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Abstract—For this study, we designed learning activities in which students applied newly acquired knowledge to solve meaningful

daily life problems in their local community – a real, familiar, and relevant environment for students. For example, students learned about

signs and rules in class and then applied this new knowledge to create their own rules for a location in their community (e.g., playground

rules that tell visitors what is or is not allowed to do in a local playground) tomake it more environmentally friendly. To facilitate this, we

developed amobile learning system equipped with a dictionary as well as textual annotation, recording, and sharing functions. This

mobile learning system enables students to take pictures of objects, describe them verbally or in writing, and share their work with peers.

Our goal was to study the effectiveness of learning activities supported by amobile learning system on the cognitive learning process by

examining the changes in students’ cognitive processes and the distribution of students who reach a certain level of cognition before and

after learning. Fifty-seven junior high school students participated in the research, and their views of themobile learning system and

interest in continuing use were also explored. Students were divided into one control ðn ¼ 26Þ group and one experimental ðn ¼ 31Þ
group. The control group completed learning activities using a traditional approach while the experimental group used a learning system

installed in tablet PCs. The effectiveness of themobile PC system on students’ cognitive processes was tested by comparing the control

and experimental groups’ pre-test and post-test outcomes. Changes in students’ cognitive processes weremeasured by calculating the

differences in student scores among three tasks. The distribution of students who reached a certain level of cognition was derived based

on their learning performance. Students’ perceptions were evaluated using a questionnaire survey. Themobile learning system kept

records of how students used it. Our results show that the experimental students significantly outperformed the control students on test

items related to high cognitive levels. Students made clear cognitive progress from the second topic to the third one. Most students rated

the learning system highly and want to use it in the future. Finally, the results show that creating text annotations is the best indicator of

learning. Based on these results, we recommend applying appropriate learning activities supported by amobile learning system to

facilitate students’ cognitive processes when they are studying English as a foreign language in an authentic environment.

Index Terms— Learning technologies, learning environments, tablet PCs, devices for learning

Ç

1 INTRODUCTION

ACOGNITIVE process is defined as a mental process by
which knowledge is acquired and understood through

thinking, experience, and the senses. Anderson and
Krathwohl [1] argued that a cognitive process is different in
terms of its complexity, and, thus, can be categorized from
simple to more sophisticated. For example, when learning,
some of us only obtain, store, and memorize knowledge
while others transform and use it outside of its original con-
text [45]. Therefore, one important issue the research and
teaching community should consider is how to ensure that
students engage in more complex cognitive processes.
According to [21], cognitive processes can be promoted

from simple to complex if students learn and apply new
knowledge in a familiar authentic environment because that
is where the knowledge will be used later in real life.
Authenticity emphasizes meaningful learning in contexts
that involve real-world problems [4]. A familiar environ-
ment involves relevant and predictable situations from
students’ background as well as previous experiences [41].
A familiar authentic environment creates advantages related
to comprehension and application of new knowledge. For
example, existing background knowledge of a familiar
authentic environment is activated when learning takes
place; thus the information-processing load related to con-
textual knowledge is reduced.

Related literature suggests that students can be situated
in an authentic environment and learn using mobile tech-
nology [18], [36], [40], [44]. For example, mobile multimedia
tools (e.g., cameras, text editors, voice recorders, etc.) enable
students to observe and capture real objects for learning
from daily-life situations. Several recent studies have looked
at facilitating learning by using such approaches [8], [11],
[15], [17], [30]. However, our literature review reveals two
failings in the previous research on this topic. First, studies
of mobile-assisted learning have not paid much attention to
cognitive processes. Particularly, little is known about how
to cross the gap between simple and complex cognitive
levels in a mobile-assisted learning environment. Although
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[21] discussed crossing the gap between levels of cognitive
mastery, they did not provide any empirical evidence. Sec-
ond, familiar contexts in authentic environments have not
been considered in most related studies. An authentic
learning environment has been created in a classroom
[11], [17], [30] or outside [8], [15]; however it was virtually
authentic and not actually familiar to the participating
students. In this study, we attempt to address these limi-
tations. First, we designed learning activities that focus
on both knowledge acquisition and its application in a
familiar, authentic environment. Students learn in class
and then apply their new knowledge outside of school to
solve real-life problems. For example, after students cov-
ered a topic about signs and rules, they created rules for
one place in their local community to make it more
environmentally friendly. Second, a mobile learning sys-
tem was developed to support learning activities. Stu-
dents were required to take pictures of objects (e.g., a
place that is not environmentally friendly) and describe
them using text and audio annotations (e.g., why it is not
environmentally friendly and what rules could be applied
to make it so). We aimed to test the benefits of this
approach for learning. Changes in students’ cognitive
processes and the distribution of students who reached a
certain level of cognition with respect to different learn-
ing periods were also investigated.

2 LITERATURE REVIEW

2.1 Cognitive Process in Language Learning

Researchers have posited a variety of theories to explain
how we learn language. For example, the input hypothesis
[12], [31], [41] suggests that input from listening and read-
ing plays an important role in second/foreign language
acquisition. According to this hypothesis, language acquisi-
tion occurs when learners receive a sufficient amount of
comprehensible input. However, in order to progress with
their language development, this comprehensible input
should be slightly more advanced than their current level,
represented as “i þ 1” (“i” is the current language ability
and “þ1” is the next level of acquisition). This hypothesis
highlights the importance of exposing learners to as much
of the target language as possible, from teachers, peers, etc.
The affective filter hypothesis [31] attempts to explain why
some learners are able to learn a second language while
others are not. This hypothesis accounts for the influence of
affective factors such as motivation, self-confidence, and
anxiety when receiving input. That is, motivated, confident
learners with low anxiety have low filters that enable input
to reach the language acquisition part of the brain, thus
enabling language acquisition to take place. On the other
hand, unmotivated and non-confident learners with high
anxiety have high filters that prevent the input from being
absorbed and processed. Therefore, it is important that
educators create stress-free and welcoming learning envi-
ronments in which students feel comfortable making mis-
takes and taking risks. The output hypothesis [12], [41], [42]
argues for the importance of language output, such as
speaking and writing, in the learning process. [42] sug-
gested three main functions of output: (1) noticing function -
learners notice their errors and linguistic shortcomings

while producing the target language, (2) hypothesis-testing
function - when a learner produces output, he/she tries out
the target language to test various hypotheses underlying
this output and receives feedback that enables this learner
to re-produce output and re-test a hypothesis, and (3) meta-
linguistic function - learners reflect upon their output (i.e.,
spoken or written), which is helpful for language develop-
ment. According to [13], both language input and output
are essential elements for foreign language acquisition, and
a balance should be kept between them.

Working more on the output hypothesis, [10] argued that
communicative ability is an important factor in language
acquisition and suggested that more focus should be given to
it. This has led to new teaching methods being proposed,
such as the communicative teaching method [7], which is
based on the idea that learning a language successfully lies in
knowing not only the structure and forms of a language, but
also its function and purposes. This approach emphasizes
meaning-based communication rather than the practice of iso-
lated grammatical forms [32]. That is, when students are
involved in real communication, their natural strategies for
language acquisition will be used, and this allows them to
learn how to use the language [7]. Therefore, to facilitate com-
municative abilities, [13] recommended that instructors
design learning tasks in which students must use language as
a vehicle for actual communication. Furthermore, the situa-
tion in which the language is used needs to be realistic.
That is, all words and sentences must grow out of some real
situation, and the meanings of words should be tied to the
situations in which they are used. One important theory
related to communication in second/foreign language is
communicative competence. Hymes [23] defined communica-
tive competence as the ability to convey and interpret mes-
sages and to negotiate meanings interpersonally within
specific contexts. Canale [6] defined communicative compe-
tence in terms of four components: (1) grammatical compe-
tence – knowledge of lexical items and rules of morphology,
syntax, sentence-grammar semantics, and phonology; (2)
discourse competence - the ability to connect sentences of
discourse, i.e., spoken conversation or written texts in which
a meaningful whole is formed out of series of utterances, (3)
sociolinguistic competence - knowledge of the sociocultural
rules of language and discourse, and (4) strategic compe-
tence - the verbal and nonverbal communication strategies
that may be called into action to compensate for breakdowns
in communication due to performance variables or insuffi-
cient competence. Bachman [2] divided communicative
competence into broad headings called “organizational com-
petences,” which include grammatical and discourse
(or textual) competence, and “pragmatic competence,”
which includes sociolinguistic and illocutionary (i.e., per-
taining to sending and receiving intendedmeanings) compe-
tence. Strategic competence was also included, but it was
included as a completely separate construct.

Various explanations of cognitive processes can also be
found in the literature. Language comprehension is the process
of making sense of written or spoken information, i.e., under-
standing what others write and say [14], [41]. Language
comprehension is a complex process because it involves a
variety of different abilities, skills, processes, knowledge, and
dispositions that are used to derive meaning from written or
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spoken information, for example, decoding skills (i.e.,
knowledge of the alphabet and its sounds), word knowledge
(i.e., knowing the meaning of words), linguistic knowledge
(i.e., the formal structures of a language), and so on. The
combination of these allows making inferences about lan-
guage and successfully comprehending it. The production
process of spoken or written language is very complex
because it involves different functions [27], [41]. For exam-
ple, production starts with deciding what needs to be
expressed, generating ideas, and organizing them in a coher-
ent order. Then, appropriate words are selected and orga-
nized into relevant grammatical forms. After that, the
resulting sounds are articulated into speech by the motor
system using the vocal apparatus. Finally, produced lan-
guage is analyzed against errors and corrected.

The abovementioned cognitive theories inform this study.
That is, the learning activitieswe designed are based on these
theories, and they are used to explain our research findings.

2.2 Practice in Authentic Environment

Hwang et al. [19] asserted that real-world and life-related
scenarios are directly related to language acquisition. If they
are correct, an authentic context is one important prerequi-
site for effective learning [29] due to the following critical
characteristics [19]: (1) it provides contexts that reflect the
way in which the knowledge will be used in real life; (2) it
provides activities that have real-world relevance; (3) it cre-
ates an opportunity for learners to share learning experien-
ces and enables learners with various levels of expertise to
practice; (4) it promotes reflection, and (5) it offers authentic
within-task learning assessment. When students learn in an
authentic environment, they are more inclined to learn.
Related studies suggest that a familiar, authentic environ-
ment is beneficial for learning [21]. This claim is based on
cultural schema theory [34], which explains the familiar and
pre-acquainted knowledge one uses when entering a famil-
iar environment. According to this theory, all knowledge of
past experiences is organized into schemata. Nishida [34]
argued that when we acquire and retain information from
our environment, cultural schemata are created and stored
in our brain. The environment becomes familiar after we
enter it many times. Stored schemata then guide our behav-
ior and help us predict what is to be expected and looked
for in a familiar environment.

Practice is one important component of learning; it
involves using skills repeatedly and regularly in order to
improve and master them. Thus, practice plays a vital role
in enhancing learning performance [16] because it repre-
sents a necessary and productive stage in the transfer from
classroom learning to the real world. One instructional
approach that can potentially facilitate language practice is
storytelling [33]. Guha et al. [26] defined storytelling as a
highly-effective instructional method that surrounds stu-
dents with the target language and enables them to commu-
nicate intentionally by using narrative sentences. Huffaker
[16] and [26] claimed that storytelling promotes verbal skills
and supports literacy development. Through storytelling,
students interact, associate with each other in the target lan-
guage, negotiate meanings, learn from each other, and share
experiences. Various storytelling learning activities have
been proposed in the English as a foreign language learning

(EFL) literature. Of particular interest to this study are those
in which students tell stories through introducing, describ-
ing, and explaining some particular objects. For example, in
other related studies, students introduced a lunch menu
from their school cafeteria [19] or described changes in their
rooms before and after cleaning [39].

Related studies have informed the design of our learning
activities. First, activities were carried out in an authentic
environment. Second, students were given real-life-related
tasks to introduce, describe, and explain some particular
objects in their school community.

2.3 Mobile Assisted Language Learning

According to [8], mobile technology can offer a seamless lan-
guage learning experience (i.e., anytime and anywhere).
Huang et al. [15] and [43] suggested that mobile technology
can aid learning both in and outside of the classroom. There-
fore, through the use of this technology, access to learning
activities and engagement in learning tasks is increased [37].
Mobile technology has a great potential to assist learning in
an authentic environment. For example, themobility ofmod-
ern technology allows students to visit places with real
objects and daily-life situations appropriate for learning.

Related studies have emphasized the idea of usingmobile
technology to situate students in authentic environments so
that they can link newly acquired knowledge to daily life
experiences [18], [36], [40], [44]. Hwang et al. [18] listed sev-
eral potential criteria of mobile technology for learning in
authentic contexts. For example, mobile technology is able
to sense the learner’s situation or the situation of the real-
world environment in which the learner is located and to
offer more adaptive and personalized support to the learn-
ers in the right way, in the right place, and at the right time
based on the personal and environmental contexts, as well
as the profile and learning portfolio of the learner. Mobile
technology enables seamless learning; that is learning serv-
ices will not be interrupted when the learner is moving from
place to place, and the environment is changing. Ogata et al.
[36] highlighted the main characteristics of mobile learning
in authentic environments. They are permanency (all learn-
ing processes are recorded continuously), accessibility
(learners have access to their materials from any location),
immediacy (information can be obtained immediately),
interactivity (learners can interact with experts, teachers or
peers), and situating instructional activities (the learning
is embedded in daily life). Wong and Looi [44] derived the
following features that characterize mobile learning in
authentic contexts: encompassing formal and informal
learning; encompassing personalized and social learning;
across time; across locations; ubiquitous knowledge access;
encompassing physical and digital worlds; combined use of
multiple device types; seamless switching between multiple
learning tasks; knowledge synthesis; and encompassing
multiple pedagogical or learning activity models.

Mobile multimedia tools such as cameras, text editors, or
voice recorders are useful for learning in authentic contexts.
For example, these tools enable students to observe and cap-
ture objects as well as to create related learning content, e.g.,
descriptions of objects [24]. By doing so, students are actually
engaged in language learning. Interaction with real objects
stimulates their imagination, helps to bring out meaningful
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output, and enables repeated and regular practice in the tar-
get language [5]. Hwang et al. [19] focused on improving ele-
mentary school students’ EFL writing skills by having them
take pictures of specific objects and describe them using
a dictionary. Shadiev et al. [39] aimed at improving EFL
students’ learning achievement and reducing their cognitive
load. Students in their study practiced EFL skills by reading
their textbooks aloud, taking pictures of objects from daily
life, and orally introducing them to their peers. In this proj-
ect, students recorded all of their speeches. Shadiev et al. [39]
claimed that sharing homework with peers allows deeper
reflection, discussion andmore collaboration. Therefore, stu-
dents listened to recordings of their peers when studying.
Hwang et al. [19] argued that authentic context decreases
students’ communication anxiety; students who learn in an
authentic environment can give more detailed descriptions
of objects using new vocabulary and sentences. According to
[43], a mobile learning environment increases students’
learning motivation while giving them more opportunities
to communicate with each other and negotiate meaning in
the target language.

Related studies have informed the design of our mobile
learning system. That is, our system features a dictionary
and such functions as textual annotation, recording, and
sharing to facilitate language learning. Using our system,
students are able to take pictures of objects and create both
written and verbal content. In addition, students are able to
share their created content with their peers.

2.4 EFL Learning with Tablet PCs

Mobile technology, such as tablet PCs, has been widely used
in different EFL learning contexts. For example, [11] intro-
duced traditional (i.e., paper-based) and technological (i.e.,
tablet PC-based) approaches during English reading class.
The results indicated that students score similarly when
using different approaches. Hung et al. [17] employed a
mobile learning system to improve students’ English profi-
ciency. The results of their experiment showed that the sys-
tem led to better interaction between students, and it also
enhanced their learning achievement. Kim and Kim [30]
applied a learning system for elementary school students to
learn English vocabulary with visual aids and found that the
system was effective for vocabulary acquisition: students
who used it showed significant learning improvement. Stu-
dents say the systemhelps them rapidly look up newvocabu-
lary and reinforces known vocabulary. More recent studies
have focused on employing tablet PCs both in the classroom
and outside of the classroom. Hwang et al. [20] developed an
electronic reader system to assist elementary school students’
EFL reading comprehension. The study’s results revealed
that high-achieving students performed significantly better
than thosewhowere low-achieving.However, low-achieving
students expressed their willingness to use the system in the
future while high-achieving students did not. Huang et al.
[15] created a mobile learning system for elementary school
English learners. This system detects students’ locations and
provides appropriate English learning content (i.e., videos
and audios) for contextual learning. Huang et al. [15] found
the system to be beneficial and meaningful. Chen [8] carried
out a study in which students use tablet PCs to learn English
in informal settings. Their results showed that tablet PCs are

ideal tools for creating an interactive, collaborative, and ubiq-
uitous environment for language learning.

Our literature review reveals that familiar contexts,
which can be found in an authentic environment, have not
been considered in most related studies. Authentic learning
environments have been created in some classrooms [11],
[17], [30] or outdoors [8], [15], however, they were merely
“virtually” authentic and not really familiar to students.

3 COGNITIVE DIFFUSION MODEL

A taxonomy for learning, teaching, and assessing [1] is a
revised version of Bloom’s taxonomy [3]. Teacherswho apply
this taxonomy canmonitor, assess, and understand students’
cognitive processes. The taxonomy consists of six levels that
increase in complexity as the learner moves through them
[1]. The first three levels of the taxonomy are: (1) Remember –
Retrieve relevant knowledge from long-term memory; (2)
Understand – Construct meaning from instructional mes-
sages, including oral, written, and graphic communication;
(3)Apply – Carry out or use a procedure in a given situation.

Hwang and Shadiev [21] proposed a Cognitive Diffusion
Model. This model is shown in Fig. 1: the x-axis shows cogni-
tive levels; the y-axis demonstrates a number of studentswho
reach a certain level of cognition as the highest, and curves of
different colors represent different learning periods (pre-
instruction – yellow curve, post-instruction – blue curve, and
high cognitive processes – green curve). Pre-instruction is a
learning period before students are taught some knowledge
at school; post-instruction refers to the period after students
acquire some knowledge and then carry out related exercises
at school. High cognitive process refers to a period when stu-
dents acquire some knowledge and apply it to solve daily life
problems. According to this model, some students are differ-
ently distributed into different levels, i.e., Remember, Under-
stand, and Apply. The distribution changes as learning
develops, such as before school (i.e., pre-instruction), after
school (post-instruction), and when new knowledge is
applied to solve daily life problems (i.e., high cognitive pro-
cess period). The model defines the higher number of stu-
dents to be those with a low level of cognition before
instruction (i.e., pre-instruction). That is, most students have
prior knowledge that some remember, and some do not,
while only a small number of students can understand spe-
cific information. After students are taught something and
then carry out related exercises (i.e., post-instruction), their

Fig. 1. Distribution of students who reached a certain level of cognition
during different learning periods: pre-instruction (yellow curve), post-
instruction (blue curve), and high cognitive process (green curve) [21].
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cognitive process develops and becomes more complex. That
is, after instruction,most students both remember knowledge
taught at school and understand it. However, only a few stu-
dents can apply learned knowledge in real-life situations. To
better explain thismodel, [21] provided two examples related
to EFL andmath learning. With respect to EFL learning, they
argued that upper grade elementary school students in Tai-
wan know English words, including their spelling and pro-
nunciation; however, few are able to apply these words in
real-life situations, such as in a conversation. Similarly, some
students understand math and geometry concepts and oper-
ations and can use them to solve test problems; however, few
can apply newly acquired knowledge to real-life situations.

According to thismodel, a chasm exists between the lowest
(e.g., Understand) and the highest (i.e., at least Apply) cogni-
tive levels. “Crossing the chasm” occurs when students’ cog-
nitive level is promoted from the lowest to the highest one. If
the chasm is crossed, then students not only understand the
knowledge but can apply it to daily life problems. It is very
important for educators to help students cross this chasm.
However, in traditional paper andpencil pedagogy, “crossing
the chasm” is unlikely [21]. Therefore, curriculum design
should be changed. First, the curriculum should not focus on
exams, but rather on the practical application of knowledge.
Second, students should also learn outside of school by apply-
ing new knowledge tomeaningful, real-life problems.

Since this study focuses on EFL learning, we have
attempted to match the cognitive levels of the revised taxon-
omy [1] with the cognitive processes of EFL learning. The
“Remember” level is the lowest level andmerelymeanswhat
has been learned can be remembered and identified. The
“Understand” level can be matched to “comprehension”
while “Apply” can be matched to “production” of spoken or
written language. In addition, we adopted Anderson and
Krathwohl’s taxonomy [1] for assessing students’ cognitive
levels.

After reviewing the related literature, we found that pre-
vious studies on mobile-assisted language learning have
neglected the cognitive processes that occur during learn-
ing. Particularly, little is known about how to cross the gap
between simple and complex cognitive levels. Although,
[21] proposed the Cognitive Diffusion Model along with
guidelines for the model, it has not been tested, and no
empirical evidence was provided.

4 RESEARCH QUESTIONS

We have attempted to address the limitations in the above-
mentioned studies. To this end, we designed learning activi-
ties that focus on knowledge acquisition and its application,
developed a mobile learning system to assist students’ EFL
learning, and tested the feasibility of our programs. Changes
in students’ cognitive levels during learning activities and
the distribution of students who reached a certain level
of cognition with respect to different learning periods were
also investigated. Finally, we evaluated students’ attitudes
toward the learning system and interest in using it in the
future. The following research questions were addressed in
this study: 1. Do students who participate in EFL learning
activities supported by amobile learning systemperform sig-
nificantly better than those who do these activities without
technological support? 2. Are there any changes in students’

cognitive processes with respect to different EFL learning
topics? 3. What is the distribution of students who reached a
certain level of cognition with respect to different EFL learn-
ing periods? 4. What are students’ perceptions and behav-
ioral intentions towards this mobile EFL learning system? 5.
What learning behaviors occur during use of a mobile learn-
ing system, andwhat is their importance for learning?

5 METHODS

A quasi-experimental design was applied in this study by
adopting a nonequivalent control group method. The effec-
tiveness of applying learning activities supported by amobile
learning system on students’ cognitive processes was tested
by comparing the pre-test and post-test outcomes of the con-
trol and experimental groups.

5.1 Participants and Experimental Procedure

A total of 57 junior high school students from northern
Taiwan participated in this study. One class with 26 stu-
dents served as the control group, and another class with 31
students served as the experimental group. Most students
in both groups were thirteen years old with four to six
years’ experience with using computers (Table 1) and one to
three years’ experience with using tablet PCs. All of the stu-
dents had had five years of EFL: three years in elementary
school and two years in junior high school. Their previous
EFL curriculum had emphasized communicative abilities in
elementary school and reading, writing, and communica-
tive abilities in junior high school.

The experimental procedure is presented in Fig. 2. We
gave a pre-test on the first day of the experiment, after
which both classes received the same number of hours of
English instruction: one-hour lessons three times a week for
seven weeks. After the lessons, students participated in
learning activities. Both groups had the same curriculum
and were given equal practice opportunities. Outside of
school, however, we cannot say how much time the two
groups spent on their work, as they had no time limits for
completing their tasks. The key difference between the two
groups is that the control group completed learning acti-
vities using a traditional approach while the experiment
group used a mobile learning system installed in tablet PCs.
Learning activities included three tasks to be completed
within two weeks. At the beginning of the experiment, each
experimental student received a tablet PC and was
instructed how to use it. The post-test, questionnaire, and
interview surveys took place during the last class.

5.2 EFL Learning Activities

Learning activities were designed based on a task-based
approach [29], [35]. This approach is student-centered and
emphasizes using language for meaningful tasks. Learning
activities were focused on 1) learning basic knowledge and
concepts and 2) their application to solve real-life problems.
Knowledge application was linked to situational and
authentic environments outside of school.

Students in Taiwan typically learn English through mem-
orization and paper-based exercises, not through “using”
the language, which is what this experiment aims for: giving
students a real opportunity to write and speak English.
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Before the experiment, students may not have known how to
apply what they have learned, but through the experiment,
we expect they will learn to use the language and even
extend their newly learned skills to other tasks.

Three topics from the textbook were chosen: 1) “Where
Are You From?” 2) “Your School Is Very Big,” and 3) “Be
Quiet and Sit Down, Please.” Three learning activities were
organized, one around each of the three learning tasks.

Task 1: VIP in your heart. In this task, each student is
asked to take a photo of a person who is very important in
his/her life, such as a teacher or close friend. Students then
were asked to introduce the person and tell why s/he
means a lot to them, using 6-10 sentences.

Task 2: What does s/he look like? Each student is provided
with a picture of a man and a woman whom they must
describe using adjectives from their textbook. What do your

Fig. 2. Experimental procedure of the study.

TABLE 1
Participants’ Profile

Category Control group (n ¼ 26) Experimental group (n ¼ 31)

Frequency Percentage Frequency Percentage

Gender
Male 15 57.69 17 54.84
F emale 11 42.31 14 45.16

Age (years)
12 9 34.62 12 38.71
13 17 65.38 17 54.84
14 0 0 2 6.45

Experience to use computer (vears)
1-3 1 3.85 4 12.90
4-6 18 69.23 20 64.52
7 and more 7 26.92 7 22.58

Experience to use tablet PC (years)
less than 1 6 23.08 10 32.26
1 to 3 16 61.54 18 58.06
more than 3 4 15.38 3 9.68
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parents and siblings look like? In this task students use 6-10
sentences to describe a photo of their parents and siblings.

Task 3: Where can you see the signs? Each student is given
four signs (e.g., “Don’t swim here”) and asked to explain
where s/he might encounter them. Find a place in the local
community to set your own rules. In this task, students take a
photo of a place, including any signs that are there. Then,
students are asked to create their own rules (at least five) for
that place.

Students learned new vocabulary and grammar related
to introducing someone (e.g., “year/s old. . .” or “where. . .
from?”) in Topic 1, describing a person (e.g., “young” or
“tall”) in Topic 2, and rules about what is or is not allowed
to do (e.g., “trash” or “take it with you”), in Topic 3.
The three tasks are aligned and integrated with three text-
book topics. In addition, the tasks match the students’
level of difficulty using overlapping vocabulary and sen-
tence patterns.

We define familiar authentic learning in the context of
this study as learning in a familiar authentic environment.
Authenticity emphasizes meaningful learning in contexts
that involve real-world problems, and a familiar environ-
ment involves relevant and predictable situations from
students’ background and previous experiences.

5.3 Mobile Learning System

A mobile learning system was developed using Apache,
PHP, and MYSQL, and installed on Asus Transformer
Pads. The client platform runs on Android and a Linux-
based open source operating system, and the server plat-
form runs on a Windows Server 2003. The system features
the following four main functions (Fig. 3): (1) textual anno-
tation – students can annotate important parts of learning
material on tablet PCs with text; textual annotation also
enables students to take pictures and add to their text

annotations; (2) recording – students can record their own
voices and listen to recorded audio afterwards; in addition,
students can record lectures made by the teacher; (3) dictio-
nary – students can get a list of words in alphabetical order
with their meanings and translations; (4) sharing – students
can share their own annotations and recorded audio with
peers. For example, Fig. 3 shows dialogue related to Topic
2, which students read. Students recorded their voices
while reading. Fig. 4 shows a screenshot of the third task
(i.e., the first part). Students created textual annotations
with their responses and recoded their oral responses as
well. When a student clicks on a textual annotation, a win-
dow pops up showing content of a textual annotation.

Related studies suggest that completing learning tasks
in a familiar authentic environment using technology is
more complex and imposes a high cognitive load on stu-
dents because (1) students need to simultaneously interact
with the real-world learning objects, learning content, and
technology, and (2) students have insufficient experience
with using technology [9], [22], [39]. We considered these
issues when designing our learning activities. First, stu-
dents practiced knowledge application in the classroom
before going to an authentic environment. Second, we
ensured beforehand that all the students knew what they
needed to do and how to do it during the learning activity;
the instructor provided scaffolding and guidance to stu-
dents when it was necessary. Finally, we taught students
to use a tablet PC. This preparation helped students to
have more meaningful learning in a familiar authentic con-
text with and without technology.

The control group completed the same activities using
textbooks. They took notes in their traditional notebooks
and shared their notes with others. They were also invited
to take pictures of objects and record their voices or the
instructor’s lectures.

Fig. 3. The system interface: 1) An annotation with audio content. 2) Annotation tool. 3) Functions of annotation tool (from left to right): a. text
annotation, b. voice recording, c. picture, d. delete, and e. exit. 4) Sharing function.
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5.4 Research Tools

Apre-test was conducted to evaluate the students’ prior cog-
nitive levels and a post-test was conducted to measure their
cognitive levels after the learning activities. The tests were
designed by an experienced junior high school teacher based
on the learning material covered in this study. Thirty items
were included in both tests. The test items and related exam-
ples from the pre-test and post-test are presented in Table 2.
The items for both tests were similar in structure but differ-
ent in content. In addition, the items were of the same diffi-
culty level. For example, students are asked to match
“young” in the pre-test and “old” in the post-test with the
correct Chinese meaning, or students were required to write
down the Chinese meaning of “short” in the pre-test and
“heavy” in the post-test. This study adopted Anderson and
Krathwohl’s taxonomy [1] for assessing students’ cognitive

levels, focusing on the first three levels, i.e., “Remember,”
“Understand,” and “Apply.” The “Remember” and
“Understand” levels were divided into two sublevels based
on item difficulty level in order to measure cognitive pro-
cesses with better precision. Items 1-8 measured the
“Remember1” level, and 9-14 measured the “Remember2”
level. Students were asked to match English words with
their correct meanings in Chinese in items 1-8 and to write
down the Chinese meanings of English words in items 9-14.
Therefore, the items for the “Remember1” level were easier
than those for “Remember2.” The same was true for the
Understand level: items 15-24 measuring the “Understand1”
level were easier than items 25-29 measuring the
“Understand2” level. A correct answer to an item from 1 to
29 was scored as “1.” The “Apply” level was measured by
the last item (item 30). This itemwas an open ended question

Fig. 4. A screenshot of the third task: 1) A textual annotation. 2) An annotation with audio content. 3) Content of an textual annotation.

TABLE 2
Test Items
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with answers coded using a sentence as a coding unit and
scored on a 29-point scale (with 29 as the highest score). The
cognitive levels of the responses were also measured. For
this, we collected students’ completed tasks and then coded
and scored them in the same way as their answers to item 30
of the test.

A questionnaire survey was conducted to evaluate
students’ perceptions and behavioral intentions towards the
mobile learning system. The questionnaire survey was
developed following general recommendations from
related studies [19] and had four dimensions: Perceived ease
of the system use (six items) - the degree to which a student
believes that using the system would be free of physical and
mental effort; Perceived usefulness of the system during learning
(six items) - the degree to which a student believes that
using the system for learning will enhance his or her learn-
ing performance; Perceived satisfaction (six items) – the
degree to which a student is satisfied with the system for
learning purpose; Behavioral intention of using the system
(three items) – a major determinant of whether or not a stu-
dent will continue to use the system.

One-on-one semi-structured interviews were conducted
with ten students randomly selected from the experimental
group. We aimed to explore participants’ learning experien-
ces with the system and gain insights into their perceptions
toward its usefulness for learning. Each interview lasted for
20 minutes. Interviewees were asked the following open-
ended questions: 1) “Please describe your learning experi-
ence with the system”; 2) “Was the system useful for learn-
ing? If yes, please explain why.”

5.5 Data Analysis

Students’ answers to the tests were scored by three raters.
Notable differences in the assessment were resolved
through raters’ discussions until a consensus was achieved.
The inter-rater reliability of the tests was evaluated by using
Intra-class correlation coefficient (ICC). The average mea-
sured ICC was more than 0.900, indicating high reliability.

31 valid answer sheets to the questionnaire were obtained
out of 31 experimental students. The students responded to
the items using a five-point Likert scale, anchored by the
end-points “strongly disagree” (1) and “strongly agree” (5).
Cronbach’s a values exceeded 0.80 in all dimensions, indicat-
ing the reliability of the questionnaire items.

With the students’ permission, all interviews were audio-
recorded and then fully transcribed for analysis. Three raters
were involved in the interview data analysis. First, the raters
examined the most distinctive responses and resolved big
differences in the responses through discussion and by
consensus. After that, the raters were engaged in the formal
coding process. Raters coded the transcribed texts and cate-
gorized codes to produce a framework for reporting the
research findings. The inter-rater reliability of interview

data was evaluated using ICC; the average measured ICC
was more than 0.900, indicating high reliability.

Using the pre-test as a covariate, we employed an analy-
sis of covariance to test differences in cognitive processes
between the control and experimental students on the post-
test. We used one-way repeated measures ANOVA with
a Greenhouse-Geisser correction to investigate the progress
of the experimental students’ cognitive processes on the
three tasks.

6 RESULTS AND DISCUSSION

6.1 Learning Behaviors to Use the System

Table 3 presents an overview of how many times the stu-
dents used the system functions. According to the table,
the students used the text annotation function the most.
The recording function ranked second, the dictionary
ranked third, and the photo function ranked fourth. The
system was not designed to record “review peers’ text
annotations” or “listen to peers’ recorded audio” data, so
this data was unavailable for our analysis. This limitation
will be addressed in a future study. We used learning
behavior data in a stepwise multiple regression analysis to
predict the post-test scores. This approach provides objec-
tive evidence of the system’s most educationally beneficial
functions. In step one, text annotation was entered into the
regression equation, and we found it to be significantly
related to the post-test scores, F (1, 29) ¼ 7.926, p < 0.05. The
multiple correlation coefficient was 0.463, indicating that
approximately 21.5 percent of the variance in the post-test
scores could be accounted for by text annotation. Other vari-
ables were not entered into the equation at step 2. We ran a
hierarchical multiple regression analysis to determine the
incremental predictive value of text annotation. In this anal-
ysis, students’ prior knowledge was added in a first step,
and the system usage variables were added in a second.
A hierarchical multiple regression analysis demonstrated
similar results. That is, text annotation statistically and sig-
nificantly predicted post-test scores perhaps because stu-
dents put more effort into creating text annotations and
because these annotations were easier to modify than other
media. For example, the first step in the students’ task was
to write descriptions of objects. Students had to think thor-
oughly of how to describe the objects when drafting their
ideas and then had to revise and improve drafts when they
had a new idea or inspiration. When the text annotations
were complete, students recorded their voice descriptions.

6.2 The Effectiveness of the Learning Activities
on Cognitive Process

Themean and standard deviation pretest and post-test values
are presented in Table 4. According to the results, the diffe-
rences between the control and experimental groups on the

TABLE 3
Learning Behaviors to Use the System

Text
annotation

Voice
recording

Photo Dictionary Listen to
recorded
lectures

Recorded
lectures

Review peers’
text annotations

Listen to peers’
recorded audios

874 283 198 217 55 69 N/A N/A
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post-test items were related to low cognitive levels, such as
where “Remember 1,” “Remember 2,” and “Understand 1,”
were not significant. That is, regardless of which learning
methodwas employed (traditional vs technological), students
scored the same on these test items. However, the experimen-
tal group (M ¼ 6.55, SD ¼ 2.50) outperformed the control
group ðM ¼ 3:50; SD ¼ 2:67Þ on the post-test items related to
“Understand 2,” Fð1; 54Þ ¼ 39:997; p < 0:05, partial eta-
squared¼ 0.426. Finally, a significant difference was revealed
between the control (M ¼ 8:28; SD ¼ 5:27) and experimental
(M ¼ 12:47; SD ¼ 8:84) groups on the post-test item related to
“Apply”, Fð1; 54Þ ¼ 8:484; p < 0:05, partial eta-squared ¼
0.128. “Understand 2” and “Apply” relate to the learning
activities in which students learned new vocabulary, adjec-
tives, prepositions and grammar. The students’ responses
demonstrated that they understood new information and
were able to apply it to solve a problem through EFL produc-
tion. According to the results, the experimental students did
better than the control students, suggesting that the learning
activities supported by the systempromoted the experimental
students’ cognitive processes. That is, the experimental stu-
dents understood sentence structure and how to change state-
ments into questions or negative forms better than the control
students. The experimental group students also seemed to be
better at applying new knowledge to solve daily life prob-
lems. These results are perhaps due to the fact that the experi-
mental students had more practice with these types of
problems during the learning activities. In terms of EFL learn-
ing theories, our results suggest that the experimental stu-
dents had better EFL comprehension and production than the
control students.

Ample support for our findings was obtained from the
interviews. The students mentioned that the learning activi-
ties could be completed more efficiently using the system.
Furthermore, according to the students, their EFL compre-
hension and production was enhanced due to the functions
of the technology, i.e., textual annotation, recording, dictio-
nary, and sharing. Using textual annotation and recording
functions, students took pictures of objects, described them
in textual annotations and then recorded their own voices.
They preferred to review textual descriptions and to listen to
their own recordings afterwards. One reason for this was to
monitor their own performance; if created content was not
satisfactory (e.g., mispronouncing words, incorrect gram-
mar, etc.), the students were able to make improvements.

According to the students, this led to more frequent lan-
guage practice as well as to better quality of language out-
put. In addition, the students admitted that the way they
learned with the technology made them feel more comfort-
able about communicating in English and less anxious about
making mistakes. The recording function was also useful to
record lectures. If the students forgot something or wanted
to check the teacher’s pronunciation, they could replay the
recorded lecture. This was particularly useful outside the
classroom when they could not consult their teacher and ask
questions. Using the sharing function, students shared cre-
ated content with peers. This function enables students to
learn from their peers or to get inspirational ideas to com-
plete or improve their own assignments. The students also
commented on each other’s content and used suggestions
from their peers to revise their work. Students thought
highly of the sharing function. The dictionary helped the stu-
dents translate unfamiliar vocabularywhen theywere work-
ing on tasks outside of school, introduced them to multiple
meanings of words, and showed how they can be used in
different contexts.

Our findings about the benefits of these learning activi-
ties and multimedia support match those reported in other
related studies [8], [11], [15], [17], [28], [30]. However, in
contrast to earlier studies, this research focuses on how the
gap between low and high cognitive levels can be crossed.
Our findings are also consistent with related cognitive theo-
ries of EFL learning. For example, in line with the output
hypothesis [12], [41], [42], students who tried out the target
language by producing output became aware of knowledge
gaps and turned to a dictionary/asked peers, received feed-
back and re-produced output. Students’ relative feeling of
comfort when communicating in English using our system
is in line with the affective filter theory [12], [31], [41].

Fig. 5 shows the distribution of students who reached dif-
ferent cognitive levels based on the pre-test and post-test
scores. According to the figure, the number of students who
reached each cognitive level was lower on the pre-test than
the post-test (except for the control group on Understand
2_2 level). This finding suggests that learning took place,
students acquired new knowledge, and they were able
to answer more test items. In the case of the post-test, all or
most control and experimental students reached the
“Remember 1,” “Remember 2_1,” “Understand 1_1,”
“Understand 1_2,” “Understand 2_1,” and “Apply 1” levels.

TABLE 4
Results of the Pre-Test and Post-Test and Analysis of Covariance

Cognitive level (the tests items) Groups The pretest The posttest F Sig. Partial eta squared

M SD M SD

Remember 1 (items 1-8) Control 7.96 0.20 8.00 0.00 N/A N/A N/A
Experimental 7.74 1.12 8.00 0.00

Remember 2 (items 9-14) Control 3.19 1.96 3.64 2.14 0.433 0.514 0.008
Experimental 5.65 0.56 5.58 1.06

Understand 1 (items 15-24) Control 6.00 2.10 6.10 2.28 0.849 0.361 0.015
Experimental 8.15 1.40 8.55 1.71

Understand 2 (items 25-29) Control 6.08 2.48 3.50 2.67 39.997 0.000 0.426
Experimental 5.97 3.23 6.55 2.50

Apply (item 30) Control 6.86 4.80 8.28 5.27 8.484 0.005 0.128
Experimental 7.62 6.93 12.47 8.84
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Such a high number of students who reached these levels
can be attributed to their learning. A quarter of the control
(26.92 percent) and three-quarters of the experimental (74.19
percent) students reached Understand 2_2 level. In addition,
34.62 percent of the control students and 54.84 percent of the
experimental students reached the Apply 2 level. Only 3.85
percent of the control and 22.58 percent of the experimental
students reached the Apply 3 level. These results suggest
that our approach facilitates students’ cognitive processes.
According to the figure, more of the experimental students
reached “Apply2” and “Apply3” levels.

6.3 The Progress of Cognitive Processes During
the Learning Activities

Fig. 6 shows the average scores of the experimental students
on the three tasks. According to the figure, the students made
progress on each topic: Topic 1 (M ¼ 15:36; SD ¼ 5:37), Topic
2 (M ¼ 18:09; SD ¼ 4:64), and Topic 3 (M ¼ 24:27; SD ¼ 1:79).
The statistical results reveal a significant difference in the
scores for the three tasks ðFð1:593; 15:928Þ ¼ 11:511; p <
0:05Þ. Post hoc tests using the Bonferroni correction system
reveal that the students’ scores increased slightly from Topic
1 (M ¼ 15:36; SD ¼ 5:37) to Topic 2 (M ¼ 18:09; SD ¼ 4:64),
which is not statistically significant (p > 0:05). Perhaps
it took time for the students to become familiar with the
learning activities and technology, and this is why there

was not significant progress from Topic 1 to Topic 2. How-
ever, the scores for Topic 3 increased (M ¼ 24:27; SD ¼ 1:79)
and were higher than the scores for Topic 1 (p ¼ 0.003) and
Topic 2 (p¼ 0.004). Therefore, we conclude that applying the
learning activities supported by the system enhanced the
students’ cognitive processes only from Topic 2 to Topic 3.
Shadiev and Huang [38] suggested that educators and
researchers design technology-based instruction in a way that
guides and encourages students to use the technology regu-
larly. Such an approach enables them to identify the strengths
and limitations of the technology and then to fully utilize it
for learning. In this study, students initially familiarized
themselves with the learning system and tablet PCs, found
their strengths and limitations, and then fully utilized them
for learning. As a result, their progress significantly improved
fromTopic 2 to Topic 3.

6.4 The Distribution of Students Who Reached
a Specific Level of Cognition with Respect
to Different Learning Periods

Fig. 7 shows the number of students who reached the high-
est level of cognitive development on the pre-test and post-
test. In order to reveal the distribution more precisely, its x-
axis is labeled with six interval units with respect to differ-
ent score ranges: (1) Scores: 1-4; (2) Scores: 5-9; (3) Scores:
10-14; (4) Scores: 15-19; (5) Scores: 20-24; and (6) Scores: 25-
29. According to the figure, the distribution is different with
respect to different learning periods (i.e., pre-instruction,

Fig. 5. Distribution of the control and experimental students who reached a certain level of cognition based on the pre-test and post-test results.1

Fig. 6. The improvement progress of the experimental students’ cogni-
tive process.

1. “Remember 1” is the distribution of scores to items 1-8 of the
tests. “Remember 2” is the distribution of scores to items 9-14.
“Remember 2” is divided into “Remember 2-1” and “Remember 2-2”
because student may have different degree to remember knowledge. If
students remember three out of six items, students’ cognitive level
relates to “Remember 2-1.” If students remember more than three
items, students’ cognitive level relates to “Remember 2-2.”
“Understand 1” and “Understand 2” are the distributions of scores to
items 15-24 and 25-29, respectively. “Understand 1” and “Understand
2,” each was divided into “Understand 1-1” and “Understand 1-2,” and
“Understand 2-1” and “Understand 2-2” following the same principle
as described for “Remember 2.” “Apply” is the distribution of scores to
item 30. This study assumes that students may demonstrate different
degree in cognitive process to apply knowledge, i.e. to describe the
teacher; therefore, “Apply” is divided into “Apply 1,” “Apply 2” and
“Apply 3”.
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post-instruction with traditional approach and after instruc-
tion with the technological approach). The distribution of
students who reach the highest levels of cognition was low
during the pre-instruction period but increased after
instruction with both approaches although it was lower
after instruction with the traditional approach. This finding
may suggest that the learning activities supported by the
system are beneficial for cognitive processes, making the
level of cognition higher after instruction in a learning envi-
ronment supported by technology. According to the Cogni-
tive Diffusion Model [21], students’ cognitive development
is differently distributed into six levels, and the distribution
of students who reach high levels of cognition increases due
to different learning periods (i.e., pre-instruction, post-
instruction, and crossing the chasm). The model defines
students’ cognitive processes at the lowest level of cognition
before instruction, on a higher level after instruction, and
even higher fallowing instruction supported by technology.

This studywas an attempt to test the feasibility of the Cog-
nitive Diffusion Model with regard to promoting student
learning. The students were encouraged to use English in
their everyday lives (e.g., visiting a convenient store to learn
and practice English). The results showed that the experi-
mental students’ cognitive processes improved due to learn-
ing activities supported by the system, revealing a trend in
cognitive development (Fig. 7), i.e., the left-right, up-down
change from pre to post-instruction for the experimental stu-
dents. However, we still need to carry out more experiments
that last longer (e.g., one academic year or even longer), more
well-rounded activity designs (e.g., introduce some learning
strategies and scaffolding to learn with technological sup-
port), bigger sample size, and so on. Based on the experimen-
tal results and evidence, wemodified the Cognitive Diffusion
Model (see Fig. 7) in an attempt to make it better-rounded.
That is, we suggest that the model starts at the top-left side of
the diagram andmoves left-right, top-down.

6.5 Students’ Perceptions Toward the System

Results of the questionnaire analysis show that most items
were ranked high: perceived ease of the system use
(M ¼ 4:03; SD ¼ 0:85), perceived usefulness of the system

during learning (M¼ 3.83, SD¼ 0.80), perceived satisfaction
(M ¼ 3:95; SD ¼ 0:84), and behavioral intention of using the
system (M ¼ 3:82; SD ¼ 0:74). These responses demonstrate
that, in general, students find the system to be useful and
easy to use for learning, and they are highly motivated to
use it for learning in the future. During interviews, students
mentioned that the multimedia tools were easy to use and
did not require a lot of effort. Students also admitted that
the tablet PC multimedia tools made their learning interest-
ing and fun. Caldwell [5], [8], and [25] suggested that the
utilization of multimedia aids, such as texts, picture, and
audio can engage students in language learning, stimulate
their imagination, and decrease anxiety while giving mean-
ingful output. During interviews, most students agreed that
creating and using multimedia content made language
learning more interactive and engaging and also made
learning information richer [28].

Both the students and the teacher claimed that the sys-
tem was useful for learning. Interestingly, the teacher men-
tioned that the system was useful for monitoring students’
learning progress. The teacher could find out who did not
complete tasks and provide them with technical or peda-
gogical assistance. The students were also aware of being
monitored and may have felt a greater degree of motiva-
tion to try to complete all of the assigned tasks. This find-
ing is in line with other related studies. For example, [43]
suggested that monitoring is useful to ensure the account-
ability of students. Monitoring also enables the instructor
to keep track of students’ learning processes easily and
without too much delay and to provide guidance to stu-
dents when necessary.

Fig. 7. Distribution of the control and experimental students who reached Apply level based on the pre-test and post-test results (in percentage).2

2. According to the pre-test and post-test results, all students
reached “Apply” level of cognition. Therefore, this figure shows the
distribution of students who reached Apply level of cognition. How-
ever, cognitive process degree related to “Apply” level varies among
students. For example, one student described his homeroom teacher
poorly using one or two sentences only in the test whereas the other
one did that very well using more than 10 sentences. Thus, in order to
demonstrate the distribution in more details, the figure demonstrates
students’ cognitive process in “Apply” level on a twenty-nine point
scale from 1 (the lowest) to 29 (the highest) with six scales, i.e. 1_4
(from 1 to 4), 5_9 (from 5 to 9) and so on.
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7 CONCLUSIONS

This study has several key findings. First, the experimental
students significantly outperformed control students on the
items related to “Understand 2” and “Apply” levels. Sec-
ond, the experimental students made evident progress in
cognitive processes after Topic 2. Third, the Cognitive Diffu-
sion Model was tested and modified based on the experi-
mental results and evidence. Most students positively
perceived our learning system and are highly motivated to
use it for learning in the future. Finally, we learned that cre-
ating text annotations is the most important learning behav-
ior since it predicts learning achievement.

Based on these results, we can make several recommen-
dations for the teaching and research community. First, we
suggest that designing and implementing appropriate
learning activities supported by technology can help stu-
dents to cross the gap between understanding new informa-
tion and applying it in new context. In particular, we would
like to emphasize the importance of creating and sharing
multimedia learning content during learning activities to
enhance cognitive development during EFL learning. Sec-
ond, we suggest that it is feasible to extend this proposed
approach by applying it to other domains, such as natural
science. That is, through this approach, students may
acquire conceptual knowledge in class and then apply it
outside of school in an authentic learning environment with
a familiar context. Third, we suggest extending learning
from the individual level to the collaborative level. It is not
easy for students to apply new knowledge to solve real-life
problems because most of them have no such skills or expe-
rience. Therefore, the instructor may form a small group of
students with no prior knowledge or skills and assign a stu-
dent-expert to a group who can demonstrate to other stu-
dents how to use mobile technology and then guide them in
applying new knowledge to solve real-life problems. The
instructor could also design collaborative tasks that require
students to complete them through cooperation. In this
way, students’ cognitive development can be promoted
effectively. We further suggest that EFL educators give
students sufficient time to get better acquainted with the
technology being provided and encourage them to use it
regularly. In this way, students will be able to identify
the strengths and limitations of the technology and fully uti-
lize it for learning. We suggest that the educators should
encourage student participation, teach them useful strate-
gies related to how to learn in a technologically supported
environment, and also should scaffold and guide students’
language learning so that their actions and progress can be
recorded for further teaching designs. Finally, we suggest
that students be encouraged to use textual annotations for
learning more frequently since this type of annotation is
important for learning.

There are some limitations to this study. First, due to a
relatively small sample size, the findings cannot be broadly
generalized. Second, such short-term exposure to the tech-
nology may have little relevance to findings in other
research with long-term exposure. Furthermore, we could
not control for time during which learning occurred since
the students completed tasks after school in different places
near their homes. In addition, we did not interview the

students in the control situation to understand their learn-
ing experience without technology and to determine what
parts of the traditional learning experience were useful. A
future study will address these issues. Future studies might
also investigate higher levels of cognition, e.g., “Analyze,”
by introducing other learning strategies and scaffolding
mechanisms into learning activities.
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