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ABSTRACT

Researches on seamless learning in Japan so far have mostly been conducted in higher education featuring a ubiquitous
learning log system called SCROLL (System for Capturing and Reusing Of Learning Log). In this paper we present three
kinds of seamless learning environments featuring SCROLL: 1) seamless learning on English language of Japanese
students using SMALL system, 2) seamless learning on Japanese onomatopoeia of foreign students using VASCORLL, 3)
seamless learning on business Japanese (SCROLL and a chat tool). 1) was explored to entwine in-class and out-of-class
learning seamlessly, 2), to connect seamlessly eBook learning with real-life learning seamlessly, 3), to connect individual
learning with class learning (social learning) seamlessly. Effectiveness was found by the comparative studies on
with/without SCROLL in 1). The post test result showed that the number of the words they retained in their memory was
more than that of the control group. The result of the evaluation conducted in 2) showed VASCORLL was able to enhance
learners’ learning opportunities. The result of the evaluation conducted in 3) showed that the mean score of the post-test
increased more when they learned with SCROLL. However it was found that the chat tool was not used effectively for the
implementation of seamless learning connecting individual learning with social learning. More effective use of a chat tool
has been considered and a new evaluation experiment is scheduled to be conducted in 2019 spring.
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INTRODUCTION

In 1994, American College Personnel Association used the term “seamless learning”, stressing the importance of linking
students’ in-class and out-of-class experiences to create seamless learning and academic success (cited from Wong and
Looi, 2011). We have witnessed a growing presence of smartphones, tablets and other mobile devices for more than a
decade. The wide range of mobile and ubiquitous technologies and the realization of one device or more per learner have
offered us a new learning environment called “seamless learning”.
In this paper, after mentioning briefly the research background, we provide a compilation of our past and current research
achievements on our SCROLL project. Since 2009, using cutting-edge ubiquitous technologies, we have developed an
award-winning system, SCROLL (System for Capturing and Reminding of Learning Log) as one of the Sakigake projects.
Sakigake, or PRESTO (Precursory Research for Embryonic Science and Technology) is promoted by JST (Japan science
and technology agency). Since then, we have endeavoured into extensive researches applying our system to various learning
environments. The aims of SCROLL are to help users to record what they have learned, to review and reflect what they
have learned previously, to reuse them when necessary, to remind them and to recommend what other learners have learned
in the right time in the right place. These functions assist the implementation of successful seamless learning environments.
The system has been designed to fit any domains of learning, but our focus in this paper is language learning in various
seamless learning environments.
The rest of the paper includes a research background on seamless learning followed by the description of SCROLL, three
case studies of implementations of SCROLL in seamless learning environment and finally the conclusions and our future
plans.
RESEARCH BACKGROUND

Seamless learning is most popularly defined as learning in the situations where students can learn whenever they want to
in a variety of scenarios and that they can switch from one scenario to another easily and quickly using one device or more
per student (“one-to-one”) as a mediator (Chan et al., 2006). Seamless learning has been recognized as an effective learning
approach across various dimensions and domains. Wong and Looi (2011) identified ten salient features of seamless
learning: (1) Encompassing formal and informal learning, (2) Encompassing personalized and social learning, (3) Across
time, (4) Across locations, (5) Ubiquitous knowledge access, (6) Encompassing physical and digital worlds, (7) Combined
use of multiple device types, (8) Seamless switching between multiple learning tasks, (9) Knowledge synthesis, (10)
Encompassing multiple pedagogical or learning activity models. Uosaki et al. (2013) described implementation guidelines
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for ubiquitous seamless mobile learning featuring the learning-log system named SCROLL (System for Capturing and
Reusing of Learning Log). They analyzed how seamless the learning could be and categorized it into 7 types: (1) Full
seamless learning, (2) Semi-seamless learning, (3) In-class only non-seamless mobile learning, (4) Outside-class only nonseamless mobile learning, (5) In-class only non-seamless fixed learning, (6) Outside-class only non-seamless fixed learning,
(7) Computer-less learning. Their main foci in the guidelines are for language teachers to practice SCROLL-based mobile
learning in their classes for both in-class and out-of-class learning according to their situation or conditions. Milrad et al.
(2013) overviewed five different seamless learning projects researched in Taiwan, United Kingdom, Sweden, Singapore,
and Japan. Wong, Chai, Zhang and King (2015) developed and evaluated a system called MyCloud (My Chinese Language
ubiquitOUs learning Days), where they explored the integration of mobile and cloud technologies for self-directed,
collaborative and seamless Chinese Language learning among primary students. They employed the TPACK
(Technological Pedagogical Content Knowledge) framework as the basis of MyCLOUD development.
Our focus is the seamless language learning environment. According to the Foreign Service Institute (FSI) of the US
Department of State, 2,200 class hours are necessary for English speakers to achieve general professional proficiency level
of Japanese language. It is next to impossible to have 2,200 language learning hours only in-class. Therefore learning in
various environments is pivotal. To implement effective language learning environment, it is necessary to bridge one
learning environment over another seamlessly. Our challenges include to bridge in-class learning and out-of-class learning,
one individual learning and another, present learning and past learning, and individual learning and social learning.
SCROLL

Learning can happen anytime, anyplace. When we come across new knowledge and find it useful, we want to keep it.
SCROLL has been developed in order to support learners to record new knowledge, to remind it, to share and reuse it in
future (Ogata et al., 2014). SCROLL is designed to support users to record what they have learned using web browsers or
a mobile devices and to share them with other users anytime and anywhere (Figure1).

Figure 1. SCROLL log-in interface (left), upload interface (center), list of all logs (right).

Its main functions are as follows:
i.
Recording: The system facilitates the way learners record their newly learned terms on the server. For example,
when a learner comes across a new term, while reading contents, he can upload it to the system with texts, images,
video, or pdf files (Figure 1 center).
ii.
Recommendation: The SCROLL recommendation function works as follows: when a learner uploads a new word to
the system, the system checks if the same log or related logs have already been uploaded or not and shows the
related terms to the learner. Then the system links learners’ new log with their past log. This recommendation
function assists the implementation of seamless learning by linking e-textbook learning with learning through real
life experience, linking learners’ present learning with their past learning, and also by linking a learner’s learning
with that of other learners.
iii.
Quizzes: It is reported that the quiz function is effective in reinforcing learners’ memory (Li, et al. 2013; Uosaki, et
al. 2013). The quiz function assists in linking their present learning with their past learning. Four types of quizzes
(multiple-choice and yes-no quiz with images and texts) are generated automatically according to a learner’s profile,
location, time and the results of the past quizzes they took.
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Figure 2. SCROLL Quiz interface.
SMALL SYSTEM

Linking’ is especially important in language learning since we learn words from the context (Krashen, 1989,Sun and Dong,
2004). Five to 16 exposures are necessary to fully acquire a word (Nation, 1990). Reappearance of a word reinforces the
form-meaning connection in the learner’s mental lexicon (Hulstijn, 1996). Therefore, it is necessary for learners to
encounter various situations where the words are used.
A new function to connect one context to another by hyperlinking the same vocabulary was developed. This system was
called SMALL (Seamless Mobile-Assisted Language Learning) System (Uosaki et al., 2012a). SMALL is an addition to
the original SCROLL. Its objective was to entwine in-class learning with out-of-class learning. Learners upload what they
have learned out-of-class to SMALL and then it supports linking out-of-class learning with in-class one. It also links one
student’s new knowledge with that of others.
An electronic textbook was implemented in SMALL system, which students were supposed to learn in class. In the
electronic textbook, students’ registered words are hyperlinked. Figure 3 shows how in-class and outside-class vocabulary
learning are linked. When a student, registers “contemporary” during his out-of-class learning, then the system shows him
the textbook context where it appears as well as its page and line number. Then he can realize that he has already learned
it in the textbook during his in-class learning. That way it reminds him of what he had learned before. It also shows the
“contemporary” objects registered by other classmates. When he clicks them, he can learn other contexts where
“contemporary” is used. This linking function is significant because, as mentioned earlier, learners need to encounter as
many different contexts as possible to acquire the meaning of the word. Besides, human beings are likely to forget what
they have learned. Even though the learner thought “contemporary” was a new word to him, the system reminds him that
he had learned it before in the textbook.
The results of the evaluation conducted in Uosaki et al.(2012a), where 38 Japanese university students who were English
language learners participated, showed that the experimental group with SMALL system showed a larger improvement
between pre- and post-tests than the control group without SMALL system. The experimental group uploaded fewer words,
but learned more words than the control group. In addition, the results of the evaluation conducted by Uosaki et al.(2012b),
where they compared SCROLL group and non-SCROLL group on the memory retention of vocabulary, showed that the
number of the words retained in the memory was more than that of the control group.
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Figure 3. Link between in-class learning and out-of-class learning.
VASCORLL

VASCORLL(System for Capturing and Reusing Of Learning Log) was developed to support learners to apply what they
have learned in their daily life to eBook learning and vice versa (Mouri et al., 2017). Figure 4 shows the visualization
structures of the system which was designed to link eBook learning and real-life learning. eBook Learning structure (ELS)
consists of three layers: “eBook learners”, “words learned through eBook”, and “learning materials”. Real-life Learning
Structure (RLS) also consists of three layers: "real-life learners", “words learned tin a real-life”, and “location of the
learners”.

Figure 4. Visualization structures in the seamless learning environments: eBook Learning Structure (ELS) and Real-lfe
Learning Structure (RLS).

VASCORLL interface and its linking process are shown in Figure 5. Figure (Top) shows a network layout called “Seamless
Learning Graph”(SLG), which is divided into six areas: learners of eBook (upper-left), words learned through eBooks
(center-left), learning materials (bottom-left), real-life learners (upper-right), words learned in a real life (center-right), and
locations of the learners (bottom-right). VASCORLL connects a word learned via eBook and learned in a real-life. When
a learner learned “natto ( fermented soybeans)” in an eBook, by clicking the node of 'Natto', it jumped to the SCROLL
'Natto' page which was created by another learner who uploaded Natto' when he learned it in a real-life in a place such as
supermarket or restaurant. VASCORLL enabled him to experience indirectly what another learner experienced, which

160

means that the system could produce a seamless learning environment which linked one's eBook learning to another's reallife learning.

Figure 5. VASCORLL interface and its linking process.

The results of the evaluation conducted in Mouri et al. (2017), where 20 international students who were Japanese language
learners studying in Japan participated, showed that there was statistically significant difference between the experimental
group and the control group in terms of the number of the uploaded/relogged logs(words). the number of the logs (words)
uploaded and relogged by VASCORLL group was larger than that of the control group. Its linking function of the nodes
in the network graph increased the number of the uploaded logs. It implied that the learners tended to click one node to
another, which led them to learn more words. As a result, it increased the learners’ learning opportunities. However the
result of the questionnaire which was conducted after the evaluation showed the low mean score of 2.6 when they were
asked if it was easy to use. Improvement of its user-friendliness is among our future works.
SCROLLeBook with InCircle

In this section, the focus is on entwining individual learning with collaborative one. The system seamlessly supports
individual learning and collaborative learning with SCROLLeBook(Figure 6) and a chat system called InCircle. InCircle
is a product developed by AOS Mobile Inc., Tokyo, Japan with the third author joining this project as a chief software
architect. It is a client-server application. The server side runs on Linux OS and Windows Server. The client side is working
on iOS, Android, and PC Web browser. Chat messages are transmitted and received through the network (Figure 7). The
system allows users to create groups. Group members are able to send and receive messages and multimedia files in their
chat room. Chat messages are synchronized in real-time.
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Figure 6. SCROLL eBook viewer interface.

Figure 7. InCircle system configuration.
SCROLLeBook & InCircle combined learning

The learning scenario was designed to combine self-learning with interactive learning. Figure 8 shows SCROLLeBook &
InCircle combined learning. Students learn career-related terms with SCROLLeBook and interact with other class-mates.
In order to encourage them to interact during the task, the teacher posted a topic which would be helpful to learn careerrelated terms via InCircle.

Figure 8. SCROLLeBook & InCircle Combined Learning.
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The evaluation was conducted in Uosaki et al. (2019 in press), where 22 international students who were Japanese language
learners studying in Japan participated, and learned career-related words via SCROLLeBook. They also learned them via
the blog site for comparison. The teacher encouraged them to use InCircle for interaction during the task by posting
questions which led them to post the answers which was expected to led other learners' reactions. The results showed that
the mean scores of the post-tests increased compared with that of the pre-tests in both medias but the mean score increased
more when they learned with SCROLLeBook. The result of the questionnaire conducted after the evaluation showed that
62% of the students felt SCROLLeBook was easier to handle than the blog site. However, our system was not supportive
for entwining individual learning with interactive learning, which was the original purpose of this study. One student's post
did not invoke other students' reactions. Since interactive and collaborative learning is essential in language learning
(Oxford1997, Chen 2003, Severiens et al. 2015), it is necessary to consider how to encourage learners to interact with each
other.
CONCLUSION

In this paper, we described research and practice in seamless learning in Japan featuring SCROLL projects. Three research
studies on seamless learning with SCROLL were described: 1) SMALL, 2) VASCORLL, and 3) SCROLLeBook and
InCircle. The objective of 1) was to entwine of in-class and out-of-class learning. Its domain was English language learning
of Japanese students in higher education. The results of the evaluations showed that the experimental group uploaded fewer
words, but learned more words than the control group and that the number of the words retained in the memory was more
than that of the control group. The objective of 2) was to connect eBook learning with real-life learning. Its domain was
Japanese onomatopoeia learning of international students in higher education. The result of the evaluation showed that the
number of the logs (words) uploaded and relogged by VASCORLL group was larger than that of the control group. Thus
its linking function by the nodes in the network graph enhanced learners’ learning opportunities. However its user
unfriendliness was pointed out in the feedback. Improvement of its user-friendliness is among our future works. The
objective of 3) was to connect individual learning with collaborative one. Its domain was business Japanese learning of
international students in higher education. The result of the evaluation showed that the mean score increased more
SCROLLeBook learning than blog learning and that the usability of SCROLLeBook was higher than that of the blog site.
However, our system did not support entwining of individual learning with interactive learning effectively. It is also among
our future works to find solutions on this issue.
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