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a b s t r a c t

The advancement of wireless and mobile technologies has enabled students to learn in an environment
that combines learning resources from both the real world and the digital world. Although such an
approach has been recognized as being innovative and important, several problems have been revealed
in practical learning activities. One major problem is owing to the lack of proper learning strategies or
tools for assisting the students to acquire knowledge in such a complex learning scenario. Students might
feel excited or engaged when using the mobile devices to learn in the real context; nevertheless, their
learning achievements could be disappointing. To deal with this problem, this study presents a mobile
learning system that employs Radio Frequency Identification (RFID) technology to detect and examine
real-world learning behaviors of students. This study also utilizes each student’s responses from a two-
tier test (i.e., multiple-choice questions in a two-level format) to provide personalized learning guidance
(called two-tier test guiding, T3G). The experimental results from a natural 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.

� 2010 Elsevier Ltd. All rights reserved.
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 (Huang, Lin, & Cheng, 2009; Tseng, Chu, Hwang, & Tsai, 2008; Yeh, Chen, Hung, & Hwang,
2010). Much attention has been focused on new learning strategies with appropriate software tools and environments (Hwang, Tseng, &
Hwang, 2008; Lan, Sung, & Chang, 2009; Panjaburee, Hwang, Triampo, & Shih, 2010), such as Computer scaffolding (Ge & Land, 2004;
Williams van Rooij, 2009), the activity-theoretical approach (Liaw, Huang, & Chen, 2007), and Mobile Computer-Supported Intentional
Learning Environments (Nussbaum et al., 2009). 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. Leng et al., 2009; Pena-Shaffa & Nichollsb,
2004); nevertheless, experienced educators have emphasizedmore the importance and necessity of “authentic activities” inwhich students
are able to work with problems from the real world (Herrington & Oliver, 2000; Hwang, Chu, Shih, Huang, & Tsai, 2010; Lave, 1991). Recent
popularity of wireless communication and mobile technologies has provided the opportunity to situate students in authentic learning
environments with access to the digital resources (Hwang, Tsai, & Yang, 2008). Individual students, by using a mobile device (e.g. portable
computers or cellular phones) with wireless communications, are able to learn in real-world situations with support or instructions from
the computer system. Moreover, the advancement of sensing technology has enabled the learning system to detect and record the students’
learning behaviors in the real world. Learning behavior emphasizes the crucial link that represents the interaction of the individual with
contextual and social factors. Researchers have indicated that the link occurs when positive relationships are established between the
learners and themselves (e.g. more learning motivation), the learners and others (e.g. teachers and peers), and the learners and the learning
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environment (e.g. learning systems and learning materials) (Powell & Tod, 2004). The sensing technology-enhanced mobile learning model
not only provides learners with an alternative to deal with problems in the real-world context, but also enables the learning system to
interact with the learners more actively (Ogata & Yano, 2004; Yang, Okamoto, & Tseng, 2008); consequently, researchers have called it
context-aware ubiquitous learning (Hwang et al., 2008).

Without proper support, the new learning scenario might become too complex for the students to understand and use. 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 learnwith, not from” (Jonassen, Carr, & Yueh, 1998, p. 1). 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 (Chu, Hwang, & Tsai, 2010; Jonassen, 1999; Jonassen et al., 1998).
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 mobile learning system that employs RFID (Radio Frequency Identification) technology to detect the learning behaviors of
students and provide learning guidance in the real world is presented. Moreover, a two-tier test approach for providing personalized
guidance in mobile learning activities is proposed. A learning activity on a natural science course has been conducted to evaluate the
effectiveness of the innovative approach in comparison with the tour-based mobile learning approach.

2. Relevant research

Early studies of mobile learning focused on building learning systems to “supplement” students to learn in authentic learning envi-
ronments. For example, Chen, Kao, and Sheu (2003) constructed an outdoormobile-learning activity about birdwatching by using handheld
devices to show learning sheets and supplementary materials. Rogers et al. (2005) employed mobile and wireless communication to enable
children to observe and collect data in woodlands. In their study, mobile devices were utilized as a tool for recording observations.

In recent years, researchers have further attempted to use sensing technologies to providemore effective learning supports. For example,
Chu, Hwang, Huang, andWu (2008) developed a mobile learning system for training students to identify the characteristics of the plants on
a school campus. The learning system was able to guide the students to learn in the real-world environment by detecting their learning
behaviors with sensing technology. Hwang, Yang, Tsai, and Yang (2009) developed a context-aware ubiquitous learning systemwith mobile,
wireless communication and sensing technologies for guiding inexperienced researchers to practice single-crystal X-ray diffraction oper-
ations. Such a location-aware mobile learning approach has extended the scope of experiential learning, location-based learning and
outdoor learning, which situate students in real-world learning scenarios (Bamberger & Tal, 2007; Orion, Hofstein, Tamir, & Giddings, 1997),
from pure in-field learning to a new learning scenario that combines both the real-world and digital-world learning resources (Kolb, 1984;
Rogers et al., 2005; Vogel, Spikol, Kurti, & Milrad, 2010). To effectively and efficiently assist students in interpreting and organizing their
personal knowledge, it is necessary to develop new tools and strategies by taking both the real-world and the digital-world factors into
consideration, such that the students can gain knowledge and learning experiences with personalized supports from the learning systems
(Chen et al., 2003; Chu et al., 2010; Hwang, Chu, et al., 2010; Hwang, Kuo, Yin, Chuang, 2010; Nussbaum et al., 2009; Shih, Chu, Hwang, &
Kinshuk, in press); therefore, it has become an important and challenging issue to develop location-aware mobile learning strategies.

Researchers have pointed out several criteria for instructional design in such situated learning environments, including the selection of
situations that would afford the particular knowledge to be learned (Chen et al., 2003), the provision of the necessary “scaffolding” for
novices to operate in the complex realistic context and for experts to work in the same situation (Hwang et al., 2009; Williams van Rooij,
2009), the provision of teacher supports for tracking the learning progress of students (Chen, Hwang, Yang, Chen, & Huang, 2009; Leng et al.,
2009; Ogata & Yano, 2004; Peng et al., 2009), and the development of strategies for assessing the effectiveness of situated learning (Paige &
Daley, 2009).

Although effective tools or environments have potential in engaging individual learners in constructive, higher-order, critical thinking
about the subjects they are studying (Jonassen, 1999; Schiaffino, Garcia, & Amandi, 2008), it is difficult to design suitable learning strategies
for supporting and guiding learners in the environments that combine real-world and digital-world learning resources. Therefore, it has
become an important and challenging issue to develop effective and easy-to-follow learning guidance models for location-aware mobile
learning.

Researchers have indicated the importance of assessing the learning status or prior knowledge of individual students before providing
learning guidance (Hwang, 2003; Hwang et al., 2008; Tseng et al., 2008). Among the existing testing strategies, two-tier tests have been
recognized as being an efficient and effective way to investigate students’ prior knowledge or misconceptions by many researchers,
especially in science education (Odom & Barrow, 1995; Treagust, 1988; Tsai, 2003). A two-tier test is a two-level multiple-choice question.
The first tier assesses students’ descriptive or factual knowledge about the phenomenon to be assessed. The second-tier probes the students’
reasons for their choicemade in the first tier, trying to explore their in-depth explanations of the factual knowledge. The use of two-tier tests
allows teachers or researchers to not only understand students’ possible incorrect ideas, but also to assess the reasoning or in-depth
understanding behind these ideas. In this way, researchers can acquire more detailed information about students’ existing or prior
knowledge. In recent years, some researchers (Tsai & Chou, 2002) have developed networked two-tier test systems, inwhich only one tier of
a test item per screen is presented. Such a system facilitates assessment of existing knowledge of a larger sample of students in a more
efficient and relatively straightforward manner. As the two-tier test is in a multiple-choice format, it is much simpler for researchers or
educators to interpret students’ responses (Tsai & Chou, 2002); moreover, it is very suitable to be implemented in mobile learning devices
with limited screen size, as only one tier needs to be displayed per screen. Therefore, in this study, a location-aware mobile learning system
based on a revised two-tier test approach is proposed to provide personalized learning guidance in the authentic learning environment.

3. A location-aware mobile learning environment with a two-tier test approach

In this study, the authentic learning environment is an elementary school garden consisting of 12 areas of plants as the target objects.
Each target plant is labeled with an RFID tag, while each student holds a mobile device equipped with an RFID reader. In addition, wireless
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communication is provided to enable communication between the mobile device and the computer server that executes the learning
system. The students who participate in the learning activity are asked to observe and recognize the features of the target plants. 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.
3.1. Two-tier test guiding mechanism

With the help of the sensing technology, the mobile learning system can detect the location of individual students, and guide them to
find the location of the target plants. Once a student arrives at a target plant, a series of questions is presented to guide them to observe and
recognize the features of that plant. Moreover, the learning system guides individual students in further learning based on their responses to
the questions; that is, a two-tier test guiding mechanismwas employed to evaluate the domain knowledge of the students and guide them
to learn based on the evaluation results, as shown in Fig. 1. The details of the Two-Tier Test Guiding (T3G) Mechanism are given as follows:

Step 1: Guide the student to find the location of the target plant.
Step 2: Conduct first-tier observations of the target plant:
Present the first-tier question concerning a feature of the target plant to guide the student to observe that feature.
Step 2.1: If the student fails to recognize the feature of that plant by giving an incorrect description:

Step 2.1.1 Guide the student to a comparative plant to show the difference ` that particular feature.
Step 2.1.2: Ask the student to answer the question again. If the student fails to correctly recognize the feature again, present the
corresponding supplementary materials to the student.

Step 2.2: If the student correctly recognizes the feature of the plant:
Step 2.2.1: Present the second-tier question that asks the student an advanced or in-depth conception related to the answer.
Step 2.2.2: If the student fails to correctly answer the second-tier question, present some hints or supplementary materials to the
student and go to Step 2.2.1.

Step 3: Repeat Step 2 until the student has correctly recognized all of the features of the plant and has been confirmed as being well
equipped with the relevant knowledge.
Fig. 1. Mobile learning guidance mechanism based on the two-tier test approach.
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Step 4: Guide the student to visit the next target plant and repeat Steps 2–5 until all of the target plants are observed.

For example, the student observes the plant (target object) “Palimara Alstonia” and describes its “Leaf arrangement” as “Opposite”. By
comparing the student’s answer with the correct answer given by the teacher (i.e., “The leaf vein has many branches”), the learning system
finds that the student’s answer is incorrect. Consequently, the learning system tries to find a comparative plant whose “Leaf-arrangement” is
“Opposite” from the database (i.e., to find a plant that matches the incorrect feature described by the student). Assume that another plant
“Blue sky vine” on the school campus has this feature, that is, its “Leaf arrangement” is “Opposite”. In that case, the student is guided to
observe “Blue sky vine” and compare its “Leaf arrangement” with that of “Palimara Alstonia”.

On the other hand, if the student has correctly answered the question (i.e., the leaf-arrangement of “Palimara Alstonia” is “Whorled”), the
learning system will ask the student to answer the second-tier question. In this illustrative example, the second-tier question could be
Leaves are arranged on a stem in a definite fixed order, called phyllotaxy, for different species of plants.Which one of the following descriptions is
correct for the leaf arrangement “Whorled”.

(1) Leaf attachments are singular at nodes, and leaves alternate direction, to a greater or lesser degree, along the stem.
(2) Leaf attachments are paired at each node; decussate if, as typical, each successive pair is rotated 90� progressing along the stem; or distichous

if not rotated, but two-ranked (in the same geometric flat-plane).
(3) Three or more leaves attach at each point or node on the stem. As with opposite leaves, successive whorls may or may not be decussate, rotated

by half the angle between the leaves in the whorl (i.e., successive whorls of three rotated 60�, whorls of four rotated 45�, etc). Opposite leaves
may appear whorled near the tip of the stem.

In this illustrative example, the correct answer is “3”. If the student’s answer is incorrect, the learning system would provide corre-
sponding learning materials of plants to the student, and then ask the student to answer the question again.

Thus, in this learning system, the first-tier questions are designed to guide individual students to cultivate careful observation skills,
while the second-tier questions aim to evaluate if the students are equipped with correct conceptions to explain what they have observed.
3.2. Mobile learning system for natural science course

Based on this innovative approach, the Two-Tier Test Guiding (T3G) has been developed to assist the students to observe and classify
learning objects in the real world. T3G is able to detect the location of individual students and provide themwith adaptive supports via the
use of PDA’s (Personal Digital Assistants) equipped with RFID and wireless communication equipment.

Fig. 2(a) shows an illustrative example of T3G in guiding the students to find the target object “Liquidambar” on the campus. The student
is then asked to observe the “leaf point” of “Liquidambar” and answer the question generated from the enhanced repertory grid model, as
shown in Fig. 2(b).

If the student fails to correctly identify the plant feature, the T3G systemwill try to guide him/her to observe another plant which exhibits
the incorrect answer, and compare the difference between the features of the two target plants. For example, in Fig. 3, if an incorrect answer
“Round with a blunt tip” is given by the student for the “leaf shape” of “Liquidambar”, the learning systemwill guide the student to find the
Fig. 2. Example of guiding the student to find and observe the target plant.
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plant “Golden Leaves” that really has a leaf point that is “Round with a blunt tip” and compare it with the leaf point of the original target
“Liquidambar”. To assist the student in easily finding the plant “Golden Leaves”, the T3G system shows a campus mapwhichmarks the plant
“Golden Leaves” and the student’s location.

When the student is close to the plant “Golden Leaves”, the T3G system will guide him/her to observe and compare the leaf shapes of
“Golden Leaves” and “Liquidambar”, as shown in Fig. 4(a). The student is then asked to walk back to the target plant “Liquidambar”, and
answer the question concerning “the leaf shape of Liquidambar” again, as shown in Fig. 4(b).
4. Experiment design

To evaluate the effectiveness of the innovative approach, an experiment was conducted on a natural science course of an elementary
school located in southern Taiwan. The experiment aimed to investigate whether the students who learned with T3G attained better results
Fig. 4. Interface for guiding the student to compare the leaf shapes of “Golden Leaves” and “Liquidambar”.
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and had more positive perceptions than those who learned in a “pure” (tour-based) 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 57 fifth-grade students taught by the same teacher in an elementary school. Their average agewas 11.
After receiving the fundamental plant knowledge in a natural science course, they were divided into a control group (n ¼ 29) and an
experimental group (n ¼ 28).

4.2. Learning activity design

Fig. 5 shows the procedure of the experiment. In the first stage (four weeks), the teacher was guided to provide the classification
knowledge of the target plants. This experiment contained 13 learning objects (plants on the school campus), namely “Spindle palm”,
“Golden dewdrop”, “Variegated leaf croton”, “Golden Leaves”, “Star Cluster”, “Bread-fruit Tree”, “Liquidambar”, “Common garcinia”, “Golden
Bamboo”, “Odour-bark cinnamon”, “Blue sky vine”, “Devil’s lvy”, and “Golden dewdrop”.

In the second stage, after receiving the fundamental knowledge of the plants in the natural science course (about 50 min), all of the
students were asked to take a pre-test. They spent nearly 40 min answering the test items, which aimed to evaluate their basic knowledge
about the plants on the campus.

After taking the pre-test, the students in the experimental group were arranged to observe and compare the features of 13 plants on
the campus using the u-learning systemwith the T3G approach. On the other hand, the students in the control groupwere guided to observe
the plants via the common tour-based u-learning approach; that is, they learned with PDA’s equipped with an RFID reader, with which the
learning system can detect the location of individual students, guide them to the target plants, and provide them with relevant learning
materials as soon as they approach a target plant. This stage took about 160 min for each group. After conducting the learning activity, the
students were asked to take a post-test and answer a post-questionnaire (45 min).

4.3. Instruments

To evaluate the learning effectiveness of the students, a pre- and a post-test were developed; in addition, to collect the students’
perceptions about the ubiquitous learning activity and their attitudes toward learning science, a perception questionnaire survey (see
Appendix A) and an attitude questionnaire survey (see Appendix B) were administered to all students as well.

The pre-test aimed to confirm that the two groups of students had the equivalent basic knowledge required for taking this particular
subject unit. It was composed of 25 fill-in-the-blank items with a full score of 100. The post-test consisted of two types of test items: 15
multiple-choice items and 8 short essay items with a full score of 100. It focused on evaluating the students’ knowledge about comparing
and classifying the plants based on their leaf features. Both the pre- and post-test were designed by the teacher who taught the Natural
Science course to the two groups of students. The tests were also evaluated by other science educators for expert validity.

The perception and the attitude questionnaires were designed to collect the students’ perceptions about the mobile learning activity on
the campus and their attitudes toward learning science after participating in the experiment. They originated from a questionnaire
developed by Chu et al. (2010), with a reliability coefficient of 0.91.

The perception questionnaire used in this study consisted of 19 six-point Likert-scale items where 1 represented “strongly disagree” and
6 represented “strongly agree”. It included three scales concerning students’ perceptions of the ubiquitous learning activity, including
“experiences about using the PDA”, “feelings about the mobile learning system” and “degree of satisfactionwith the learning approach”. The
attitude questionnaire consisted of 7 six-point Likert-scale items. Both the questionnaires were reviewed by three experts to ensure content
validity. The Cronbach’s alpha value for each scale of the perception questionnaire was 0.67, 0.88 and 0.91 respectively, and for the attitude
questionnaire it was 0.89. These values indicated adequate reliability of assessing students’ perceptions of the learning activity and their
attitudes toward learning science.
50 Min.

40 Min.

160 Min.

45 Min.

57 grade-five students

Experimental group 

(28 students)

Control group 

(29 students)

Teaching the fundamental knowledge of the plants 

In the Classroom

Using T
3
G system to 

observe and classify 

the plants

On the Campus 

post-test and post-questionnaireIn the Classroom

pre-test

Using PDAs to refer to the 

digital learning materials 

and to receive learning 

guidance

Fig. 5. Procedure of the context-aware u-learning activity for comparing the T3G and the tour-based u-learning approaches.



Table 1
Descriptive data and ANCOVA result for the post-test scores.

N Mean S.D. Adjusted mean Std. error. F value d

Post-test Experimental group 28 56.21 11.74 54.97 2.16 11.26*** 0.93
Control group 29 44.31 13.68 43.78 2.11

***p < 0.001.

Table 2
Independent t-test on the perceptions and attitudes of the experimental and control group students.

Experimental Group
(Mean, S.D.)

Control Group
(Mean, S.D.)

t d

Perception of participating in the
u-learning activity

Scale 1: experiences of using the PDA (Items 1–3) 5.29/1.17 5.28/1.13 0.03
Scale 2: feelings about the mobile learning
system (Items 4–10)

5.29/0.95 4.89/1.00 1.53

Scale 3: degree of satisfaction with the learning
approach (Items 11–19)

5.58/0.48 4.97/0.95 3.02** 0.80

Attitude toward learning science 5.33/0.79 4.53/1.02 3.27** 0.87

**p < 0.01.
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5. Results

5.1. Learning achievements of the students

An independent t-test was used to analyze the pre-test. The mean and standard deviation of the pre-test were 72.5 and 11.59 for the
experimental group, and 71.14 and 14.56 for the control group. As the p-value (Significant level) > 0.05 and t ¼ 0.46, it can be inferred that
these two groups did not significantly differ prior to the experiment. That is, the two groups of students had statistically equivalent abilities
before taking the subject unit.

Table 1 shows the ANCOVA results of the post-test using the pre-test as a covariate; the original means and standard deviations are also
presented. 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 (F¼ 11.26, p< 0.001). Moreover, the effect size dwas computed tomeasure the strength of the treatment between
the two groups (Cohen, 1988). In Cohen’s definition, “d ¼ 0.2” indicates “small” effect size; “d ¼ 0.5” means “medium” effect size, and
“d ¼ 0.8” means “large” effect size. In Table 1, the Cohen’s d value of 0.93 indicates a large effect size, suggesting a great help from the T3G
approach. This result indicates that learning with the T3G approach-assisted u-learning significantly benefited the students more than
learning in a “pure” u-learning environment in terms of knowledge acquisition.
5.2. Questionnaire survey

Table 2 shows the statistical results of the post-questionnaire scales, including the means. It was found that the students in the
experimental group had a more positive perception of participating in the u-learning activity based on their satisfaction with the learning
approach (t ¼ 3.02, p < 0.01); moreover, they also had a more significantly favorable attitude toward learning science than those in the
control group (t ¼ 3.27, p < 0.01). Furthermore, the Cohen’s d of the Scale 3 items “students’ satisfaction with the learning approach” and
“students’ attitude toward learning science” were 0.80 and 0.87, respectively, suggesting a large effect size. The T3G-assisted u-learning led
Table 3
Independent t-values on selected perception items for the experimental group and control group students.

Experimental group
(mean, S.D.)

Control group
(mean, S.D.)

t

Scale 2: Feelings about the
learning system

Q10. I have endeavored to follow the learning guidance given by the system during
the learning process.

5.32/0.98 4.55/1.30 2.52*

Scale 3: Satisfaction with
the learning approach

Q12. I have endeavored to observe the differences between the target learning
objects in this learning activity.

5.43/0.84 4.66/1.26 2.72**

Q14. Learning with the PDA system is more challenging and interesting than
learning with the traditional approach.

5.82/0.39 5.17/1.17 2.80**

Q15. I had new findings or knowledge about the target learning objects owing to
the use of this PDA system to learn in the authentic environment.

5.64/0.68 5.17/1.04 2.02*

Q17. The guidance provided by this PDA system is helpful to me in learning how to
identify the features of the target learning objects.

5.75/0.52 5.07/1.16 2.84**

Q18. The guidance provided by this PDA system is helpful to me in observing the
differences within the target learning objects.

5.68/0.55 5.00/1.39 2.41*

Q19. When using this PDA system, I learned how to observe the target learning
objects from new perspectives.

5.54/0.74 4.90/1.26 2.32*

*p < 0.05, **p < 0.01.



Table 4
Independent t-test on the “attitude toward learning science” items of the experimental group and control group students.

Experimental group
(Mean, S.D.)

Control group
(Mean, S.D.)

t

Q1. After participating in the learning activity, I am more interested in observing and
exploring the features of natural objects.

5.18/0.98 3.93/1.56 3.60***

Q3. I care more about those learning objects on the school campus after participating
in this learning activity.

5.25/0.89 4.07/1.67 3.32**

Q6. I will actively try to observe the features of other natural objects. 5.29/0.85 4.31/1.37 3.22**

Q7. This innovative way of learning makes me want to know more about plants. 5.39/0.83 4.38/1.27 3.56***

**p < 0.01, ***p < 0.001.
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to a considerable improvement in students’ learning satisfaction and attitudes toward learning science, when compared to the “pure”
u-learning approach.

An item-by-item analysis was conducted to further examine which items showed differences between the two groups of students. Some
findingswith individual item descriptions are given in Table 3. For the Scale 2 item “Feelings about themobile learning system”, the students
in the experimental group were significantly more willing to follow the guidance of the learning system than those in the control group
(Item 10). That is, the students were apparentlymorewilling to follow the instructions given by the learning system developed with the T3G
approach.

For the Scale 3 item “Degree of satisfaction with the learning approach”, all of the participants indicated that learning with the
T3G system made them endeavor more to observe the differences between the target objects (Item 12). Moreover, they felt that
the u-learning activity with the T3G approach was more challenging and interesting than the traditional learning activities (Item
14) and they could make new findings about the learning targets (Item 15). More importantly, in comparison with the “pure”
u-learning approach, the students in the experimental group revealed significantly more positive perceptions of the helpfulness of
the learning guidance provided by the PDA system in identifying the features of the target objects (Item 17) and observing the
differences between the objects (Item 18). The statistical results also showed that with the T3G approach, the students in the
experimental group had significantly better perceived ability in learning how to observe the target objects from new perspectives
(Item 19).

Table 4 shows the t-test result for the “attitude toward learning science” items. It was found that the students in the experimental group
revealed significantly more favorable attitudes toward observing and actively exploring the features of natural objects than those in the
control group after participating in the learning activity (Items 1, 3 and 6); moreover, they cared more about those learning objects after
participating in the learning activity (Item 7).
6. Conclusions

Recently, mobile and wireless communication technologies have become popular among research groups. In mobile 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 (Chen et al., 2003; Hwang
et al., 2009). 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 mobile learning system, which employs an enhanced two-tier test approach
to guide students to observe and recognize target learning objects in the real world. The developed system has been applied to
a learning activity of a natural science course in an elementary school. The results of the experiment demonstrate that this innovative
approach promotes learning attitude, and improves the learning achievements of individual students as well. This finding is quite
different from those of previous studies (Chu et al., 2008; El-Bishouty, Ogata, & Yano, 2007; Peng, Chou, & Chang, 2008), which mainly
investigated the correlation among the learning attitude, the learning behaviors and the acceptance of the technology in mobile and
ubiquitous learning.

To sum up, the use of the T3G system to support this u-learning activity not only improved the learning achievements of the
students, but also promoted the students’ interest and gave them more incentives to take Natural Science courses. Most of the
students in the experimental group showed their willingness to participate in such learning activities in the future, and would like
to recommend this learning system to other classmates. Furthermore, the questionnaire survey also showed that the T3G approach
was able to provide more interesting and challenging learning scenarios to the students, so that their attitude toward learning
science was significantly improved, which was even a challenging task for those experienced teachers. Therefore, it is worth trying
to apply this innovative approach to the learning activities of other courses in the future. In addition, it is also interesting and
important to investigate how to improve the quality of the mobile learning system so that the learners will benefit more (Chilcott
& Hadfield, 2009).
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Appendix A. Questionnaire items for perception of participating in the u-learning activity.
Scale 1: Experiences of using the PDA

1.
 The learning system is easy to use.

2.
 It only took me a short time to fully know how to use the PDA after participating in this learning activity.

3.
 The PDA system always displayed adequate web pages to me quickly.
Scale 2: Feelings about the mobile learning system

4.
 I like to learn with the PDA system since it provides personalized learning guidance and allows me to have my own schedule.

5.
 I would like to know if the innovative approach can be applied to other courses to improve my learning performance.

6.
 I would like to learn with the PDA system in the future.

7.
 I would recommend this learning system to others.

8.
 The use of PDAs makes this learning activity more interesting.

9.
 The guidance provided by the PDA system is easy to understand and follow.

10.
 I have endeavored to follow the learning guidance given by the system during the learning process.
Scale 3: Satisfaction with the learning approach

11.
 The mission of this learning activity makes me better understand how to identify and classify the features of the target learning objects.

12.
 I have endeavored to observe the differences between the target learning objects in this learning activity.

13.
 The mission of this learning activity was not easy to complete, but it was easy to understand the way of learning.

14.
 Learning with the PDA system is more challenging and interesting than learning with the traditional approach.

15.
 I had new findings or knowledge about the target learning objects owing to the use of this PDA system to learn in the authentic environment.

16.
 I have tried new ways or thinking styles to learn owing to the use of this mobile learning system.

17.
 The guidance provided by this PDA system is helpful to me in learning how to identify the features of the target learning objects

18.
 The guidance provided by this PDA system is helpful to me in observing the differences within the target learning objects.

19.
 When using this PDA system, I learned how to observe the target learning objects from new perspectives.
Appendix B. Attitude toward learning science.
1.
 After participating in the learning activity, I am more interested in observing and exploring the features of natural objects.

2.
 After participating in the learning activity, I am more confident in recognizing the features between the target learning objects.

3.
 I am more interested in taking the Natural Science course after participating in this learning activity.

4.
 I care more about those learning objects on the school campus after participating in this learning activity.

5
 I prefer to take the Natural Science course via observing the objects in the real-world learning environment.

6
 I will actively try to observe the features of other natural objects.

7.
 This innovative way of learning makes me want to know more about plants.
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