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ABSTRACT

The purpose of this study is to develop and evaluate the effects of multimodal presentation system (MPS), a
multimodal presentation software integrated with interactive whiteboard (IWB), on student learning in the
elementary English as second language (ESL) course. It focuses primarily on techniques and tools to enhance
the students’ ESL learning achievement and learning satisfaction in the classroom setting. This paper utilizes the
MPS, based on Mayer’s cognitive theory of multimedia learning (CTML), to present the multimedia
instructional materials in auditory and visual modalities. This learner-centered instruction was compared with a
traditional teacher-centered English teaching using blackboard. An experimental research design was employed
and 134 fifth-graders were involved in this study. Evaluation of the instruction was based upon data from test
scores and questionnaire related to students’ learning satisfaction. In addition, semi-structured individual
interviews were conducted with randomly selected participants from experimental group to express their
perspectives on the merit of using the MPS. The results revealed that there were statistically significant
differences between the students in experimental group and control group on measures of learning effectiveness.
More details of the results and implications are also discussed in the study.
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INTRODUCTION

The purpose of this study is twofold. First, this study develops a multimodal presentation system (MPS), a
multimodal presentation software integrated with interactive whiteboard (IWB), to support the classroom
learning in the elementary English as second language (ESL) course. Second, this study evaluates the effects of
MPS on student learning achievement and learning satisfaction in the classroom setting.

English is regarded as a second language in Taiwan. Teachers usually present text-centered materials with little
pictures on blackboards and the students read directly following the teachers. This blackboard teaching provides
an inflexible presentation of teaching materials in the way of colors, styles, as well as multimedia formats. The
language learning process is a complicated, intelligible and meaningful activity. Krashen (1982) claimed that
second language acquisition was an implicit process. Regardless of learning context, all learners must ultimately
create an implicit linguistic system in order to be successful language learners and users (Ellis, 1994; Krashen,
1982; VanPatten, 2003). Students are unable to effectively internalize language as parts of the cognitive system
via mechanical exercises and repetitive operations (Lightbown, 2003). According to Mayer’s (2001) cognitive
theory of multimedia learning (CTML), learning from distinct channels leads to a general improvement in
learning. Also, the modality principle of multimedia learning (Mayer, 2001) suggests that students learn better
when words in a multimedia message are presented as spoken text rather than printed text. Since the last 20
years, e-learning has become a modern teaching method in using information technology within the classrooms.
The e-learning includes all forms of electronically supported learning and teaching, by taking advantage of
computer technologies and software, to enrich and improve the teaching and learning quality (Hussein, 2011).
Recently, information technology has enabled an explosion in the availability of visual ways of presenting
materials. Large amount of multimedia English learning materials and computer assisted language learning
software have been developed to enhance the learning performance of English pronunciation, spelling, phonics,
and word attack skills (Beatty, 2010; Lee et al., 2005; Towndrow, 2007). Therefore, many English teachers
have started to make use of technological tools to present teaching materials in multimedia formats.

Recently, interactive whiteboard (IWB) has been used to replace the traditional blackboard in the classroom. It
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provides medium to display teaching materials including files, educational software, web sites, and others for
providing powerful multimedia/multimodal presentation (Ekhami, 2002; Isman et al., 2012; Jang, 2010; Smith
et al., 2005; Tirel & Johnson, 2012). In educational research discourse the term ‘interactive’ concerns with
pedagogy and new technologies in education. Beauchamp & Kennewell (2010) claimed that interactive teaching
towards a more student-centered approach will be valuable and there is potential for technology to support more
dialogic and synergistic approaches in group and individual activity. Glover et al. (2005) demonstrated that there
is a progression at all levels in learning for using the IWB and associated software. Smith et al. (2005) reviewed
the literature and claimed that the literature preponderantly endorse the positive impact and potential of IWB,
based on the views of teachers and students. Accordingly, using IWB brings the change of linking technology
and pedagogy in the classroom (Beauchamp & Kennewell 2010; Glover et al., 2005; Smith et al., 2005).

Many studies related to the use of IWB in educational settings have shown that IWB technology can promote
teacher-student interaction and student participation in classroom (Higgins et al., 2007; Kennewell et al., 2008;
Schmid, 2008, 2010; Smith et al., 2005). For example, Smith et al. (2005) claimed that the pedagogical potential
of IWB technology is to provide higher level of interactivity and participation over traditional blackboard. Also,
some research on IWB prove the positive improvement of learning achievement (Digregorio & Sobel-Lojeski,
2009; Jang, 2010; Lewin et al., 2008; Slay et al., 2008; Thompson & Flecknoe, 2003). Although the
aforementioned positive effect of IWB, there are some controversial point of view about IWB use. For example,
Coyle et al. (2010) analyzed the influence of IWB technology on the language use of a primary school and
revealed that the failure to promote verbal interaction for the group of non-native speaker (NNS) in an English
language immersion classroom. In addition, in the claim of interaction improvement, many teachers tend to
dominate the IWB lesson without inviting the students to interact with the board themselves (Levy, 2002).

Storytelling by adults is considered as a critical step that can facilitate comprehension and increase interest in
teaching (Smith, 1988). Especially for language learning, storytelling is a practical and powerful teaching tool
(Tsou et al., 2006). Chien and Huang (2000) claimed that predictable storybooks are effective in building ESL
kindergarteners’ oral and literacy development. Recently, storytelling as a way of teaching children English has
been flourishing in Taiwan (Lee, 2012). In addition, researchers have demonstrated successful usages of
computer assisted English learning in significantly facilitating teacher’s storytelling and children’s learning in
ESL classrooms (Lee, 2012; Tsou et al., 2006). However, to the best of our knowledge, research of exploring
the effectiveness of IWB in English vocabulary learning through storytelling teaching method is rare, and
therefore this has become an important issue of research.

As a result, this study develops a multimodal presentation system (MPS) to present multimedia instructional
materials and manage interactive learning activities in the classroom. More specifically, the MPS is used to
support the verbal instruction materials (e.g., printed words, spoken words) and the corresponding visual
instruction materials (e.g., illustrations, photos, video, and animation) in the interactive instructional activity. In
addition, learning achievement and satisfaction are the major objectives of learning activities (Long, 1985; Lu et
al., 2003), this study thus to explore the learning achievement and satisfaction of English learning activity by
use of the MPS.

The remainder of this paper is organized as follows. Section 2 reviews pertinent literature on the research of
Mayer’s cognitive theory of multimedia learning (CTML) and learning effectiveness. Section 3 then describes
the architecture of the multimodal presentation system (MPS) and section 4 presents the experimental design
and process. Section 5 presents the experimental results, as well as discussion on the findings. Finally, Section 6
addresses conclusions, limitations and directions for future research.

LITERATURE REVIEW

Mayer’s cognitive theory of multimedia learning (CTML)

Multimedia is defined as the presentation of materials using both words and pictures and thus focused on the
auditory/verbal channel and visual/pictorial channel (Mayer, 2001, 2003, 2005). Mayer (2001, 2003, 2005)
presents a theory of multimedia learning in terms of an information-processing model, called cognitive theory of
multimedia learning (CTML), by integrating Sweller’s cognitive load theory (Chandler & Sweller, 1991,
Sweller, 1988), Paivio’s dual-coding theory (Clark & Paivio, 1991; Paivio, 1986), and Baddeley’s working
memory model (Baddeley, 1986, 1993, 1999).

The CTML provides empirical guidelines to promote instructional design to achieve meaningful learning
(Mayer, 2001). Based on three main assumptions (dual channel, limited capacity, and active processing), seven
principles (multimedia principle, spatial contiguity principle, temporal contiguity principle, coherence principle,
modality principle, redundancy principle, and individual differences principle) are proposed in this theory. The
modality principle suggests that as textual information, presented in an auditory mode, with concurrent visuals
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are displayed, students have greater knowledge acquisition (Ginns, 2005; Mayer, 2009). The visual information
processing channel may become overloaded when students must process on-screen graphics and on-screen text
at the same time. Van Someren et al. (1998) suggested that the educational representations should be developed
to utilize this multimodality approach to allow learners to learn by exploring and linking different modalities.
Also, some literatures show supporting evidence that presenting information in auditory mode with concurrent
visual mode leads to deeper understanding (Mayer, 2003; Mayer & Sims, 1994; Paivio et al., 1998).

Learning effectiveness

In general, learning effectiveness can be measured using two variables: academic achievement (e.g., semester
grade, test score) (Alavi et al., 1995; Shih et al., 2012) and learning satisfaction (Knowles, 1970; Maki et al.,
2000; Piccoli et al., 2001). Correspondingly, the study of Huang et al. (2012) took academic achievement and
learning satisfaction as two criteria for measuring student’s learning effectiveness. Learning satisfaction can be
regarded as the learners’ feeling (Long, 1985; Tough, 1982), the learners’ attitude (Long, 1985), or the learners’
sense of pleasure (Johnson et al., 2000) toward their learning activities. Piccoli et al. (2001) and Maki et al.
(2000) believed that learning satisfaction expresses learners’ satisfaction derived from the learning process and
learning results. Hence, learning satisfaction is a very suitable criterion for assessing learners’ satisfaction with
classroom learning. In summary, we can obtain better understanding of a student’s learning effectiveness
according to both academic achievement and learning satisfaction. As a result, academic achievement and
learning satisfaction are considered as two important criteria for measuring student’s learning effectiveness in
this study.

THE ARCHITECTURE OF THE MULTIMODAL PRESENTATION SYSTEM (MPS)

In multimodal learning environments, students are presented content knowledge with a verbal representation
and one or more corresponding visual representations. According to the modality principle of instructional
design, learning outcomes will be optimized by presenting the verbal and visual representations of the
knowledge in auditory and visual modalities (Moreno & Mayer, 2007). An interactive multimodal learning
environment is the one in which the presented words and pictures depend on the learner’s actions and the
communication is multidirectional during learning. Figure 1 shows the architecture of the multimodal
presentation system (MPS). The MPS in the environment consists of four primary components, which are Office
Card Component, Media Card Component, Annotation Card Component, and Manager Card Component. This
multimodal presentation software was designed to bring students to the interactive whiteboard, more directly
involving them in the lesson.
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Figure 1: The architecture of the multimodal presentation system (MPS)

Office Card Component is used to manage software applications simultaneously, especially for Microsoft Word,
Excel, and PowerPoint software. Normally, for multiple PowerPoint presentations there is only one PowerPoint
application can be activated at the same time. By using the functions provided by Microsoft OLE and COM
Automations, Office Card Component is able to support the control of document, such as page up, page down,
page jump, and change the view of document, etc.
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Media Card Component is used to manage media object containers. For example, Digital Video is used to
connect video devices and audio devices to display and record as a real-time streaming. Media Player Control
provides scroll bar with play, stop, pause, etc. Browser Control and Image Control provides users with
connecting Internet and image objects, respectively.

Annotation Card Component supports three major functions. Capturing is used to record screen operations and
sounds into video movie files. Handwriting is used to support teacher’s lecturing handwriting with notebook
without electromagnetic digitizer. Focusing is used to emphasize the teaching materials by changing the
background or frame color of the object containers.

Manager Card Component is used to manage authoring and presenting containers of materials. It includes five
major control functions. Card Control is used to create, add, copy, rename, and delete the object containers.
Location Control is used to move, switch, and arrange the location of object container. Resize Control is used to
change the size of object container. Call Control can create the relation between related materials such as the
major container and the child containers. It can record the numbers of object containers, show the previous
pages of containers, and call the containers back to the primary monitor. Channel Control is used to present the
object container to different monitors. Teachers can present instructional content in one or more columns
scenario.

RESEARCH DESIGN

Procedures

One purpose of this study is to evaluate the elementary student learning achievement and satisfaction within
classroom English vocabulary acquisition by utilizing the multimodal presentation system (MPS). At the end of
the learning students took a post-test for measuring the learning achievement and questionnaires for measuring
the learning satisfaction. Owing to the fact that questionnaires and interviews are often used together in studies
investigating educational assessment (e.g., Brookhart & Durkin, 2003; Lai & Waltman, 2008), semi-structured
individual interviews were also conducted with randomly selected participants from the experimental group in
this study. In compliance with the assertion of Kendall (2008), the qualitative interview data are helpful in
gathering more in-depth insights on participant attitudes, thoughts, and actions. Procedures of the experiment are
shown in Figure 2 and the details are described as follows.

134 fifth-grade students
1

v L4
Experimental group Control group
(68 students) (66 students)
|r Three phases of learning ’ v :
| Teacher manages the Teacher manages the |
| Warm-up phase storytelling activity with storytelling activity with |
| MPS traditional blackboard |
2 v
' English 1 | 40 mi
| . English vocabulary nels .vocabu'a.ry - minutes
Implementation phase learning with MPS learning with traditional twice a week
: blackboard I 2 months
I
I Students practice with Students practice with I
| Application phase MPS & traditional blackboard & | |
I Teacher makes suggestions| |Teacher makes suggestions| |
e e e e e e e e - - — - ——— ———— —— —— — — — ——— —— — —t
Post-test Post-test .
(vocabulary test) (vocabulary test) 40 minutes
Satisfaction assessment Satisfaction assessment 20 minutes
Semi-structured interview 60 minutes

Figure 2: The experimental procedures
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Participants

The participants were 134 pupils (72 boys and 62 girls) from six classes of two public elementary schools in
Taiwan. All subjects, ranging in age from 11 to 12, were fifth-grade students. The instructional approaches were
assigned randomly to six classes. The experimental group (68 students, 37 boys and 31 girls) was lectured with
MPS and the control group (66 students, 35 boys and 31 girls) was lectured with blackboard. A summary table
describing the distribution of participants is shown in Table 1. The experiment was held in the “English as a
second language” course and lasted for two months from mid-March 2011 to mid-May 2011. Lectures were
given twice a week, and each was taught for 40 minutes. Both groups were taught with the same learning
materials by the same teacher. Although this type of experimental design is not completely followed by a
randomized selection and assignment, it is often necessary in educational settings because intact classes are
already constructed before the research is begun.

Table 1: The distribution of participants

Groups Boy Girl Total

Experimental group 37 31 68

Control group 35 31 66
72 62 134

Three phases of learning

Step 1: The warm-up phase

Both groups were taught with the same story but provided with different tools for presenting the contents. In the
learning setting of experimental group, the teacher presented the story in video media form with Media Player to
guide the thinking of students about the learning vocabularies. Figure 3 shows the authoring mode, used by the
teacher for preparing the materials with multimodal presentations, of MPS. Figure 4 shows the scenario of video
playing with the MPS in the warm-up phase. In contrast, the teacher managed the storytelling and drew the
learning contents on the blackboard in the learning setting of control group.
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Figure 3: The authoring mode of the MPS
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Figure 4: The video playing with the MPS in the warm-up phase

Step 2: The implementation phase

Both groups were taught with the same English vocabularies but provided with different tools for presenting the
contents. In the learning setting of experimental group, the teacher presented the learning vocabularies and video
media materials with the MPS. Also, while the teacher instructed, the whole teaching process on the IWB was
recorded. This offered the students a chance to play back the recordings for refreshing their previous learning or
inducing reflective learning. Figure 5 shows the scenario of vocabulary teaching with the MPS in the
implementation phase.
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Figure 5: The vocabulary teaching with the MPS in the implementation phase

Step 3: The application phase

In the learning environment of experimental group, as shown in Figure 6, the learning contents including text,
videos and graphs were presented on the IWB. The MPS provided convenient ways for students to practice or
discuss through pictures or videos. For example, the students could use the MPS to review the unfamiliar
vocabularies, pictures, or videos that have been recorded. The teacher was required to make comments or
suggestions while students were practicing or implementing. For example, if the students were ever in doubt,
they could enquire the teacher about how the new knowledge is related to other course materials.
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Post-test

At the end of the three phases of learning the students took a post-study written test of the vocabularies taught.
The test score is used as the objective measurement of academic achievement, one of the criteria for measuring
student’s learning effectiveness in this study.

Satisfaction assessment

At the end of the post-test the students completed a self-questionnaire with regard to the learning satisfaction. A
questionnaire, as shown in Table 2, was employed to understand the students’ learning satisfaction. Particularly,
our assessment of learning satisfaction is based on the questions proposed by Hui et al. (2008), with additional
translations into Traditional Chinese to tailor the questionnaire to Taiwanese students in this study. Two
professors were asked to pretest the questionnaire in order to ensure its clarity. Their feedback was incorporated
into the final version. This questionnaire was composed of 6 items and each item was measured on a 7-point
Likert scale where 7 indicated a strong preference and 1 indicated a weak preference for student’s satisfaction.
Internal consistency reliability, as represented by Cronbach’s alpha, was 0.82, revealing an acceptable level of
reliability (Chin, 1998).

Semi-structured Interview

At the end of the satisfaction assessment semi-structured individual interviews were conducted with 11
randomly selected participants from the experimental group. Finally, the results of this interview have been
recorded in details.

RESULTS AND DISCUSSION

A t-test is used to test the null hypothesis that the population mean in each of the two groups is equal (Hair et al.,
2010). Given the need to measure the differences between the experimental group and the control group in this
study, regarding to the learning achievement and satisfaction, the independent samples t-tests were carried out.
In addition, semi-structured individual interview data of some randomly selected participants from the
experimental group were collected for building a better understanding of the students’ user experience.

Learning achievement

Table 2 shows the statistical results of the experimental group and the control group on measuring the post-test
scores concerning learning achievement. The mean of scores was 79.78 (SD = 11.13) for the experimental group,
higher than the 76.20 (SD = 8.61) for the control group. There is a significant difference between these two
groups, t(125.794) = 2.087, p < .05.

Table 2: t test result of the test scores

Groups N Mean SD df t p
Experimental group 68 79.78 11.13 .
ST Control group 66 76.20 8.61 125.794  2.087 039
*p<.05
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The empirical analysis results reveal that the students who used the multimodal presentation system (MPS), a
multimodal presentation software integrated with interactive whiteboard (IWB), obtained a better result on
average, implying that the system is able to lead students to significantly better learning achievement in English
vocabulary learning, and is therefore useful. Previous studies of IWB (Digregorio & Sobel-Lojeski, 2009; Jang,
2010; Lewin et al., 2008; Slay et al., 2008; Thompson & Flecknoe, 2003) proved the positive improvement in
developing the learners’ learning achievement. The study of Lopez (2010) also indicated that a digital learning
classroom project, using interactive whiteboard (IWB) technology, contributed to increase the English language
learners’ achievement, compared to those in traditional classrooms without IWB technology, in 3rd grade
mathematics and 5th grade mathematics and reading.

Student satisfaction

Table 3 shows the statistical results of the experimental group and the control group on measuring the 6 survey
items related to the learning satisfaction. The mean of overall satisfaction was 35.90 (SD = 4.91) for the
experimental group, higher than the 25.91 (SD = 3.91) for the control group. There is a significant difference
between these two groups, t(127.120) = 13.049, p < .001.

Table 3: Means (M), standard deviation (SD), and t value for learning satisfaction

Experimental Control of t b

Items M SD M SD

I like the idea of learning English in a
class like this; i.e. the one | have this  4.78 138 362 1.03 124113 5507***  .000
semester.

Learning English by taking a course like
this is a good idea.

Mgolse}?ir\%hg experience in this course is 507 111 242 091 132 15.063%%* 000

Overall, | am satisfied with the course. 5.03 0.85 421 0.95 132 5.254*** 000

Learmng English in a class like this is 510 112 391 108 132 6.281% 000
enjoyable.

As a wholg, the course is effective for 518 095 367 111 132 8.468%** 000
my learning.

Total 3590 491 2591 391 127.120 13.049***  .000

5.56 120 441 099 128.704 6.047***  .000

*p < .05, **p < .01, ***p < 001

Semi-structured Interview

As Kendall (2008) asserted, qualitative interview data could gather more in-depth insights on participant
attitudes, thoughts, and actions. Thus, we collected semi-structured interview data from experimental group to
attain a better understanding of the students’ user experience with the MPS. Many factors can influence a user's
experience with a system. To address the variety, factors influencing user experience can be classified into three
main categories: user’s state and previous experience, system properties, and the usage context (situation)
(Hassenzahl & Tractinsky, 2006; 1SO FDIS 9241-210, 2009). The opinions of students’ user experience are
classified into aforementioned three categories and described as follows.

1. User’s state and previous experience

® The MPS sometimes brings a little competition.

® By preparing and loading the resources required for a lesson in advance, we generate a kind of smoothness
in our organizational activity, maintain a momentum to the flow of the lesson and feel that we keep others
engaged more continuously than with traditional resources.

The use of the MPS engages me in my pace of learning.

Making processes happen more quickly than traditional blackboard. We can provisionally change the
contents and repeatedly respond to the input. (This is also classified into usage context)

N

. System properties

I can easily move from one thing to another and this keeps the pace going.

The IWB enables the range and the variety of materials for learning.

Teacher uses the ‘reveal’ tool to focus attention on component part before revealing its place in the whole
object or uses zoom/magnify to look closer at a seed to identify how it becomes attached to an animal for
dispersal.

We can select the appropriate words and pictures from a list.

Features of same object from different views or different items displayed can be compared.
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® The facility while using the MPS can combine visual, aural and textual display.
® While watching the video and providing annotations to the contexts, we do not need to switch page up and
down.

3. Usage context
® Making processes happen more quickly than traditional blackboard. We can provisionally change the
contents and repeatedly respond to the input.

Specifically, the students highlighted that the MPS was especially valuable for combining words and pictorial
representations of knowledge. The MPS can increase student engagement and help student control over the
materials and processes. It seems that the use of the MPS had a positive impact on the affective dimension of the
pedagogical process. According to the multimedia principle, students’ understanding can be enhanced by the
addition of non-verbal knowledge representations to verbal explanations (Fletcher & Tobias, 2005; Moreno &
Mayer, 2007). The quality and clarity of multimedia resources may offer enhanced visual materials for
presenting to a large audience, and the student is able to move between varieties of electronic resources, with
greater speed in comparison to non-electronic resources, with opportunities to record and retrieve data
represented. The learner-content interaction can increase students’ engagement and enhance their controls over
the materials and processes. Therefore, learner-content interaction improves the quality of multimodal learning
environment.

In summary, interaction is such a powerful ability in human learning for improving learning effectiveness.
Students do not passively accept knowledge that already exists but construct meaningful learning. The MPS in
this study provides good quality software to bring students to the IWB, more directly involving them in the
lesson. As Thompson and Flecknoe (2003) claimed that IWB worked best when used interactively, especially
when students interact with the board themselves. Students in our case pointed out that the MPS was helpful for
multimedia materials presentation and could provide a suitable and effective learning interactivity in the
classrooms. The results indicated that multimodality presentations can be utilized to support the instructional
activities for leading students to perceive complex ideas efficiently. Three interesting points are evident from
observing the experiment as follows:

First, the MPS increases interactivities. The analysis of students’ questionnaires and semi-structured individual
interviews showed that the IWB technology enhance students mostly associated with interactivity and active
participation (Schmid, 2008, 2010). For example, some students’ statements showed that “Operating materials
in front of classmates made me feel participating more in class”; “The IWB made me take a more active part in
the activity than PowerPoint presentation”; and “Not just listen to what teacher said, he is joining the class”. In
traditional classroom, children generally took a somewhat passive role as learners. They usually simply acquired
knowledge and skills, and were not engaging in their own thinking and learning. Blackboard writing was more
limited in affordances and PowerPoint presentation was much less flexible in interactions than IWB. IWB was
common for students coming to the board to write up ideas or drag an item into an appropriate position.
Students focused attention on salient features of the task and content—labeling, highlighting, color coding,
classifying—and for revisiting key points during reflective review at the end of the lesson. Second, the MPS was
used to support multimedia-integrated and interactive learning. It integrated and synchronized multimedia
content and provided interaction to students. For example, an image can be added to illustrate the meaning of an
unfamiliar word. The displays (texts, images, sound, and diagrams) are easy for students to see or interpret. The
opinions of some students from experimental group are described as above. Finally, instruction is
student-centered. This study highlighted the way in which the MPS could support new opportunities to engage
children in the process of learning. In an interactive multimodal learning environment, learning results depend
on the actions of the learner. The finding is not similar to the quick-fire question and answer work of
PowerPoint presentation. The IWB finding is also not similar to the research of Hall and Higgins (2005) that
most examples observed about the control of content were fully in the teachers’ hands.

CONCLUSIONS AND FUTURE RESEARCH

The purpose of this study was to develop a multimodal presentation system (MPS) to support the English
learning in the elementary English as second language (ESL) course to enhance the students’ learning
effectiveness in the classroom setting. The results show that there are statistically significant differences
between the students in experimental group and control group on measures of learning achievement and learning
satisfaction. Here the mean of test scores was 79.78 (SD = 11.13) for the experimental group, higher than the
76.20 (SD = 8.61) for the control group. In addition, the mean of overall satisfaction was 35.90 (SD = 4.91) for
the experimental group, higher than the 25.91 (SD = 3.91) for the control group. The MPS facilitates the ESL
learning effectiveness at the interface of technology, providing high level of interactivity and multimodal
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presentation, which are critical to the improvement of the whole-class teaching and learning processes. In
addition, by conducting semi-structured interview of randomly selected students from the experimental group,
the data show that the students are impressed by the interactive and multimodal features after study.

Several important practical implications arise from our findings. First, the MPS promotes a learner-centered
pedagogy where both teacher and students are learners. For example, both teacher and students generated
common topics and tried to find out the answers jointly from the internet with the MPS. In addition, the more
the students interacted with the MPS, the more they became adept in using its functions and features, and the
more they would like to play with the MPS to see what it could do. Second, in spite of the promising findings
shown in this study, the MPS is not a magic tool for improving ESL student academic success. More
specifically, MPS cannot compensate for the teacher’s lack of subject matter content knowledge, capability to
produce instructional materials, instructional competency, and classroom management skills. The MPS was
simply a tool that improved the teacher’s innate and teaching capability in the ESL classroom. However, this
tool, more than the basic computer and overhead projector, offered teachers a broader range of functions and
features from which to provide a variety of contexts for students with diverse learning needs. Third, how and
what teacher does in the classroom, normally being expressed in the teacher-student interactivities, is important
to students’ academic success. Smith et al. (2005) claimed that teacher-student interactivity is the primary
benefit of the IWB. Based on teacher feedback and observations in the classrooms, teacher-student interactivity
could promote the students’ attention to instruction and participation in classroom discussions with teacher and
other students. For example, as the teacher was instructing the vocabulary by using the MPS and could not
implement one of the MPS features, some students actively proposed step-by-step guides to help the teacher
recover the error. Subsequent investigation revealed that it was quite common for the teacher and students to
help each other when technical difficulties arose in the use of the MPS.

This study contains several limitations that suggest future research directions. First, this study does not
completely follow a truly randomized selection and assignment. Although the instructional approaches were
assigned randomly to classes, this study nevertheless is limited in the way that in educational settings the intact
classes are already constructed before the research is begun. Efforts to replicate this study using a truly random
design would be helpful. Second, this study evaluates the post-test scores concerning learning achievement.
Further research should include a delayed post-test for evaluating whether there is a stable and persistent change
in the vocabulary learning. Moreover, further research should examine whether and the extent the MPS is able
to help ESL students learn more materials in the same unit of time or learn a given unit of materials in less time
than students in traditional classrooms. Finally, this study evaluates the learning effectiveness of elementary
student in the context of ESL subject. Further research should investigate the potential of its use in other subject
areas, such as art or math, or for students at other elementary grade levels or in higher education to generate
empirical evidence with greater generalization.

ACKNOWLEDGEMENTS
We would like to acknowledge the National Council of Taiwan for supporting this research under Contract
Number NSC 99-2511-S-194-003-MY 3.

REFERENCES

Alavi, M., Wheeler, B.C., & Valacich, J.S. (1995). Using IT to reengineer business eduaction: An exploratory
investigation of collaborative telelearning. MIS Quarterly, 19(3), 293-312.

Baddeley, A.D. (1986). Working memory. Oxford: Clarendon Press.

Baddeley, A.D. (1993). Your memory: A user’s guide (2nd Ed.). London: Lifecycle Publications.

Baddeley, A.D. (1999). Essentials of human memory. Hove: Psychology Press.

Beatty, K. (2010). Teaching and researching computer-assisted language learning (Applied linguistics in
action). New York: Pearson ESL.

Beauchamp, G., & Kennewell, S. (2010). Interactivity in the classroom and its impact on learning. Computers &
Education, 54(3), 759-766.

Brookhart, S.M., & Durkin, D.T. (2003). Classroom assessment, student motivation, and achievement in high
school social studies classes. Applied Measurement in Education, 16(1), 27-54.

Chandler, P., & Sweller, J. (1991). Cognitive load theory and the format of instruction. Cognition & Instruction,
8(4), 293-332.

Chien, Y., & Huang, Y.K. (2000). Starting with predictable stories: EFL children’s oral and literacy
development. Selected papers from the Ninth International Symposium on English Teaching and
Learning (pp. 264-273). Taiwan: Crane.

Chin, W.W. (1998). Issues and opinion on structural equation modeling. MIS Quarterly, 22(1), 1-11.

Copyright © The Turkish Online Journal of Educational Technology
38



TOJET: The Turkish Online Journal of Educational Technology — October 2013, volume 12 issue 4

Clark, J.M., & Paivio, A. (1991). Dual coding theory and education. Educational Psychology Review, 3(3),
149-210.

Coyle, Y., Yanez, L., & Verdu, M. (2010). The impact of the interactive whiteboard on the teacher and
children’s language use in ESL immersion classroom. System, 38(4), 614-625.

Digregorio, P., & Sobel-Lojeski, K. (2009). The effects of interactive whiteboards (IWBs) on student
performance and learning: A literature review. Journal of Educational Technology Systems, 38(3),
255-312.

Ekhami, L. (2002). The power of interactive whiteboards. School Library Media Activities Monthly, 18(8),
35-38.

Ellis, R. (1994). The study of second language acquisition. Oxford: Oxford University Press.

Fletcher, J.D., & Tobias, S. (2005). The multimedia principle. In R.E, Mayer (Ed.), The Cambridge handbook of
multimedia learning (pp. 117-133). NY: Cambridge University Press.

Ginns, P. (2005). Meta-analysis of the modality effect. Learning and Instruction, 15(4), 313-331.

Glover, D., Miller, D., Averis, D., & Door, V. (2005). The interactive whiteboard: A literature survey.
Technology, Pedagogy & Education, 14(2), 155-170.

Hair, J.F.Jr., Black, W.C., Babin, B.J., & Anderson, R.E. (2010). Multivariate data analysis (7th Ed.), Upper
Saddle: Prentice-Hall.

Hall, 1., & Higgins, S. (2005). Primary school students’ perceptions of interactive whiteboards. Journal of
Computer Assisted Learning, 21(2), 102-117.

Hassenzahl, M. & Tractinsky, N. (2006). User Experience — a Research Agenda. Behaviour & Information
Technology, 25(2), 91-97.

Higgins, S., Beauchamp, G., & Miller, D. (2007). Reviewing the literature on interactive whiteboards. Learning,
Media & Technology, 32(3), 213-225.

Huang, M.S., Hsiao, W.H., Chang, T.S., & Hu, M.H. (2012). Design and implementation of a cooperative
learning system for digital content design curriculum: Investigation on learning effectiveness and social
presence. The Turkish Online Journal of Educational Technology, 11(4), 94-107.

Hui, W., Hu, P.J.H., Clark, T.H.K., Tam, K.Y., & Milton J. (2008). Technology-assisted learning: A
longitudinal field study of knowledge category, learning effectiveness and satisfaction in language
learning. Journal of Computer Assisted Learning, 24(3), 245-259.

Hussein, H.B. (2011). Attitudes of Saudi universities faculty members towards using learning
managementsystem (JUSUR). The Turkish Online Journal of Educational Technology, 10(2), 43-53.

Isman, A., Abanmy, F.A., Hussein, H.B., & Al Saadany, M.A. (2012). Saudi secondary school teachers
attitudes’ towards using interactive whiteboard in classrooms. The Turkish Online Journal of
Educational Technology, 11(3), 286-296.

ISO FDIS 9241-210 (2009). Ergonomics of human system interaction - part 210: Human-centered design for
interactive systems (formerly known as 13407). International Organization for Standardization (1SO).
Switzerland.

Jang, S.J. (2010). Integrating the interactive whiteboard and peer coaching to develop the TPACK of secondary
science teachers. Computers & Education, 55(4), 1744-1751.

Johnson, S.D., Aragon, S.R., & Shaik, N. (2000). Comparative analysis of learning satisfaction and learning
outcomes in online and face-to-face learning environments. Journal of Interactive Learning Research,
11(1), 29-49.

Kendall, L. (2008). The conduct of qualitative interview: Research questions, methodological issues, and
researching online. In J. Coiro, M. Knobel, C. Lankshear, & D. Leu (Eds.), Handbook of research on
new literacies (pp. 133-150). New York: Lawrence Erlbaum Associates.

Kennewell, S., Tanner, H., Jones, S., & Beauchamp, G. (2008). Analysing the use of interactive technology to
implement interactive teaching. Journal of Computer Assisted Learning, 24(1), 61-73.

Knowles, M.S. (1970). The modern practice of adult education. New York, NY: Association Press.

Krashen, S. (1982). Principles and practice in second language acquisition. New York: Pergamon.

Lai, E.R., & Waltman, K. (2008). Test preparation: Examining teacher perceptions and practices. Educational
Measurement: Issues & Practice, 27(2), 28-45.

Lee, C.F.K,, Jor, G., & Lai, E. (2005). Web-based teaching and English language teaching: A Hong Kong
experience. Hong Kong: The Chinese University Press.

Lee, S.Y. (2012). Storytelling supported by technology: An alternative for EFL children with learning
difficulties. The Turkish Online Journal of Educational Technology, 11(3), 297-307.

Levy, P. (2002). Interactive whiteboards in learning and teaching in two Sheffield schools: A developmental
study. Master: DIS of University of Sheffield.

Lewin, C., Somekh, B., & Steadman, S. (2008). Embedding interactive whiteboards in teaching and learning:
The process of change in pedagogic practice. Education & Information Technologies, 13(4), 291-303.

Copyright © The Turkish Online Journal of Educational Technology
39



TOJET: The Turkish Online Journal of Educational Technology — October 2013, volume 12 issue 4

Lightbown, P. (1983). Exploring relationships between developmental and instructional sequences in L2
acquisition. In H. Seliger & M. Long (Eds.), Classroom-oriented research in second language
acquisition, 217-243. Rowley, MA: Newbury House.

Long, H.B. (1985). Contradictory expectations achievement and satisfaction in adult learning. Journalof
continuing Higher Education, 33(3), 10-12.

Lopez, O.S. (2010). The digital learning classroom: Improving English language learners’ academic success in
mathematics and reading using interactive whiteboard technology. Computers & Education, 54(4),
901-915.

Lu, C, Yu, S., & Liu, C. (2003). Learning style, learning patterns, and learning performance in a WebCT-based
MIS course. Information & Management, 40(6), 497-507.

Maki, R.H., Maki, W.S., Patterson, M., & Whittaker, P.D. (2000). Evaluation of a web-based introductory
psychology course: I. Learning and satisfaction in on-line versus lecture courses. Behavior Research
Methods, Instruments, & Computers, 32(2), 230-239.

Mayer, R.E. (2001). Multimedia learning. NY: Cambridge University Press.

Mayer, R.E. (2003). The promise of multimedia learning: Using the same instructional design methods across
different media. Learning & Instruction, 13(2), 125-139.

Mayer, R.E. (2005). Cambridge handbook of multimedia learning. NY: Cambridge University Press.

Mayer, R.E. (2009). Multimedia learning (2nd Ed.). NY: Cambridge University Press.

Mayer, R.E., & Sims, V.K. (1994). For whom is a picture worth a thousand words? Extensions of a dual-coding
theory of multimedia learning. Journal of Educational Psychology, 86(3), 389-401.

Moreno, R., & Mayer, R. (2007). Interactive multimodal learning environments. Educational Psychology
Review, 19(3), 309-326.

Paivio, A. (1986). Mental representations: A dual coding approach. Oxford, England: Oxford University Press.

Paivio, A,, Clark, J.M., & Lambert, W.E. (1998). Bilingual dual-coding theory and semantic repetition effects.
Journal of Experimental Psychology: Learning, Memory, & Cognition, 14(1), 163-172.

Piccoli, G., Ahmad, R., & Ives, B. (2001). Web-based virtual learning environments: A research framework and
a preliminary assessment of effectiveness in basic IT skills training. MIS Quarterly, 25(4), 401-426.

Schmid, E.C. (2008). Using a voting system in conjunction with interactive whiteboard technology to enhance
learning in the English language classroom. Computers & Education, 50(1), 338-356.

Schmid, E.C. (2010). Developing competencies for using the interactive whiteboard to implement
communicative language teaching in the English as a foreign language classroom. Technology,
Pedagogy & Education, 19(2), 159-172.

Shih, Y.C., Huang, P.R., Hsu, Y.C., & Chen, S.Y. (2012). A complete understanding of disorientation problems
in Web-based learning. The Turkish Online Journal of Educational Technology, 11(3), 1-13.

Slay, H., Sieborger, I., & Hodgkinson-Williams, C. (2008). Interactive whiteboards: Real beauty or just
“lipstick™? Computers & Education, 51(3), 1321-1341.

Smith, F. (1988). Joining the literacy club. Victoria, B.C.: Abel Press.

Smith, H., Higgins, S., Wall. K., & Miller, J. (2005). Interactive whiteboards: Boon or bandwagon? A critical
review of the literature. Journal of Computer Assisted Learning, 21(2), 91-101.

Sweller, J. (1988). Cognitive load during problem solving: Effects on learning. Cognitive Science, 12(2),
257-285.

Thompson, J., & Flecknoe, M. (2003). Raising attainment with an interactive whiteboard in Key Stage 2.
Management in Education, 17(3), 29-33.

Tough, A. (1982). The adult learning projects (2" Ed.). Ontario: The Ontario Institute for Studies in Education.

Towndrow, P.A. (2007). Task design, implementation and assessment: Integrating information and
communication technology in English language teaching and learning. Hong Kong: McGraw-Hill
Education.

Tsou, W., Wang, W., & Tzeng, Y. (2006). Applying a multimedia storytelling website in foreign language
learning. Computers & Education, 47(1), 17-28.

Tirel, Y.K., & Johnson, T.E. (2012). Teachers’ belief and use of interactive whiteboards for teaching and
learning. Educational Technology & Society, 15(1), 381-394.

Van Someren, M.W., Reimann, P., Boshuizen, H.P.A., & De Jong, T., (1998). Learning with multiple
representations (advances in learning and instruction series). Elsevier Science.

VanPatten, B. (2003). From input to output: A teacher's guide to second language acquisition. New York:
McGraw-Hill.

Copyright © The Turkish Online Journal of Educational Technology
40



