) and shack (K7) were selected. The results in Table 7 confirm that all 
selected target words were new for the participants. When selecting the target 
words, we followed four steps: First, we made sure that participants needed to know 
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them to solve game puzzles. Secondly, they had not to be repeated more than two 
times in the game guide (Nation, 2022). Then, we selected only nouns because of 
the ease of acquisition and reducing the burden of word difficulty in the learning 
process [29]. Finally, words lower than the K4 frequency band were not considered 
(refer to Table 1).

Table 1. Target words

Target Words Freq. K Target Words Freq. K

Glove 1 4 Embers 1 9

Bracelet 1 7 Glue 2 4

Closet 1 6 Lens 2 4

Debris 1 5 Reel 2 5

Drape 1 5 Sack 2 4

Tag 1 4 Rust 2 5

Latch 1 6 Shovel 2 6

Skull 1 4 Pouch 2 7

Kettle 1 6 Medallion 2 9

Shack 1 7 Dossier 2 11

Task design. After modifying the game guide, three different versions were 
developed. In the first version (refer to Table 2), a single definition in Persian was 
added in front of each target word on the right page margins (meaning-G group).

Table 2. Meaning-G game guide text

8. Now, check the skull; pick up the key. جمجمه

Note: جمجمه means skull.

In the second version (refer to Table 3), three definitions in Persian were added 
in front of each target word (choice-G group). The frequency of repeated definitions 
was controlled not to exceed twice [9].

Table 3. Choice-G game guide text

جمجمه

8. Now, check the skull; pick up the key. فیلم

النگو

Notes: جمجمه means skull; فیلم means reel; and النگو means bracelet.

The third version included no definitions (control group) (refer to Table 4).

Table 4. Control game guide text

8. Now, check the skull; pick up the key.

The main instruction for all three versions was similar: read the game guide and 
follow the steps carefully while playing the game.
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2.3	 Instruments

Vocabulary size test. A paper-based version of receptive VST (rasch reliability 
indices > 0.96) was administered to check participants’ homogeneity. It included 140 
multiple-choice questions, and each question had four options to choose from. With 
no time limit, participants were asked to answer all 140 questions.

Achievement tests. A receptive meaning recognition test checked participants’ 
knowledge of meaning by selecting the proper Persian definitions (refer to Table 5).  
Also, a productive form recall test checked participants’ knowledge of the form 
by asking them to fill in the blanks. They had to recall the proper English forms 
(refer to Table 6). Cues and sentences were provided for them. The total score of 
the test was 20, and the weight of each correct answer was one. With no time limit, 
participants took both tests once as a pre-test and another time as a delayed post-
test (it is discussed later). The pre-test helped us to understand if the target words 
were new to the participants. It is worth noting that to avoid the effect of tests on 
each other, the productive test was administered first. In the examples below, in 
the receptive test, the correct answer is a, and in the productive test, skull is the 
correct answer.

Table 5. Receptive test: Question 12

12. don’t touch embers! You can burn yourself.

a) زغال داغ  b) کتری  c) گاز پیک نیک  d) کبریت

Note: زغال داغ is Embers; کتری is kettle; گاز پیک نیک is burner; and کبریت is matches.

Table 6. Productive test: Question 13

13. In a car accident, her sk_____ cracked badly and she fell into a coma.

Four professors of applied linguistics checked the face validity of the tests. Later, 
we pilot-tested them. In so doing, we randomly administered the tests to nine 
English learners who were not participants in this study. Internal consistency of the 
tests gained through Cronbach’s alpha [31] was satisfactory (receptive test = 0.76; 
productive test = 0.72).

Think-aloud protocols. Qualitative data was collected from eight participants 
only by concurrent think-aloud method [8] for a better understanding of the effect 
of glosses. The instruction was carefully designed so that the possible effects of the 
instruction could be hampered [8]. Then, the instruction was: ‘When playing, try to 
speak out your thoughts. You can also discuss with your partner about your thoughts’. 
Participants were randomly checked through surveillance cameras because the 
validity of the data could be impaired by the presence of researchers in the same 
space [8]. Think-aloud participants verbalized their thoughts in Persian.

Interview. An “exit interview” is recommended [3] for enriching the elicited con-
current think-aloud data because individual differences and the methods used can 
affect the quality and quantity of verbalized data. Hence, an exit interview was given.

The exit interview was semi-structured and contained two types of questions. 
The first group of questions was to know how participants learned or under-
stood the target words. The second group of questions explored how multimedia 
learning factors affected learning. Each participant was interviewed individually 
in Persian.

https://online-journals.org/index.php/i-jim
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2.4	 Procedure

Firstly, 71 English learners volunteered to participate. After their families 
signed the consent letters, volunteers sat for the paper-based VST and the pre-tests  
(see Figure 2). Next, because participants who had a vocabulary size of less than 
2000 word families would not understand the game guide, we selected only those 
who scored higher (N = 54). Moreover, pre-test results showed that the selected 
words were new for all participants (refer to Table 7). After that, we randomly gave 
them meaning-G (N = 18), choice-G (N = 18), or no gloss (N = 18) activities. Later, for 
collecting think-aloud data, we randomly selected two pairs from both meaning-G 
and choice-G groups (N = 8). The participants completed the tasks in pairs.

In the second stage of the study, two days before their main task, the think-aloud 
pairs were instructed on how to: use a tablet to play the game cooperatively, become 
familiar with being recorded, and think aloud in a 30-minute warm-up session [8]. 
Two days after the warm-up session, we gave all participants an orientation session 
on how to complete their DGBVL activities on their tablets cooperatively. In three dif-
ferent rooms, all participants were given their specific game guides and were asked 
to complete the first chapter by reading and following the instructions in the game 
guide on their tablets. The think-aloud pairs’ actions and voices were recorded with 
a camcorder. Due to unskippable video cutscenes in the game, participants spent 
nearly 70 minutes completing their activities.

In the third stage, firstly, the think-aloud participants were interviewed individ-
ually for about 20 minutes each immediately right after their activity completion; 
however, we did not forewarn them about the exit interview because their cognitive 
processes during activity completion could have been affected [3]. Non-think-aloud 
participants left the rooms immediately after their activity completion. Finally, 
we administered the delayed post-tests three weeks later to check all participants’ 
retention because [37] found that word knowledge gains through L1 glosses would 
vanish more quickly and a stable vocabulary gain lasts at least three weeks [24]. It is 
worth noting that the participants had no access to the game or materials after their 
playing session.

2.5	 Data	analysis

Fig. 2. The process of data collection

To answer both the first and second research questions, we collected quantitative 
data and used SPSS version 23 and Jamovi (2024) for data analysis. The quantitative 
data were analyzed by formulas such as two related-samples wilcoxon signed 
rank Tests to test differences within groups and the Kruskal-Wallis test to test the 
differences between groups. The rank-biserial correlation and eta-squared formulas 
[31] were used to calculate the effect sizes for the former tests, respectively.
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Qualitative data were also collected to understand how each gloss could affect 
IVL gains and thereby answer the second research question elaboratively. We fol-
lowed the inductive content analysis conventions because knowledge of the effect 
of glossing on IVL gains in DGBVL activities is fragmented [7]. To content-analyze 
the data manually, we followed these steps: 1) Our unit of analysis was “sentence”; 
2) data was transcribed first and it was read and reread several times for familiar-
ization with the data; 3) while reading data, recurring patterns and themes were 
coded; 4) after extracting the emerged patterns and their codes, 5) the pertinent pat-
terns were grouped; 6) we identified and tagged the most recurring pattern in each 
group; 7) later, the patterns were labeled and abstracted; and 8) finally, we catego-
rized the findings to explain the qualitative results. An applied linguistics professor 
supervised the whole process.

3	 RESULTS

3.1	 Quantitative	results

According to the Shapiro-Wilk test, the distribution of test scores was not normal. 
Therefore, the Kruskal-Wallis test result was run on the pre-tests (refer to Table 7) 
and showed that there was no significant difference (p > 0.05) between participants, 
meaning that the selected target words were new for all participants.

Table 7. Comparison of pretests

Tests Groups Mean Rank N χ2 df p

Receptive
(Pre-Test)

Meaning G 26.39 18 0.14 2 0.92

Choice G 28.22

Control G 27.89

Productive 
(Pre-Test)

Meaning G 26.33 18 0.15 2 0.92

Choice G 28.08

Control G 28.08

RQ1: To what extent do DGBVL activities make significant differences in IVL?

Table 8. The Results of the Wilcoxon signed-rank test

N Mean 
Rank Sum of Ranks Z p

Rank-
Biserial 

Correlation

Receptive Negative Ranks 0 .00 .00 -6.16 .00 0.96

Positive Ranks 50 25.50 1275.00

Ties 4

Total 54

Productive Negative Ranks 0 .00 .00 -6.04 .00 0.97

Positive Ranks 48 24.50 1176.00

Ties 6

Total 54
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The results in Table 8 indicate that although there were differences in gloss types, 
the DGBVL activities enhanced receptive and productive knowledge gains with large 
effect sizes. However, the DGBVL activities were not effective on the acquisition 
of receptive knowledge for four participants, and productive knowledge for six 
participants.

RQ2: To what extent do providing meaning-G and choice-G L1 glosses 
make a significant difference in IVL through a DGBVL activity?

Table 9. Results of the Kruskal-Wallis test with dwass-steel-critchlow-fligner (DSCF) PostHoc test

Tests Groups Mean 
Rank N χ2 df p Pairwise 

Comparison
DSCF

p
Eta-

Squared (η2)

Receptive 
Gain Scores

Meaning G 31.89 18 7.2 2 .02 MeaningG – ChoiceG 0.96 0.06

Choice G 31.17 MeaningG – Control 0.06

Control G 19.44 ChoiceG – Control 0.04

Productive 
Gain Scores

Meaning G 39.33 18 21.7 2 .00 MeaningG – ChoiceG 0.04 0.34

Choice G 28.06 MeaningG – Control 0.00

Control G 15.11 ChoiceG – Control 0.01

Note: Gain score = pre-test score - post-test score.

As shown in Table 9, at p ≤ 0.05, there was a significant difference between the 
meaning-G, choice-G, and control groups in their overall performance. There was 
also a large effect size for productive knowledge. However, the results of the DSCF 
posthoc test show no significant difference between meaning-G and choice-G in the 
receptive test, but it shows a weakly significant difference in the productive test. 
Also, the DSCF posthoc test [30] shows that meaning-G and the control group had 
no significant difference in receptive tests. Overall, based on Table 9, the glossed 
DGBVL activities could enhance productive knowledge better than receptive. Also, 
meaning-G outperformed choice-G in the productive test.

3.2	 Qualitative	results

For further investigation of the effect of glosses (RQ2), think-aloud data were 
collected. The content analysis of the qualitative data revealed eight patterns that 
were later grouped into two larger categories, namely, general strategies and exclusive 
strategies. The former ones were used by all participants, while the latter ones were 
used by participants in each group to cope with the target words. It facilitated data 
interpretation.

General strategies. The emerged general strategies were later grouped into five 
categories and labeled as follows:

Information search. The game guide and the game were the main sources of 
information in which participants searched for information about the target words. 
These were coded as information searches.

A: We must go out first. | B: No! Let’s read the game-guide again and decide what to 
do. | A & B: {game-game information search}.

For example, here, both participants look through the game-guide text for their 
next action.
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Negotiation. Having found the correct information, participants negotiated 
and implemented a strategy for solving a problem. These instances were coded as 
negotiation.

A: Tap on the latch, find … | B: What is a latch? Isn’t it {a Persian word for the oil}? 
| A&B: {they search for in-guide information}. | B: Yeah, the latch is {Persian word for 
the latch}

For instance, the target word latch and its meaning are being negotiated here.
Turn-taking. After participants had negotiated, they tested their ideas by taking 

turns to either control the game by holding the tablet and tapping or reading the 
game guide in turns. We coded these instances as turn-taking.

A: Let me read the rest and decide. / B: {B taps to check his own idea} | A: Tap on the 
main door {game-guide text} | A: Please give me the tablet. Read!

For example, here, A takes a turn to read and B taps on the screen.
Trial-and-error. Participants’ final strategy was trial-and-error when none of 

their attempts succeeded. They tapped randomly on the objects on the screen until 
they found the right object by chance. These were tagged with trial-and-error.

A: {reads from the game guide} Tap on the hammer | B: Is hammer {Persian 
definition}? | A: I’m not sure, but it must be here. Just tap around to find it.

In this excerpt, participants try to find a hammer by trial-and-error strategy.
In the exit interview, using the trial-and-error strategy was confirmed by some of 

the participants.
Researcher: Did any trick help you with unknown words during the game?
A: When we couldn’t find them, we tapped on everything until we found it. | B: When 

we ran out of ideas, we kept tapping on every corner of the game or a scene.
Review. Finally, participants were regularly reorganizing their thoughts by 

reviewing their previously completed plans or actions. These were labeled as 
reviews. In the following example, the places and number of nails were reviewed.

A: Look, this is Isaac’s reel in the inventory; we need those two parts for the camera. 
|B: We already picked those two parts. | A: What is a plank? | B: {Persian definition}. 
We already picked that up too. So, we can go out of the room now.

Exclusive strategies. Due to the differences in the gloss types, meaning-G and 
choice-G groups employed group-specific strategies. By using these strategies, partic-
ipants solved the problems in which knowledge of the target words was necessary.

Meaning-G group. Encountering the target words, participants with meaning-G 
used a strategy that we named later the enhancement strategy because the target words 
or their Persian definitions were read out loud by them repeatedly. For example, 
participant A repeatedly read out loud the Persian definition of the word debris, and 
participant B repeatedly voiced it while he was searching for it on the screen.

A: Find and tap on debris. {Persian definition of matches is enunciated loudly} |  
B: {Persian definition of matches is being repeated while he is searching}

This was mentioned in the exit interview too.
Researcher: What have you learned the most from the words? | A: Their pronunci-

ations and definitions. Moreover, I have some pictures of them in my mind. | B: Both 
pronunciations and definitions.

Choice-G group. The participants in the Choice-G group employed two strategies 
that we later called inferencing from contexts [26] and hypothesizing. To infer meanings 
of target words by inferring from context strategy, participants searched the game 
and the game guide for any contextual clues that helped them guess the meaning. 
For example, participants A and B guessed the meaning of the target word magnifier 
by inferencing from the contextual information:
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A: Tap on the pouch in your bag. Then, tap on the magnifier. | B: Pouch means {Persian 
definition}. Try to find a {Persian definition of pouch} somewhere.

Also, in the exit interview, this was mentioned.
Researcher: Did any trick help you with unknown words during the game?
A: Clues and wordssuch as, for example, red or yellow were helpful to guess what an 

unknown word means because we could have focused on red things only, for instance. | 
B: The words that surrounded the new words helped me a lot.

The choice-G group participants also implemented a hypothesizing strategy. 
Because there were three definitions for each target word, they hypothesized their 
future actions based on each definition. Moreover, based on the available contextual 
clues and guided by their inferencing strategies, they reshaped their hypotheses. 
For example, for the word sign, participants A and B had three definitions and, thus, 
developed three hypotheses that determined their future actions.

A: Check the door sign; then, pick up the nails and plank. It says… | B: {Persian 
definitions for ember, sign, and shack}. Tap on {Persian definition for shack} to check. 
| A: {Taps} | B: Now we know that it is not {Persian definition for shack}. Check with 
{Persian definition for embers} now.

Table 10. Table of frequencies for the strategies

Meaning-G Choice-G

Information Search 156 35.2% 106 18.6%

Negotiation 81 18.3% 150 26.3%

Turn-taking 38 8.6% 61 10.7%

Trial-and-Error 40 9% 49 8.6%

Review 56 12.7% 18 3.1%

Enhancing 71 16% – –

Inferencing – – 62 10.9%

Hypothesizing – – 124 21.8%

Total 442 570

4	 DISCUSSION

The main goal of this study was to investigate the effect of DGBVL activities, 
modified by meaning-given and multiple-choice glosses, on IVL. For the first ques-
tion, the results supported the previous studies and revealed that DGBVL activities, 
regardless of their modifications, could enhance IVL and increase receptive and 
productive knowledge gains [4], [5], [15], [24]. This can be explained in light of qual-
itative findings. Evidently, the game and the game-guide could offer a rich context 
that facilitates guessing, comprehension, and form-meaning links. In other words, 
inherent elements of digital games such as graphics, audio, animations, etc. in addi-
tion to the game-guide text could have enriched the context [4], [19], [20]. Hence, 
factors that can strengthen form-meaning links were enhanced and resulted in sig-
nificant IVL gains. Referring to Paivio’s dual coding theory, we can explain further 
that IVL gains were high because the digital game and the game-guide could deliver 
multimodal inputs through different channels, such as visual, aural, and textual, 
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which could lead to the generation of meaningful links between the target words’ 
form and meaning.

Another important finding is that DGBVL activities with meaning-G and choice-G 
could enhance IVL gains and quality more effectively than the non-gloss activity 
(refer to Table 9). This finding enhances the previous findings [2], [33], [36]. One 
reason is that glosses can make inputs more cognitively manageable for learners [2]. 
Think-aloud data showed that due to glosses, participants employed different strate-
gies to deal with both activity completion and target words. In other words, glosses 
assisted them with input management through the provocation of necessary pro-
cesses for a significant IVL. Therefore, participants with glosses could benefit from 
the DGBVL activities significantly more than no gloss participants. Moreover, because 
glosses can draw learners’ attention to both the form and meaning of the target 
words and, hence, the generation of strong form-meaning connections [26], DGBVL 
activities with glosses could be more successful in IVL enhancement. Another expla-
nation is that because participants needed to go back and forth between the glosses, 
game-guide text, and the game, they had a chance to process the target words’ form 
and meaning more deeply than the control group [13]. Then, participants had the 
chance to increase the quality and quantity of their target word acquisition owing 
to factors such as frequency of exposure, saliency, attention [26], [34], and proper 
strategy use [10].

Surprisingly, the results, however, showed that multiple-choice glosses did not 
enhance incidental productive knowledge gain as well as meaning-given glosses 
(refer to Table 9). Although this result seems to agree with the finding by [12], it 
is contradictory to the majority of previous studies [2], [26], [36]. The unexpected 
effect of multiple-choice glosses can be explained by comparing the categories found 
through the content analysis of think-aloud data [7]. Because two sets of strategies, 
i.e., general and exclusive, were found, the comparison was done from two different 
perspectives.

Firstly, concerning general strategies, Table 10 shows that in the information 
search strategy, there is a significant difference between groups. Participants in the 
meaning-G group searched for information (156) more frequently than those in the 
choice-G group (106) did. In other words, meaning-G participants were exposed to 
the text and the target word forms more frequently. The recorded video clips showed 
that meaning-G referred to the game guide text as their primary source for seeking 
information more frequently than other groups. Thus, more exposure to the target 
words increased the chance of form acquisition for meaning-G participants. This is 
in line with studies that emphasize the role of frequency of exposure [9], [17], [35].

The above discussion is also enhanced by the frequencies of the review strategy. 
Meaning-G participants reviewed (56) their previous actions significantly more 
often than choice-G participants did (18), which indicates even more exposure to 
forms. Such analyses enhance acquisition because they encourage language learn-
ers to revise and develop their linguistic knowledge. Thus, meaning-G had a superior 
performance due to the frequency of exposure.

The negotiation strategy can be another contributing factor to differences in 
performance between the groups. Table 10 shows that there is a significant differ-
ence in employing negotiation between choice-G (150) and meaning-G (81) which 
can explain choice-G performances. Choice-G participants might have had too many 
options to follow because of their higher number of negotiations [25]. In other 
words, they needed to work with too many ideas and hypotheses, which might have 
caused a cognitive overload. Subsequently, their memory did not have enough room 
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for processing the target word forms effectively. This could have also forced them to 
rely on hypothesizing (124) more than on the other general strategies. The frequency 
of the trial-and-error (49) strategy confirms this reasoning because it was less than 
expected for the choice-G. In other words, the trial-and-error strategy was not used 
more often because choice-G participants’ minds were flooded with hypotheses and 
options. Moreover, the higher frequency of negotiation strategy might have caused 
the choice-G group’s lower number of exposures to the target word forms because 
they were so busy negotiating and hypothesizing that they might have ignored 
noticing the English forms of the target words in the text [27].

Secondly, comparing the exclusive strategies can also help with the explanation 
of the results. [10] discussed that context can affect the learner’s choice of strategy. 
Therefore, the choice-G group might have selected strategies that were inappro-
priate for the interactive multimedia context and led to their poor productive 
knowledge gain.

The inverse effect of DGBVL context on the learning outcome is worth discussing. 
[16] emphasized the role of cognitive overload in learning from multimedia 
materials. According to [21], cognitive overload can hamper learning. Hence, 
choice-G participants might have experienced cognitive overload due to the DGBVL 
activity and context. But how? According to [16], the split-attention effect, or the inap-
propriate distribution of learners’ attention between sources of information, can be 
the reason. In other words, the choice-G participants needed to focus on both the 
game guide and playing the game. However, because multiple-choice glosses needed 
attention too, they needed to devote more attentional sources to process informa-
tion, which might have led to their cognitive overload and insufficient target word 
form processing.

However, for the meaning-G group, the split-attention effect was probably pre-
vented by the signaling technique [16], or cues–in this case, marginal glosses—that 
helped with processing the material effectively.

4.1	 Conclusion

This study has limitations. Firstly, we only used concrete nouns, and this must be 
considered in future studies. Moreover, the outcomes of this study are limited to com-
mercial adventure (hidden object) games only. Hence, in future studies, the genre of 
digital games should be considered as a factor. Finally, in this study, only one compo-
nent of word knowledge [17], i.e., form-meaning connection, was studied.The main 
goal of the current study was to explore the effectiveness of two crucial gloss types, 
namely, meaning-given and multiple-choice, on IVL through DGBVL activities. The 
outcomes of this study, firstly, showed that DGBVL activities can boost IVL without 
regard for the inclusion or type of glosses. The second major finding was that adding 
glosses to DGBVL activities can enhance IVL more effectively. The last crucial finding 
was that multiple-choice glosses did not support IVL productive knowledge gain as 
effectively as meaning-G did. Based on these findings, two general conclusions can 
be drawn. Firstly, using DGBVL activities and glosses is encouraged because DGBVL 
activities in any form or design can support IVL. Secondly, as [12] warned, glosses, 
however, must be implemented in the DGBVL activities carefully. If a DGBVL activity 
is considered for out-of-school or self-learning, teachers are advised to implement 
meaning-given glosses and avoid multiple-choice glosses because they can lead to 
cognitive overload and weak form-meaning links.
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