AN EXPLORATION OF DIGITAL
HANDHELD GAME FEATURES FOR ENHANCING EFL VOCABULARY
LEARNING OUTCOMES

YONG ZENG

A dissertation submitted in partial fulfillment of the
requirements for the degree of

DOCTOR OF PHILOSOPHY IN LITERACY, CULTURE, AND LANGUAGE

2023

Oakland University
Rochester, Michigan

Doctoral Advisory Committee:

Tanya Christ, Ph.D., Chair
Gwendolyn McMillon, Ph.D.
Julia Smith, Ph.D.



© Copyright by Yong Zeng, 2023
All rights reserved

i



To my wife and son

il



ACKNOWLEDGMENTS

I would like to express the gratitude to the committee chair, my academic advisor,
Professor Tanya Christ, for her patience and faith in me. I am sure you are the one to lay
the basis for my educational eagerness, and I hope that our fruitful cooperation in the
educational field will continue.

I am sincerely grateful to my teacher, mentor, and my committee member
Professor Gwendolyn McMillon who has promoted critical thinking and helped me to see
the research potential for further discoveries. Thanks to her huge contribution I am about
to obtain the coveted academic degree based on the results of a huge-scale cooperation.

I am sincerely grateful to my teacher and dissertation committee member,
Professor Julia Smith, for her invaluable help on the research subject and methodology.
As a thoughtful instructor, she introduced me to essential statistical analyses that helped
me finish my study.

I also express acknowledgement to my wife Sky and my son Eric for supporting
my educational endeavors and taking care of me when engaging in the dissertation work.

I do not believe that I could have finished my dissertation without their support.

Yong Zeng

v



PREFACE

The rapid growth of handheld and mobile gaming technologies has opened up
new avenues for educational interventions, especially in the domain of language learning.
As English remains a dominant global language, the efficient and effective teaching of
English as a Foreign Language (EFL) is of paramount importance. This dissertation
encompasses two interrelated studies that dive deep into the realm of using handheld
games to improve EFL vocabulary learning outcomes.

The first part of this dissertation presents a systematic review of empirical studies
from the past decade that examined the relationship between handheld/mobile game
features and EFL vocabulary learning outcomes. Through a meticulous exploration, this
study revealed significant insights into specific game features such as Holograms,
Customized Word Lists, Gamified Assessments, and In-game Hints that can augment
vocabulary learning. This rigorous review forms the foundation for the subsequent study,
highlighting the need to isolate and test game features to understand their pedagogical
utility better.

Building upon the insights gleaned from the systematic review, the second part of
the dissertation shifts its focus to a practical application by examining the impact of
competition as a game feature on vocabulary learning outcomes. Conducted with
freshman students in China, this study scrutinizes the effects of integrating competition in
a handheld game, Vocarena, designed to enhance EFL vocabulary acquisition. The
findings are compelling, suggesting that gamified elements like competition can not only
amplify learning outcomes but also bolster motivation and engagement in learners.
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Together, these studies illuminate the potential of handheld gaming as an
innovative tool in the EFL pedagogical toolkit. The dissertation offers invaluable
implications for future research, the design of educational games, and the broader realm
of teaching practices. By weaving together theory, empirical evidence, and practical
application, this dissertation aspires to bridge the gap between technology and pedagogy,

paving the way for a brighter, technology-rich future in language education.
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ABSTRACT

AN EXPLORATION OF DIGITAL
HANDHELD GAME FEATURES FOR ENHANCING EFL VOCABULARY
LEARNING OUTCOMES

by

YONG ZENG

Adviser: Tanya Christ, Ph.D.

This dissertation delves into the pedagogical implications of handheld/mobile
game features on EFL learners' vocabulary learning outcomes. The research is segmented
into two comprehensive studies. The first study, a systematic review spanning from 2011
to July 2022, scrutinizes empirical research detailing the correlation between various
game features and vocabulary learning outcomes. Key findings highlight the
effectiveness of Holograms, Customized Word Lists, Gamified Assessments, and In-
game Hints in fostering enhanced vocabulary learning. In the subsequent study, the
emphasis shifts to the practical application, where the impact of 'competition' as a game
feature is critically assessed. Executed with 331 freshman students in China over four
weeks, participants engaged with two variants of the game, 'Vocarena', designed to
elucidate the meanings of a hundred unfamiliar English words. Crucially, one version
incorporated a competitive element, spurring participants to vie against one another,
while the counterpart lacked this feature. Quantitative analysis revealed three pivotal
results: the competition feature augmented participants' game-playing duration, bolstered
English vocabulary learning outcomes, and was significantly associated with elevated
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motivation levels. Collectively, these findings underscore the potential of game-specific
features in optimizing EFL vocabulary learning, offering valuable insights for future

research, educational game development, and innovative teaching methodologies.
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CHAPTER ONE

DIGITAL HANDHELD GAME FEATURES AND THEIR IMPACT ON EFL
VOCABULARY LEARNING

For EFL (English as a Foreign Language) learners, possessing an extensive
vocabulary is fundamental to mastering the foundational skills of reading, writing,
listening, and speaking (Nation & Coady, 1988; Schmitt, 2000). The prominence of
vocabulary in language learning is epitomized by Wilkins (1972), who stated, “without
grammar very little can be conveyed, without vocabulary nothing can be conveyed” (p.
110). Yet, EFL learners in non-English speaking environments often face limited
opportunities to consistently recall and practice their vocabulary (Cheon, 2003; Elaish et
al., 2019), presenting challenges in retaining and reinforcing new words, as postulated by
the Forgetting Curve Theory (Zheng, 2015).

Digital handheld/mobile games have emerged as pivotal tools in bridging this gap.
They offer EFL learners a platform to frequently revisit and practice English vocabulary,
thereby enhancing learning outcomes (Cerezo et al., 2019; Cha, 2020). In these games,
"game features" are design elements, functional modules, and mechanisms that foster
user engagement and learning, providing challenge, feedback, fantasy, control, and social
interaction (Prensky, 2001a). While many games have reported positive outcomes for
EFL vocabulary learning, the nuances of how specific game features contribute to these
outcomes remain largely unexplored.

This research aims to delve into these game features, with particular emphasis on

one pervasive feature: peer competition. Peer competition, a staple in educational games



(Vorderer et al., 2003), posits that the dynamic of competing with peers can motivate and
enhance learning. However, the effectiveness of peer competition, especially when
embedded within handheld/mobile vocabulary games, has seen limited empirical study.
This gap becomes even more pronounced when focusing on particular aspects of
vocabulary learning, such as word meaning.

Combining the above perspectives, this dissertation seeks to address two
interconnected research needs: 1) a comprehensive review of how game features in
digital handheld/mobile vocabulary learning games relate to EFL students' vocabulary
learning outcomes, and 2) an empirical exploration of the impact of the peer competition
game feature on EFL vocabulary learning outcomes, especially word meaning. The aim is
to provide a robust understanding that could guide game design, selection, and EFL

pedagogy in the digital age.



CHAPTER TWO

FEATURES IN DIGITAL HANDHELD/MOBILE EFL AND ESL VOCABULARY
GAMES AND STUDENTS’ LEARNING OUTCOMES: A SYSTEMATIC REVIEW

Introduction

For EFL (English as a Foreign Language) learners and ESL (English as a Second
Language) learners, an extensive lexicon is vitally important for building the four basic
literacy skills: reading, writing, listening, and speaking (Nation & Coady, 1988; Schmitt,
2000). To emphasize the importance of vocabulary, Wilkins (1972) argued that “without
grammar very little can be conveyed, without vocabulary nothing can be conveyed” (p.
110). However, EFL learners who live in non-English speaking environments have few
chances to recall and practice vocabulary in their daily lives (Cheon, 2003; Elaish et al.,
2019; Hwang et al., 2016; Shadiev et al., 2015; Tsou, 2005). This makes it more
challenging to learn EFL and ESL vocabulary because, according to the Forgetting Curve
Theory (Zheng, 2015), the retention of new vocabulary is reinforced by regular revisiting
and practicing of words. Digital handheld/mobile educational games make it possible for
EFL and ESL learners to revisit and practice English vocabulary “anytime and anywhere”
(Lin & Lin, 2019, p. 879), and improve their vocabulary learning outcomes (Cerezo et al.,
2019; Cha, 2020; Chen et al., 2019; Huang & Huang, 2015; Chang et al., 2017; Reynolds,
2017; Sandberg et al., 2014; Wu & Huang, 2017; Wu, 2018; Yang et al., 2020).

In the present review, game features refer to the design elements, functional

modules, and gaming mechanisms that provide the players (learners) with challenge,



feedback, fantasy, control, and social interaction (Prensky, 2001a). For example, the
game feature Badges provides the player with feedback and social interaction by giving
the players badges when they accomplish certain tasks and letting the players show their
badges to other players. Table 3 shows the game features the present review study
identifies. Different game features may or may not contribute to EFL and ESL learners’
vocabulary learning (DeRouin-Jessen, 2008; Huang et al., 2013). Understanding which
game features are related to EFL and ESL learners’ greatest vocabulary learning gains
would inform both game design and game selection to improve vocabulary learning
opportunities. Thus, there is a need for a review of studies that focus on the relation
between handheld/mobile game features and EFL and ESL vocabulary learning
outcomes.

However, no previous literature reviews have focused on how specific game
features from handheld/mobile games are related to EFL or ESL students’ vocabulary
learning outcomes. While previous reviews focused on EFLs’ or EFLs’ vocabulary
learning via Mobile-Assisted Language Learning programs (MALLSs), these are not the
same as digital handheld/mobile games because (1) they are not handheld/mobile games,
and (2) most of these programs do not have the essential game elements that Prensky
(2001b) illustrated (fun, play, and story) to provide game-play experience (Afzali et al.,
2017; Ahmad et al., 2013; Derakhshan & Khodabakhshzadeh, 2011; DeRouin-Jessen,
2008; Lin & Lin, 2019; Mahdi, 2018). For example, the MALL programs Kahoot,
Quizlet, and Quizizz just turn conventional instructional approaches, such as flashcards
and quizzes, into digital or online versions (Alhebshi & Gamlo, 2022; Arnedo-Moreno,
2021). The lack of game elements, such as fun, play, or story (Prensky, 2001b),
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differentiates these MALL programs from vocabulary learning games. For
handheld/mobile ESL/EFL vocabulary games, the relations between the game features
and EFL and ESL learners’ vocabulary outcomes have not been examined in existing
reviews (e.g., Afzali et al., 2017). This paper addresses this issue and is guided by the

following question:

Based on previous empirical studies, how are features in digital
handheld/mobile vocabulary learning games related to EFL and ESL

students’ vocabulary learning outcomes?

Figure 1 presents a visual image of our literature review’s scope.
Figure 1

The Scope of the Present Literature Review

Digital Handheld
Games




Theoretical Framework

To help identify the relations between game features in handheld/mobile games
and EFL and ESL vocabulary learning outcomes, we were guided by the “Input-Process-
Outcome Game” model introduced by Garris and colleagues (2002), which is illustrated
in Figure 2.

Figure 2

Input-Process-Outcome Game Model (Garris et al., 2002)

Cmeor ) SR
INPUT PROCESS \ OUTCOME

)

User
Vocabulary Judgements

Content
h 4 Vocabulary Game Play Vocsbulay
)

System User
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Features

The Input-Process-Outcome Game Model demonstrates how game features, in

Outcomes

N/

combination with instructional content, support the learning process and desired
outcomes (see Figure 2).

The Input part of the model depicts how both instructional content is and game
features provide critical input into the learning process. Since game features are the
mechanisms that the players actually interact with in games, educational games need to
integrate instructional content with game features to deliver instructional content to the

players. Game features play the role of vehicles that carry the instructional goals through
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the game-playing process. For example, an English vocabulary learning game asks
players to control the cannon to shoot the balloons that have the right spellings of given
words. The game feature that asks the players to shoot the balloons is acting as the
vehicle that carries the instructional content, which is the English words. In this way, the
instructional goal of reinforcing the spelling of the English words is facilitated.

The Process part of the model explains how the player engages in the learning.
For example, a player makes judgments based on the rules of the games and their
understanding of given conditions. Then the players turn their judgments into actions to
interact with the game. The game then gives feedback to the players’ actions based on if
the actions meet the rules and conditions of the game. In the aforementioned example,
after the players make their judgments about choosing the right balloons to shoot, they
take action and shoot the balloons. The game gives feedback to the players based on
whether they shoot the right balloons, and the game cycle can restart again. The Outcome
part of the model reflects the learning that occurs based on the inputs and learning
process. It is important to note that multiple rounds of learning might need to occur, with
varied inputs, before learning outcomes occur.

Method

We used a systematic review to “offer novel insights” about how game features in
handheld/mobile games are related to players’ vocabulary learning outcomes (Alexander,
2020, p. 8). To accomplish this, we undertook “an orchestrated search of literature,”

which is described across the following sections (Alexander, 2020, p. 8).



Article Search and Selection Process

The article searching and selecting process occurred across three steps, which are
summarized in Figure 3.
Figure 3

Article Selection and Analysis Process

Records identified from .
Duplicates removed

Step 1: Search Process the preliminary search > (n=-351)
(n=1482)
—_—
Records screened using Ineligible articles
title, abstract, and » removed
journal name (n=1131) (n=-1087)

Step 2: Screening & /
Selection Process

Ineligible articles
removed

(n=-28)

Full text evaluation

(n=44)

Y

r
Reference Mining &
Reverse Searching
(n=16+0)

Step 3: Reference Mining &
Reverse Searching

Y

Articles included
in total
(n=16)

Step 1: Search Process

Due to the intersectional focus of this review across digital handheld/mobile
games, EFL or ESL learning, and vocabulary learning outcomes (see Figure 1), the
following databases were searched to identify target articles: ERIC (ProQuest),

Educational Source (EBSCO), PsycINFO (EBSCO), Academic Search Complete



(EBSCO), IEEE Xplore, JSTOR, Scopus, Educational Abstracts, and LLBA (EBSCO).
To identify articles that fell within our scope, we used the following sets of search terms

in each of the databases. Boolean operators are used to present the search terms.

e (“mobile game” AND ESL AND vocabulary) OR

e (“handheld game” AND ESL AND vocabulary) OR

e (“mobile game” AND EFL AND vocabulary) OR

e (“handheld game” AND EFL AND vocabulary) OR

e (“mobile game” AND “foreign language” AND vocabulary) OR

e (“handheld game” AND “foreign language” AND vocabulary) OR
e (“mobile game” AND “second language” AND vocabulary) OR

e (“handheld game” AND “second language” and vocabulary) OR

e (“mobile game” AND ELL AND vocabulary) OR

o (“handheld game” AND ELL AND vocabulary)

We delimited each search to publications between 2011-2022 because
handheld/mobile digital devices and high-speed mobile networks have dramatically
developed across the past decade. In December 2010, the 4G Network (The Fourth
Generation Mobile Network), which allows high-speed audio and video streams, started
running in the U.S. Meanwhile, smartphones and portable tablet computers evolved
significantly to be capable of running more feature-rich application programs, such as
massive multiplayer online games. These technological conditions matured in the last 11
years enabling learners to access and enjoy feature-rich handheld/mobile educational
games anytime and anywhere. Therefore, studies that focused on mobile educational
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games before 2010 were not able to represent the current digital applications.
Additionally, we delimited our search to studies published in English.

Table 1 shows the records returned from the preliminary search, totaling 1,482
articles. Amongst these, there were 351 articles that were identified across multiple
database searches. So, in total, 1,131 unique articles remained to be considered after
removing the duplicate search results.

Table 1

Records Identified After The Initial Search

Database Returned Records
ERIC 32
Educational Source 28
PsycINFO 11
Academic Search Complete 21
IEEE Xplore 3
JSTOR 247
Scopus 413
Educational Abstracts 11
LLBA 716
Total 1,482

Step 2: Screening and Selection Process
All 1,131 articles went through a two-step process to be considered for inclusion
in the literature review. First, articles were screened using just the title, abstract, and

journal background to evaluate whether they seemed to meet the following criteria:
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(1) Published in a peer-reviewed journal to ensure quality (Rothstein & Hopewell,
2009),
(2) Reflected empirical research in which data were collected and analyzed, and
(3) Focused on the effectiveness of handheld/mobile game features for supporting
English vocabulary learning outcomes.
Only 44 articles that seemed to meet these criteria were further considered for inclusion
in the literature review (see Table 2). All of these articles focused on EFL. We found no
studies that met the criteria that focused on ESL. This seems to be because most studies
that focused on ESL learners explored the use of digital games vs. non-use of these
games, but not the effects of the games’ features. The other 1,087 articles were excluded
from consideration because they did not meet one or more of the criteria.
Table 2

Records Remaining After Screening Using The Title, Abstract, And Journal Name

Database Returned Records
ERIC 6
Educational Source 5
PsycINFO 4
Academic Search Complete 11
IEEE Xplore 1
JSTOR 0
Scopus 5
Educational Abstracts 7
LLBA 2
Total 41

11



Second, the 44 articles that seemed to meet the criteria were read in their entirety
to further evaluate whether they really did meet all three criteria. Through this process, 25
more articles were excluded for not meeting all three criteria. For example, what Kassem
(2018) used were actually MALL (Mobile Assistant Language Learning) applications
instead of handheld/mobile games. Hung and Young’s (2015) study focused on using
handheld games for ESL vocabulary learning but did not report the participants’
vocabulary learning outcomes. In addition, three articles were excluded because they
focused on learning the vocabulary of languages other than English. After this step, 16
articles met the criteria to be included in this literature review.

All the 16 yielded articles focused on EFL participants from non-English
speaking countries in which they were learning English as a foreign language. Although
one of these studies used the term “ESL” to represent “Early Second Language”
(Sandberg et al., 2014, p. 122) game for Dutch primary school students, the participants
were also learning English as a foreign language.

Step 3: Reference Mining and Reverse Searching

For each of the 16 articles identified for inclusion in the literature review, both
reference mining (using each article’s reference list to potentially find new articles that
met our inclusion criteria) and reverse searching (using the Google Scholar “cited by”
feature) were conducted to identify any additional articles that might meet the inclusion
criteria for the literature review. However, no additional articles were identified through

these processes.
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Analytic Methods
Phase 1: Cataloging Article Information

A database was used to catalog information from the 16 reviewed articles
included in the present literature review, including research questions, research designs,
participants' age groups, participants' first languages, handheld/mobile game genres, the
game features utilized, game availability (i.e., off-the-shelf, researcher-modified, or
researcher-created), and gaming environment (i.e., off-line, asynchronously online, or
synchronously online). The focus of the cataloging process is the information of the
handheld/mobile vocabulary learning games in the reviewed articles and how these
games used various features to engage the EFL or ESL players and help improve their
vocabulary learning outcomes. To identify the game features used in the games across the
reviewed articles and reveal the relations between the game features and English
vocabulary learning outcomes, three steps of analysis were undertaken.

First, we started with using the terminologies or the immediate description of the
features from the reviewed articles, and then used constant comparative methods (Corbin
& Strauss, 2014) to merge or parse each code so that the best goodness-of-fit with the
feature definition could be achieved. In this process, we constantly checked whether the
features found in the articles were aligned with our criteria for game features, which is
providing the players with challenge, feedback, fantasy, control, and social interaction
(Prensky, 2001a). For each article, all game features that could be found in the
handheld/mobile game were coded. Table 3 shows the names and definitions of the 23

features that the handheld/mobile games from the reviewed studies incorporated.
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Table 3

Game Features And Their Definitions

Feature Name

Definition

|
Badge

The in-game reward based on the players’ gameplay
behavior
Leading Board The feature that shows the players current achievement in

the games

Gamified Competition

The feature encourages the players to reach certain goals
faster or better than other players or groups

Graphic Definition

Using graphics, including pictures and photos to show the
meaning of the words

Gamified Assessment

Game-like assessments in the game to provide periodical
feedback to the players or to indicate the players’ progress

Multiple Game Levels The feature that provides different game difficulty levels

(Not tested) for the players

Customized Word List The feature that provides a unique word list with the
players based on their prior behavior

Timer The time limit for each action in the games

Video Clip Videos present the words’ definition, story background, or

the game playing environment

Digital Pronunciation

The feature that provides pronunciation of words or
sentences.

In-Game Hint

The feature gives the players clues to find the answers or
solutions

Randomly Moving

The feature that locates the players to random stages of the
games or makes random choices for the next step.

Real-world Interaction

The feature that allows the players to use the real world as
part of the game

Story

The feature that sets an overall background or vision of
the game

Gamified Cooperation

The feature that encourages the players to work with other
players to achieve the goals of the game

Hologram

The 3D scenes, figures, or/and objects in games created by
holography technology

In-game Dictionary

The feature that allows students to look up new words in
E-dictionary

14



Table 3 - Continued

Feature Name Definition

In-game Teacher Aid The feature that allows the teachers to supervise the
players’ gameplay behavior and provide necessary help
during the gameplay process

Sharing To Social Media The feature that allows the players to share their status and

(Not tested) achievement on social media

Word List (Whole) The feature demonstrates all the words that the players

(Not tested) need to learn

Automatically Adjusting

Frequency The feature that adjusts the present frequency of a word

(Not tested) based on the players’ action

In-game Currency The feature that encourages the players to earn as a reward
and can be used to exchange for other game rewards

Background Music The feature that plays background music while the players
play the game

Second, we merged the game features that had the same functions across the
handheld/mobile games. Some of these features functioned in the same way and served
the same instructional goals but had different names across the reviewed studies. Such
game features were merged into one feature in Table 3. For example, in VocabGame
(Elaish et al., 2019), the winners of the competition were awarded Medals while Saving
Alice (Yang et al., 2020), another handheld/mobile vocabulary game, gave the players
Stars when they unlocked the new level of the game. The features Stars and Medals are
both symbols to award the Winning State (Prensky, 2001b) players earned from
competitions or challenges. Thus, they were merged into one game feature Badges.

Finally, across the reviewed articles, we mapped the vocabulary learning
outcomes related to each game feature or feature group. According to the findings that
the reviewed articles reported, the handheld/mobile EFL or ESL vocabulary games
contributed to and examined how the participants learned (1) the pronunciations of new
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English words, (2) the definitions of new English words, (3) the spellings of new English
words, and (4) to use new English words in various contexts. Since the same
handheld/mobile vocabulary game or the same game feature may have had different
impacts on different vocabulary learning aspects, it was necessary to distinguish the
relations between game features and different aspects of vocabulary learning outcomes.
Phase 2: Analysis

Step one. We divided the game features from the reviewed studies into two groups
based on whether they were tested in isolation (without other confounding features in the
game) or tested simultaneously with other game features (i.e., features were used as a
group in the game). For example, Cerezo and colleagues (2019) tested the Hologram
feature (the vocabulary game uses a set of mirrors to create a hologram virtual figure to
interact with the students) in isolation—the only difference between the handheld/mobile
game used for the experimental and control groups was the Hologram feature. Therefore,
the difference between the learning outcomes from the two groups can be ascribed to the
Hologram feature. By contrast, other reviewed studies used games that had multiple game
features tested simultaneously in the experimental group, while the control group did not
use the games, or used a simpler version of the games that lacked two or more game
features compared to the games the experimental group used (e.g., Chang et al., 2017,
Reynolds, 2017; Yang et al., 2020 ). For these studies, the different learning outcomes
cannot be simply ascribed to any one specific game feature from the experimental group
game.

Step two. For the features that were tested in isolation, we synthesized the

findings across studies to indicate, for each game feature, what kind of vocabulary
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learning it affected and whether the relation was positive. For example,  the Gamified
Competition feature had a statistically significant positive relation with word meaning
learning outcomes in Chen and colleagues’ (2019) study, but it had no significant relation
with word meaning learning outcomes in Dindar and colleagues’ (2021) study. In this
way, the relations between various game features and different vocabulary learning
outcomes were reported across studies to identify patterns.

Step three. For the game features that were not tested in isolation, their relations
with vocabulary learning outcomes were summarized as groups of features. For example,
Chang and colleagues (2017) designed experimental games that included Badges, In-
game Teacher Aids, Random Moving Direction, Gamified Competition, and Real-world
Interaction features. This group of game features had a statistically significant positive
relation with EFL learners’ word meaning learning outcomes as compared to traditional
instruction.

Findings

Across the studies, 23 game features were identified from the handheld/mobile
EFL or ESL vocabulary games  (see Table 3 for a list and definitions of the features).
However, four game features existed in both the experimental and the control groups in
the studies in which they were found. Thus, the effectiveness of these features was not
able to be ascertained related to players’ vocabulary learning outcomes. Therefore, these
features were excluded from the findings. The remaining 19 game features’ relations with
vocabulary learning outcomes are reported in this section.

Out of the 16 studies reviewed, five tested game features  in isolation (Cerezo
et al., 2019; Cha, 2020; Chen et al., 2019; Dindar et al., 2021; Huang & Huang, 2015).
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Eleven studies tested game features within a group  of features in the game . In the
following sections, we first summarize the findings from the studies that tested game
features in isolation. Second, we summarize findings from studies that tested game
features as a group (i.e., without isolating game features).
Studies that Tested Game Features in Isolation

Table 4 provides a summary of the relations between game features tested in
isolation and the players’ vocabulary learning outcomes. Of note is that each study
explored a different game feature or features or the same game feature for different word
learning outcomes, thus, no synthesis of findings across these studies was possible.
Table 4

The Relation Between Game Features Tested In Isolation And Vocabulary

Learning Outcomes

1. Study 2. Game Feature 3. Vocabulary Learning 4. Statistically

Outcome Significant Positive
relation?
Cerezo et  Hologram Pronunciation Yes
al., 2019
Cha, 2020 Customized Word  Word Meaning Yes
List
Cha, 2020 Customized Word  Using Words in Different No
List Contexts
Chen, et al., Gamified Word Meaning & Word Yes
2019 Assessment Spelling
Dindaret  Gamified Word Meaning No
al., 2021 Competition
Dindaret  Gamified Word Meaning No

al., 2021 Cooperation
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Table 4 - Continued

1. Study 2. Game Feature

Huang &
Huang,
2015

Huang &
Huang,
2015

In-game Hint

In-game Hint

3. Vocabulary Learning
Outcome

Word Meaning & Word
Spelling (only for low-
achieving students)

Word Meaning & Word
Spelling (For high- and
medium-achieving students)

4. Statistically
Significant Positive
relation?

Yes

No

Of the five studies that isolated game features, two compared the use of a feature
in a handheld mobile game to a similar paper game without the feature. Cerezo and
colleagues (2019) found that when EFL learners played a handheld/mobile game with a
virtual figure feature ( created by a hologram ), they had better pronunciation of
targeted vocabulary words than did EFL learners who played the same game but without
the hologram virtual figure or played a similar paper-based game. Cha (2020) found that
when EFL learners played a handheld/mobile game with the Customized Word List
feature for each learner based on the words they missed, they had better word-meaning
outcomes as compared to learners who played a similar paper-based game. The other
three of the five studies compared the use of a feature in a handheld/mobile game to the
use of the same handheld/mobile game without the feature. Chen and colleagues (2019)
found that when EFL learners played a handheld/mobile game with the Gamified
Assessment features, such as Tic-Tac-Toe, Tug-of-VOC (VOC stands for vocabulary),
and Star VOC, they had better learning outcomes on word meaning and word spellings as
compared to learners who played the same handheld/mobile without the Gamified

Assessment features. Huang and Huang (2015) found that when low-achieving EFL

learners played a handheld/mobile vocabulary game with the In-game Hint feature, which
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provided hints about words’ meanings or spellings when a player needed it, their word
meaning and spelling outcomes were better than learners who played the same
handheld/mobile game without the hint feature. However, Dindar and colleagues (2021)
found that when EFL learners played a handheld/mobile game with the Gamified
Competition feature versus a Gamified Cooperation feature, there were no significant
differences in the learners’ word meaning learning outcomes.
Studies that Tested Game Features as a Group

Table 5 summarizes the relations between groups of game features and the
participants’ vocabulary learning outcomes. While most of these studies found positive
effects of game features on EFL or ESL learners’ vocabulary outcomes (Berry, 2021;
Chang et al., 2017; Hasram et al., 2021; John et al., 2021; Reynolds, 2017; Sandberg et
al., 2014; Wu & Huang, 2017; Wu, 2018; Yang et al., 2020), a couple of studies did not
(Elaish et al., 2019; Huang et al., 2017).
Table 5
Relations Between Groups Of Features And Vocabulary Learning Outcomes
1. Study 2. Game Features 3. Vocabulary Learning 4. Statistically

Grouped Together Outcome Significant Positive
in the Study Relation?

Berry, 2021 Real-World Pronunciation Yes
Interaction
Customized Word
List
Gamified
Competition
Gamified
Cooperation
Story
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Table 5 - Continued

1. Study

Chang et al.,
2017

Hasram et
al., 2021

John et al.,
2021

Reynolds,
2017

Sandberg et
al., 2014

Wu &
Huang,
2017

Wu, 2018

2. Game Features
Grouped Together
in the Study

Badge

In-Game Teacher Aid
Randomly Moving
Gamified
Competition
Real-World
Interaction

Graphic Definition
Customized Word
List

Graphic Definition
In-game Cooperation
Background Music

Graphic Definition
Badge

In-Game Currency
Gamified
Competition

Graphic Definition
Story

Video Clip

In-Game Teacher Aid

Customized Word
List

Gamified Assessment
In-Game Currency
Leading Board

Timer

Customized Word
List

Gamified Assessment
In-Game Currency
Leading Board

Timer

3. Vocabulary Learning
Outcome

Word Meaning

Word Meaning,

Word Spelling &

Using Words in Different
Contexts

Word Meaning & Using
Words in Different
Contexts

Word Meaning

Word Meaning

Word Meaning & Word
Spelling

Word Meaning & Word
Spelling
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4. Statistically
Significant Positive
Relation?

Yes

Yes

Yes

Yes

Yes

Yes

Yes



Table 5 - Continued

1. Study

Yang et al.,
2020

Elaish et al.,
2019

Huang et al.,
2017

2. Game Features 3. Vocabulary Learning
Grouped Together Outcome
in the Study

Story Word Meaning, Word
Video Clip Spelling, & Using Words
Gamified Assessment in Different Contexts
Badge

Leading Board

Customized Word

List

Graphic Definition =~ Word Meaning
In-Game Dictionary

Badge

Hint

Sharing To Social

Media

Timer Word Meaning
Badge

Gamified Assessment

Leading Board

Customized Word

List

4. Statistically
Significant Positive
Relation?

Yes

No

Berry (2021) used the game Spaceteam ESL, which had the features Real-World

Interaction, Customized Word List, Gamified Competition, Gamified Cooperation, and

Story to help improve learners’ English word pronunciation. The study’s setting required

the players to communicate with each other (in the real world while playing the game)

using the embedded target English words to accomplish the missions and beat other

teams. The findings demonstrated a statistically significant improvement in English word

pronunciation amongst players in the experiment group. Although Berry (2021) claimed

that it was mainly the real-world verbal communication between the players that helped

the players improve their English pronunciation in the experimental group (vs. a control

group that did not play the game), we cannot separate the game features from the
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conversations to clearly attribute the effectiveness of the game to either. Further, Chang
and colleagues (2017) found that when EFL learners played a handheld/mobile game that
had Badges, In-game Teacher Aid, Random Moving, Gamified Competition, and Real-
world Interaction features, they learned more word meanings than learners who used a
non-game paper-based learning approach. Additionally, for Sth-grade EFL learners,
Hasram et al. (2021) selected a simple online mobile game World of Words, which has
Graphic Definition and Customized Word List features. Their findings showed that
playing the online game was related to EFL learners’ outcomes for better word meaning,
word spelling, and using words in different contexts. John and colleagues (2021) created
a mobile vocabulary game for their research study, which had Graphic definition, In-
game Cooperation, and Background Music features. Reynolds (2017) reported that EFL
learners who played a handheld/mobile game with Graphic Definition, Badge, In-game
Currency, and Gamified Competition features incidentally learned word meanings.
Sandberg and colleagues (2014) found ESL learners who played a handheld/mobile game
with Graphic Definition, Story, Video Clip, and In-game Teacher Aid features learned
more word meanings compared to learners who played the same handheld/mobile game
without these features. Two studies found that EFL learners who played a
handheld/mobile game with Customized Word List, Gamified Assessment, In-game
Currency, Leading Board, and Timer features had better word meaning and spelling
outcomes than learners who were taught via lectures (Wu, 2018; Wu and Huang, 2017).
Yang and colleagues (2020) found that when EFL learners played a handheld/mobile
game with Story, Video Clip, Gamified Assessment, Badge, Leading Board, and
Customized Word List features, they were better able to recall the meanings and spellings
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of the words and apply the words to new contexts, as compared to their achievement
before the game.

However, two studies found no significant relation between game features and
EFL learners’ English vocabulary learning outcomes. Elaish and colleagues (2019) found
that when EFL learners played a handheld/mobile game with Graphic Definition, In-
game Dictionary, Badge, Hint, and Sharing to Social Media features, they did not recall
significantly more meanings of new English words than learners who learned through
lectures. Huang and colleagues (2017) reported that after EFL learners played a
handheld/mobile game with Timer, Badge, Leading Board, and Customized Word List
feature their word meaning and spelling outcomes were not significantly better than
before they played the game. Notably, the game features Customized Word List had been
isolated and tested in another study (Cha, 2020), but did not have a significant positive
effect on the participants’ learning outcomes when used together as a group of features in
Huang and colleagues’ study (2017).

Discussion

The goal of this literature review was to identify handheld/mobile game features
that support EFL or ESL students’ vocabulary learning. Based on our review, we
concluded that, of the game features that were isolated and tested, Hologram, Customized
Word List, Gamified Assessment, and In-game Hints had a positive impact on EFL/ESL
vocabulary learning (see Table 4). Additionally, we concluded that, for the game features
that were tested in groups (not individually), most of the game feature groups (nine out of
eleven ) have a positive impact on different aspects of EFL/ESL vocabulary learning
(see Table 5). Given this finding, group testing makes it difficult to discern which
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features have the greatest positive impact on ESL/EFL vocabulary learning.

Based on our findings, we generated implications for (1) language teachers who
utilize handheld/mobile games for EFL or ESL students’ vocabulary learning, (2)
educational game developers, and (3) researchers of handheld/mobile games for EFL or
ESL students’ vocabulary learning. These are presented in the subsequent sections.
Implications for Language Teachers

For digital game-based learning environments, our findings suggest that teachers
should choose games that incorporate Holograms, Customized Word Lists, and Gamified
Assessment since they have been shown to produce positive vocabulary learning
outcomes. When teachers create new games or modify existing games for ESL/EFL
vocabulary learners, they can add these features to the games they create or modify for
better learning outcomes. However, it is notable that the feature In-game Hint only
worked for low-achieving students when learning word meaning and word spelling.
When incorporating In-game Hint feature in vocabulary games, low-achieving students
could benefit more from this feature compared with high- and medium-achieving
students.

Additionally, several other potential directions for home and classroom practice
can be explored . For example, using classroom vocabulary activities that incorporate
game features that had positive relation with vocabulary learning outcomes could be
investigated. For example, based on the finding that the game feature Gamified
Assessment had a positive impact on learning the meaning and spelling of English words
(Chen et al., 2019; Huang et al., 2017; Wu, 2018; Wu & Huang, 2017, see Table 4 and
Table 5), language teachers might try to gamify their classroom assessments, such as
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turning a vocabulary quiz into a “Tug-of-VOC” game (Chen et al., 2019, p.175) in which
students spell English words as quickly as possible to win a tug of war. Also, based on
the finding that the game features In-game Hints and In-game Teacher Aid had a positive
impact on learning word meanings and spellings, language teachers might try to give
students more hints at the right time to improve their performance. For those game
features that had positive impacts on vocabulary learning but are not often seen in
classrooms as traditional pedagogical strategies, such as Customized Word List (Berry,
2021; Hasram et al., 2021; Cha, 2020; Huang et al., 2017; Wu, 2018; Wu & Huang,
2017; Yang et al., 2020, see Table 4 and Table 5), the benefit of these in the classroom
could be explored.
Implications for Educational Game Developers

Across the present review, the relations between the features tested in isolation
and players’ outcomes provided the clearest information about what features are valuable
for game design to promote positive English vocabulary learning. Game design should
consider integrating Holograms and Customized Word Lists, which were related to better
EFL vocabulary learning outcomes (Cerezo et al., 2019). Specifically, to improve the
EFL learners’ pronunciation of new English words, game designers should integrate
Holograms that include virtual figures that model pronunciation for EFL students because
these have been shown to be positively related to better EFL pronunciation outcomes
(Cerezo et al., 2019).

Additionally, game designers should consider incorporating Customized Word
Lists and Gamified Competition into future EFL vocabulary handheld/mobile games.
These two game features are effective in word meaning learning (Cha, 2020; Chen et al.,
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2019). Another game feature that designers could consider utilizing is In-Game Hints,
which are helpful in improving EFL learners’ meaning and spelling of new English
words (Huang & Huang, 2015).

Further, game designers can use clusters of game features that have been shown to
be effective in supporting vocabulary learning when used together (see Table 5 for all
statistically significant clusters of game features). For example, when Badges, In-Game
Teacher Aids, Random Moving Directions, Competition, and Real-World Interactions
were used together in a handheld/mobile game, EFL learners’ vocabulary meaning
outcomes for new English words were better (Chang et al., 2017).

Implications for Researchers of Handheld/mobile Games

Among the 16 reviewed empirical studies, most  did not isolate game
features when they tested their effectiveness (Berry, 2021; Chang et al., 2017; Hasram et
al., 2021; John et al., 2021; Reynolds, 2017; Sandberg et al., 2014; Wu & Huang, 2017;
Wu, 2018; Yang et al., 2020; Elaish et al., 2019; Huang et al., 2017). Thus, the
effectiveness of specific features of handheld/mobile vocabulary games is unclear. To
address this, future studies should create game-based learning environments and then
isolate target game features to test the relations between individual game features and
EFL or ESL players’ vocabulary learning outcomes.

Also, it is notable that the same game features functioned differently in different
games and learning environments. For example, the feature Gamified Competition had a
significantly positive impact on word meaning learning in Chen and colleagues’ (2019)
study, but was not statistically significant for word meaning learning in Dindar and

colleagues’ study (2021). Different gameplay environments, vocabulary learning levels,
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and first language backgrounds could all be potential confounding factors that might
explain these different results. For example, the participants from the reviewed studies
were from various age groups and were at different stages of learning English as a
second/foreign language. Therefore, the same game feature might have a different impact
on vocabulary learning related to these differences. When future research isolates and
tests individual game features to identify their effectiveness, the researchers should also
test for the potential interactions between these factors, the features, and learners’
vocabulary learning outcomes.

Limitations and Future Research Directions

First, the number of studies available to review was small. Secondly, for each
feature tested in isolation, there were only 1-3 studies that reported the feature’s
effectiveness. For example, there was only one study that focused on Hologram as a
game feature (Cerezo et al., 2019) and one study that tested the effectiveness of
Customized Word Lists (Cha, 2020). More empirical studies are needed to reveal the
effectiveness of these and other game features in different handheld/mobile EFL and ESL
vocabulary learning games.

Second, the present literature review did not discuss the psychological and
cognitive science mechanisms that make the game features effective for EFL and ESL
vocabulary learning. However, these mechanisms are fundamentally important for
teachers, students, and game designers. For example, the Customized Word Lists feature
exposed EFL learners to the words that they were least familiar with based on the

gameplay record. Thus, these should be explored.

28



Third, due to issues of access, this review study did not include studies on the
target topic in languages other than English. Future reviews might include studies across
multiple languages to garner a broader scope of findings.

Conclusion

This literature review study addressed the following research question: “Based on
previous empirical studies, how are features in digital handheld/mobile vocabulary
learning games related to EFL and ESL students’ vocabulary learning outcomes?” Based
on our analysis, we found the following. First, for the game features that were isolated
and tested, we found that game features Hologram, Customized Word List, Gamified
Assessment, and In-game Hints have a positive impact on different aspects of EFL/ESL
vocabulary learning (see Table 4). Second, for the game features that were tested in
groups (not isolated and tested), most of the game feature groups (nine out of eleven)
have a positive impact on different aspects of EFL/ESL vocabulary learning (see Table

5).
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CHAPTER THREE

FEATURES IN DIGITAL HANDHELD/MOBILE EFL VOCABULARY GAMES AND
STUDENTS’ LEARNING OUTCOMES: A SYSTEMATIC REVIEW

Introduction

For EFL (English as a Foreign Language) learners, an extensive lexicon is vitally
important for building the four basic literacy skills: reading, writing, listening, and
speaking (Nation & Coady, 1988; Schmitt, 2000). To emphasize the importance of
vocabulary, Wilkins (1972) argued that “without grammar very little can be conveyed,
without vocabulary nothing can be conveyed” (p. 110). However, EFL learners who live
in non-English speaking environments have few chances to recall and practice
vocabulary in their daily lives (Cheon, 2003; Elaish et al., 2019; Hwang et al., 2016;
Shadiev et al., 2015; Tsou, 2005). This makes it more challenging to learn EFL
vocabulary because, according to the Forgetting Curve Theory (Zheng, 2015), the
retention of new vocabulary is reinforced by regular revisiting and practicing of words.
Digital handheld/mobile educational games make it possible for EFL learners to revisit
and practice English vocabulary “anytime and anywhere” (Lin & Lin, 2019, p. 879), and
improve their vocabulary learning outcomes (Cerezo et al., 2019; Cha, 2020; Chen et al.,
2019; Huang & Huang, 2015; Chang et al., 2017; Reynolds, 2017; Sandberg et al., 2014;
Wu & Huang, 2017; Wu, 2018; Yang et al., 2020).

In the present review, game features refer to the design elements, functional
modules, and gaming mechanisms that provide the players (learners) with challenge,

feedback, fantasy, control, and social interaction (Prensky, 2001a). For example, the
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game feature Badges provides the player with feedback and social interaction by giving
the players badges when they accomplish certain tasks and letting the players show their
badges to other players. Table 3 shows the game features the present review study
identifies. Different game features may or may not contribute to EFL learners’
vocabulary learning (DeRouin-Jessen, 2008; Huang et al., 2013). Understanding which
game features are related to EFL learners’ greatest vocabulary learning gains would
inform both game design and game selection to improve vocabulary learning
opportunities. Thus, there is a need for a review of studies that focus on the relation
between handheld/mobile game features and EFL vocabulary learning outcomes.
However, after rounds of searching, we found that no previous literature reviews
focused on the scope of the present review study, which is overlapped by the foci of 1)
handheld/mobile learning, 2) digital games, 3) EFL learning, 4) vocabulary learning, and
5) how specific game features from handheld/mobile games are related to EFL students’
vocabulary learning outcomes (See Figure 1). The previous literature reviews we found
included some but not all of these foci. For example, some previous reviews focused on
EFL vocabulary learning via Mobile-Assisted Language Learning programs (MALLSs)
(Afzali et al., 2017; Ahmad et al., 2013; Derakhshan & Khodabakhshzadeh, 2011;
DeRouin-Jessen, 2008; Lin & Lin, 2019; Mahdi, 2018; Xu et al., 2020), which are
different from handheld/mobile vocabulary learning games because these programs do
not have the essential game elements that Prensky (2001b) illustrated (fun, play, and
story) to provide game-play experience and, as a result, the effectiveness of game
features was not investigated. . For example, the MALL programs Kahoot, Quizlet, and

Quizizz just turn conventional instructional approaches, such as flashcards and quizzes,
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into digital or online versions (Alhebshi & Gamlo, 2022; Arnedo-Moreno, 2021). The
lack of game elements, such as fun, play, or story (Prensky, 2001b), differentiates these
MALL programs from vocabulary learning games. For handheld/mobile EFL vocabulary
games, the relations between the game features and EFL learners’ vocabulary outcomes
have not been examined in existing reviews (e.g., Afzali et al., 2017). This paper
addresses this issue and is guided by the following question:

Based on previous empirical studies, how are features in digital handheld/mobile

vocabulary learning games related to EFL students’ vocabulary learning outcomes?
Figure 1 presents a visual image of our literature review’s scope.

Figure 1

The Scope of the Present Literature Review

Digital Games EFL Learning
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Theoretical Framework
To help identify the relations between game features in handheld/mobile games
and EFL and vocabulary learning outcomes, we were guided by the “Input-Process-
Outcome Game” model introduced by Garris and colleagues (2002), which is illustrated
in Figure 2.
Figure 2

Input-Process-Outcome Game Model (Garris et al., 2002)

O /

INPUT I T —
A
User
Vocabulary Judgements
Content
Vocabulary
Y
Vocabulary Game Play i
T
System User
Game Feedback Behavior
Features U

| S

The Input-Process-Outcome Game Model demonstrates how game features, in

./

combination with instructional content, support the learning process and desired
outcomes (see Figure 2).

The Input part of the model depicts how both instructional content is and game
features provide critical input into the learning process. Since game features are the
mechanisms that the players actually interact with in games, educational games need to
integrate instructional content with game features to deliver instructional content to the

players. Game features play the role of vehicles that carry the instructional goals through
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the game-playing process. For example, an English vocabulary learning game asks
players to control the cannon to shoot the balloons that have the right spellings of given
words. The game feature that asks the players to shoot the balloons is acting as the
vehicle that carries the instructional content, which is the English words. In this way, the
instructional goal of reinforcing the spelling of the English words is facilitated.

The Process part of the model explains how the player engages in the learning.
For example, a player makes judgments based on the rules of the games and their
understanding of given conditions. Then the players turn their judgments into actions to
interact with the game. The game then gives feedback to the players’ actions based on if
the actions meet the rules and conditions of the game. In the aforementioned example,
after the players make their judgments about choosing the right balloons to shoot, they
take action and shoot the balloons. The game gives feedback to the players based on
whether they shoot the right balloons, and the game cycle can restart again.

The Outcome part of the model reflects learning that occurs based on the inputs
and learning process. It is important to note that multiple rounds of learning might need
to occur, with varied inputs, before learning outcomes occur.

Methods

We used a systematic review to “offer novel insights” about how game features in
handheld/mobile games are related to players’ vocabulary learning outcomes (Alexander,
2020, p. 8). To accomplish this, we undertook “an orchestrated search of literature,”

which is described across the following sections (Alexander, 2020, p. 8).
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Article Search and Selection Process

The article searching and selecting process occurred across three steps, which are
summarized in Figure 3.
Figure 3

Article Selection and Analysis Process

Records identified from

> Duplicates removed

Step 1: Search Process the preliminary search (n=-351)
(n=1482)
-—
Records screened using Ineligible articles
title, abstract, and > removed
journal name (n=1131) (n=-1087)

Step 2: Screening & /
Selection Process

Ineligible articles
removed
(n=-28)

Full text evaluation
(n=44)

Y

‘/
Reference Mining &
Reverse Searching
(n=16+0)

Step 3: Reference Mining &
Reverse Searching

Y

Articles included
in total
(n=16)

Step 1: Search Process

Due to the intersectional focus of this review across digital handheld/mobile
games, EFL learning, and vocabulary learning outcomes (see Figure 1), the following
databases were searched to identify target articles: ERIC (ProQuest), Educational Source
(EBSCO), PsycINFO (EBSCO), Academic Search Complete (EBSCO), IEEE Xplore,

JSTOR, Scopus, Educational Abstracts, and LLBA (EBSCO). To identify articles that
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fell within our scope, we used the following sets of search terms in each of the databases.

Boolean operators are used to present the search terms.

(“mobile game” AND EFL AND vocabulary) OR

(“handheld game” AND EFL AND vocabulary) OR

(“mobile game” AND “foreign language” AND vocabulary) OR
(“handheld game” AND “foreign language” AND vocabulary) OR
(“mobile game” AND “second language” AND vocabulary) OR
(“handheld game” AND “second language” and vocabulary) OR
(“mobile game” AND ELL AND vocabulary) OR

(“handheld game” AND ELL AND vocabulary)

We delimited each search to publications between 2011-2022 because

handheld/mobile digital devices and high-speed mobile networks have dramatically

developed across the past decade. In December 2010, the 4G Network (The Fourth

Generation Mobile Network), which allows high-speed audio and video streams, started

running in the U.S. Meanwhile, smartphones and portable tablet computers evolved

significantly to be capable of running more feature-rich application programs, such as

massive multiplayer online games. These technological conditions matured in the last 11

years enabling learners to access and enjoy feature-rich handheld/mobile educational

games anytime and anywhere. Therefore, studies that focused on mobile educational

games before 2010 were not able to represent the current digital applications.

Additionally, we delimited our search to studies published in English.
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Table 1 shows the records returned from the preliminary search, totaling 1,482
articles. Amongst these, there were 351 articles that were identified across multiple
database searches. So, in total, 1,131 unique articles remained to be considered after
removing the duplicate search results.

Table 1

Records Identified After The Initial Search

Database Returned Records
ERIC 32
Educational Source 28
PsycINFO 11
Academic Search Complete 21
IEEE Xplore 3
JSTOR 247
Scopus 413
Educational Abstracts 11
LLBA 716
Total 1,482

Step 2: Screening and Selection Process
All 1,131 articles went through a two-step process to be considered for inclusion
in the literature review. First, articles were screened using just the title, abstract, and

journal background to evaluate whether they seemed to meet the following criteria:

1. Published in a peer-reviewed journal to ensure quality (Rothstein & Hopewell,

2009),
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2. Reflected empirical research in which data were collected and analyzed, and
3. Focused on the effectiveness of handheld/mobile game features for supporting

English vocabulary learning outcomes.

Only 44 articles that seemed to meet these criteria were further considered for inclusion
in the literature review (see Table 2). The other 1,087 articles were excluded from
consideration because they did not meet one or more of the criteria.

Table 2

Records Remaining After Screening Using The Title, Abstract, And Journal Name

Database Returned Records
ERIC 6
Educational Source 5
PsycINFO 4
Academic Search Complete 11
IEEE Xplore 1
JSTOR 0
Scopus 5
Educational Abstracts 7
LLBA 2
Total 41

Second, the 44 articles that seemed to meet the criteria were read in their entirety
to further evaluate whether they really did meet all three criteria. Through this process, 25
more articles were excluded for not meeting all three criteria. For example, what Kassem

(2018) used were actually MALL (Mobile Assistant Language Learning) applications
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instead of handheld/mobile games. Hung and Young’s (2015) study focused on using
handheld games for EFL vocabulary learning but did not report the participants’
vocabulary learning outcomes. In addition, three articles were excluded because they
focused on learning the vocabulary of languages other than English. After this step, 16
articles met the criteria to be included in this literature review.

All the 16 yielded articles focused on EFL participants from non-English
speaking countries in which they were learning English as a foreign language. Although
one of these studies used the term “ESL” to represent “Early Second Language”
(Sandberg et al., 2014, p. 122) game for Dutch primary school students, the participants
were also learning English as a foreign language.

Step 3: Reference Mining and Reverse Searching

For each of the 16 articles identified for inclusion in the literature review, both
reference mining (using each article’s reference list to potentially find new articles that
met our inclusion criteria) and reverse searching (using the Google Scholar “cited by”
feature) were conducted to identify any additional articles that might meet the inclusion
criteria for the literature review. However, no additional articles were identified through
these processes.

Analytic Methods
Phase 1: Cataloging Article Information

A database was used to catalog information from the 16 reviewed articles
included in the present literature review, including research questions, research designs,
participants' age groups, participants' first languages, handheld/mobile game genres, the

game features utilized, game availability (i.e., off-the-shelf, researcher-modified, or
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researcher-created), and gaming environment (i.e., off-line, asynchronously online, or
synchronously online). The focus of the cataloging process is the information on the
handheld/mobile vocabulary learning games in the reviewed articles and how these
games used various features to engage the EFL players and help improve their
vocabulary learning outcomes. To identify the game features used in the games across the
reviewed articles and reveal the relations between the game features and English
vocabulary learning outcomes, three steps of analysis were undertaken.

First, we started with using the terminologies or the immediate description of the
features from the reviewed articles, and then used constant comparative methods (Corbin
& Strauss, 2014) to merge or parse each code so that the best goodness-of-fit with the
feature definition could be achieved. In this process, we constantly checked whether the
features found in the articles were aligned with our criteria for game features, which is
providing the players with challenge, feedback, fantasy, control, and social interaction
(Prensky, 2001a). For each article, all game features that could be found in the
handheld/mobile game were coded. Table 3 shows the names and definitions of the 23
features that the handheld/mobile games from the reviewed studies incorporated.

Table 3

Game Features And Their Definitions

Feature Name Definition

| I

Badge The in-game reward based on the players’ gameplay behavior

Leading Board The feature that shows the players current achievement in the
games

Gamified Competition The feature encourages the players to reach certain goals faster
or better than other players or groups
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Table 3 - Continued

Feature Name

Definition

Graphic Definition

Using graphics, including pictures and photos to show the
meaning of the words

Gamified Assessment

Game-like assessments in the game to provide periodical
feedback to the players or to indicate the players’ progress

Multiple Game Levels The feature that provides different game difficulty levels for the

(Not tested) players

Customized Word List The feature that provides a unique word list with the players
based on their prior behavior

Timer The time limit for each action in the games

Video Clip Videos present the words’ definition, story background, or the

game playing environment

Digital Pronunciation

The feature that provides pronunciation of words or sentences.

In-Game Hint

The feature gives the players clues to find the answers or
solutions

Randomly Moving

The feature that locates the players to random stages of the
games or makes random choices for the next step.

Real-world Interaction

The feature that allows the players to use the real world as part
of the game

Story

The feature that sets an overall background or vision of the
game

Gamified Cooperation

The feature that encourages the players to work with other
players to achieve the goals of the game

Hologram

The 3D scenes, figures, or/and objects in games created by
holography technology

In-game Dictionary

The feature that allows students to look up new words in E-
dictionary

In-game Teacher Aid

The feature that allows the teachers to supervise the players’
gameplay behavior and provide necessary help during the
gameplay process

Sharing To Social
Media

The feature that allows the players to share their status and

(Not tested) achievement on social media
Word List (Whole) The feature demonstrates all the words that the players need to
(Not tested) learn
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Table 3 - Continued

Feature Name Definition

Automatically

Adjusting Frequency  The feature that adjusts the present frequency of a word based
(Not tested) on the players’ action

In-game Currency The feature that encourages the players to earn as a reward and

can be used to exchange for other game rewards

Background Music The feature that plays background music while the players play
the game

Second, we merged the game features that had the same functions across the
handheld/mobile games. Some of these features functioned in the same way and served
the same instructional goals but had different names across the reviewed studies. Such
game features were merged into one feature in Table 3. For example, in VocabGame
(Elaish et al., 2019), the winners of the competition were awarded Medals while Saving
Alice (Yang et al., 2020), another handheld/mobile vocabulary game, gave the players
Stars when they unlocked the new level of the game. The features Stars and Medals are
both symbols to award the Winning State (Prensky, 2001b) players earned from
competitions or challenges. Thus, they were merged into one game feature Badges.

Finally, across the reviewed articles, we mapped the vocabulary learning
outcomes related to each game feature or feature group. According to the findings that
the reviewed articles reported, the handheld/mobile EFL vocabulary games contributed to
and examined how the participants learned (1) the pronunciations of new English words,
(2) the definitions of new English words, (3) the spellings of new English words, and (4)
to use new English words in various contexts. Since the same handheld/mobile

vocabulary game or the same game feature may have had different impacts on different
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vocabulary learning aspects, it was necessary to distinguish the relations between game
features and different aspects of vocabulary learning outcomes.
Phase 2: Analysis

Step one. We divided the game features from the reviewed studies into two groups
based on whether they were tested in isolation (without other confounding features in the
game) or tested simultaneously with other game features (i.e., features were used as a
group in the game). For example, Cerezo and colleagues (2019) tested the Hologram
feature (the vocabulary game uses a set of mirrors to create a hologram virtual figure to
interact with the students) in isolation—the only difference between the handheld/mobile
game used for the experimental and control groups was the Hologram feature. Therefore,
the difference between the learning outcomes of the two groups can be ascribed to the
Hologram feature. By contrast, other reviewed studies used games that had multiple game
features tested simultaneously in the experimental group, while the control group did not
use the games, or used a simpler version of the games that lacked two or more game
features compared to the games the experimental group used (e.g., Chang et al., 2017,
Reynolds, 2017; Yang et al., 2020 ). For these studies, the different learning outcomes
cannot be simply ascribed to any one specific game feature from the experimental group
game.

Step two. For the features that were tested in isolation, we synthesized the
findings across studies to indicate, for each game feature, what kind of vocabulary
learning it affected and whether the relation was positive. For example, Cha’s (2020)
study reported that the Customized Word List feature has statistically significant positive

relations with outcomes in learning both word meanings and using words in different
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contexts. In this way, the relations between various game features and different
vocabulary learning outcomes were reported across studies to identify patterns.

Step three. For the game features that were not tested in isolation, their relations
with vocabulary learning outcomes were summarized as groups of features. For example,
Chang and colleagues (2017) designed experimental games that included Badges, In-
game Teacher Aids, Random Moving Direction, Gamified Competition, and Real-world
Interaction features. This group of game features had a statistically significant positive
relation with EFL learners’ word meaning learning outcomes as compared to traditional
instruction.

Findings

Across the studies, 23 game features were identified from the handheld/mobile
EFL vocabulary games in the reviewed studies (see Table 3 for a list and definitions of
the features). However, four game features existed in both the experimental and the
control groups in the studies in which they were found. Thus, the effectiveness of these
features was not able to be ascertained related to players’ vocabulary learning outcomes.
Therefore, these features were excluded from the findings. The remaining 19 game
features’ relations with vocabulary learning outcomes are reported in this section.

Out of the 16 studies reviewed, five game features were tested in isolation
(Cerezo et al., 2019; Cha, 2020; Chen et al., 2019; Dindar et al., 2021; Huang & Huang,
2015). Eleven studies tested game features in groups. In the following sections, we first
summarize the findings from the studies that tested game features in isolation. Second,
we summarize findings from studies that tested game features as a group (i.e., without

isolating game features and testing them).
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Studies that Tested Game Features in Isolation

Table 4 provides a summary of the relations between game features tested in

isolation and the players’ vocabulary learning outcomes. Of note is that each study

explored a different game feature or features, or the same game feature for different word

learning outcomes (i.e., Pronunciation, Word Meaning, Word Spelling, or Using Words

in Different Contexts). Thus, no synthesis of findings across these studies was possible.

Table 4

The Relation Between Game Features Tested In Isolation And Vocabulary

Learning Outcomes

1. Study 2. Game 3. Vocabulary Learning 4. Statistically

Feature Outcome Significant Positive
relation?

Cerezo et  Hologram Pronunciation Yes

al., 2019

Cha, 2020 Customized Word Meaning Yes
Word List

Cha, 2020 Customized Using Words in Different No
Word List Contexts

Chen, et al., Gamified Word Meaning & Word Spelling Yes

2019 Assessment

Dindar et  Gamified Word Meaning No

al., 2021 Competition

Dindaret = Gamified Word Meaning No

al., 2021 Cooperation

Huang &  In-game Hint Word Meaning & Word Spelling Yes

Huang, (only for low-achieving students)

2015

Huang & In-game Hint Word Meaning & Word Spelling No

Huang, (For high- and medium-achieving

2015 students)
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Of the five studies that isolated game features, two compared the use of a feature
in a handheld mobile game to a similar paper game without the feature. Cerezo and
colleagues (2019) found that when EFL learners played a handheld/mobile game with a
virtual figure feature (cartoon-style figures created by a hologram, such as robots,
animals, or people), they had better pronunciation of targeted vocabulary words than did
EFL learners who played the same game but without the hologram virtual figure or
played a similar paper-based game. Cha (2020) found that when EFL learners played a
handheld/mobile game with the Customized Word List feature for each learner based on
the words they missed, they had better word-meaning outcomes as compared to learners
who played a similar paper-based game. The other three of the five studies compared the
use of a feature in a handheld/mobile game to the use of the same handheld/mobile game
without the feature. Chen and colleagues (2019) found that when EFL learners played a
handheld/mobile game with the Gamified Assessment features, such as Tic-Tac-Toe,
Tug-of-VOC (VOC stands for vocabulary), and Star VOC, they had better learning
outcomes on word meaning and word spellings as compared to learners who played the
same handheld/mobile without the Gamified Assessment features. Huang and Huang
(2015) found that when low-achieving EFL learners played a handheld/mobile
vocabulary game with the In-game Hint feature, which provided hints about words’
meanings or spellings when a player needed it, their word meaning and spelling outcomes
were better than learners who played the same handheld/mobile game without the hint
feature. However, Dindar and colleagues (2021) found that when EFL learners played a

handheld/mobile game with the Gamified Competition feature versus a Gamified
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Cooperation feature, there were no significant differences in the learners’ word meaning
learning outcomes.
Studies that Tested Game Features as a Group

Table 5 summarizes the relations between groups of game features and the
participants’ vocabulary learning outcomes. While most of these studies found positive
effects of game features on EFL learners’ vocabulary outcomes (Berry, 2021; Chang et
al., 2017; Hasram et al., 2021; John et al., 2021; Reynolds, 2017; Sandberg et al., 2014;
Wu & Huang, 2017; Wu, 2018; Yang et al., 2020), a couple of studies did not (Elaish et
al., 2019; Huang et al., 2017).
Table 5

Relations Between Groups Of Features And Vocabulary Learning Outcomes

1. Study 2. Game Features Grouped 3. Vocabulary 4. Statistically
Together in the Study Learning Outcome  Significant Positive
Relation?
Berry, 2021 Real-World Interaction Pronunciation Yes
Customized Word List

Gamified Competition
Gamified Cooperation

Story
Chang et al., Badge Word Meaning Yes
2017 In-Game Teacher Aid

Randomly Moving

Gamified Competition
Real-World Interaction

Hasram et  Graphic Definition Word Meaning, Yes
al., 2021 Customized Word List Word Spelling &
Using Words in

Different Contexts
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Table 5 - Continued

1. Study 2. Game Features Grouped 3. Vocabulary 4. Statistically
Together in the Study Learning Outcome  Significant Positive
Relation?
John etal.,, Graphic Definition Word Meaning & Yes
2021 In-game Cooperation Using Words in
Background Music Different Contexts
Reynolds,  Graphic Definition Word Meaning Yes
2017 Badge

In-Game Currency
Gamified Competition

Sandberg et Graphic Definition Word Meaning Yes
al., 2014 Story

Video Clip

In-Game Teacher Aid

Wu & Customized Word List Word Meaning & Yes
Huang, 2017 Gamified Assessment Word Spelling

In-Game Currency

Leading Board

Timer

Wu, 2018  Customized Word List Word Meaning & Yes
Gamified Assessment Word Spelling
In-Game Currency
Leading Board
Timer

Yang etal., Story Word Meaning, Word Yes
2020 Video Clip Spelling, & Using

Gamified Assessment Words in Different

Badge Contexts

Leading Board

Customized Word List

Elaish et al., Graphic Definition Word Meaning No
2019 In-Game Dictionary

Badge

Hint

Sharing To Social Media
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Table 5 - Continued

1. Study 2. Game Features Grouped 3. Vocabulary 4. Statistically
Together in the Study Learning Outcome  Significant Positive
Relation?
Huang et al., Timer Word Meaning No
2017 Badge
Gamified Assessment
Leading Board
Customized Word List

Berry (2021) used the game Spaceteam ESL, which had the features Real-World
Interaction, Customized Word List, Gamified Competition, Gamified Cooperation, and
Story to help improve learners’ English word pronunciation. The study’s setting required
the players to communicate with each other (in the real world while playing the game)
using the embedded target English words to accomplish the missions and beat other
teams. The findings demonstrated a statistically significant improvement in English word
pronunciation amongst players in the experiment group. Although Berry (2021) claimed
that it was mainly the real-world verbal communication between the players that helped
the players improve their English pronunciation in the experimental group (vs. a control
group that did not play the game), we cannot separate the game features from the
conversations to clearly attribute the effectiveness of the game to either. Further, Chang
and colleagues (2017) found that when EFL learners played a handheld/mobile game that
had Badges, In-game Teacher Aid, Random Moving, Gamified Competition, and Real-
world Interaction features, they learned more word meanings than learners who used a
non-game paper-based learning approach. Additionally, for Sth-grade EFL learners,

Hasram et al. (2021) selected a simple online mobile game World of Words, which has
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Graphic Definition and Customized Word List features. Their findings showed that
playing the online game was related to EFL learners’ outcomes for better word meaning,
word spelling, and using words in different contexts. John and colleagues (2021) created
a mobile vocabulary game for their research study, which had Graphic definition, In-
game Cooperation, and Background Music features. Reynolds (2017) reported that EFL
learners who played a handheld/mobile game with Graphic Definition, Badge, In-game
Currency, and Gamified Competition features incidentally learned word meanings.
Sandberg and colleagues (2014) found EFL learners who played a handheld/mobile game
with Graphic Definition, Story, Video Clip, and In-game Teacher Aid features learned
more word meanings compared to learners who played the same handheld/mobile game
without these features. Two studies found that EFL learners who played a
handheld/mobile game with Customized Word List, Gamified Assessment, In-game
Currency, Leading Board, and Timer features had better word meaning and spelling
outcomes than learners who were taught via lectures (Wu, 2018; Wu and Huang, 2017).
Yang and colleagues (2020) found that when EFL learners played a handheld/mobile
game with Story, Video Clip, Gamified Assessment, Badge, Leading Board, and
Customized Word List features, they were better able to recall the meanings and spellings
of the words and apply the words to new contexts, as compared to their achievement
before the game.

However, two studies found no significant relation between game features and
EFL learners’ English vocabulary learning outcomes. Elaish and colleagues (2019) found
that when EFL learners played a handheld/mobile game with Graphic Definition, In-
game Dictionary, Badge, Hint, and Sharing to Social Media features, they did not recall
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significantly more meanings of new English words than learners who learned through
lectures. Huang and colleagues (2017) reported that after EFL learners played a
handheld/mobile game with Timer, Badge, Leading Board, and Customized Word List
feature their word meaning and spelling outcomes were not significantly better than
before they played the game. Notably, the game features Customized Word List had been
isolated and tested in another study (Cha, 2020), but did not have a significant positive
effect on the participants’ learning outcomes when used together as a group of features in
Huang and colleagues’ study (2017).
Discussion

The goal of this literature review was to identify handheld/mobile game features
that support EFL students’ vocabulary learning. Based on our review, we concluded that,
of the game features that were isolated and tested, Hologram, Customized Word List,
Gamified Assessment, and In-game Hints had a positive impact on EFL vocabulary
learning (see Table 4). Additionally, we concluded that, for the game features that were
tested in groups (not individually), most of the game feature groups (nine out of eleven,
82%) have a positive impact on different aspects of EFL vocabulary learning (see Table
5). Given this finding, group testing makes it difficult to discern which features have the
greatest positive impact on EFL vocabulary learning.

Based on our findings, we generated implications for (1) language teachers who
utilize handheld/mobile games for EFL students’ vocabulary learning, (2) educational
game developers, and (3) researchers of handheld/mobile games for EFL students’

vocabulary learning. These are presented in the subsequent sections.
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Implications for Language Teachers

For digital game-based learning environments, our findings suggest that teachers
should choose games that incorporate Holograms, Customized Word Lists, and Gamified
Assessment since they have been shown to produce positive vocabulary learning
outcomes. When teachers create new games or modify existing games for EFL
vocabulary learners, they can add these features to the games they create or modify for
better learning outcomes. However, it is notable that the feature In-game Hint only
worked for low-achieving students when learning word meaning and word spelling.
When incorporating In-game Hint feature in vocabulary games, low-achieving students
could benefit more from this feature compared with high- and medium-achieving
students.

Additionally, several other potential directions for home and classroom practice
can be explored, such as using classroom vocabulary activities that incorporate game
features that had positive relation with vocabulary learning outcomes could be
investigated. For example, based on the finding that the game feature Gamified
Assessment had a positive impact on learning the meaning and spelling of English words
(Chen et al., 2019; Huang et al., 2017; Wu, 2018; Wu & Huang, 2017, see Table 4 and
Table 5), language teachers might try to gamify their classroom assessments, such as
turning a vocabulary quiz into a “Tug-of-VOC” game (Chen et al., 2019, p.175) in which
students spell English words as quickly as possible to win a tug of war. Also, based on
the finding that the game features In-game Hints and In-game Teacher Aid had a positive
impact on learning word meanings and spellings, language teachers might try to give

students more hints at the right time to improve their performance. For those game
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features that had positive impacts on vocabulary learning but are not often seen in
classrooms as traditional pedagogical strategies, such as Customized Word List (Berry,
2021; Hasram et al., 2021; Cha, 2020; Huang et al., 2017; Wu, 2018; Wu & Huang,
2017; Yang et al., 2020, see Table 4 and Table 5), the benefit of these in the classroom
could be explored.
Implications for Educational Game Developers

Across the present review, the relations between the features tested in isolation
and players’ outcomes provided the clearest information about what features are valuable
for game design to promote positive English vocabulary learning. Game design should
consider integrating Holograms and Customized Word Lists, which were related to better
EFL vocabulary learning outcomes (Cerezo et al., 2019). Specifically, to improve the
EFL learners’ pronunciation of new English words, game designers should integrate
Holograms that include virtual figures that model pronunciation for EFL students because
these have been shown to be positively related to better EFL pronunciation outcomes
(Cerezo et al., 2019).

Additionally, game designers should consider incorporating Customized Word
Lists and Gamified Competition into future EFL vocabulary handheld/mobile games.
These two game features are effective in word meaning learning (Cha, 2020; Chen et al.,
2019). Another game feature that designers could consider utilizing is In-Game Hints,
which are helpful in improving EFL learners’ meaning and spelling of new English
words (Huang & Huang, 2015).

Further, game designers can use clusters of game features that have been shown to

be effective in supporting vocabulary learning when used together (see Table 5 for all
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statistically significant clusters of game features). For example, when Badges, In-Game
Teacher Aids, Random Moving Directions, Competition, and Real-World Interactions
were used together in a handheld/mobile game, EFL learners’ vocabulary meaning
outcomes for new English words were better (Chang et al., 2017).
Implications for Researchers of Handheld/mobile Games

Among the 16 reviewed empirical studies, many (11 of them, 69%) did not isolate
game features when they tested their effectiveness (Berry, 2021; Chang et al., 2017,
Hasram et al., 2021; John et al., 2021; Reynolds, 2017; Sandberg et al., 2014; Wu &
Huang, 2017; Wu, 2018; Yang et al., 2020; Elaish et al., 2019; Huang et al., 2017). Thus,
the effectiveness of specific features of handheld/mobile vocabulary games is unclear. To
address this, future studies should create game-based learning environments and then
isolate target game features to test the relations between individual game features and
EFL players’ vocabulary learning outcomes.

Also, it is notable that the same game features functioned differently in different
games and learning environments. For example, the feature Gamified Competition had a
significantly positive impact on word meaning learning in Chen and colleagues’ (2019)
study, but was not statistically significant for word meaning learning in Dindar and
colleagues’ study (2021). Different gameplay environments, vocabulary learning levels,
and first language backgrounds could all be potential confounding factors that might
explain these different results. For example, the participants from the reviewed studies
were from various age groups and were at different stages of learning English as a
second/foreign language. Therefore, the same game feature might have a different impact
on vocabulary learning related to these differences. When future research isolates and
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tests individual game features to identify their effectiveness, the researchers should also
test for the potential interactions between these factors, the features, and learners’
vocabulary learning outcomes.

Limitations and Future Research Directions

First, the number of studies available to review was small. Secondly, for each
feature tested in isolation, there were only 1-3 studies that reported the feature’s
effectiveness. For example, there was only one study that focused on Hologram as a
game feature (Cerezo et al., 2019) and one study that tested the effectiveness of
Customized Word Lists (Cha, 2020). More empirical studies are needed to reveal the
effectiveness of these and other game features in different handheld/mobile EFL
vocabulary learning games.

Second, the present literature review did not discuss the psychological and
cognitive science mechanisms that make the game features effective for EFL vocabulary
learning. However, these mechanisms are fundamentally important for teachers, students,
and game designers. For example, the Customized Word Lists feature exposed EFL
learners to the words that they were least familiar with based on the gameplay record.
Thus, these should be explored.

Third, due to issues of access, this review study did not include studies on the
target topic in languages other than English. Future reviews might include studies across
multiple languages to garner a broader scope of findings.

Conclusion
This literature review study addressed the following research question: “Based on

previous empirical studies, how are features in digital handheld/mobile vocabulary
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learning games related to EFL students’ vocabulary learning outcomes?”” Based on our
analysis, we found the following. First, for the game features that were isolated and
tested, we found that game features Hologram, Customized Word List, Gamified
Assessment, and In-game Hints have a positive impact on different aspects of EFL
vocabulary learning (see Table 4). Second, for the game features that were tested in
groups (not isolated and tested), most of the game feature groups (nine out of eleven)

have a positive impact on different aspects of EFL vocabulary learning (see Table 5).
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CHAPTER FOUR
COMPARING THE EFFECTIVENESS OF PEER COMPETITION VERSUS NO

COMPETITION IN HANDHELD/MOBILE GAMES FOR EFL STUDENTS’
VOCABULARY LEARNING

Need and Significance

While vocabulary is vitally important for EFL (English as a Foreign Language)
learning outcomes (Nation & Coady, 1988; Schmitt, 2000; Wilkins, 1972), computer-
assisted language learning (CALL) tools for EFL vocabulary learning have been
developed significantly in the past two decades, including handheld/mobile vocabulary
games (Bin-Hady, 2021). Although Many of these games have a positive impact on EFL
vocabulary learning (Cerezo et al., 2019; Cha, 2020; Chen et al., 2019; Huang & Huang,
2015; Chang et al., 2017; Reynolds, 2017; Sandberg et al., 2014; Wu & Huang, 2017;
Wu, 2018; Yang et al., 2020), the effectiveness of specific game features that relate with
the positive impact has not been elucidated. In this study, game features refer to the
design elements, functional modules, and gaming mechanisms that allow the players to
communicate with the games in designated ways, utilize the resources in the games, and
get responses from the games (Garris et al., 2002). Understanding which game features
are related to EFL learners’ greatest vocabulary learning gains would inform both game
design and game selection to improve vocabulary learning opportunities. Different game
features, such as peer competition, may or may not contribute to EFL students"
vocabulary learning (DeRouin-Jessen, 2008; Huang et al., 2013). Thus, there is a need for
studies that test the game feature’s effectiveness . In this study I aimed to reveal the

relation between the peer competition game feature and EFL vocabulary learning. While
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there are multiple aspects of vocabulary learning, including word meaning,
pronunciation, spelling, context to use, collocation and parts of speech (Carroll, 2013),
this study focused specifically on word meaning learning outcomes (i.e., definitions).

Peer competition is one of the most pervasively used game features in educational
games (Vorderer et al., 2003). As of August 2022, only one previous empirical study had
tested the effectiveness of peer competition in handheld/mobile vocabulary games
(Dindar et al., 2021). However, in Dindar and colleagues’ study, peer competition was
not a feature embedded in the game. The competitive environment was created by the
researchers by presenting a leading board to the participants from the real world (out of
the game). The effectiveness of peer competition was measured but not as an impact of
the game feature. In contrast, this study measured the effectiveness of competition on
EFL vocabulary learning outcomes as a game feature in Vocarena, a handheld game
developed by the author.

Theoretical Framework

Given that this study aims to reveal the effectiveness of peer competition, as a
game feature, on EFL students’ vocabulary learning, it is essential to articulate the
relationship between game features and instructional outcomes, and how they interact
reciprocally. The Input-Process-Outcome Game Model (Garris et al., 2002, see Figure 1)
illustrates such relationships and thus was used as the theoretical framework of this study.

First, The Input-Process-Outcome Game Model addresses the interaction between
the game features in educational games and instructional goals. In this model, game
features act as vehicles that carry the instructional content through the game-playing

process. For example, the game feature Adaptive Word List in a vocabulary game shows
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the words that the learner makes the most mistakes about on the top of the list. This
feature helps the learners revisit the hardest words for each of them. The list for each
learner differs based on the learner’s learning record in the game. Aligned with the Input-
Process-Outcome model, the game feature Adaptive Word List integrates the
instructional content, which is the target words, into the game and carries the target words
through the game circle. Such relation between game features and instructional goals is
depicted and articulated in the “Input” section of the Input-Process-outcome Game
Model.

Second, the “Game Circle,” which is the Process section of the Input-Process-
Output Game Model, presents the micro process of how the learners of educational
games interact with specific game features. Game features guide the learners to make
judgments about certain situations, and then the learners take action based on their own
judgments. Based on the feedback the system (the educational games) gives the learners
based on their actions, the learners adjust their judgments and enter the next round of the
game circle. In the case of Adaptive Word List, the learners will give answers to the
questions the game raises, such as choosing the right definition of a word or spelling a
word correctly. When the learners finish their actions (choosing and spelling), the system
will give feedback to the learner, in this case, which is reordering the words based on
how many times the learners choose the right definition or spell it correctly.

Third, the Outcome section of the model illustrates the goal and essence of
educational games and the game features within, that is, to serve the learning outcomes.

All structures and features in educational games, regardless of how they function to
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engage and motivate learners, are to create desired learning outcomes. This is also how
the researcher-developed EFL vocabulary game in this empirical study was designed.
Figure 1

The Input-Process-Outcome Game Model
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Vocabulary Learning

A sufficient English vocabulary is vitally important for EFL learners. It is
essential for the four basic language skills (reading, writing, listening, and speaking)
(Nation & Coady, 1988; Schmitt, 2000). Without being able to recognize the words in
texts and speech, EFL learners’ reading and listening comprehension will be drastically
limited. Likewise, without extensive vocabulary knowledge, it can be difficult for EFL
learners to express their ideas well in their writing and speaking. To highlight the
magnitude of vocabulary, Wilkins (1972) noted that “without grammar, very little can be

conveyed, without vocabulary, nothing can be conveyed” (p. 110). Nevertheless, in non-
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English-speaking countries, EFL learners barely have chances to reinforce and practice
their vocabulary in the real world (Cheon, 2003; Elaish et al., 2019; Hwang et al., 2016;
Shadiev et al., 2015; Tsou, 2005). Without regularly revisiting and recalling the English
words they learn, it will be extremely difficult for EFL learners to build their vocabulary
efficiently and effectively per the Forgetting Curve Theory (Zheng, 2015).

Fortunately, with the development of high-speed wireless networks and portable
digital devices, CALL application programs, including online language learning games,
can be run disregarding the players’ geographic locations and allow EFL learners to
revisit and practice the words they learn “anytime and anywhere” (Lin & Lin, 2019, p.
879). Previous literature provided solid evidence that handheld/mobile educational games
help EFL learners improve their vocabulary learning outcomes. Cerezo and colleagues
(2019) found that a Hologram handheld game helped EFL students from Spain improve
their English word pronunciation. Handheld games with adaptive word lists helped
students in Korea remember more English words’ definitions (Cha, 2020). When
gamified assessments and automatic hints were embedded in handheld vocabulary games,
the players of the game from Taiwan had significantly better learning outcomes in
learning word definitions and spellings (Chen et al., 2019; Huang & Huang, 2015). When
integrating multiple game features in handheld vocabulary games, students from non-
English-speaking countries gain significant improvement in learning word definitions,
spellings, and using the right English words in different contexts (Chang et al., 2017;
Reynolds, 2017; Sandberg et al., 2014; Wu, 2018; Wu & Huang, 2017; Yang et al.,

2020).
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Competition

Competition has existed in human groups since the beginning of civilization, and
has been called a “pervasive trait of human nature” (Cornaglia et al., 2019, p. 136). In the
history of the earth, plants and animals have competed in the struggle for existence,
including biotic competition among human beings and other species (Powell, 1888). In
wild conditions, animals compete for food, territory, and the chances of reproducing. In
modern societies, people compete with each other for limited resources (Cornaglia et al.,
2019). Cantador and Conde (2010) define human competition as “a contest where two or
more people strive for a goal that cannot be shared, usually resulting in a victor and a
loser” (p. 11). This definition implies two indispensable factors of human competition:
(1) “a goal that cannot be shared,” which usually means resources for survival or/and
development; (2) such resources are limited and cannot meet all group members’ needs.
The occurrence of human competition is based on both of these factors (Johnson &
Johnson, 1989). In modern society, the scarcity of educational resources is pervasive. For
instance, peer competition is often seen between students who are working on securing
enrollment places from outstanding high schools or universities where such enrollment
places are limited. Similar competition can also be seen in the job market and commercial
activities, especially when the number of positions or products cannot be shared by all
parties (Butera, 2021; Nelson & Dawson, 2017).

In the realm of education, the history of competition, as a pedagogical element, is
controversial. At schools in the U.S., the debate about whether competition is a
constructive teaching approach for students’ learning outcomes has lasted for decades
(Butera, 2021; Rich, 1988). On the one hand, previous studies found that competition
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could undermine students’ learning motivation (Deci et al., 1981; Kohn, 1992, 2019),
increase students’ anxiety (Deci & Flaste, 1996; Schaefer et al., 2016; Yang et al., 2020),
and impede cooperative and inquiry learning (Tracy & Morrow, 2017). As a result, while
the tendency of the occurrence of competition had always been in the classrooms, many
teachers favored cooperative learning over competition in their classrooms, (Butera,
2021; Rich, 1988; Rich & DeVitis, 1992; Sarid, 2021). On the other hand, empirical
evidence from previous studies also suggests that competition increased students’
learning efficiency, created a high excitement level in students, and helped students to
pay attention to the learning contents during the learning process (Atanasijevic-Kunc et
al., 2010; Cheng et al., 2009). Although competition could undermine students’ intrinsic
learning motivation (Deci et al., 1981), their extrinsic learning motivation could be
improved by incorporating competition in classroom learning (Burguillo, 2010; Bazylev
et al., 2014; Cagiltay et al., 2015; Chen, 2019). Other empirical studies showed that
students’ academic performance is positively related to implementing competition in the
learning process (Burguillo, 2010; Johnson et al.,1985).
Research Questions and Hypotheses

Research Question 1

Across the intervention, is there a significant difference between EFL students’
total length of time playing the researcher-developed vocabulary learning game (Vocera)
when played with the competition feature (i.e., experimental group) versus without the

competition feature (i.e. the control group)?
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Research Question 2

Is there a significant difference between all EFL students’ (i.e., those who played
both with and without the competition feature) vocabulary knowledge scores between the
pretest (before playing the Vocera game) and posttest (after the Vocera game
intervention)?
Research Question 3

Is there a significant difference between EFL students’ change in vocabulary
knowledge scores (from pretest to posttest) across the experimental (competition) and
control (non-competition) groups?
Research Question 4

Is the total length of time that EFL students play the Vocera game related to their
vocabulary knowledge change scores?

Methods

Setting

This study was conducted in a large university in a less-developed mid-sized city
in southwest China. It is a four-year university that has about 60,000 students living and
studying on campus. During the spring semester of 2023, the participants used the
vocabulary learning game Vocareana to potentially help them learn 100 likely unfamiliar
English words across four weeks.
Participants
Sample Size and Grade Level

Participants included 331 freshmen from a Chinese university who speak

Mandarin as a native language and are learning English as a foreign language. The
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present study focused on freshman students because 1) they needed to prepare for the
required College English Test to be taken in their sophomore year, and 2) I could be more
assured that the target English words chosen would be unlikely to already be known by
these students since the words to be learned in this study were all from College English
Test which the freshmen had not started to prepare for at the time the study was
conducted.
Recruiting and Incentive

A colleague who is an English professor at the focal Chinese university recruited
the participants from four intact College English classes which were being taught by two
other English professors. These two professors helped the colleague to introduce this
empirical study and encouraged the students to participate in. Participants were not
offered any incentive for participating in the study. However, participation would likely
support their success in their English class and on the National College English Test.
Grouping and Sampling

The participants were divided into two groups: the experimental group, in which
there was peer competition during their vocabulary learning process, and the control
group, in which there was no competition. This study used a quasi-experimental design
involving four intact classes (the classes already created by the focal university), since the
setting in the focal university prevented us from assigning participants randomly into the
groups. After the author’s colleague (the English professor at the focal university)
introduced the study in the classes, the students were asked to sign an online consent

form, where they could choose either to participate in the study or not. In total, 331
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students agreed to participate, and 42 students (11.26%) chose not to participate in the
study.

Classes were similar in size and English proficiency, but since classes were
organized based on students’ majors and course selections, the number of participants in
each intact class differed slightly. Each intact class was assigned a condition. This
assignment was done to protect against contamination of the conditions by students in the
same class talking about the study. Two intact classes (with 144 students who consented
to participate in this study) were assigned to the experimental condition, and the other
two intact classes (with 187 students who consented to participate in this study) were
assigned to the control group.

Materials
Background Characteristics Survey

The participants completed a survey (see Appendix A, Table A1) about their
background characteristics that could potentially affect their performance in the study
(Creswell & Guetterman, 2019), including

e gender,

e age,

e English learning experience,

e previous English test scores,

e how difficult the participants think vocabulary learning is,

e cxperience of playing handheld/mobile English vocabulary games, and

e how confident the participants are about their English learning ability.
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Since [ was not able to control the participants’ gender, age, English learning
level, or experience of using handheld English learning apps, I conducted statistical tests
(chi-square tests for categorical measures, t-tests for continuous measures) to test the pre-
existing differences that could potentially impact the statistical analyses of this study.
Table 1 shows the statistical parameters of these tests.

Table 1

Statistical Results of Testing Background Differences between Experiment and Control

Groups
Characteristic Test Statistic* Degrees of Significance
Freedom

Gender 0.76 2 0.69
Previous experience 0.33 1 0.57
Age 1.28 342.9 0.20
Years learning 0.66 345 0.51
English

CET score 0.80 345 0.42

A Chi-Square value for gender and previous experience, t-test value for age, years
learning English, and CET score

None of the characteristics examined differed significantly between groups.

Researcher-Constructed Target Vocabulary PreTest
A pretest was taken by all the participants to identify the baseline of their
vocabulary knowledge for words targeted for instruction by the game. The pretest had all

multiple choice questions requiring the participants to choose the correct meaning (in
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Chinese) of the English words. Sample questions are provided in Appendix A, Figure A3.
The pretest scores of the control group were significantly higher than that of the
experimental group (¢ =2.57, df =345, p = .01).
Researcher-Constructed Target Vocabulary PostTest
After the participants played the game for four weeks, they took the posttest to
determine their improvement (or regression) in target vocabulary learning. The posttest
questions were the same as the pretest to ensure the validity of the statistical comparison
between across tests.
Researcher-developed Vocabulary Game: Vocarena
Vocera is the researcher-created handheld vocabulary learning game used to
conduct the experiment. The game provided the following functions:
1. story of simulation for the participants to play (i.e., fighting in a virtual boxing
ring);
2. 100 researcher-chosen target vocabulary words for all the participants;
3. timer that tracked minutes of game-playing shown to players and recorded to a
log file;
4. leading board that showed the rank of each participant in the competition group
based on the daily quiz scores;
5. log records of the participants, including time points when the students logged in
and out of the game, how long they stayed in the game, and how many times they
took the daily quizzes;

6. quiz outcomes for the participants to assess their learning progress; and
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7. connection to a control panel computer to upload the data (scores, playtime, and

log-in records).
A control panel computer was operated by the author to collect and record the data. The
game had three modes to help the participants learn the target words: 1) the Word
Browsing Mode, 2) the Quiz Open Mode, and 3) the Quiz Mode. The Word Browsing
mode showed in the game when the participants browsed the daily words for the first
time. This mode did not show the “Take the Quiz” button to make sure the participants
would not directly take the quiz by guessing the answers. When the participants browsed
the daily words more than once, the Quiz Open Mode showed to allow the students to
take the quiz if they liked to. When the participants pushed the “Take the Quiz” button,
the game entered the Quiz Mode, which showed the daily quizzes to the participants and
recorded their scores. The user interfaces of the three game modes for the experimental
groups are shown in Appendix A Figure Al and the game interfaces for the control group
are shown in Appendix A Figure A2.
Procedures

The procedures in this study included a pretest, Vocera intervention, and posttest.

Figure 2 summarizes the procedures for this study.
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Figure 2

Experimental Procedures

[ Experimental Group }
Playing the game with peer
competition for four weeks.

Pretest Posttest

[ Control Group } Playing the game with no
> —>| peer competition for four >
weeks.

Game-playing

Pretest Score .
Time

Posttest Score

Pretest

All participants took the pretest to collect their initial target vocabulary
knowledge. These scores were used as a control variable.
Vocera Intervention

All participants used the mobile vocabulary game to help them learn the 100
target vocabulary words across four weeks. Participants in both experimental
(competition) and control (non-competition) groups had the same words to learn every
day. When the participants opened the game every day after 6:00 a.m., it showed the ten
daily new words to learn by flashcards and allowed the participant to review the words as

many times as needed. There was a quiz about the daily words for all participants every
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day. The participants could take the quiz at any time during the day and they could retake
the quiz as many times as they want. After they submitted the quiz, the participants in the
experimental group saw a page showing their quiz scores and how many positions they
had moved up or down in the rankings on the leaderboard. Participants in the control
group only saw their own scores from the daily quiz and a page congratulating them on
finishing the quiz. The timer that recorded the participants’ game-playing time (in
seconds) was triggered after the participants submitted the daily quiz. Thus, the game-
playing time recorded for each participant was the time that they voluntarily spent in the
game since they had finished the daily quiz and were not able to see the new daily words
for the next day. The time of retaking the quizzes was counted as game-playing time (an
independent variable). The participants were able to review the words of the day and
retake the quizzes until 6:00 a.m. the next morning when the daily words for the next day
were open to review. The participants in both the experimental and control groups were
encouraged to review the daily words after the quiz for better learning outcomes by the
prompts in the game. Figure 2 shows the daily timeline of the participants in both control
and experimental groups.
Posttest

At the end of the four-week intervention, all participants took the same posttest.

These scores were used as dependent variables.
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Data Analysis

IBM SPSS was used as the statistical software for all of the data analyses.

To answer RQ1, I compared the experimental and control group participants’ total length
of time playing the Vocarena game across the intervention. The time lengths were from
two different groups, so an independent sample t-test was conducted.

To answer RQ2, I compared the participants’ target vocabulary knowledge
between the pretest and posttest. The test scores were from the same participants, so a
Repeated Measures One Factor ANOV A was used to answer this research question.

To answer RQ3, I measured the difference between the experimental and control
group participants’ changes in target vocabulary knowledge from pretest to posttest
(without considering game-playing time as a covariant). A two-factor repeated measures
ANOVA was used.

To answer RQ4, I tested whether the total length of time participants played the
game was related to their pretest to posttest change in target vocabulary knowledge
scores. To do this, I included the game-playing time as a covariant and measured the
difference between the experimental and control group participants’ change in vocabulary
knowledge from pretest to posttest vocabulary. A two-factor repeated measure ANOVA
with covariance was used.

Findings

The primary focus of the present study is on four essential research questions that
investigate whether there were significant differences in game-playing time and
vocabulary learning outcomes between the two groups before and after the four-week

experiment. Additionally, the research delved into exploring the relationship between the
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total length of time spent playing the game and the enhancement of participants’ target
vocabulary knowledge. The quantitative data analyzed provided substantial insights and
evidence to answer these research questions, revealing intricate patterns and correlations.
The following sections will detail the specific findings related to each research question.
Research Question 1

Through RQ1, I explored the difference in the total length of time playing the
Vocarena game between the control and experimental groups. There was a statistically
significant difference in the total length of time participants played the Vocarena game
across the control and experimental groups (¢ (245.72) = -3.10, p = 0.02). The results
showed that the participants in the experimental group spent a longer time playing the
Vocarena game (M = 189.57, SD = 356.48) than the participants in the control group (M
= 86.56, SD =227.51).
Research Question 2

In RQ2 I focused on whether there was a significant difference in all the
participants’ target English vocabulary knowledge between the pretest (before playing the
Vocarena game) and posttest (after playing the Vocarena game). The results showed that
the mean (M = 61.72) of the posttest score for all participants is significantly higher than
the mean (M = 38.11) of their pretest score (£ (1,333)=491.8, p <.001).
Research Question 3

In the third research question of this study, I sought to determine whether there
was a statistically significant difference between the experimental and control group
participants’ change in vocabulary knowledge scores from pretest to posttest. The results

showed that there was still an overall significant change in scores across the pretest and
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posttest (F'=492.33, p <.001). In comparing the test score change between the two
groups, a marginally significant difference was observed (/= 2.86, p = 0.09). Table 2
shows the results of the different significance testing within and between groups.
Table 2

Repeated Measures ANOVA Results on the Difference between the Experimental and
Control Groups Participants’ Change (from pretest to posttest) in Vocabulary
Knowledge Scores

Sum of Degree of

Source Squares freedom Mean square F Sig.
Within-Subjects
Test Time 92925.54 1.00 92925.54 492.33  0.00
Test Time by 539.44 1.00 539.44 286 0.09
Group
Error (Test Time) 62474.60 331.00 188.75
Between-Subjects
Intercept 1618467.01 1.00 1618467.01  3474.69  0.00
Group 634.84 1.00 634.84 1.36 0.24
Error 154175.49 331.00 465.79

To illustrate the difference in change over time between groups, Figure 3 shows
the average scores for the control group (blue line) and experimental group (red line)

from pretest to posttest.
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Figure 3
Comparison of Change in Test Scores from Pretest to Posttest between the Control

Group and Experimental Group
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=== Experimental Group
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Estimated Marginal Means

Pre-test Post-test

Test Time

As Figure 3 presents, the overall trend showed a significantly higher test score on
the posttest. Although the difference between the two groups’ change in test scores was
only marginally significant, the experimental group gained a greater improvement (i.e.,
score change) in learning the target English vocabulary during the four-week experiment.
While having lower pretest scores (M = 35.94) than the control group (M = 39.73), the
experiment group’s posttest scores (M = 61.60) were close to the control group’s posttest
scores (M = 61.75), indicating more of a gain over that period.
Research Question 4

In addressing RQ4 of the study, I explored whether the amount of game-playing
time in the Vocarena game had a significant impact on the change in test scores from
pretest to posttest. The result shows that the model significantly predicted the posttest
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scores (F=39.63, p <.001). The coefficients for this analysis, along with their
significance, are shown in Table 3.
Table 3

Testing Time In Game As A Predictor Of The PostTest Scores

Standardized

Unstandardized Coefficients Coefficients
B Std. Error Beta t Sig.
(Constant) 41.886 2.428 17.252 .000
Pretest 493 .058 423 8.524 .000
Time in Game .007 .003 d112 2.259 .025

As Table 3 shows, after taking pretest into account, game-playing time was positively
related to improved scores in posttest (¢ = 2.26, p = 0.025), after taking the strong
relationship between pre- and posttest into account.

To find whether the group difference in gains in vocabulary scores was
maintained after taking game-playing time into account, I conducted another linear

regression analysis.
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Table 4

Testing Group As An Independent Variable For Predicting Posttest Scores

Standardized
Unstandardized Coefficients  Coefficients
B Std. Error Beta t Sig.
(Constant) 41.253 2.651 15.563 0
Pretest 0.496 0.058 0.426 8.498 0
Time in Game 0.007 0.003 0.106 2.1 0.036
Group 1.222 1.998 0.031 0.611 0.541

When including “group” (control or experimental) as another independent
variable, the results (see Table 4) showed that group difference did not have a significant
independent impact on the participants’ posttest scores after taking game-playing time
into account (p > .5), while pretest scores and time playing the game significantly
influenced the posttest scores (p <.05). The result indicated that the improvement
participants gained across the pretest and posttest was significantly related to their pretest
scores and the time they spent playing the Vocarena game. Given the results from
research question 1, which found that the experimental group had significantly longer
playing time than the control group, one could infer that there was an indirect effect of
the experimental condition (i.e., peer competition) on improved vocabulary scores
through the mechanism of increasing game playing time.

Discussion

The present study aimed to investigate the potential relationship between

competition, as a pedagogical design element in educational handheld vocabulary games,

and the vocabulary learning outcome. The time length that the participants spent in the
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game was measured and analyzed as a covariant to show the potential interpretations. The
following are the discussions of the findings in relation to each research question.
RQ1: Game-playing Time Differences Between Control and Experimental Groups

Previous research has shown that in a non-digital game participants played longer
when there was no competition (Deci et al., 1981). However, in the digital game
environment, participants can play the game anytime and anywhere without time
constraints. Thus, I had hypothesized that, in a competitive environment, the participants
would spend significantly more time playing the Vocarena game when they had the
flexibility to engage in the game on-demand.

Aligned with my hypothesis, the findings reported in this study found that the
experimental group played the Vocerena game more than two times longer than the
control group with competition integrated into the game. This finding contradicts the
finding of the previous study (Deci et al., 1981). There are three factors that could
potentially result in this contradiction. First and most important, the participant sampling
could result in different findings. The present study found large standard deviations in
both the control and experimental groups’ game-playing time (see the finding of RQ1),
while the standard deviation of the experimental group is even larger than that of the
control group. The sizes and difference of the standard deviations indicated that the
competition feature encouraged only a part of the experimental group participants to
spend more time in the game, while other participants were not motivated by
competition. Further research might be needed to investigate the student differences that
lead some, but not others, to be motivated by competition so that we can better target its

effective use with students. Second, different from the previous study above, the present
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study has a multi-session design in which participants could engage in peer competition
every day by trying to get higher scores from the daily quizzes. They could have
expectations of doing better in the following days by practicing more in the game. Third,
the handheld game (Vocarena) allowed the participants to review the words and retake
the quizzes multiple times a day. This design would encourage the participants in the
experimental group to spend more time reviewing the daily words and retaking the daily
quiz multiple times to get a higher position on the leading board.
RQ2: Overall EFL Vocabulary Learning Improvement

In addressing RQ2, this study found a significant improvement in EFL vocabulary
knowledge for all participants from pretest to posttest. This finding suggests that the
handheld vocabulary game Vocarena can be an effective tool for EFL vocabulary
learning, with and without the competition feature integrated. This finding aligns with
previous research that confirmed the effectiveness of handheld vocabulary games for
learning EFL word definitions (Cha, 2020; Chen et al., 2019; Huang & Huang, 2015).
More specifically, the daily quiz in the Vocarena game was acting as a gamified
assessment feature, and the effectiveness of assessment features has been shown in
previous research as well (Chen et al., 2019; Huang & Huang, 2015).
RQ3: Differences in Learning Improvements between Control and Experimental
Groups

Although the present study found only a marginally significant impact from
competition on participants’ EFL vocabulary learning outcomes, it still extends the
previous research in the following two ways. First, previous studies tested the impact of

competition on EFL vocabulary learning outcomes (Dindar et al., 2021), but competition
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was an experimental design that encouraged the participants to compete with each other
out of the game, instead of a game feature in the vocabulary game. The present study
presents the effectiveness of competition as a game feature, which contributes to a
broader understanding about the effectiveness of competition—that is, how competition
works in both the physical world and digital games. Second, when competition was tested
as a game feature in EFL vocabulary games in a previous study (Chang et al., 2017), it
was tested with other game features together. Although the EFL vocabulary game was
found positively effective for participants’ learning outcomes, the effectiveness of the
competition game feature remained unclear since it was tested in a game feature cluster.
The present study isolated and tested competition as a game feature in EFL vocabulary
games and, aligned with the previous study (Chang et al., 2017), found a positive effect,
if not significant. This finding of the present study is an extension of the previous study
that brings the investigation of competition game features into a single-feature level. The
design of the present study could be used to investigate the effectiveness of other
individual game features.

In terms of why significantly different game-playing time between the two groups
did not lead to significant differences in learning outcomes, the large deviations of game-
playing time provide a potential explanation. While the competition game feature
motivated only a part of the experimental group participants to spend more time
practicing the daily words, as discussed about RQ1 above, other participants (in the
experimental group) did not increase their learning (game-playing) time, and thus, they
did not gain relatively higher scores in the posttest compared to the control group. When

calculating the means of the posttest scores and running the regression analyses, these un-
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motivated participants’ scores reduced the difference between the two groups’ learning
outcomes.
RQ4: Relationship Between Game-playing Time and Vocabulary Improvement

In addressing RQ4, the findings indicate that, after taking pretest scores into
account, game-playing time was a significant positive predictor of students’ improvement
in vocabulary outcomes. This reinforces the findings of previous research (Lin & Lin,
2019; Zheng, 2015) that consistent and prolonged interaction with a digital language-
learning tool can lead to better learning outcomes. The finding of RQ4 also extends the
previous research about the relationship between vocabulary learning game engagement
and learning outcomes. Yang and colleagues' study (2020) found that when participants
engaged in a vocabulary game more often, their EFL vocabulary learning outcomes
increased. However, Yang and colleagues’ study measured the participants' game-playing
frequency instead of the amount of time playing the game. As an extension of their
research, the present study found that game-playing time, other than game-playing
frequency, is also a significant predictor of EFL vocabulary learning outcomes.

Implications

Implications for Educational Game Developers

While off-the-shelf educational games usually have rich game features to help the
players reach their educational goals, the research-developed EFL vocabulary learning
game used in this study had only a few game features that can be found in off-the-shelf
educational games, such as anytime and anywhere access, graphical word definitions, in-
game assessment, and in-game competition. However, the Vocarena game showed a

significant impact on EFL vocabulary definition learning outcomes. Based on the Input-

81



Process-Outcome Game Model (Garris et al., 2002), these features worked as a group to
deliver the instructional content, which is the EFL vocabulary learning. Given this, an
implication for educational game developers, especially the developers of vocabulary
learning games, is that handheld games with limited game features could also be
beneficial for the players (learners) to engage in content that needs regular revisiting and
practice, such as EFL vocabulary.

Also, in-game competition could be a game feature that helps some of the players
improve their learning outcomes. Based on the findings of this study, an integrated
competition game feature would encourage some players to spend more time engaging in
educational games. When students engage in the games’ educational content more
frequently and for longer times, better learning outcomes occur. However, it is notable
that some of the players of Vocarena did not increase their game-playing time with the
competition feature embedded in the game. Therefore, an optional competition feature for
the player to choose from would encourage the players who are more comfortable with
competition to increase their game-playing time while avoiding putting extra pressure on
the players who are more sensitive to competition.

Implications for EFL Educators

The present study found competition encouraged a part of the participants to
increase their game-playing time, which indicated that some of the students could be
motivated to engage more in educational games. Educators may consider utilizing
competition as an optional pedagogical tool for the students to choose to engage them
more in instructional activities. Also, since this study found that game-playing time is

significantly related to EFL vocabulary learning outcomes, EFL educators could employ
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pedagogical strategies to increase EFL learners’ learning time to yield favorable learning
outcomes.
Implications for Educational Researchers

The previous empirical studies investigated the effectiveness of more complex
vocabulary learning games that had multiple game features (Chang et al., 2017,
Reynolds, 2017; Sandberg et al., 2014; Wu, 2018; Wu & Huang, 2017; Yang et al.,
2020), but did not isolate and test the effectiveness of competition as an independent
game feature in handheld educational games. The present study took this step by isolating
and testing the competition game feature to test its impact on EFL vocabulary learning
outcomes. Further studies are needed to isolate and test more game features to understand
their independent impact on students’ learning outcomes.

Limitations and Future Research Directions

First, this study found large standard deviations of the game-playing time, which
suggested only a part of the participants were motivated to engage more in the game.
Further research might be needed to investigate the student differences that led some, but
not others, to be motivated by competition so that we can better target its effective use
with students.

Second, the participants were not randomly assigned to the control and
experimental groups due to the focal university’s class schedule. I collected the related
background information from the participants and analyzed the statistical differences
between the two groups (see Table 1) to reduce the potential interference from this design
issue. However, a random sampling design will help create an unbiased representation of
the total population.
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Third, the effectiveness of the Vocarena game was not compared with traditional
vocabulary learning approaches or other games. RQ2 of this study found the Vocarena
game helped the participants improve their EFL vocabulary definition learning outcomes
over the pretest and posttests. However, this study did not compare the participants'
improvement with traditional learning approaches or other vocabulary learning games.
To demonstrate the effectiveness of EFL vocabulary learning games, future research
could compare the effectiveness of the handheld vocabulary game with traditional non-
digital vocabulary learning approaches or games with different features.

Last but not least, in this quantitative study, I did not explore qualitative aspects
of the game-playing experience, such as excitement level, anxiety level, and gameplay
strategies, to better understand the underlying factors driving the observed outcomes.
This should be explored in future research, to more deeply understand these findings.

Conclusion

In conclusion, while the Vocarena game demonstrated an overall significantly
positive impact on EFL vocabulary learning (RQ?2), the integrated competition game
feature showed only a marginal impact on EFL vocabulary learning outcomes (RQ3). It is
notable that game-playing time did play a critical role in predicting better vocabulary
learning outcomes (RQ4), but part of the freshmen students were not motivated by the

competition game feature to increase their game-playing time.
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Appendix A

Table A1

Background Characteristics Survey

N

b

N

What is your student number?

What is your age?

What is your gender? (woman, man, transgender, non-binary, or “prefer not to
answer.”

How many years have you been learning English?

What is your English test score from the National College Entrance
Examination?

How difficult do you think learning English vocabulary is? (6-point Likert scale)
Have you used any handheld/mobile English vocabulary learning apps? (Yes/No)
(Follow-up question of 7) If yes to the last question, do you think
handheld/mobile English learning apps helped you improve your English
vocabulary learning outcomes? (6-point Likert scale)

Do you think English is one of your strengths (better than others’)? (6-point
Likert scale)

11. How helpful do you think learning English vocabulary with your classmates
is? (6-point Likert scale)
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Figure A1

How the Target Words Are Taught in Vocarena Game for the Experimental Group
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Figure A2

How the Target Words Are Taught in Vocarena Game for the Control Group
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Table A2

Target Words Learned in the Vocarena Game

Word Property and Definition

opaque adj. ANi% WA MEERRR Y, BEHELFY

rigorous adj. R BURN) PRI, PRI

pneumatic  |adj. UK, HESEARE (S BB

universal  |adj. AR JUZ ), ABI CEHEFE M, AR

optimum  |adj. FIEH I n. BAERCR; BIEE KM

obstinate |adj. [FIPAT; MR, JEIRAT METCIRE), A S EERE

tabulate adj. “FHCIRI): AP vt SERC-T T 2. R vi. il kg

junior adj. TE/ 1, BUEHI) BB, A BRI n. 203 MO BUIRE, M 3E
(R P EBOR 2 ) =R

tensile adj. I, TKITHT AT AT AT Y

versatile adj. AR, FREsNLE): 24220 (R THE. P52 g,
Z UIRe

captive adj. AT B BORAEM o 7, B

bourgeois  ladj. TI 7 n. BIEI R T

radial adj. SRR U AR 1 (0, B L0 . T2 2R40 R AR IR A AR

subsidiary  |adj. P77 HC, BYJE B, ICEEH n. BEE Y, B RALA, A F

valve n. (LI [HLIETT: [HFIEZE: (DRI vt 28081 LS TR

nickel n. (tb) B GEEFINERK) LT, Ttk

lever n. (V1) ALAT #BAEAT v, (FIALAT el

degradation |n. FE, FEAK: PEZL FEVE: EM BRI, R ERR AR

terminology n. FI 1M ARifi: RiEF RIEW MG, REHE

neutron n. 15 adj. A& T
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Table A2 -

Continued

tangle n. HLRERE O —HE, VAL vt. & vi. () ZE4h, (fF)EL1E—H

scout n. Mg 0L UEHL; AA RIS, BIR E1FZEA; #ETE (the Scouts) v.
gz, &R, FIK

catalyst n. MEALF, AR (Rt R ARG I, BRI N

vowel n. s BFE adj. J0EH

rapture n. MEEREY vt ff. JEE

extraction |n. JUH, & PR KA Mg, Kt
n. AAEUETS TEAK%, 25t B, PR e P 2%

qualification

wagon n. Wit S (98 BRIt E (3£) MFEE

jealousy n. 4 4R

quarterly  n. Z=F] adj. —EPUIRM, FEFEN adv. —4EPU KL, A2

induction |, FRHEN, ANAH PN (FREHE H) BN IH48 (%)

magnitude |n. BX; EEM (R) B

sermon n. AR 18, YHE, P PHESCE — R

woe n. B, B K int R GRORIETY, IRAEEIRD

toss n. BEH0; PR BOEEES; PRTIERE G vt R . AR SRR,
... RSN 5. MG vi. ELYYs B PR PR moie i H

mortgage  n. FEA(EIR HEIH R BIHRE ve. HEFH

warrant n. AGIE; VFATE vt AL BAE R BON. L BIREE fRUE, FHLR

gutter n. HEKE; M AR vio it TEEGE vt TR T SRR adj. STIRAT; IS
B 2 AW E 1)

wrestle n. PRI R4 HSE ovil Shges BREG BHR ve 5ERESG 53 [ERsh

bureaucracy |n. BURALI B 532 3, B HRIEX
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Table A2 -

Continued

prose n. B0 B adj. O SEALR: Z0R10 vi. SO Z0RHEPHE vt 8.
5 R

Xerox n. ik (Fibnd, REBDABRSHIEARD ¢ R, #HHEB vt. ﬁH*%EE
SENEEE Xerox n. ZE1, F2E1; HEF: FEEIA vt & vi. ZEI, 5

validity n. A 8GR AR IE 2 IR R S

jam n. SR¥ PG, BEE MERALEE: B v & i (@)%'%, (5B KA
B Jefk, R vt HEZE (RETELHBE) TIAEE,

muse n. PUE: FAR vt PURS DB vio pUR . B

saturation  |n. IR, IRAE AT (A BRI

marsh n. W VEPE adj. VEEER: AR KRAEHEEEHLAY

pulley n. T W4 R vt AR THE

locomotive  |n. k43K, W4 adj. ¥ 3N, HBIH, =483

ward n WAL R T WD vt B R SR

lease n. A2y MU, MY TR vt A #45 vio B

maintenance |n. 4E¥F; 4E3; (RIE; 4E1E WEFR TR

synthesis  |n. Z55, ZREik (L) &R

jerk ;Z ULpdhdE: MERE SR B Ak vi R, 2L BEATIE ve
A

kidney n. B, BHE (AT R ET

kit n. YRR BB H i B ot

ornament . 3ifi; Bt FALH M vt A6, B

fortress n. 213, B4 vt WEEE, DIEZER; ST

calibration |n. PA#E M HE (M EAEH_EAN)ZIEE AR E

liability n. HAE, 55 WU 6 (D) Wi, AF
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Table A2 - Continued

vicinity n. i, $Eik, ) Mk, ARk

parachute  |n. [ vt. & vi. I FRERETE

knight n. Jt, Wt & ove BB

waver vi. TR Wi 8 n AR BREE: A

wrench vt R, 7, G, PO AR R EDRE, ks AR
0. —Fr — ML, S

quench vt (FAZK)FNK (K IGEE) filt () 28 1ECEZED) K AR IBON K S )

quiver vt & vi. 8, B3 ve. 75D n. Bl 3h; B

mount vt. & vi. B by WL ovio s BFF vt B3E; BOA L. R B . 1hig
AL B

reconcile vt fYURILF; FIfE (E—5, A

ventilate vt BN, B AT AT iR

smuggle  \vt. fiTia, FAIE, GEAA AT H s (N E4)

purify vt {F 4k fFAG vi. B, 15

prick vt fil, U, BRove & vil BT, IR (ERIR () SEAF ISR n. R0 AL, R
IR AR

urge vt T8 PR BRI FEEK IRHE, RAE n. SRELA I

retort vt SO n. BRI SR [l

slaughter  vt. BB, A%k B n BA B B¥

repeal vt PR B 8Os b SE o RRR: SN

torment vt JTEE, R H4E, (B n R, RN R AR

undertake vt #HAF, A LRUEET, A

kindle vt SR BEEE R Vi REEs Bk BEhiEk

scorch vt BefEs (AN 15T i Bedk RhEE o Besk AR

lathe vt. FHZEIRIN L n. 20R: WK
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Table A2 - Continued

bypass vt. Geid, WEFT AN n. 5538

vaccinate vt Z5. HEFPEE I vi VESPEEE AL
fabricate vt fid, HiE, MK DhiE G

rebuke vt. STHEERSR 9T n. ARAE: DA

overtake vt A s IR RIRRZR vi. M

resign vt BRI s TN ZRFE vio BEER n. LRSS
ferrous adj. [fLIEERR: BRI, SERAY

reciprocal ladj. A% TI¥); HLALH; AR

haughty |adj. 51219, HHLAM

unanimous |adj. 4xfA—BU¥; — IR M; To R UK
luminous  adj. KIEHT: WZEM: TEREM

negligible  (adj. W] ZAB& ), Jo 252 H

homogeneous|adj. [F]£ 5 [, [F]2E 1)

simultaneous |adj. [F]H & 4= 11 [ AEZE (1)

extravagant |adj. %1% (¥), 4Rk M B, 15010, HCEERY
qualitative |adj. TR, PEBI( )R BiER

gigantic adj. BRI, JEKI

ambiguous |adj. FIEE I BEFIATY, ERIANER
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Figure A3

The Sample of Pre- and Post-test

RN EE T BRENDLEBR, FEFR
BEGHES. MERERBMREANARAR
AR, AWK F100PMRIBRIE, B0
BIE, EEFIEFIEN ., MRAARZD
W\, B2EN, SUEEFNRIZXMNE",
BB THRAGHIMRIRE B IFE K

s
“1. opaque

O adj. FEBRHY EITAREY, BEIZHY
n. BFFHAG BEEX, BEER
adj. 8, FBFRTM, BIEN
n. Bt Bt 3%, EEIXI, SEEIE
FRINRRNE

2. rigorous

n. B032; B3 adj. BOXHY; TR
B; ZIREY vi. BEC Zhkitbi
iE vt. 3B B RET
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Appendix B

Institutional Review Board
(IRB) approval letter

OAKLAND

UNIVERSITY.

Institutional Review Board

Date: May 25, 2023
Study #: IRB-FY2023-221

Study Tile: Measuring the Effectiveness of Peer Competition for EFL Vocabulary Word Meaning Learning in
Handheld/Mobile Game-based Learning Environments

Submission Type: Initial
IRB Decision: Approved

Research Team:
Yong Zeng
Tanya Christ, Li Pei

Based on applicable federal regulations, the above referenced study has been determined to involve no more than
minimal risk to participants and to be Approved, with the following expedited categories:

6. Collection of data from voice, video, digital, or image recordings made for research purposes.

7. Research on individual or group characteristics or behavior (including, but not limited to, research on perception,
cognition, motivation, identity, language, communication, cultural beliefs or practices, and social behavior) or
research employing survey, interview, oral history, focus group, program evaluation, human factors evaluation, or
quality assurance methodologies. (NOTE: Some research in this category may be exempt from the HHS regulations
for the protection of human subjects. 45 CFR 46.101(b)(2) and (b)(3). This listing refers only to research that is not
exempt.)

This approval is based on an appropriate risk/benefit ratio and a project design wherein the risks have been
minimized. All research must be conducted in accordance with this approved submission.

Letter and Consent Document:
This letter along with the IRB approved (date-stamped) consent document can be found in Cayuse in the
Submission Details page under Letters and Attachments, respectively.

The IRB approved version of the consent document must be used in consenting participants. Federal regulations
require that each participant receive a copy of the consent document. Signed consent forms must be retained for a
minimum of three years after the completion of the project. Please remember that informed consent is a process
that continues throughout the project, starting with recruitment and assurance of participant understanding of the
project, and followed by a signed consent form when applicable.
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Appendix B - Continued

Permission from Research Sites:
Please note the following:

® This IRB approval letter means that the research has met the federal criteria for approval per 45 CFR 46.111
Criteria for IRB Approval of Research.

® Before the research is initiated, permission to conduct research at a given site must be obtained from all
research locations listed in the IRB submission. You must keep copies of all such permission letters for your
records.

® |t is the responsibility of each researcher to follow all applicable policies and procedures of any outside
institution where the research will be conducted.

Modifications:

Any changes to the approved project must be approved by the IRB prior to initiation by submitting a MODIFICATION
request. Do not collect data while the changes are being reviewed. Data collected during this time cannot be used in
research.

Incidents:

All unanticipated problems involving risks to participants or others, serious and unexpected adverse events,
non-compliance issues and/or serious complaints regarding this project must be reported promptly to the IRB by
submitting an INCIDENT report.

You are approved to start the research. Please retain a copy of this notification for your records.

If you have any questions, please contact the IRB office.

Thank you.

The Oakland University IRB

107



