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Early school years are an important period to lay out the foundation for learning a
second language. In addition to mastering the basic language skills and keeping the
learning process fun, promoting a lifelong learning habit should also be emphasised.
Motivating elementary school students to learn English and avoiding misconceptions
associated with the learning process are very important issues. This study attempted
to explore the integration of book, computer and robot to create a novel and joyful
English learning environment. Books are the most common learning media. If we can
design a special mechanism linking books with digital learning content and a robot,
students will be able to obtain supplementary learning content including motions
performed by the robot to enhance learning outcomes. To implement this idea, a new
learning system was designed and developed. Learning activities included
vocabulary, single sentence read-along, full article read-along, conversation, sing-
along and dancing. Cloze tests were implemented and the feasibility of the learning
system was evaluated. Data collected from field observation and interviews were
analysed. The results suggest that this system did enrich students’ learning experience
and enhance their motivation and engagement.

Introduction

Power (2005) in a Newsweek article issued on 7 March 2005 mentioned that over the
next decade there will be two billion people worldwide learning English, and half of
the world – accounting for three billion people – will speak English. Being able to
communicate in English will be beneficial to adapting oneself to the international
society. Many non-English speaking countries regard English as the first foreign
language and are committed to improving students’ fluency in English (Liu, 2009).
Taiwan, for example, set up a new guideline for bilingual education in 2004 to involve
students as young as third graders in English learning curriculum (Ministry of
Education, 2004).

It is important to motivate young students to learn English while keeping the learning
process joyful and enjoyable to gain positive language learning experiences.
Developmental social psychology (Erikson, 1963) suggests that human development
consists of eight stages, with each stage corresponding to developmental outcomes and
strengths. Erikson suggested that failure in one stage will cumulate and hinder the
development of the stage that follows. Positive experiences in achieving the stage
outcome serves as a foundation for later development, whereas negative experiences
resulted from encountering challenges in a particular stage will undermine subsequent
development.
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We considered integrating book, computer and robot to create an English learning
environment. Books are the most common learning medium. Integrating digital
learning content and robot into conventional usage of books may enrich the
representation of plain text with multimedia and motions which together may enhance
student learning (Chen, Teng, Lee & Kinshuk, 2011; Wei, Hung, Lee & Chen, 2011). A
lifelike robot provides a way to reify abstract concepts to foster deeper understanding
(Mitnik, Recabarren, Nussbaum & Soto, 2009; You, Shen, Chang, Liu & Chen, 2006;
Wei et al., 2011; Zhang, Kinshuk, Jormannainen & Sutinen, 2008). To be able to take
full advantages of different learning resources, a well-designed integration of books,
digital learning content, and the robots is necessary.

Technology-enhanced language learning

A language itself comprises a complex scheme with multiple interrelated components.
Vocabulary, grammar, and pronunciation (sounds) are three basic components of a
language (Grauberg, 1997). Learning a language requires one to have knowledge of
these three components in a language scheme, knowledge of how they are used, and
knowledge of how the three components can be orchestrated for reception
(understanding a received input) and expression (producing an output) (Berninger &
Richards, 2002; Grauberg, 1997). In practice, listening, reading, speaking, and writing
are four skills rendering these three components in reception and expression; the
former two are receptive skills for understanding, and the latter two productive skills
for expression. These four skills of learning a language should be equally emphasised.

Language representation can be distinguished into four levels according to its
complexity (Berninger & Richards, 2002; Sakai, 2005), ranging from subword (e.g.,
phonemes, morphemes), word (e.g., semantics, morphology), clause (e.g.,
syntax/grammar), and up to discourse/text (e.g., conversation). Language learning
starts with lower-level representations such as words, then to higher-level
representations such as sentences and discourse, in both the receptive and expressive
forms. This study adopted the above mentioned concepts and theories in the designs
of the learning activities for the system we developed.

Computer technologies have been used in language learning since the 1960s.
Warschauer (1996) suggested that the computer can serve in language learning as a
tutor, a stimulus, or a tool for possible learning benefits such as multimodal practice
with feedback, individualisation, collaboration, fun factors, and integration of a variety
of resources (Warschauer & Healey, 1998). A technology-enhanced environment for
language learning is capable of offering enhanced input, interaction, and linguistic
output to learners (Chapelle, 2009). The enhanced input for language learning refers to
its versatile manifestation of the content (what linguistic information to be shown) and
form (how the information can be shown). The interactivity provided by the computer
system can result in an interaction between learner and learner, learner and computer,
or within the learner’s mind. The linguistic output refers to the oral and written form
of language production. Chapelle (2009) suggested that all three features of computer-
assisted language learning should be considered and integrated in the learning
activities.

There have been a considerable number of studies investigating how computer
technology may benefit students’ language learning. Laufer and Hill (2000), for
example, designed a computer-assisted language learning dictionary incorporating
multiple lexical information (i.e., explanation in English, translation into first language,
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sound, root, and other information) for EFL students in Hong Kong and Israel. They
analysed students’ log files of accessing lexical information, and found that different
people have different lookup preferences, and that the use of multiple lexical
information in the dictionary seemed to reinforce retention. Likewise, Klassen and
Milton (1999) found that a multimedia-enhanced learning mode improves students’
listening skills. Akbulut (2007) found that students learning vocabulary with
associated pictures or videos performed better in the vocabulary test than those who
learned only with textual definition (Akbulut, 2007). Similarly, in Chun and Plass’
(1996) study, a higher rate of incidental learning was found in students who learned
words annotated with text and pictures than those with text and video or text only.
Also, they found a correlation between looking up a certain annotation type and using
that type as a retrieval cue for remembering words. This finding is consistent with
earlier studies of the redundancy effect in brain literacy (Berninger & Richards, 2002)
and multimedia learning (Mayer, 2001; Mayer & Moreno, 2003), that multiple ways of
representing information and procedures is a general principle in brain organisation.
Students who were able to form redundant connections tend to be better readers
(Berninger, 1994).

An emergent robot technology brings a new kind of knowledge representation. The
robot can provide motions and also the social cues in the learning context as in human-
to-human conversations (Atkinson, Mayer & Merrill, 2005; Heerink, Kröse, Wielinga &
Evers, 2008). The use of a robot may increase the authenticity of tasks given to students
for problem solving (Chang, Lee, Wang & Chen, 2010). Mitnik et al. (2009) applied
robots in learning kinematics concepts, as well as relevant graph construction and
interpretation. They found that students learning with the robot outperformed their
counterparts in graph interpretation, and if compared with a similar computer-
simulated activity, learning with robots was even more effective. Simiarly, Wei et al.
(2011) applied robots (made from Lego Mindstorm) in teaching third-graders
multiplication and found that the robot motivated student learning and the human-
robot interaction may contribute to student learning outcomes. Though robotic
technology has been exploited in a few educational settings, little effort has been
attempted to apply it in the context of English learning.

Integrating book, computer, and robot in language learning

There are difficulties in learning English in non-English-speaking contexts. First, much
of the content material is de-contextualised from its daily use. Students learn
vocabularies, syntaxes, and grammars without knowing when and how to use them.
Samaras and Gismondi (1998) suggested that learning takes place in the continual
interactions with the surrounding environment. To help students learn English,
therefore, one should consider delivering the instruction in a real context. Second,
computer-assisted learning systems may lack enough interactivity to help motivate
students to actively participate in the learning activities. Chang, Chan and Yang (2007)
suggested that a learning system with high interactivity benefits students’ reading
performance. Also, a learner-oriented instructional design will motivate students to
learn with the computer system (Mitsoni, 2006). Third, as Liu (2000) noticed, learners
often have insufficient practice in spoken English after class, which results in a
situation where students are not confident in speaking English. Part of the reason is
that students were not motivated to use English language after class. A computer-
assisted learning system, thus, should be able to engage students in practicing their
oral English in the real context simulated by the computer system.
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Considering all of the above issues, an effective English learning environment should
be able to motivate students to actively participate in learning activities (Coller &
Shernoff, 2009; Coller & Scott, 2009) and to enhance their engagement in learning
(Kebritchi & Hirumi, 2008). Both verbal and pictorial representations can be used in
learning materials to foster students’ understanding (Chen & Chung, 2008).

In this present study, a humanoid robot was employed due to its high versatility in
enhancing cognitive and social interactions (Billard, 2003; Birk, Poppinga &
Pfingsthorn, 2009; Pierris & Lagoudakis, 2009). An English learning environment
integrated with book, computer and robot was proposed to deliver textual content,
multimedia, and motions all at the same time in an interactive fashion. Students may
benefit from the presented multimodal information, as well as social cues, from the
system to help them learn. The purpose of this study was, therefore, to (1) design and
implement the integration of book, computer, and robot in a learning environment and
(2) evaluate the usability and feasibility of the proposed system in English learning
practices. We address below the notion of system design, learning activity design, and
implementation of the learning system, followed by the system evaluation. We discuss
relevant issues found in this study and provide suggestions for future research.

Methodology

System design and implementation

The conceptual framework for the integration of book, computer, and robot is depicted
in Figure 1. The student is an actor in this integrated learning environment. Following
the content of the book, the student is able to perceive the written form of English in
the book, but also the form of multimedia in the computer and that of motions from
the robot and have interactions with the computer and/or the robot. The computer
was used to store relevant multimedia resources locally or to access directly from the
Internet and display them according to the input from the book. The robot was
designed specifically to perform motions interactively in response to the book content
and audio input from the student. Encodings were used to connect to the book,
computer and robot together. These three learning resources together created an
environment for learning English which can be fun and enjoyable for students.

Radio-frequency identification (RFID) technology was used to wirelessly connect the
book and computer, and Zigbee technology to wirelessly connect the computer and
robot. RFID technology features low cost, intuitive operation, and contextual
adaptability, which attracts much attention. It has been widely used in our daily life, as
well as educational settings (e.g., Harumi, Yan, Yi, Min & Kazuhiro, 2009; Kanda,
Hirano, Eaton & Ishiguro, 2003). Similarly, the Zigbee technology, which has been
adopted as one of the communication standards, features low power consumption,
low cost, high reliability, and multi-node support. It was used in this system to
provide stable wireless signal transmission between the computer and robot. The
Zigbee technology frees the robot from the cable connection that could constrain the
robot’s movements and motions.

In the past, learning with computers required users to have some basic computer skills
such as keyboarding. This kind of implicit instrumental knowledge somehow restricts
people’s willingness to use a computer and in turn affects the effectiveness of
computer-assisted learning (Fidaoui, Bahous & Bacha, 2010; Lam & Pennington, 1995).
To help young students learn English with computers, it is essential to lower the
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barrier of operating the computer system. For this reason, we developed a user
interface which is easy to use, and similar to the way we communicate with people in
our daily life. The intuitive and friendly user interface will require young students to
apply the least effort to get familiar with operating the system and enhance their
motivation to learn English with the system (Marakas, Yi & Johnson, 1998).

Figure 1: The framework of the integrated English learning system

In learning with the new system, when a learner has difficulties in understanding
certain vocabulary (or sentence) in the book, he or she uses the RFID reader to point to
the word (or sentence). The RFID reader detects RFID tags embedded in the book and
transmits the object information to the computer. The computer then fetches the stored
multimedia object associated with the RFID tag and displays the lexical information on
the screen with pictoral information together with audio and video outputs.
Meanwhile, the robot receives the request sent by the computer via the Zigbee signal
and performs the corresponding motion to help the learner better perceive the
meaning of the word (or sentence). All these processes are initiated by the learner
during the learning activity. Figure 2 is a starting page for the system, introducing the
hardware requirement, instructions for operation, and the icons used in the system
along with the type of digital material they associated with.

The design of learning activities

Liu, Moore, Graham, and Lee (2000) in a review of computer technology used in
language learning from 1990-2000 suggested positive effects of visual media in
supporting vocabulary acquisition and learning comprehension. However, they also
found that most of the studies addressed reading and writing skills, but only a few
focused on listening and speaking skills. Based on the levels of English language
representations (Berninger & Richards, 2002) and the involvement of receptive and
expressive skills (Warschauer, 1996), five learning activities were designed in the new
system, including vocabulary, conversation read-along, conversation role play, singing
and dancing, and cloze test. Details about each learning activity are described below.
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Figure 2: The starting page

Vocabulary learning

Learning vocabulary is an important aspect of language development because
vocabulary is the building block for reading comprehension in a second language
(Abraham, 2008; Tozcu & Coady, 2004). Neri, Mich, Gerosa and Giuliani (2008)
suggested that applying computer technology to provide students with correct
pronunciation of vocabulary benefits their learning of a foreign language. Silverman
and Hines (2009), similarly, suggested that multimedia-enhanced instruction had
positive effects on the vocabulary learning for non-English-learners.

In this study, students learned vocabulary with textual, picture, and animation
annotations. Students used the RFID reader to contact the pictorial icons to sense the
embedded RFID tags. The computer fetched the associated multimedia information
from the database and presented it to the learner. In this learning process, students did
not have to use the keyboard, hence no keyboarding is necessary. Figure 3 is a
snapshot of the activity of learning vocabulary.

Conversation read-along

Built upon the knowledge of vocabulary, a conversation was designed for students to
practice how the words can be structured in a sentence and how they can be used in
oral expressions. Students are allowed to read each sentence along with the computer
as many times necessary. The computer plays the sentence with the audio effect and
the robot performs the corresponding motion. This makes learning reading sentences
more enjoyable and enriches learner’s learning experience.

Being familiar with each single sentence, the learner can proceed to read the whole
conversation along with the computer. The purpose for this design was to help
students become familiar with the whole scenario the conversation was about.
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Figure 3: A snapshot of learning vocabulary

Conversation role play

To help learners obtain a concrete experience in oral English, the activity of
conversation provided an interactive way of practising conversation. In a given
scenario, students are allowed to play a role in the conversation, whereas the robot
playing the other role. By using the microphone, students can “really” talk to the
robot, and the robot will react to the student according to the conversation. This
feature brings students a vivid experience of social interaction as it happens in our
daily life. The robot in the conversation serves as a pedagogical social agent (Atkinson
et al., 2005; Craig, Gholson & Driscoll, 2002). Figure 4 is a snapshot of the conversation
activity. Students can choose the activities of read-along or role play by contacting the
corresponding icon using the RFID reader.

Singing and dancing

In addition to learning vocabulary, sentence, and the conversation, the function of
singing and dancing was also provided. The purpose for singing and dancing was to
enhance students’ perception of words and sentences by incorporating relevant
sensory-motor information (Berninger & Richards, 2002) and a fun factor (Warschauer,
1998). By sensing the singing and dancing icon, the computer will play the song and
the robot will perform dancing along the song. Two different singing and dancing
modes were provided: sentence by sentence or the whole song. As shown in Figure 4,
an icon was provided to students to perform singing and dancing.

Cloze test

The cloze test has long been used to test students’ reading comprehension (e.g.,
August, Carlo, Dressler & Snow, 2005; Jonz, 1990; Stahl, Jacobson, Davis & Davis,
1989). A story was used as the content, with some verbs missing in the story. Verb
words were made available in cards embedded with RFID tags. When filling in a verb,
students attached the RFID reader to the desired card. There was no correct or wrong
answer for the story, so students can make their own story by varying verbs in the
sentences. The robot will perform the motion corresponding to the selected verb. After
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completing the whole story, the robot can perform a series of motions according to the
content. Figure 5 is an example of learning reading with cloze test. After the learner
contacted the selected verb with the RFID reader, the system will fill in the blank
automatically on the screen.

Figure 4: An example page of the conversation activity

Figure 5: A snapshot of the cloze test
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System evaluation

An evaluation session was taken in spring, 2010, in a rural elementary school in
southern Taiwan. Five fifth-graders (three boys and two girls, at the age of 10 to 11)
were recruited. The total time of the evaluation session was about 80 minutes. The
whole evaluation process was video recorded, to complement researchers’ field
observations and notes.

The evaluation procedure is described in Table 1. Students were first introduced the
features and usage of the system – the book, computer and robot – with the RFID
reader. The researchers then guided the students through all types of learning
activities. Students took turns to have a test drive on the system. Students’ reactions to
and interactions with the system were captured. Figure 6 is a picture showing how
students were learning English with the system.

Table 1: Procedures for evaluating the feasibility of the system

Steps Purpose and observation Time
(mins)

1  • Introduce students to the system and its features.
 • Instruct students on how to use the system to learn English.

15

2  • Students engage in all types of learning activities
 • Observe how the student learns English with the system in terms of the

joyfulness, engagement, and active participation.

40

3  • Interview with students about their learning experience and obtain
feedback about the feasibility of the system

15

4  • Interview the teacher and principal and consult them about how to help
students learn better with the system, compare the system with others,
and consider possible improvements to the system.

10

Figure 6: A scene on the evaluation of the system
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After all learning activities were completed, an interview was conducted, to
understand their experience of learning with the new system, and also to obtain
students’ feedback on system designs and possible improvement to the system.  The
students’ English teacher and the school Principal were interviewed to gain their
insights about the difficulties most students encountered in formal English learning
and how the system can be useful and be integrated into their English curriculum.

Data collected from video recording and interviews were then analysed. The results
are reported in the next section.

Results and discussions

This section reports the results of data analyses from video recordings and interviews
concerning the usability and feasibility of the integrated system in terms of system
features, learning activities, and students’ engagement.

System features

The proposed system is easy to use. The video recordings showed that shortly after the
researcher demonstrated how to learn English with the system, all five students were
able to operate the system by themselves, although they had no prior experience with
using the proposed system. In the interview, three out of five students agreed that
learning vocabulary with the computer and robot helped them understand new words.
One student stated that "the new way of learning vocabularies is better [than
conventional drill and practice] because the new system provides each word a
corresponding picture and animation, which really helped me know the words.”
Similarly, four of the five students mentioned that they enjoyed having conversations
with the robot because “the robot performed the motions.” Students have a positive
attitude toward using the system to learn English. Four students mentioned that the
system can be used to facilitate the practice of vocabulary, pronunciation, and
conversation after class because “we can learn the word and its pronunciation without
typing the word into the computer or looking it up in the dictionary.” This could be
one of the reasons which motivated their learning with the system.

Learning activities

Practising conversation with the robot helped students become more confident in
speaking English. Three students thought that a long-term practising of conversation
with the robot could help them feel more confident in speaking English. Therefore, the
use of robot may encourage students who are reluctant to speak English, to have
conversations with the robot as a learning partner, and through this process students
will build up confidence in their spoken English and communicating in English. This
could be very helpful for students learning English in non-English-speaking countries.
Though interacting with the robot was a novel experience to students, use of robot
may have brought students a first-person experience of speaking English, as if
communicating with a human companion.

Students’ engagement

During the whole learning process, all five students were fully engaged in the learning
activity and the interactions with the computer and robot. They took turns to use the
system and actively participated in the learning exercises. It is evident that students
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were highly motivated and having fun while learning English with the proposed
system. We concluded from the video recordings that learning English with this new
system does bring students a positive learning experience. Students kept trying out
new materials and were willing to take challenges which were beyond their current
level. Such positive learning experiences may well sustain their future learning of
English.

However, in the interview with the teacher, she mentioned that "learning with
multimedia could be fascinating to a large number of students at the beginning, but
the learning effect will fade away if there are no continuous updates to the material.”
Students may lose their interest in using the system if the content or the instructional
strategy remains the same. Also, the cost could be an issue for adopting the proposed
system into formal English classes. The Principal mentioned that “the cost of the
learning system will influence parents’ decision to adopt the system in learning
English.” Considering the cost, therefore, the scalability and compatibility of the
learning system needs to be taken into account in designing and developing the
system. In this present case, the content materials should be updatable, changeable,
and replaceable, such that the computer, robot, and RFID facilities can be re-applied to
other disciplines to keep the learning cost reasonable.

Conclusion

This study attempted to integrate the books, computer and robot to develop an English
learning system, and to understand the usability and feasibility of the proposed
system. Five learning activities were designed in the system, including vocabulary,
conversation read-along, conversation role play, singing and dancing, and cloze test.
In each learning activity, the computer provides pictorial representations and
animations along with audio effects to students. Students interacted with the computer
by an RFID reader to read the graphical icons or word cards embedded with RFID
tags. The RFID technology applied in this study lowers the overhead in the interaction
with the computer system.

Interacting with the robot brought students a context that mimics human-human
interactions in real life. Use of the robot benefits students by giving a first-person
learning experience through conversation, singing and dancing with the robot.
Students felt comfortable in practising oral conversation with the robot. And during
the learning process, they were getting more confident in their spoken English. The
motions performed by the robot provided students a novel kind of knowledge
representation which not only manifests the abstract meaning of some vocabularies
but also captures their attention. However, the cost, stability, and the interface design
of the system could be educators’ concerns in adopting the robot in learning activities.

The field observations and interviews suggested that this system motivated
elementary school students to learn English and engage them in learning activities.
The students were positive towards the system and enjoyed learning with the
proposed system. The design of the system provides a context that is highly
interactive, surpassing conventional kinds of computer-assisted learning systems.
However, this is only a preliminary work of integrating book, computer, and robot
into one learning system and using it in a real learning practice. More work need to be
done to advance this study to help us understand how the integrated system can be
effective and useful in learning English.
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Some future research directions are recommended. First, an authoring tool is required
to help learners to design or compose the animation effects and the robot’s motions so
as to deepen their understanding of the learning content through the design process.
Second, a composing tool which allows students to upload their favourite English
songs and to have the robot dance along with the new song would be very useful.
Third, the current design of narration in vocabulary, single sentence read-along and
full article read-along needs to be improved so that the speed of narration can be
adjusted according to the user’s needs. Fourth, the current system was developed on
platform of a laptop computer. In the future, the system should be scalable and
transplantable to mobile devices such as tablet computers or smart phones to make it
portable and movable. Also, digital learning content should be accessable via the
Internet (e.g., cloud servers), so that the learners can access those materials anytime,
anywhere. Fifth, how do students interact with the three components in different
learning scenarios and what difficulties do they face in using the integrated system?
Last but not the least, the system should be applicable to different disciplines, such as
maths and science. In this case, interdisciplinary cooperation will be essential, as a
computer-assisted learning system cannot be successful without contributions from
the appropriate domain experts.
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