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Abstract: Enhancing science inquiry ability of students has been recognized to be one of the
most important education issues nowadays. Although various simulation programs have
been developed for training science knowledge and ability, several problems have been
revealed in practical learning activities. One major problem is owing to the lack of
experiences in practical applications for what have learned from the textbooks. To deal with
this problem, this study presents a context-aware ubiquitous learning system that employs
Radio Frequency Identification (RFID) technology to detect and examine real-world
learning behaviors of students and provide personalized learning guidance accordingly.
Experimental results from a science course of an elementary school show that this
innovative approach is able to improve the learning achievements of students as well as
enhance their learning motivation.
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1. Introduction

In the past decade, various computer-assisted or web-based learning systems have been
developed to provide a more adaptive learning environment with plenty of learning
resources. Much attention has been focused on new learning strategies with appropriate
software tools and environments [1], such as Computer scaffolding [2][3], the
activity-theoretical approach [4], and Computer-Supported Intentional Learning
Environments (CSILE database, e.g., [5]). These learning strategies have been applied,
together with Internet access, in classroom teaching.

Several studies have demonstrated the benefits of computer- and network-based
learning (e.g., [6][7][8][9]), but experienced educators have emphasized more the
importance and necessity of “authentic activities” in which students are able to work with
problems from the real world [10][11][12]. In order to situate students in authentic learning
environments, it is necessary to place them in a series of designed lessons that combine both
real-world and virtual learning environments [13].

Recently, the advance of wireless communication, sensing and ubiquitous
technologies has provided unprecedented opportunities to carry out new learning strategies
by integrating real-world learning environments and the resources of the digital world.
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Thanks to these new technologies, individual students, by using a mobile device to access
the digital content via wireless communications, are able to learn in real-world situations
with support or instructions from the computer system. Moreover, the learning system is
able to detect and record the students’ learning behaviors in both the real world and the
digital world with the help of the sensing technology. Such a sensing technology-enhanced
mobile learning model has been called context-aware ubiquitous learning [13]. It not only
provides learners with an alternative to deal with problems in the real world, but also
enables the learning system to interact with the learners more actively [14][15].

Without proper support, the new learning scenario might become too complex for
the students. Educators have indicated that “technologies should not support learning by
attempting to instruct the learners, but rather should be used as knowledge construction
tools that students learn with, not from” [16]. Computers, among the existing technologies,
have been recognized as being a potential tool to support learning and instruction, such that
the learners act as designers, and the computers function as tools for interpreting and
organizing their personal knowledge [16] [17] [18]. Hence, it has become an important and
challenging issue to develop personalized learning guidance systems to assist learners to
interpret and organize their personal knowledge for mobile and ubiquitous learning.

In this paper, a ubiquitous learning system that employs RFID technology to detect
the learning behaviors of students and provide learning guidance in the real world is
presented. Moreover, a learning activity on a science course has been conducted to evaluate
the effectiveness of the innovative approach in comparison with traditional approach. Those
experiences could be helpful to those who intend to develop context-aware ubiquitous
learning environments and activities.

2. Relevant research

Although technology-enhanced learning has been widely discussed and employed in past

decades, researchers have indicated the necessity and importance of “authentic activities” in

which students can learn to cope with problems in real-world environments [10] [13] [19].

Four criteria concerning the instructional design of situated learning have been pointed out

as follows [13]:

(1) To select the situation or sets of situations that will afford the particular knowledge that
the teacher wishes each student to acquire [20].

(2) To provide the necessary “scaffolding” for novices to operate in the complex realistic
context and for experts to work in the same situation [3] [21] [22].

(3) To provide supports that allow teachers to track progress, assess information, interact
knowledgeably and collaboratively with individual students or cooperating groups of
students, and prepare situated learning activities to assist the students in improving their
ability in utilizing skills or knowledge [23] [14] [24] [25].

(4) To define the role and nature of assessment and what it means to "assess" situated
learning [26] [27].

In recent years, researchers have noticed the efficiency and popularity of mobile and
sensor technologies. Several studies have been conducted to demonstrate the practice of
those new technologies in supporting authentic learning. Chen, Kao, and Sheu [22] reported
a mobile learning system that uses handheld devices for scaffolding students’ learning about
bird watching. Chen, Chang, and Wang [28] presented a learning environment to scaffold
learners with mobile devices and sensor techniques. Chu, Hwang, Huang and Wu [29]
demonstrated a technology-enhanced authentic environment where the learning system
guided the students to learn in the real world with sensing technology, and detected the
learning behaviors of individual students. It is obvious that guiding the students to learn in
the real world with supports from the digital world has become an important and
challenging issue. To effectively and efficiently assist students in interpreting and
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organizing their personal knowledge, the provision of knowledge construction tools is
needed. The necessity of developing computer-assisted tools or environments to engage
learners in constructive, higher-order, critical thinking about the subjects they are studying
has been acknowledged [17]. Several recent studies have also demonstrated the
effectiveness of applying computer facilities to provide personalized learning guidance
[30]. Therefore, it has become an important and challenging issue to develop personalized
learning guidance systems for ubiquitous learning with sensing technology.

In the following sections, we shall present a ubiquitous learning system that is able to
provide personalized learning guidance in the authentic learning environment. In addition,
the experimental results of conducting a learning activity on a science course are presented
to demonstrate the effectiveness of this novel approach.

3. Ubiquitous learning Environment with RFID Technology

In this study, the authentic learning environment is a science park located at southern
Taiwan. It contains various science devices, and nine devices concerning planetology,
optics and electromagnetic induction have been selected as the target learning objects of this
study. Each target object is labeled with an RFID tag, while each student holds a mobile
device equipped with an RFID reader. In addition, wireless communication is provided to
enable communication between the mobile device and the computer server that executes the
learning system.

Figure 1. The context-aware Ubiquitous learning environment

The students who participate in the learning activity are guided to learn to operate those
devices in the science park. As they move around in the authentic learning environment, the
learning system can detect the location of individual students by reading and analyzing the
data from the nearest RFID tag. Accordingly, the learning system is able to actively provide
personalized guidance or hints to individual students by interacting with them via the
mobile device, as shown in Figure 2.
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Figure 2. Authentic environment and learning scenario

Personalized Ubiquitous learning Guidance Mechanism

A personalized learning guidance mechanism was employed in developing the ubiquitous
learning system for assisting the students to learn to operate those target devices by
employing a cognitive apprenticeship approach [22] [23] [31]. We aim to provide
systematic teaching and guidance for the learners, and opportunities of practicing learning
tasks as well as reviewing learning processes. The flowchart of the learning guidance
mechanism is given in Figure 3.

Learning activity Guide the student Demonstrate Show the
G Degvice 1 > to the > the procedure —> relevant Theories
correctlocation for operating the device concerning this device
Learning activity |, l
for Device 2 Give hints or Incorrect Ask the student_ to
. “ operate the device
supplementary materials and check the results
Learning activity Correct
for Device n

Figure 3. Personalized ubiquitous learning guidance mechanism

With the help of the sensing technology, the ubiquitous learning system can detect the
location of individual students, and guide them to find the location of the target devices.
Once a student arrives at a target device, a series of questions is presented to guide them to
operate that device. Moreover, the learning system guides individual students in further
learning based on their responses to the questions; that is, personalized guidance is
provided. The details of the personalized ubiquitous learning guidance procedure are given
as follows:

Step 1: Guide the student to find the location of the target device.

Step 2: Introduce the device.

Step 2.1: Demonstrate the functions of the device and show how the device can be operated.
Step 2.2: Present the theories and examples that are relevant to the device.

Step 3: Ask the student to operate the device and check if the results are correct.

Step 3.1: If the student fails to correctly operate the device (the results are incorrect), some
hints or supplementary materials are given, and the student is asked to go to Step 2.
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Step 3.2: If the student correctly operate the device (the results are correct), the learning
system will show some encouraging information.

Step 4: Guide the student to visit the next target device and repeat Steps 2 to 3 until the
student pass the evaluation for all of the target devices.

Ubiquitous learning System for Science Device Operations

Based on this innovative approach, the Mobile Science Device Trainer (MSDT) has been
developed to assist the students in operating the science devices. MSDT is able to detect the
location of individual students and provide them with adaptive supports via the use of
PDA’s (Personal Digital Assistants) equipped with RFID and wireless communication
equipment.

Figure 4 shows an illustrative example of MSDT in guiding the student to find the target
object “Sun simulator” on the science park.

%M:?ar
| 1. a‘mgm

evice name:
simulator

a !E '
Figure 4. Example of guiding the student to find the target device

While arriving at the location of the target device, the student is asked to operate the device
by following the instructions given by the learning system. In the example given in Figure 5,
the student is asked to turn the red arrow on the device and make it point to the “earth” label
(see Figure 5(a)), and then turn the black arrow to the 90-degree position (see Figure 5(b)).
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Figure 5. Example of guiding the student to operate the target device
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4. Experiment and Analysis

To evaluate the effectiveness of the innovative approach, an experiment was conducted on a
science course of a science park (planetarium) located in southern Taiwan. The experiment
aimed to investigate the learning outcomes when the students in the control group employed
PDAs to learn (u-learning approach). That is, it aimed to determine whether the students
who learned with MSDT had better achievements than those who learned in the u-learning
environment. In the following subsections, the design and analysis of the results of the
experiment are given in detail.

4.1 Participants

The participants of this study were 43 fifth-grade students taught by the same teacher in an
elementary school. After receiving the fundamental science device knowledge in a science
course, the participants were divided into a control group (n = 21) and an experimental
group (n = 22).

4.2 Learning Design

In the first stage of the experiment, the students receiving the fundamental knowledge of the
target devices in the science park (about 80 minutes), all of the students were then asked to
answer a pre-questionnaire and take a pre-test (50 minutes). The question items in the
pre-questionnaire were concerned with the students’ attitudes to the science course. The
pre-test aimed to evaluate the students’ basic knowledge about the course.

In the second stage, the students in the experimental group were arranged to learn to operate
the nine target devices using MSDT, while those in the control group were guided to learn
via traditional approach (by the teacher). This stage took almost 120 minutes. After
conducting the learning activity, the students were asked to take a post-test and answer a
post-questionnaire (50 minutes).

ICCE 2010|198



Hirashima,T. et al. (Eds.) (2010). Workshop Proceedings of the 18th International Conference on Computers in Education. Putrajaya,
Malaysia: Asia-Pacific Society for Computers in Education.

4.3 Learning achievements of students

Table 1 shows the t-test results of the pre-test. Notably, the mean and standard deviation of
the pre-test were 71.14 and 14.56 for V1 (experimental group), and 73.09 and 11.21 for V2
(control group). As the p-value (Significant level) =.56 > .05 and t =-0.60, it can be inferred
that V1 and V2 did not significantly differ at a confidence interval of 95% in the pre-test.
According to the t-test result (t=-0.97, p > .05), it was evident that the two groups of students
had equivalent abilities before learning the subject unit.

Table 1. t-test of the pre-test results
N Mean S.D. t
Experimental group 22 88.22 13.86 -0.97
Control group 21 9190 10.87

Table 2 shows the t-test results of the post-test; in addition, the original means and standard
deviations are also presented. The mean and standard deviation of the post-test were 60.19
and 16.76 for the control group, and 70.55 and 15.42 for the experimental group. From the
post-test scores, it was found that the students in the experimental group had significantly
better achievements than those in the control group (t = 2.11, p < .05). This result implies
that learning with MSDT in an authentic learning environment significantly benefits the
students more than learning in the traditional environment. That is, this innovative approach
is helpful to the students in improving their learning performance.

Table 2. t-test of the post-test results
N Mean S.D. t
Experimental group 22  70.55 15.42 211
Control group 21  60.19 16.76
*p< .05

5. Conclusions

Recently, mobile and wireless communication technologies have become popular among
research groups. In ubiquitous learning, the students are situated in a real-world
environment with supports from the digital world. Thanks to the novelty and pleasure of
using mobile devices outside the classroom, such learning activities frequently receive
promising feedback from the students [20] [22]. Therefore, most researchers and school
teachers regard such equipment as a convenient channel that enables students to access
digital resources from the Internet. Nevertheless, the issue of developing new strategies or
tools to improve the learning achievements of students in such learning environments has
attracted relatively little attention.

In this paper, we present a sensing technology-enhanced ubiquitous learning system,
which employs a cognitive apprenticeship approach to guide students to learn to operate a
set of target devices in a science park of southern Taiwan. The developed system has been
applied to a learning activity of a science course in an elementary school. The results of the
experiment demonstrate that this innovative approach promotes learning motivation, and
improves the learning achievements of individual students as well. This finding is quite
different from those of previous studies [29] [32] [33], which mainly investigated the
correlation among the learning motivation, the learning behaviors and the technology
acceptance in mobile and ubiquitous learning. In addition, the usage of this innovative
approach (i.e., learning via operating the devices) is different from those of most previous
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studies which mainly focused on guiding the student to operate the learning objects [34]
[35]. Therefore, this study has the rather positive implication that ubiquitous learning can be
effective if proper strategies can be provided to guide the students to interact with the
learning context.

Acknowledgements

This study is supported in part by the National Science Council of the Republic of China
under contract numbers NSC 99-2511-S-011-010-MY3 and NSC 99-2631-S-011-002.

References

[1]
[

[3]
[4]
[5]
(6]
(71
(8]
[9]
[10]
[11]

[12]

[13]

[14]

[15]
[16]
[17]
[18]

[19]

[20]

[21]

[22]

B. Fabos, and M. D. Young, “Telecommunication in the classroom: Rhetoric versus reality”. Review of
Educational Research, vol. 69, no.3, pp. 217-259, 1999.

X., Ge, and S. M. Land, “A conceptual framework for scaffolding ill-structured problem-solvin
rocesses-using question prompts and peer interactions.” Educational Technology Research
evelopment, vol. 52, no.2, pp. 5-22, 2004.

S. Williams van Rooij, “Scaffolding( Eroject;based learning with the project management body of
knowledge (PMBOK™).” Computers ducation, vol. 52, no.1, pp. 210-219, 2009.

S. S. Liaw, H. M. Huang, and G. D. Chen, “An activity-theoretical apgroach to investigate learners’
factors toward e-learning systems.” Computers in Human Behavior, vol. 23, pp. 1906-1920, 2007.

K., Hakkarainen, and T. Palonen, “Patterns of female and male students' participation in peer interaction
in computer-supported learning.” Computers & Education, vol. 40, no.4, pp. 327-342, 2003.

B. Hill, “A conceptual framework for understanding information seeking in o;en-ended information
system.” Educational Technology Research & Development, vol. 47, no.1, pp. 5-27, 1999.

J. R. Hill, and M. J. Hannafin, “Cognitive strategies and Iearning from the World Wide Web.”
Educational Technology Research & Development, vol. 45, no.4, pp. 37-64, 1997.

J. B. Pena-Shaffa, and C. Nichollsb, "Analyzing student interactions and meaning construction in
computer bulletin board discussions.” Computers & Education, vol. 42, no.3, pp. 243-265, 2004.

A. D. Yakimovicz, and K. L. Murphy, “Constructivism and collaboration on the Internet case study of a
graduate class experience.” Computers & Education, vol. 24, no.3, pp. 203-209, 1995.

J. S. Brown, A. Collins, and P. Duguid, “Situated cognition and the culture of learning. Educational
Researcher™, vol. 18, no.1, pp. 32-42, 1989.

E. Wenger, “Communities of practice: Learning, Meaning, and Identity”. Cambridge, UK: Cambridge
University Press. 1997

M. Minami, H. Morikawa, and T. Aoyama, “The desi%n of naming-based service composition system for

ubiquitous computln% aﬂollcatlons.’ Proceedings of the 2004 Symposium on Applications and the

Lnterneg(—)\(/)Vgrkshops( AINT 2004 Workshops) (pp. 304-312). Washington, DC: IEEE Computer Society
ress, .

G. J. Hwang, C. C. Tsai, and Stephen. J. H. Yang, “Criteria, strategies and research issues of
gcinéelxté%\ggre ubiquitous learning”. Journal of Educational Technology & Society, vol. 11, no.2, pp.

H. Ogata, and Y. Yano, “Context-aware support for computer-supported ubiquitous learning’. Paper
presented at the 2nd IEEE International Workshop on Wireless and Mobile Technologies in Education,
JhongLi, Taiwan, 2004, March.

Stephen. J. H. Yang, T. Okamoto, and S. S. Tseng, (2008). A matter of context-aware ubiquitous learning.
Journal of Educational Technology & Society, vol. 11, no.2, pp. 1-2.

D. H. Jonassen, C. Carr, and H. P. Yueh, "Computers as Mindtools for engaging learners in critical
thinking”, TechTrends, vol.43, no.2, pp. 24-32, 1998.

P. Kommers, D. H. Jonassen, and T. Mayes, (Eds.). “Cognitive tools for learning”, Heidelberg, FRG:
Springer, 1992.

D. H. Jonassen, “Computers as mindtools for schools, engaging critical thinking”, Englewood Cliffs, NJ:
Prentice-Hall, 1994, 1999.

J. Lave, “Situating learning in communities of practice”, In L. B. Resnick., J. M. Levine., and S. D.
Teasley (Eds.), Perspectives on Socially Shared Cognition (pp. 63-82). Washington, DC: American
Psychological Association, 1991.

R. Shaw, M. T. Turvey, and W. Mace, “Ecological psychology: The conseci_uence of a commitment to
realism”, In W. B. Weimer and D. S. Palermo (Eds.), Cognition and the symbolic processes (pp. 159-226).
Hillsdale, NJ: Lawrence Erlbaum, 1982.

L. Vygotsky, “Mind in Socie;y: The Development of Higher Psychological Process™, Cambridge, MA:
Harvard University Press, 1978.

G. J. Hwang, T. C. Yang, C. C. Tsai, and Stephen J. H. Yang, "A context-aware ubiquitous learning
environment for conducting complex experimental procedures”, Computers & Education, vol. 53, no.2,
pp. 402-413, 2009.

ICCE 2010|200



Hirashima,T. et al. (Eds.) (2010). Workshop Proceedings of the 18th International Conference on Computers in Education. Putrajaya,
Malaysia: Asia-Pacific Society for Computers in Education.

[23]

[24]

[25]
[26]
[27]
[28]
[29]
[30]
[31]
[32]

[33]

[34]

[35]

A. Collins, “The role of computer technology in restructuring schools”, Phi Delta Kappan, vol. 73, no.1,
pp. 28-36, 1991.

B. A. de. Leng, D. H. J. M. Dolmans, R. Jébsis, A. M. M., Muijtjens, and C. P. M. van der. Vleuten,
“Exploration of an e-learning model to foster critical thlnklng on basic science concepts during work
placements”, Computers & Education, vol. 53, no.1, pp. 1-13, 2009.

M. Nussbaum, C. Alvarez, A. McFarlane, F. Gomez, S. Claro, and D. Radovic, “Technology as small
group face-to-face Collaborative Scaffolding”, Computers & Education, vol. 52, no.1, pp. 147-153, 2009.
J. Lave, and E. Wenger, “Situated learning: Legitimate peripheral participation”,. New York, NY:
Cambridge University Press, 1991.

J. B. Paige, and B. J. Daley, “Situated cognition: a learning framework to support and guide high-fidelity
simulation”, Clinical Simulation in Nursing, vol. 5. No. 3, pp. 97-103, 20009.

G. D. Chen, C. K. Chang, and C. Y. Wang, "Ubiquitous learning website: Scaffold learners by mobile
devices with information-aware techniques”, Computers & Education, vol. 50, no.1, pp. 77-90, 2008.

H. C. Chu, G. J. Hwang, S. X. Huang, and T. T. Wu, "A knowledge engineering approach to developing
e-libraries for mobile learning”, The Electronic Library, vol. 26, no.3, pp. 303-317, 2008.

S. Schiaffino, P. Garcia, and A. Amandi, “eTeacher: Providing personalized assistance to e-learning
students”, Computers & Education, vol. 51, no.4, pp. 1744-1754, 2008.

B. Wilson, and P. Cole, “A review of cognitive teaching models”, 1991.

M. M. El-Bishouty, H. Ogata, and Y. Yano, “PERKAM: Personalized knowledge awareness map for
computer suggorted ubiquitous learning”, Journal of Educational Technology & Society, vol. 10, no.3, pp.
122-134, 2007.

H. Peng, C. Chou, and C.-Y. Chang, (2008). From virtual environments to physical environments:
exploring interactivity in ubiquitous-learning systems. Journal of Educational Technology & Society, vol.
11, no.2, pp. 54-66.

H. C. Chu, G. J. Hwang, and C.C. Tsai, “A Knowledge Engineering Af)proach to Developing Mindtools
for Context-Aware Ubiquitous Learning”, Computers & Education, vol. 54, no.1, pp. 289-297, 2010.

G. J. Hwang, F. R. Kuo, P. Y. Yin, and K. H. Chuang, “A heuristic algorithm for planning personalized
learning paths for context-aware ubiquitous learning”, Computers & Education, vol. 54, 404-415, 2010.

ICCE 2010|201



