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Abstract

In recent years, the popularity of smart handheld devices and mobile networks has influenced
the way people learn English. Accordingly, numerous English vocabulary learning-assisted apps

have been developed to enlarge learners’ En abulary through mobile learning. These apps
not only make the learning of English voc ) timie easier, but also help learners to learn
English vocabulary anywhere withe Jiring a dedicat 'ning space. However, the ability of
learners to engage in self-reg ' learning (SRL) rtantly affects performance in
autonomously learning English vo lary usino mobile &g ('herefore, this study developed an
English vocabulary learning app with a self-regulatec learning mechanism (EVLAPP-SRLM) to
help learners improve their SRL abil vith a view (o oving their iearning performance and
motivation in a mobile learning < the performance of the proposed

EVLAPP-SRLM, a total of 46 Grade 5 students wiio used English as a foreign language (EFL) were
recruited from two classes in an eiementary school of Taoyuan City, Taiwan, to participate in the
experiment. The two classes were randomiy assigned to the experimental or control groups, which
used respectively the EVLAPP-SRLM and the English vocabulary learning app without a
self-regulated learning mechanism (EVLAPP-NSRLM) to support their English vocabulary
learning during a period of two weeks. Experimental results indicate that learners in the
experimental group exhibited significantly better learning performance and motivation than those in
the control group. Moreover, learners who used EVLAPP-SRLM exhibited significantly greater
learning performance and motivation than those who used EVLAPP-NSRLM, regardless of gender.
Analytical results also verify that the EVLAPP-SRLM provides more benefits to field-dependent
learners than to field-independent learners with respect to learning performance and motivation.
Keywords: Self-regulated learning, English vocabulary learning app, Learning performance,
Learning motivation, Cognitive style

1. Introduction

English is probably the most widely spoken international language as a result of globalization.



Therefore, having good English skills is very important to many people. In recent years, the rapid
growth of wireless networks and mobile devices has caused the learning of English in a mobile
learning context to become increasingly popular. Many studies have developed mobile English
learning systems to support the learning of English vocabulary anytime and anywhere (Chen &
Chung, 2008; Chen & Hsu, 2008; Chen & Li, 2010; Chen & Tsai, 2010; Chang & Hsu, 2011,
Cheng, Hwang, Wu, Shadiev, & Xie, 2010; Oberg & Daniels, 2013). However, when learners use
an English vocabulary learning app to learn English autonomously, their SRL abilities critically
affect their learning performance because most mobile learners use spare time to engage in learning.
Zimmerman, Bonner and Kovach (1996) developed an SRL model that involves the four
interrelated learning processes, including self-evaluation and monitoring, goal setting and strategic
planning, strategy implementation and monitoring, and strategy outcome monitoring. This model
can efficiently help learners examine and evaluate their cwn learning performance. SRL involves
self-awareness, self-motivation, and behavioral skili (Zimmerman, 2002). SRL has received
attention from the field of education and other learning-related fields. Pintrich and De Groot (1990)
showed that learners with high learning peiformance were more effective in scheduling time for

learning, setting definite learning goals, ar ous learning strategies than those with low
learning performance. They aiso veri at leairners wi h learning performance exhibit better
self-efficacy and self-monitoring 2s while they are 10. In contrast, learners with low
learning performance do not k how o learny effe ly, thus having lower learning
achievement.

Learners’ cognitive styles affect - fearning performance in technology-supported learning
environments. Witkin, Moore, Goodzai d Cox ( onsidered cognitive style as a personal
style with which people typically perceive, think, solve problems and memorize. Biggs (1978)

believed that cognitive style reflecis an individual’s unique personality in cognitive activity, and it
may not be related to the individual’s intelligence. Most individuais consistently use a special
method when solving problems or receiving external information. Chen, Tan and Lo (2016) pointed
out that when learners with different cognitive styles use technology-supported learning tools to
assist learning, they exhibit varying learning performance. Chen and Huang (2014) indicated that
when differently gendered learners use technology-supported learning tools to assist learning, they
also have different learning performances. Therefore, whether the EVLAPP-SRLM that is
developed in this study provides different benefits in terms of learning performance and motivation
to learners with different cognitive styles or different genders warrants study.

To the best of our knowledge, few studies of English vocabulary learning that are assisted by the
SRL mechanism have been published. Hence, the EVLAPP-SRLM that is developed by this study
aims to help learners set and monitor their SRL goals as well as remind them to achieve these goals,
thus improving their English vocabulary learning performance. This study also examines the effects
of EVLAPP-SRLM on the success of learners of different genders and with different cognitive
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styles. Consequently, the main research questions in this study are as follows. (1) Does the
developed EVLAPP-SRLM significantly improve the English vocabulary learning performance and
motivation of learners? (2) Does the developed EVLAPP-SRLM provide significantly different
benefits to learners of different genders with respect to their English vocabulary performance and
motivation? (3) Does the developed EVLAPP-SRLM provide significantly different benefits to
learners with different cognitive styles with respect to their English vocabulary learning
performance and motivation?

2. Literature Review
2.1 The methods of English vocabulary acquisition

Undoubtedly, English vocabulary acquisition is the primary basis for the learning of English as
a foreign language (Min, 2008). However, English vocabulary acquisition is a long and frequently
boring process; if learners de not have a strong motivation to learn or they do use effective learning
strategies or methods, then they often give up learning English vocabulary (Dérnyei & Csizér, 2002;

Noels, Clement, & Pelietier, 1999). Genera!l rs learn English vocabulary more efficiently
when teachers guide them in how to do <o as by reading articles and through writing training
(Lee & Muncie, 2006). The use of cards is the m¢ nmon and simplest way to acquire
English vocabulary. Many studit e indicated that th Of word cards to learn English
vocabulary helps learners significa ‘Komachali & Khodareza, 2012; Kuo & Ho, 2012; Kornell,
2009). Brown (1994) indicated that communicaiive language teaching can improve learning
performance with respect to English tlary acquisiti 1d confirmed that when an article or a
conversation is engaged in a meaning |, learners acquire, internalize and use

vocabulary much more easily and efiectively. Ruso (2007) pointed out that the Task Based
Learning (TBL) method helps learners acquire English vocabulary. This method gives students a
learning task, whose compietion improves the English vocabulary acquisition. Gomez and King
(2014) noted that mind mapping helps students mentally connect images to acquire English
vocabulary, improving memorization.

Generally, the learning of English vocabulary through traditional pedagogical methods is
markedly influenced by the teacher’s teaching skills and the interactions between teachers and
students. Teaching learners English vocabulary using information technology can reduce the effect
of the teacher’s skills and improve learners’ motivation to learn English vocabulary (Wang & Young,
2014). Chen and Tsai (2010) developed a game-style English learning system that involves wireless
network positioning technology. The system provides English vocabulary based on an individual
learner’s location to be learned through a PDA. The results indicate that the system effectively
improves learners’ interest in learning English vocabulary and their performance. Chen, Kao and
Sheu (2003) identified six critical features of mobile learning, which are the urgency of the need to
learn, the taking of initiative in acquiring knowledge, mobility of the learning setting, interactivity
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of the learning process, the situating of instructional activity, and the integration of instructional
content. Chen and Chung (2008) developed a personalized mobile English vocabulary learning
system that was based on Item Response Theory and the learning memory cycle that was identified
by vocabulary testing. This system automatically generates new English vocabulary for learners that
suits their current English vocabulary ability, and helps them to review forgettable English words in
a manner consistent with the learning memory cycle. The results obtained by using this system
demonstrate that the English vocabulary learning system significantly improves learners’ ability to
learn English vocabulary and their interest in vocabulary learning. Chen and Li (2010) established a
personalized context-aware ubiquitous learning system (PCULS) that was based on wireless
network positioning technology. PCULS provides learners with English vocabulary that is suitable
for their location. The results indicate that PCULS effectively improves English vocabulary
learning.

The trend toward mobile learning arises from the development of wireless network technologies
and the popularity of mobile devices, and learning is no longer limited to a specific location.
Moreover, mobile learning can heip learneis tearn English vocabulary without any limitation of
time. The mobile learning model operates learning circumstarices of a classroom and
helps learners learn in their spare tin 5 WOIK thus ¢ s EVLAPP-SRILM to assist learners
in acquiring English vocabulary.

2.2 Self-Regulated Learning L) ahiity on learning performance

To let students know how to pl nd learn by themselves, cultivating their SRL ability is
critical. SRL encourages students tc ively res 2 for their learning; it involves goal
setting, the implementation of a strateqy, nonitoring, and self-adjustment (Zimmerman, 1990;

Boekaerts, 1997; Pintrich, 2000; Zimmerman & Schunk, 2001). Zimmerman, Bonner and Kovach
(1996) indicated that the cycle model of SRL has four inierrelated learning stages, which are
self-evaluation and monitoring, goal setting and strategic planning, strategy implementation and
monitoring, and outcome monitoring. in the self-evaluaticin and monitoring stage, learners assess
their learning performance with reference to their own observations of their learning achievement.
Goal setting and strategic planning involves setting learning goals based on an analysis of the
learning mission, and following by the setting of appropriate learning strategies to achieve learning
goals. Strategic implementation and monitoring requires learners to execute learning strategies and
monitor their effectiveness. Monitoring the outcome of a strategy involves learners’ assessment of
the learning effects of their learning strategies based on observations of their relationship with
learning achievement. The SRL model proposed by Zimmerman et al. (1996) has been confirmed to
effectively help learners examine and evaluate their own learning performance by monitoring the
learning goals that they set during learning processes.

Many studies have demonstrated that the SRL ability of an individual significantly affects
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learning performance (Dabbagh & Kitsantas, 2005; Kumar et al., 2005; Narciss, Proske, &
Koerndle, 2007; Schunk & Zimmerman, 1994; Zimmerman & Schunk, 1989). Pintrich and De
Groot (1990) showed that learners with high learning performance are better at setting learning
goals, scheduling learning time, and applying various learning strategies than those with low
learning performance, whereas learners with low learning performance did not understand how to
plan and learn effectively, so they gradually lost their motivation to learn and their focus on their
goals. Pintrich, Marx and Boyle (1993) indicated that the motivation strategies for learning
questionnaire (MSLQ) scale is frequently used to understand learners’ SRL statuses. The scale
involves value components, expectancy components, and affective components. Using the MSLQ
scale, Joo, Bong and Choi (2000) demonstrated that web-based learning is better than traditional
teaching in cultivating students’ self-learning abilities. An analysis that involved the gender of
learners indicated that female learners had a greater seii-icarning ability than male learners. Chang
(2005) noted that the MSLQ scale was usefui for invesiigating learners’ motivations in a web-based
learning environment, and his resuits reveaied that SRL strategies improve motivation to learn. Shih,
Chang, Chen and Wang (2005) developed an system that provides learners with a mobile

~ra

learning environment in which they can g schedule. Learners can also use mobile
devices to learn how to manage thei g time. Tnl >m not only provides learners with a
mobile learning environment, but leips them to deve 2ir individua! SRL abilities. Chen
(2009) developed a personalized E ling system (PELS) an SRL mechanism for web-based
learning. In addition to estimating the ability of learners, PELS recommends teaching material to
learners based on their estirated ab PELS includes SRL mechanism to improve learning
performance. Their results demonstrat he devel RL mechanism helps learners improve
their SRL abilities and their learning performance. Chen and Huang {(2014) presented a web-based

reading annotation systern with an attention-based SRL mechanism to improve the attention of
learners while they read, and to improve their reading performance. Their results demonstrated that
learners with a high SRL ability in their experimentai group paid better sustained attention and had
greater reading comprehension than those with low SRL ability. Owing to the importance of
cultivating SRL ability, this work develops an EVLAPP-SRLM, called VOC 4 FUN, which can
effectively help learners set, monitor, and revisit their own SRL goals, with the goal of improving
English vocabulary learning performance and motivation.

3. Research Methodology
3.1 Research architecture

This study examines whether groups of learners who use the developed EVLAPP-SRLM or
EVLAPP-NSRLM to support their learning of English vocabulary differ significantly in learning
performance and motivation. Whether gender or cognitive style affected this difference was also
studied. Whether the used English vocabulary learning app had or did not have an SRL mechanism
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was the independent variable. The considered dependent variables were learning performance and
learning motivation. Joo, Bong and Choi (2000) found that females had better SRL than males.
Therefore, gender was regarded as a background variable that probably affects the effects of the
developed EVLAPP-SRLM and EVLAPP-NSRLM on learning performance and motivation.
Witkin (1977) pointed out differences in learning characteristics between field-dependent style
learners and field-independent style learners. Therefore, cognitive style was considered herein to be
another background variable that probably influences the effects of the proposed EVLAPP-SRLM
and EVLAPP-NSRLM on learning performance and motivation.

3.2 Research participants

A total of 46 EFL students (27 male and 19 female) aged 10-11 years were randomly sampled
from two classes of fifth graders at an elementary schocl in Taoyuan City, Taiwan, to participate in
an instructional experiment. One ciass of 21 students was randomly designated as the experimental
group, whose members proposed EVLAPP-SRLM to support their English vocabulary learning; the
other class of 25 students was randomly designated as the control group, whose members used
EVLAPP-NSRLM to support their English aarning.

3.3 Research design

A quasi-experimental design )d was used (o set uj 1structional experiment that lasted
for two weeks to determine whether EVILAPP-SRLIVI significantiy improves learning performance
and motivation better than EVLAFPP-NSRLM. Before English vocabulary was learned, a pretest
was performed in the first 20 minutes xperiinent luate the Initial vocabulary abilities of
all participants. In the following 20 mint e gl 1edded figures test (GEFT) was used to

identify participants as having a field-dependent or a field-independent cognitive style. Over the
following 20 minutes, an English-Learning Motivation Questionnaire was completed by learners in
both groups to determine whether the groups differed significantly in their initial English-learning
motivation. The following 30 minuies were used to piovide learners in both groups with
instructions for operating EVLAPP-SRLM and EVLAPP-NSRLM, to eliminate experimental errors
that could be caused by the participants’ unfamiliarity with the systems. In the formal experiment,
learners in both groups can learn vocabulary at any time and from anywhere using the proposed
EVLAPP-SRLM and EVLAPP-NSRLM in the mobile context. Learners in both groups used the
EVLAPP-SRLM and EVLAPP-NSRLM as portable learning tools in an autonomous learning
context during the two-week experimental period. As no strict time restrictions were imposed within
the two-week experimental period, learners in both groups could plan their own learning schedules;
however, they were expected to use EVLAPP-SRLM or EVLAPP-NSRLM for at least five hours
per week. Also, to evaluate learning performance and learning motivation, a vocabulary posttest and
an English-Learning Motivation Questionnaire posttest were set immediately after the two-week
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experimental period. Both of the apps that were used by the experimental and control groups
provided the same 800 English words, published by the Ministry of Education, Taiwan, for the
purpose of English vocabulary learning by elementary and junior high school students.

To consider the research ethics of the designed experiment that involves collecting
questionnaire data of the research subjects, written informed consent was obtained from the
research subjects following full explanation of the experiment. The informed consent letter
contained the specific nature of the research and that the data collected was only for research
purposes, they were allowed to withdraw from the experiment at any time, their names would never
appear on any data collected.

3.4 Research Tool
3.4.1 English vocabulary learning app with SRL mechanism

The Ministry of Education in Taiwan has determiined that elementary and junior high school
students must learn a total of 2000 English words. Excluding the most basic 1200 words from a

total of 2000 English vocabularies, the develc nlish vocabulary learning app with or without
SRL mechanism provided 800 advanced ° English learning vocabulary. The detailed
system architecture, system compo and functions developed EVVI_APP-SRLM are as
follows.

(1) System architecture of the propc =VLAPP-SRLM

Figure 1 shows the system architecture of the proposed EVLAPP-SRLM, called VOC 4 FUN.
VOC 4 FUN contains five main c nents, which e SRL setiing module, the English
vocabulary learning module, the quiz ' sCule, and the goal reminder module.
When a learner uses a iegal account and password 1o i0g in to the VOC 4 FUN app via a smart
handheld device, she/he can click on the SRL module to set SRL. goals. After the SRL goals have
been set, the learner can begin to learn English vocabulary using the English vocabulary learning
module and acquire the Engiishi vocabulary data and pronunciation files from the English
vocabulary database and the pronunciation database, iespectively. In English vocabulary learning,
the note module is started up at the same time so that the learner can take notes about the acquired
English vocabulary. After learning the English vocabulary that is assigned by the system, learners
can click on the quiz module to take the posttest. After a learner has logged in to the app, all
learning processes are recorded in the learning portfolio database. The goal reminder module
provides a friendly user interface to help individual learners achieve their SRL goals, and provides
references for the setting of subsequent SRL goals. The control group does not have access to the
functions of the SRL setting module or the goal reminder module to which the experimental group
has access.
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Figure 1. The system architecture of the proposed EVLAPP-SRLM called VOC 4 FUN

(2) Functions of all moduies in EVLAPP-SRLM

The app that is developed in this work st giish vocabulary learning and a self-learning
management mechanism to help lear cf English vocabulary. The functions of the
EVLAPP-SRLM are described belc
1. Functions of SRL. setting modul SRL setling module icles a user interface for setting the

number of words to be learned daily, the number of notes o be taken daily, and the number of
exercises to be done daily. This module also suggests goals according to those previously set by the
learner, as shown in Fig. 2.

2. Functions of English vocabuiary iea :arner clicks on the English vocabulary
learning function, then he/she wiii receive a new woid with its meaning in Chinese from the English
vocabulary database and the corresponding pronunciation file from the pronunciation database.
Relevant notes, such as example sentences and examples of use that have been written by other
learners, will be presented to the user for reference. Figure 3 shows the user interface for learning
English vocabulary.
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Figure 2. User interface of setting SRL goals Figure 3. User interface of English vocabulary
rning

3. Functions of quiz moduie. The EVLAP (LM provides multiple choice questions in response
to which learners must choose one e answers based English words that the learner has
clicked on. This quiz can be tek seatedly, as shown J. 4. The correct answer to each
question is randomly positioned to sent learners from simply remembering the correct answer.
EVLAPP-SRLM repeats questions that the learner has answered wrongly until the correct answer is
given, as shown in Fig. 5. The quiz le Cperated a ows. (1) A learner clicks on the quiz
module and the English vocabulary lec g up with it. (2) The English vocabulary
learning module loads tha vocabulary that the iearner has iearned into the quiz vocabulary list. The
quiz is generated according to the quiz vocabulary list. (3) The quiz module generates the test
questions from the quiz vocabulary list. (4) If the iearner’s answer to a question is correct, then the
relevant vocabulary is removed from the database. (5) If the learner’s answer to the question is
incorrect, then the question will appear repeatedly until the learner acquires the relevant vocabulary.
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Figure 4. User interface of quiz Figure 5. The operating mechanisms of the quiz module

4. Functions of note module. The note module presents not only those notes that are made by the

learner but also those that are made by ot These notes improve learners’ vocabulary
learning performance and rielp learne cw their fear €tent eificiently, as shown in Fig. 6.

5. Functions of goal reminder mc "he goal reminder le enables learners to review their
SRL goals at any time, as shown ). 7. EVLAPP-SRLI :sents the percentage of goals that

have been achieved on the right-haind side of the user interface. This function can help learners
understand their learning progress an a their SRL strategies to improve the effectiveness of their
learning.

Figure 6. User interface of list of notes Figure 7. User interface of examining SRL
results

3.4.2 Vocabulary ability assessment
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Nation (2001) addressed the dimensions on which the vocabulary ability is assessed; they
include form, meaning, and use in vocabulary learning theory. The dimension of use, which refers
to the ability to use language, is regarded as extremely difficult for elementary school students to
master. Therefore, the vocabulary test that was designed for this study consisted of evaluation
questions that focus only on form and meaning. Excluding the most basic 1200 words from the list
of 2000 words for elementary and junior high school students, published by the Ministry of
Education of Taiwan, leaves 800 words, which constituted the English learning vocabulary for
learning during this two-week experiment. A total of 25 words were randomly selected from the 800
to assess the learning performance of both groups. The 25 words were provided with various
Mandarin words as possible translations, and the participants were asked to read the English word
and correctly select the corresponding Mandarin translations.

3.4.3 English-learning motivation questionnaire

A Chinese version of the English-Learning Motivation Questionnaire with 34 items was
designed for elementary schoc! students, hased on reievant motivational and attitudinal

questionnaires (Clément & Kruidenier, 1 rei, 1990; Gardner, 1985). The designed
questionnaire covers five dimensions i are leal attitude; learning needs; self-efficacy;
self-esteem; and motivation. Respc /ere given o a fiv it Likert-type scale, ranging from 1
for “strongly disagree to 5 for “s y agree.” Scale relie was evaluated using 50 students

who did not participate in the experiment. The Cionbach’s alpha values of the five subscales
were .86, .93, .92, .91, and .78, and Cronbach’s alpha of the overall scale was .95, indicating
that the scale has high reliakitity and ¢ ity ic Enali rning motivation.

344 Group Embedded Figures Test (GEFT) for indentitying field dependent and
independent cognitive styles

Witkin (1971) developed the Group Embedded Figures Test (GEFT) as a tool for classifying
learners as field-independent or fieid-dependent learners. The GEFT hides simple geometric figures
among more complicated lines, and the examinees must 1dentify the hidden figures. Examinees are
classified into field-independent or field-dependent groups by the speed and accuracy with which
they identify the simple geometric figures. Based on the literature, cognitive style affects learning
performance. The GEFT (Witkin, 1971) is utilized herein to identify students’ cognitive styles as
field-dependent or field-independent to determine how the cognitive style affects learning
performance during the use of the EVLAPP-SRLM or EVLAPP-NSRLM in support of English
vocabulary learning. The GEFT was translated into Chinese by Wu (1987) and has been widely
used in L2 acquisition research (Hite, 2004; Chen, Tan, & Lo, 2016). Since the length of the GEFT
was changed with test procedure, the reliability of the scale has been determined using the
Spearman-Brown prophecy formula to be 0.82.
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4. Experimental Results
4.1 Difference analysis of initial English abilities of both groups of learners

An experiment was performed using an English vocabulary learning app with and without an
SRL mechanism for Grade 6 students in two classes at an elementary school in Taoyuan County,
Taiwan. Twenty-one students from one class were randomly assigned to the experimental group,
whose members used EVLAPP-SRLM to learn English vocabulary while 25 students from another
class were assigned to the control group, whose members used EVLAPP-NSRLM to learn English
vocabulary. Each student used one mobile device to learn English vocabulary for two weeks. Before
the experiment, a pretest was conducted to determine the initial English abilities of the learners in
the experimental and control groups. An independent samples t-test was carried out on the pretest
scores to determine differences between ihe Engiisi abilities of the two groups before the
experiment. The results showed that the initial English abilities of both groups of learners did not
differ significantly (t = - .689, p = .495> .05).

4.2 Difference analysis of English lary learning performance of both
groups of learners

(1) Covariance analysis of learnin rmaince of both g of learners. To examine whether a
significant difference existed in t wrning perfoiimance th groups, analysis of covariance

(ANCOVA) was used to analyze the collected pretest and postiest data. The first step is to examine
the homogeneity of the regression coefficients. The result (F=0.392; p=.535>.05) did not reach the
level of significance, reveaiing that rassion sio the two groups are equivalent. This
result confirms the assumption of hoi Y ssion coefticients, and ANCOVA was
performed. Table 1 shows the results, which reach the ievel of signiticance (F=11.074, p=.002<.05)
after the dependent effect was adjusted according to the covariance of the pretest, and the posttest
score of the experimental group was higher than that of the contro! group. This result indicates that
learners who used the proposed EVILAPP-SRLM exhibited better learning performance than those
who used EVLAPP-NSRLM.

Table 1. Covariance analysis of learning performance of both groups

Pretest

Group Number of Pretest standard Posttest Posttest_ st_alndard F(1,43) Significant
learners mean deviati mean deviation
eviation
Experimental 21 40.00 29.065 68.19 22.820
group : : : ' 11.074* .002
Control group 25 46.08 30.444 58.88 27.362

* indicates p<.05
(2) Covariance analysis of learning performance of differently gendered learners in two groups.
Gender was considered as one of the background variables. Whether learners with different genders

who used EVLAPP-SRLM or EVLAPP-NSRLM differed significantly in learning performance was
12



examined. The first step was to analyze the homogeneity of regression coefficients. The results
(F=1.424, p=.245>0.05; F=.002, p=.969>0.05) determined do not reach the level of significance for
either gender, indicating that the regression slopes of the two groups are equivalent. This result
confirms the assumption of homogeneity of regression coefficients, so the ANCOVA was
performed. Tables 2 and 3 present the ANCOVA results, which reach the level of significance
(F=4.540, p =.044<.05; F=7.182, p =.016<.05) after the dependent effect was adjusted according to
the covariance of the pretest. This result demonstrates that the posttest scores of the male and
female learners in the experimental group are higher than those of the control group. That is, the
male and female learners who used the proposed EVLAPP-SRLM exhibited a better learning
performance than those who used EVLAPP-NSRLM.

Table 2. Covariance analysis of learning performance of male learners in both groups

Number of Pretest Pretest_ Posttest ROstest N
Group | " standard 7z standard F(1,24) Significant
earners mean mi mean o
/ deviaticn deviation
Experimental i - 4
group 12 30.67 28.962_ 5 .E? 21.672 4.540% 044
Control group 15 40.53 32.244 0. 30.078
* indicates p<.05
Table 3. Covariance anai earning performa “female learners in both groups
1 retest o . itlest
Group Nlumber‘of Pretes andard ——iing indard F(1,16) Significant
earners mean . iTicai f -
_deviation " deviation
Experimental Z, N
group 9 _.__.44 | bd— 82&2 _L6.384 7 180% 016
Control group 10 54.40 A 66 _21.750

* indicates p<.05

(3) Covariance analysis of learning performance of learners with different cognitive styles in two
groups. Cognitive style was considered as the other background variabie and whether learners with
different cognitive styles who use EVLAPP-SRLIM and EVLAPP-NSRLM differed significantly in
learning performance was determined. The first step was to analyze the homogeneity of regression
coefficients. The results (F=.095, p=.761>0.05; F=.214, p=.649>0.05) do not reach significance for
either cognitive style, indicating that the regression slopes of the two groups are equivalent. This
result confirms the assumption of homogeneity of the regression coefficients, so the ANCOVA was
performed. Tables 4 and 5 show the results of the covariance analysis. Analytical results confirm
that the learning performance of field-dependent learners in the experimental group is significantly
higher than that of those in the control group (F=9.665, p =.005<.05), but the learning performances
of field-independent learners in both groups do not significantly differ (F=.301, p=.590>.05). This
result verifies that the proposed EVLAPP-SRLM improved the learning performance of
field-dependent learners more than it did that of field-independent learners.
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Table 4. Covariance analysis of learning performance of field-dependent learners in both groups

Pretest Posttest
Group Nlumber of Pretest standard Posttest standard F(1,21) Significant
earners mean - mean -
deviation deviation
EXpe:gSe”ta' 11 46.18 26,555 73.09 21.988
gomr'gl 9.665** 005
13 28.00 27.227 40.92 24.175
group

* *indicates p<.01

Table 5. Covariance analysis of learning performance of field-independent learners in both groups

Pretest Posttest
Group Nlumber of Pretest standard Posttest standard F(1,19) Significant
earners mean .. mean ..
deviation deviation
EXpe:gSe”ta' 10 3320 31555 62.80 23.630
oo 2 4= V4 AN 301 590
12 65.67 20.214 78.33 14.215
group / ¥
4.3 Difference analysis of motivation 1 English vocabulary in both groups
(1) Covariance analysis of learnirig tLion of lea in hoth groups. To examine whether
learning motivation differs signific setween both the € nental and control groups, analysis
of covariance (ANCOVA) was pe ied on the collected st and posttest data. The first step
was to analyze the homogeneity of regression coefiicients. The results (F=2.195 ; p=.146>.05) does
not reach significance, so ihe regression slopes of the two groups were equivalent. This result
confirms the assumption of homogen the reares sefficients, and so the ANCOVA was
performed. Table 6 shows the results. e result reaches significance (F=9.586 ;

p=.003<.05) after the dependent effect was adjusted according to the covariance of the pretest,
indicating that the posttest score of the experimental group is hiigher than that of the control group.
This result reveals that the learners who used the proposed EVLAPP-SRLM had greater learning
motivation than those who used EVLAPRP-NSRLM.

Table 6. Covariance analysis of learning motivation in both groups

Pretest Posttest
Group Nlumber of Pretest standard Posttest standard F(1,43) Significant
earners mean S mean S
deviation deviation
Experimental
group 21 44,95 8.375 53.24 6.041 9.586%* 003
Control group 25 51.48 7.995 50.52 9.274

* *indicates p<.01

(2) Covariance analysis of learning motivation of differently gendered learners in both groups. To
examine whether a significant difference exists in the learning motivations of differently gendered
learners in both the experimental and control groups, an analysis of covariance (ANCOVA) was
performed to analyze the collected pretest and posttest data. The first step was to analyze the
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homogeneity of regression coefficients. The results (F=.549; p=.466>.05; F=1.957 ; p=.182>.05) did
not reach significance, indicating that the regression slopes of the two groups were equivalent. This
result confirms the assumption of homogeneity of the regression coefficients, so the ANCOVA was
performed. Tables 7 and 8 show the results, which reach significance (F=4.999 ; p=.035<.05;
F=5.372 ; p=.034<.05) after the dependent effect was adjusted according to the covariance of the
pretest. Analytical results indicate that the posttest scores of the experimental group are higher than
those of the control group, revealing that both male and female learners who used the proposed
EVLAPP-SRLM had better learning motivation than those who used the EVLAPP-NSRLM.

Table 7. Covariance analysis of learning motivation of male learners in both groups

Pretest Posttest
Group Nlumber of Pretest standard P?ffte“ standard F(1,24) Significant
earners mean imean .
deviation deviation
i 12 45.75 7.313 52,50 6.303
oo — - ——  4.999* 035
15 50.40 8.559 48.27 10.089
group 2\ >4
* indicates p<.05
Table 8. Covariance analysis of learning motivation of female iearners in both groups
ast i sitest
Group Nlumber \)f Pretesy idard st dard F(1,16) Significant
earners mean A mean |
| /ation | ation
Experimental =4 an y
group i CINGCT T I /W 5.372% 034
Control group 10 5310 187 53.90 _ 7.062
* indicates p<.05
(3) Covariance analysis of learning motivaticn of learners with different cognitive styles in both

groups. To examine whether a significant difference exists between the learning motivations of
field-dependent learners in the experimental and control groups, an analysis of covariance
(ANCOVA) was performed to arialyze the coliected pretest and positest data. The first step was to
analyze the homogeneity of regression coefficients. The resuit (F=1.203 ; p=.286>.05) does not
reach significance, indicating that the regression slopes of the two groups are equivalent. This result
confirms the assumption of homogeneity of the regression coefficients, and so the ANCOVA was
performed. Table 9 shows the results, which reach significance (F=9.780 ; p=.005<.05) after the
dependent effect was adjusted according to the covariance of the pretest. This result indicates that
the posttest score of the field-dependent learners in the experimental group is higher than that of
those in the control group. This result demonstrates that the field-dependent learners who used the
proposed EVLAPP-SRLM had better learning motivation than the field-dependent learners who
used EVLAPP-NSRLM.
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Table 9. Covariance analysis of learning motivation of field-dependent learners in both groups

Pretest Posttest
Group Nlumber of Pretest standard Posttest standard F(1,21) Significant
earners mean s mean o
deviation deviation
Experimental
group 11 46.55 10.202 54.36 7.159 9.780%* 005
Control group 13 48.77 6.139 46.08 9.716

* *indicates p<.01

To determine whether a significant difference exists in learning motivation between
field-independent learners in the experimental and control groups, an analysis of covariance
(ANCOVA) was performed to analyze the collected pretest and posttest data. The first step was to
analyze the homogeneity of the regression coefficients. The result (F=.972 ; p=.337>.05) does not
reach significance, indicating that the regression siopes of the two groups are equivalent. This result
confirms the assumption of homogeneity of the regression coefficients, so the ANCOVA was
performed. Table 10 presents the results, which do not reach significance (t=0.145 ; p=.708>0.05)
after the dependent effect was adjusted according to the covariance of the pretest.

Table 10. Covariance analysis of learning f field-independent learners in both groups
I/ . Posttest
Pre stte
Group Nlumber gr petest ard FOSTeQ ndard F(1,16) Significant
earners mean y. hneaii .
[ iation  \ ¥ ation
EXpe;gTe”ta' 10 43.89 9.981 52.00 570
Cgontrgl \ L\ . N W S« 1° 108
12 53.10 7.187 5.33 6.005
group

-

SRL ability importanily affects learning performance in an autonomous learning scenario, and
particularly the ability to learn English vecabulary in one’s spare time with the support of mobile
apps. Therefore, this study develops EVLAPP-SRLM to help learners improve their self-regulated
learning abilities, with a view to improving their learning performance and motivation while
performing English vocabulary learning in a mobile learning context. This study demonstrates that
the learners who used the proposed EVLAPP-SRLM had better learning performance and
motivation than those who used EVLAPP-NSRLM. This result is consistent with several studies
(Chen, 2009; Chen & Huang, 2014; Chen, Wang, & Chen 2014) that have found that
technology-supported learning with SRL mechanism support significantly improves learning
performance. For example, Chen (2009) presented a personalized e-learning system with an
SRL-assisted mechanism that helped learners enhance their mathematical SRL abilities. His
analytical results indicated that the proposed personalized e-learning system with an SRL-assisted
mechanism helped learners improve their SRL abilities more quickly and improved their
mathematical learning performance. Chen and Huang (2014) presented a digital reading annotation
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system (DRAS) with an SRL mechanism to help Grade 7 students generate rich and high-quality
annotations on reading text online to improve their English-language reading performance. Their
results demonstrated that the reading comprehension and reading annotation abilities of the learners
who used the DRAS with SRL mechanism support were significantly superior to those of the
learners who used the DRAS without SRL mechanism support.

Several studies (Chen & Huang, 2014; Chen, Wang, & Chen 2014; Wolters & Pintrich, 1998;
Zimmerman & Martinez-Pons, 1990) have found that technology-supported learning with the
support of an SRL mechanism exhibited different effects on learning performance of male and
female learners. This study confirms that male and female learners who used the proposed
EVLAPP-SRLM to learn English vocabulary had better learning performance and motivation than
those who used EVLAPP-NSRLM. This result is inconsistent with previous studies (Chen & Huang,
2014; Chen, Wang, & Chen 2014). For example, Chen and Huang (2014) found that a proposed
web-based reading system with an attention-based self-regulated iearning mechanism (ASRLM)
that was based on brainwave detection promoted susiained attention and improved the reading
comprehension of female iearners while reading annotated English texts online more than those of

male learners. Chen, Wang and Chen (20! ited that the proposed DRAS with an SRL
mechanism improved the reading cor nsiGn of fenic rners more than that of male learners.

Many field-dependent-indepe studies (Kheirzadal 1¢saian, 2011; Tinajero & Paramo,
1997; Chen, Tan, & L_o, 2016) pro nconsistent results w aepect to second language learning

performance. The present study confirms that field-dependent learners who used the proposed
EVLAPP-SRLM had significantly betier learnirig perforiance and motivation than those who used
EVLAPP-NSRLM, but no significant ce exist field-independent learners. This study
confirms that the proposed EVLAPP-SRLIM imiproves the learning performance and motivation of
field-dependent learners more than that of field-independent iearners. However, Tinajero and
Paramo (1997) found that field-independent students consistently achieve higher academic
outcomes than field-dependent students in ali of the English learning subjects that they considered.
In contrast, Kheirzadeh and Kassaiarn (2011) found no difference in the performance of
field-dependent and field-independent learners in general language listening comprehension. Chen,
Tan and Lo (2016) presented a digital pen and paper interaction platform (DPPIP) in which digital
pen technologies were integrated with printed textbooks and the Moodle course management
system, to support the repeated reading strategy to improve English-language reading fluency. Their
results demonstrate that this DPPIP helped learners with field-independent and field-dependent
cognitive styles improve their oral reading fluency.

6. Conclusions and Future Works

This study examines the effects of EVLAPP-SRLM on the learning performance and motivation
of a total of 46 Grade 5 elementary school students who were recruited from an elementary school
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in Taoyuan City, Taiwan. The experimental analyses here support several major findings. First, after
two weeks of using the vocabulary learning apps, the learning performance and motivation of
learners in the experimental group who used EVLAPP-SRLM significantly exceeded those of the
control group who used EVLAPP-NSRLM. Second, the learning performance and motivation of the
male and female learners in the experimental group who used the EVLAPP-SRLM were
significantly better than those of both male and female learners in the control group who used
EVLAPP-NSRLM. Namely, the result confirms that the proposed EVLAPP-SRLM significantly
improves the learning performance and motivation of learners of both genders. Third, the learning
performance and motivation of field-dependent learners in the experimental group who used
EVLAPP-SRLM were significantly better than field-dependent learners in the control group who
used EVLAPP-NSRLM, but the learning performance and learning motivation of field-independent
learners did not differ significantly between the experimental and control groups. This result
suggests that the proposed EVLAPP-SRLM improves the learning performance and motivation of
field-dependent learners more than those of field-independent learners.

The SRL mechanism, as promoted with the apu, seems to be eftective on field-dependent

learners, yet not on field-independent learn ss both genders, on learning motivation (as
measured) and on vocabulary impro (2S imeasurec suspect that ficld dependent learners
may especially benefit from SRL ariisms in learning perhaps by supplying them with
more learning structure or insigh ) the critical cogniti rocesses involved in this kind of
learning. Confirmation from other studies is needed to show this and to understand why field
dependent learners may be affecied difierenily than f independent learners by the SRL
mechanism built into apps like the cui

The experimental results suggest several divections for future works. First, game functions can

be developed for the proposed EVLAPP-SRLM to increase learning motivation. Second, this study
found that learners in the experimentel group frequently checked the finished percentage of SRL
goals that they had reached. Therefore, a mecharisin that ranks learners’ percentages should be
considered for inclusion in the proposed EVVI.APP-SRI_M, (o sirengthen their intention to learn and
their motivation to enlarge their English vocabulary. Namely, comparing the effects of the proposed
EVLAPP-SRLM with and without game functions or with and without ranking learners’ percentage
of SRL goals on learning performance and motivation can be considered as future works.
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