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world resources. Nevertheless, researchers have indicated that, without effective tools for helping
students organize their observations in the field, the mobile learning performance could be disap-
pointing. To cope with this problem, this study proposes an interactive concept map-oriented approach
for supporting mobile learning activities. An experiment has been conducted on an elementary school
Teachi . . natural science course to evaluate the effectiveness of the proposed method. The experimental results
eaching/learning strategies . X I .

Mobile learning show that the proposed approach not only enhances learning attitudes, but also improves the learning
Concept map achievements of the students.

Interactive learning environments © 2011 Elsevier Ltd. All rights reserved.

Keywords:

1. Introduction

The popularity of computer and communication technologies has been changing the notation and the way of teaching and learning in the
past decade. While many studies have demonstrated the benefits of applying these technologies to learning (e.g., Pena-Shaff & Nicholls,
2004; Tsai & Tsai, 2003), scholars have indicated the importance and necessity of conducting authentic learning activities in which
students can work with problems from the real-world (Brown, Collins, & Duguid, 1989; Ogata & Yano, 2004; Wenger, 1997). That is, it is
important to situate students in a learning scenario that combines both real and digital learning resources.

Recent advances in mobile and wireless communication technologies have offered an opportunity to realize this aim. With hand-held
devices, students can learn in the real-world with support from the computer system via wireless communications. Moreover, the use of
sensing technology further enables the learning system to detect and record the learning behaviors of the students in both the real and the
digital worlds (Hwang, Tsai, & Yang, 2008).

Chu, Hwang, and Tsai (2010)conducted an experiment on an elementary school natural science course and found that, without proper
support, these new learning scenarios, in which the students need to face both real-world and digital-world learning resources at the same
time, might be too complex for them, such that their learning achievements might not be as good as expected. Other researchers have
indicated that students’ learning achievements could be disappointing unless effective learning strategies or tools can be provided (Chen &
Li, 2009; Chu, Hwang, Tsai, & Tseng, 2010; Liu, Peng, Wu, & Lin, 2009).

On the other hand, Burleson (2005) has indicated that awareness and reflection can help develop students’ meta-cognition to enhance
their learning and creativity abilities; that is, it is important to provide feedback mechanisms to engage students in reflective thinking
(Li, Liu, & Steckelberg, 2010). Various studies have shown that the provision of instant feedback is beneficial for learning achievement and
motivation (Johnson, Perry, & Shamir, 2010). Panjaburee, Hwang, Triampo, and Shih (2010) further demonstrated the effectiveness of using
computer technology to provide feedback to students during the learning process. Consequently, it is important to develop knowledge
construction tools that can provide instant feedback to students during the mobile learning process (Narciss & Huth, 2006).

Among these tools or learning guidance mechanisms, which provide the necessary “scaffolding” for students to learn within a complex
context, Mindtools have been recognized as being an effective way of assisting students in interpreting and organizing their personal
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knowledge (Jonassen & Carr, 2000). A Mindtool is a computer-based knowledge construction tool or system which serves as “a way of using
a computer application program to engage learners in constructive, higher-order, critical thinking about the subjects they are studying”
(Jonassen, 1999, p9). With proper learning design, several computer systems, such as concept maps, databases, spreadsheets, computer
conferencing, hypermedia construction, computer simulation programs, expert systems and search engines, can serve as Mindtools (Jonassen,
Carr, & Yueh, 1998; Peng, Chuang et al., 2009; Valcke, Rots, Verbeke, & Braak, 2007). Among the existing Mindtools, concept maps have been
recognized as being an effective tool for assisting students in organizing knowledge and learning experiences (Anderson-Inman & Ditson,
1999; Horton et al., 1993; Peng, Su, Chou, & Tsai, 2009).

In this study, a mobile learning approach based on a concept map-oriented Mindtool with a remediation mechanism is proposed in this
study. An experiment has been conducted to investigate the following research questions:

(1) Is the concept map-oriented Mindtool with the remediation mechanism helpful to the students in improving their learning
achievement?

(2) Does the concept map-oriented Mindtool with the remediation mechanism improve the students’ learning attitude?

(3) Do the students think that the mobile learning system with the remediation mechanism is useful and interesting?

2. Interactive concept map-oriented mobile learning approach

Concept mapping was proposed by researchers at Cornell University for representing conceptual knowledge structures (Novak & Gowin,
1984; Novak & Musonda, 1991; Trent et al., 1998). Via qualitative and quantitative studies, researchers have shown that concept maps can
promote meaningful learning, which leads to positive effects on students (Liu, Don, & Tsai, 2005). Moreover, concept maps can also be
a visualized cognitive tool that helps students organize their knowledge and learning experiences, so that their self-awareness can be
improved through reflective thinking (Kao, Lin, & Sun, 2008a). In this study, an interactive concept map approach is proposed to support
mobile learning activities for natural science courses.

While concept maps have been recognized as being an effective tool for learning, previous experiences also reveal a critical problem of
applying them; that is, an extra load is created for the teachers who have to evaluate the maps developed by individual students. Usually it
takes days or weeks for teachers to complete the evaluation of students’ concept maps, such that learning guidance or hints cannot be
provided immediately (Ingeg, 2009). Researchers have indicated that learning improvements are difficult for those students who are not
aware of their shortcomings (Kao, Lin, & Sun, 2008b), implying that the provision of immediate learning guidance or hints is needed for
assisting the students in reflecting on and revising their knowledge structures. On the contrary, students are likely to lose interest in the
guidance or hints and in continuing to learn if the guidance cannot be provided in time (Gibbs & Habeshaw, 1993, p. 95). Hwang and Chang’s
(2011) study further shows that such a problem could be more serious for mobile learning activities since the students are in the field and
their learning tasks are likely to be interrupted if necessary guidance or hints cannot be provided instantly. Therefore, providing instant and
meaningful guidance or hints for complex learning tasks, such as developing concept maps in the field, is an important and challenging issue
(Denton, Madden, Roberts, & Rowe, 2008).

In this study, a concept map-oriented Mindtool with a remediation mechanism, ICM? (Interactive Concept Map-oriented Mindtool for M-
learning), is developed to assist students in developing and revising their concept maps based on what they have observed in the field. Fig. 1
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Fig. 1. System structure of the interactive concept map-oriented mobile learning system.
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shows the framework of ICM3, in which CmapTools, developed by the Institute for Human and Machine Cognition (IHMC) of the Florida
University System (Novak & Caiias, 2006), is adopted as the concept map editing tool to work with the assessment and feedback system in
the mobile learning activities.

Before observing the learning targets in the field, the students can develop the initial concept map based on what they have learned from
their textbooks or in class. Via the PDA (Personal Digital Assistant), the students can browse and revise their concept maps in the field. When
the updated concept maps are submitted, ICM> will evaluate them based on the objective concept map provided by the teacher, and provide
feedback and supplementary information to the students. The feedback includes hints or comments on the correctness of the concept map,
such as “Are you sure about the relationship between Concepts A and B?” or “A missing concept related to Concept A is detected.” The
supplementary information includes a set of learning materials related to the missing or incorrect concepts/connections.

Fig. 2 shows the basic functions of the mobile learning system developed based on the ICM? approach. The “Browse current concept map”
function provides the link to the latest version of the students’ concept maps. This function enables the students to compare their knowledge
represented in the concept map with what they are observing in the field. The “Take notes” function allows the students to describe what
they have found in the field or to raise questions based on the observations, which could be helpful to them for making comparisons
between the learning targets, such as features of plants or insects. The “Proceed to the learning task function” shows the learning missions to
the students and guides them to the learning targets.

When the students browse their current concept maps and find that they are inconsistent with what they are observing in the field, they
can modify them immediately. After receiving the updated concept maps, the learning system compares them with the objective concept
map and provides instant feedback and relevant materials to the students. Fig. 3 shows an illustrative example of applying the interactive
concept map approach to the learning activity of an elementary school “butterfly ecology” course. The students use CmapTools to create
concept maps to represent what they have learned in the class and then observe “the ecology of butterflies” in the field. Each time the
students submit a modified concept map, the mobile learning system provides hints and the links to the relevant supplementary materials.

Fig. 4 shows an illustration of modifying the problematic propositions. When the student selects the “List Problematic Propositions”
function, the learning system shows a list of the problematic propositions on the PDA screen, as shown in the upper part of Fig. 4. Once the
student selects one of the propositions to modify, the learning system presents the modification interface, which shows the original
proposition and the area for inputting the modified proposition, as shown in the lower part of Fig. 4. Furthermore, the student can change
the concepts or the relationship between the concepts via the pre-defined pull-down menu, and then submit the modification request to the
learning system.

3. Experiment design

To evaluate the efficacy of the proposed approach, an experiment was conducted to compare the learning achievements and attitudes of
the students who participated in a mobile learning activity using computerized concept map tools. The authentic learning environment is
a butterfly ecology garden located in southern Taiwan, as shown in Fig. 5.

3.1. Participants

The participants were thirty students from several elementary schools in southern Taiwan. Their average age was ten. To avoid the
Hawthorne effect, the participants were randomly assigned to an experimental group and a control group before the experiment, each of
which included fifteen students. Moreover, the two groups of students were arranged to learn in the same ecology environment at different
times, so that they would not be affected by the other group during the learning activity.
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Fig. 2. Interface of the interactive concept map-oriented mobile learning system.
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Fig. 3. Example of providing hints and links to supplementary materials by the mobile learning system.

3.2. Treatments

Fig. 6 presents the experiment design of this study. Both groups of students first received instruction about the basic knowledge of
butterfly ecology, and then took a pre-test and completed a questionnaire for analyzing their knowledge of and attitudes toward butterfly
ecology before participating in the mobile learning activity.
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Fig. 4. Example of modifying the problematic propositions.
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Fig. 5. The scenario of the mobile learning activity.

A location-aware mobile learning environment was established by setting up wireless communication networks in a butterfly ecology
garden, in which an RFID tag is installed in each target ecology area. During the activity, each student holds a PDA equipped with an RFID
reader, with which the learning system is able to detect the location of the students, guide them to find the target ecology areas, and show
them the corresponding learning tasks or related learning materials.

The learning mission of individual students is to develop a concept map for describing the ecology of Idea leuconoe clara, which is a kind
of butterfly that that can be found all year round. The authentic learning environment is a butterfly ecology garden located in southern
Taiwan. In the garden, the students can observe features and the four growing stages of Idea leuconoe clara, including eggs, larvas, pupas and
imago; moreover, they can also see the various host plants of Idea leuconoe clara.

In the first stage of the activity, both groups of students received instruction in using the mobile devices and the concept maps. They were
then asked to create their own concept maps about butterfly ecology based on what they had learned from the textbooks using personal
computers in the computer classroom.

In the second stage, both groups of students were asked to observe butterfly ecology in the real-world environment and revise their
concept maps via the hand-held devices. In this stage, the students in the control group were allowed to browse their concepts maps, access
all of the supplementary materials, observe the authentic butterfly ecology, search for data on the Internet and modify their concept maps
via the mobile devices. On the other hand, the students in the experimental group used the same equipment to learn with ICM? in the same
environment; that is, when the students tried to modify their concept maps based on what they had observed in the field, the mobile
learning system evaluated the concept maps and provided hints and relevant supplementary materials immediately. The learning activity
was conducted for 240 min for both groups. After the learning activity, both groups of students took a post-test; moreover, they were asked
to fill in the same questionnaire to measure if their attitudes toward butterfly ecology had changed.

3.3. Measuring tools

The pre-test consists of twenty multiple-choice questions and four matching items with total scores of 80 and 20, respectively. It was
designed to evaluate the students’ basic knowledge concerning butterflies before the learning activity. The post-test, a detailed test about
butterfly ecology, contains ten multiple-choice items, ten matching items and five short-answer questions with total scores of 40, 30 and 30,

{ Teachers conduct traditional teaching } 80 min
{ Pre-test and pre-questionnaire } 40 min

< <

[Experimental group (n=15)] { Control group (n=15) ]

< {

Interactive concept Conventional concept
map-oriented mobile map-oriented mobile
learning learning 240 min

{ Questionnaire ] 20 min
~~
{ Post-test ] 40 min

Fig. 6. Experiment procedure.
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Table 1
t-test result of the post-test scores.
N Mean SD t d
Post-test Experimental group 15 76.00 9.92 2.12° 0.78
Control group 15 66.80 13.51

*p < .05.

respectively. Both the pre-test and the post-test were developed by consulting two teachers who had taught the butterfly ecology course for
more than five years.

The questionnaire consists of three dimensions, that is, “attitudes toward learning natural science”, “perceived usefulness of the learning
approach”, and “interest in using the learning system”, which include 7, 7, and 6 items, respectively. A six-point Likert scheme is used to rate
the questionnaire items, where “6” means strong agreement or positive feedback and “1” represents high disagreement or negative
feedback. The Cronbach’s alpha values of the three dimensions are 0.92, 0.87 and 0.85.

Moreover, the cognitive load measure proposed by Sweller, Van Merriénboer, and Paas (1998) is employed to investigate the effects of the
proposed approach on the in-field performance of the students. The measure contains 2 items for the mental load and 2 items for the mental
effort dimensions, for which the Cronbach’s alpha values are 0.94 and 0.96, respectively.

The Similarity Index proposed by Chang, Sung, Chang, and Lin (2005) is employed to score the students’ concept maps. In this scoring
scheme, individual students’ concept maps are scored by comparing each proposition with the corresponding proposition in the teacher’s
concept map. If the two propositions are the same, the weighting of the proposition pre-defined by the teacher is added to the accumulated
score for the student’s concept map. If the two propositions are partially matched (e.g., the relationship between two concepts is correctly
described but with an incorrect direction), only half of the weighting is added to the accumulated score. Such a scoring scheme has been
shown by Chang et al. (2005) to be superior to the previous scoring approaches. The Similarity Index for Student Si is (Accumulated score of
Si’s propositions) <+ (Sum of proposition weightings in the teacher’s concept map) x 100.

4. Experimental results
4.1. Learning achievements

Before participating in the learning activity, the students took a pre-test for evaluating their basic knowledge about butterflies. The
means and standard deviations of the pre-test scores were 68.53 and 11.04 for the experimental group, and 65.20 and 12.66 for the control
group. A t-test performed on the pre-test scores showed no significant difference between the pre-test results of the two groups, with
t = 0.77 and p > .05; that is, the two groups of students had equivalent knowledge about butterflies before participating in the learning
activity.

After conducting the mobile learning activity, a t-test was performed on the post-test scores of the two groups, as shown in Table 1. It was
found that the learning achievement of the experimental group students (i.e., mean = 76 and SD = 9.92) was significantly better than that of
the control group students (i.e., mean = 66.8 and SD = 13.51), with t = 2.12 and p < .05; moreover, the Cohen’s d was 0.78, showing high
effect size of the t-test (Cohen, 1988), implying that the ICM> approach was more helpful to the students in improving their learning
achievement for the natural science course than the traditional concept map approach.

Furthermore, the concept maps developed by the students were rated by two teachers based on the assessment scheme proposed by
Chang et al. (2005) with a perfect score of 100. The Cronbach'’s alpha value of the two teachers’ ratings was 0.98, showing high reliability of
the concept map scores. By applying the t-test analysis, it was found that the students in the experimental group had significantly better
concept map scores than the control group, as shown in Table 2. Moreover, by applying the Pearson correlation analysis, it was found that the
post-test scores of the students were highly related to the concept map scores, with a correlation coefficient of 0.57 (p < .01). Such a finding
further implies that the ICM? approach can improve the students’ learning achievement via enhancing their knowledge structure.

Furthermore, the analysis results of the students’ cognitive load also provide some interesting evidence. It is found that there is no
significant difference between the two groups of students in terms of the levels of mental effort (t = 0.2; p > .05) and mental load (t = —0.94;
p > .05). However, by employing the Pearson correlation analysis, it is found that the learning achievement of the students was significantly
correlated with mental effort, with a correlation coefficient of —0.376 (p < .05), but that there was no significant correlation with
mental load.

As mental load refers to the interactions between the learning tasks, subject characteristics and subject materials, it represents the
“intrinsic cognitive load” which is highly related to the complexity of the learning materials that the students need to handle (Verhoeven,
Schnotz, & Paas, 2009). In this study, the students in both groups were arranged to learn the same subject materials and face the same
learning tasks; therefore, it makes sense that the mental loads of the two groups of students did not significantly differ. On the contrary,
mental effort is related to the learning approaches or strategies used in the learning activities (Verhoeven et al., 2009); consequently, the
significant correlation of mental effort and learning achievement further shows that the learning effectiveness is due to the use of the ICM>
approach, which has decreased the mental effort and has improved the learning achievement. This finding conforms to what has been
reported by previous studies, namely that learning achievement is negatively correlated with mental effort (Verhoeven et al., 2009).

Table 2
t-test result of the concept map scores rated by the two teachers.
N Mean SD t
Experimental group 15 47.53 16.23 2.69"
Control group 15 334 12.15

*p < .05.
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Table 3
t-test result of the students’ attitudes toward science learning before and after the learning activity.
Experimental group (N = 15) Control group (N = 15)
Mean (SD) t Mean (SD) t
Attitudes toward science learning Before 5.12 (0.64) 3.66" 4,59 (1.10) 1.14
After 5.54 (0.48) 4.90 (1.18)

*p < .05.

4.2. Learning attitudes

The learning attitude questionnaire contains the 7 items: (1) The natural science course is valuable and worth studying; (2) It is worth
learning those things about natural science (e.g., butterfly ecology); (3) It is worth learning the natural science course well; (4) It is
important to learn more about natural science, including observing those ecology areas; (5) It is important to know the ecology surrounding
us; (6) I will actively search for more information and learn about butterfly ecology; (7) It is important for everyone to take the natural
science course.

Table 3 shows the t-test result of the students’ attitudes toward learning science before and after the learning activity. It is found that the
learning attitudes of the students in the experimental group significantly improved after the learning activity, while the change in the
control group students’ attitude was not significant. Consequently, it can be seen that ICM> not only improved the students’ learning
achievements, but also their attitudes toward science learning. This finding conforms to previous studies concerning technology-enhanced
learning in that effective learning guidance strategies or mechanisms are helpful to students in improving their learning attitudes as well as
their learning achievements (Hwang & Chang, 2011).

Moreover, for the students in the experimental group, it was found that the questionnaire items “I like to learn the natural science course
via observing the real-world objects” and “I like to observe the butterfly ecology in the real-world” received the highest average ratings (i.e.,
5.73 and 5.67) among the seven items after the learning activity. On the contrary, those two items received relatively low average ratings
among the seven items from the students in the control group after the learning activity (i.e., 4.87 and 4.6). It can be seen that the interactive
concept map approach has promoted the students’ interest in field observations of the natural science course.

4.3. Perceived usefulness of and interest in using the remediation mechanism

For the perceived usefulness dimension, the mean and standard deviation of the questionnaire items were 5.73 and 0.56, showing that
the students in the experimental group highly recognized the usefulness of the feedback provided by the ICM? system; in particular, the
students believed that using this system in their learning enabled them to think differently about the learning content, with Mean = 5.87
and SD = 0.35, as shown in Table 4.

In addition, the students showed high interest in and devotion to using this learning system, with an average rating of 5.73 and
a standard deviation of 0.56. Table 5 shows the means and standard deviations of the questionnaire items for this dimension. It can be seen
that the students were highly involved in using the learning system (mean = 5.93 and SD = 0.26) and were willing to use this way of learning
for other courses (mean = 5.87 and SD = 0.35), indicating that the interactive concept map-oriented mobile learning was highly accepted by
the students in this in-the-field learning activity.

5. Discussions

In this study, a concept map-oriented mobile learning system with an instant feedback mechanism is provided. The experimental results
show that such an instant assessment and remediation approach can significantly improve the learning achievement as well as the learning
attitude of students in the field. Such a finding conforms to the studies of Burleson (2005) and Li et al. (2010) in that the awareness of
problematic concepts is helpful to students in making reflections and improving their learning performance. The finding also conforms to
the studies of Hung, Lin, and Hwang (2010) and Hsieh, Jang, Hwang, and Chen (2011) in that the provision of proper assessment tools can
help students make reflections and engage in higher-order thinking in the field. In comparison with traditional in-the-field learning, in
which the assessment of students’ learning tasks is usually carried out after the learning activity, the immediate assessment and feedback
mechanism provides students with the opportunity to proceed with in-depth observations of the critical learning targets.

On the other hand, the experimental results also give a hint as to how to appropriately apply technology in learning situations. Although
using hand-held devices to support field learning has been widely discussed by researchers in recent years, the learning performance of
students in such learning scenarios is not always favorable. Without proper knowledge construction tools, the students might have difficulty

Table 4

Analysis of the Perceived Usefulness of the mobile learning system with the remediation mechanism.
Questionnaire item Mean SD
1. Using the feedback provided by the learning system enables me to concentrate on learning. 5.53 0.74
2.1 have a deeper understanding of the learning content via the feedback provided by the learning system. 5.73 0.46
3. Using this system in learning enables me to think differently about the learning content. 5.87 0.35
4. This way of learning helps me discover my personal learning problems. 5.33 0.90
5. The feedback provided by the learning system can assist me in correcting some misconceptions. 527 1.28
6. The feedback offered by this learning system enables me to understand the parts I have not learned well. 5.47 1.30

7. The functions provided by the system are beneficial to my learning achievement. 5.6 0.83
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Table 5

Analysis of the students’ interest in using the mobile learning system with the remediation mechanism.
Questionnaire item Mean SD
1. During the learning activity, I have carefully browsed the learning materials provided by the system and 5.93 0.26

engaged myself in the learning tasks.

2. The way of learning is interesting and challenging. 5.73 0.46
3. 1 like this learning activity. 5.73 0.59
4. 1 hope to learn in this way for other courses. 5.87 0.35
5.1 would like to use this learning system in the future. 5.6 0.83
6. I would like to recommend the learning system to peers. 5.53 0.64

in linking what they have observed in the field to the prior knowledge learned from the textbooks (Hwang, Chu, Lin, & Tsai, 2011).
Furthermore, without immediate assessment and feedback, the students might not be able to complete their learning missions in a satis-
factory manner. Therefore, when developing a technology-enhanced learning environment, it is important to provide proper learning tools
and an immediate assessment and feedback mechanism (Herrington & Oliver, 2000; Jordan & Mitchell, 2009).

It is also important to consider how such an approach can be applied to practical applications. It should be noted that PDA’s and RFID’s are
not popular devices; therefore, it would be better to adopt widely used devices and technologies, such as mobile phones and QR-codes
(Quick Response codes) for spreading this approach to schools. Moreover, it is difficult for most school teachers to develop their own
mobile learning systems that work in the specified real-world learning environments; consequently, it is necessary to develop some
“templates” of mobile learning systems, such that the school teachers can modify the content of the selected template to meet the criteria of
the real-world environment.

6. Conclusions

In this paper, an interactive concept map approach for supporting mobile learning activities is proposed; moreover, a mobile learning
system with an interactive concept map mechanism, ICM3, has been implemented based on the proposed approach. ICM? assists students in
re-organizing their observations in the field by evaluating the concept maps developed by the students and giving instant hints or learning
guidance. An experiment on a natural science course has been conducted to evaluate the effectiveness of the proposed approach by
comparing the learning performance of the students who learned with ICM> and those who learned with the traditional concept map-
oriented mobile learning approach. The experimental results showed that, with the help of ICM?, the experimental group students had
significantly better performance than those in the control group in terms of learning achievements and learning attitudes.

In addition, from the measure of cognitive load, it is found that the learning achievement of the students was significantly correlated with
their mental effort, indicating that the improvement in the learning achievement of the experimental group students was due to the use of
an effective tool or learning strategy (i.e., ICM3). The feedback from the experimental group students in the “perceived usefulness” and
“interest in using the learning system” questionnaire dimensions also shows that most students credit their learning performance to the use
of ICM3. Therefore, it is concluded that the interactive concept map approach is able to help students organize and refine their observations
in the field.

Although ICM? has benefited the students in this application, the small screen size of the mobile devices limits the display and editing of
concept maps; therefore, when designing a learning task, the teachers need to consider the number of concepts to be taken into account. The
use of more contemporary mobile technologies, such as iPads and Android-based devices (e.g., Samsung Galaxy tab) with bigger screens,
higher resolution and easy-to-use interfaces, could be a solution to cope with this problem. Moreover, the current move toward cloud
computing as well as some cooperative concept/mind mapping tools (e.g., Mindmeister) might extend the possibilities of conducting more
challenging learning activities in the current project, such as cooperative knowledge construction tasks and data collecting and analyzing
tasks that engage students in learning in a more interactive and meaningful manner.

In the near future, we will try to apply this approach to other mobile learning applications, including the natural science courses and local
culture courses of elementary and high schools; moreover, we plan to develop other interactive Mindtools, such as a spreadsheet-oriented
Mindtool and a database-oriented Mindtool to support web-based learning activities.
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