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Recent developments in computing and mobile technologies have enabled the mobile and ubiquitous
learning approach, which situates students in an environment that combines real-world and digital-
world learning resources. Although such an approach seems to be innovative and interesting, several
problems have been revealed when applying it to practical learning activities. One major problem is
owing to the lack of proper learning strategies or tools that can guide or assist the students to learn in
such a complex learning scenario. Students might feel excited or interested when using the mobile
devices to learn in the real world; however, their learning achievements could be disappointing. To cope
with this problem, in this study, a knowledge engineering approach is proposed to develop Mindtools for
such innovative learning scenarios. Experimental results from a natural science course of an elementary
school show that this innovative approach not only enhances learning motivation, but also improves the
learning achievements of the students.

� 2009 Elsevier Ltd. All rights reserved.
1. Introduction

In the past decade, researchers have developed various computer-assisted learning or web-based learning systems to provide a more
adaptive learning environment with plenty of learning resources. Much attention has been focused on new learning strategies with appro-
priate software tools and environments (Fabos & Young, 1999), such as Computer scaffolding (Ge & Land, 2004; Williams van Rooij, 2009),
the activity-theoretical approach (Liaw, Huang, & Chen, 2007), and Computer-Supported Intentional Learning Environments (CSILE data-
base, e.g., Hakkarainen & Palonen, 2003). These learning strategies have been applied in classroom teaching with Internet access.

Although several studies have demonstrated the benefits of computer and network-based learning (e.g., Hill, 1999; Hill & Hannafin,
1997; Pena-Shaffa & Nichollsb, 2004; Tsai & Tsai, 2003; Yakimovicz & Murphy, 1995), educators have emphasized the importance and
necessity of ‘‘authentic activities” in which students can work with problems from the real world (Brown, Collins, & Duguid, 1989; Minami,
Morikawa, & Aoyama, 2004; Wenger, 1997). In order to situate students in authentic learning environments, it is important to place them
in a series of designed lessons that combine both real and virtual learning environments (Hwang, Tsai, & Yang, 2008).

Recently, the advance of wireless communication, sensor and mobile technologies has provided unprecedented opportunities to imple-
ment new learning strategies by integrating real-world learning environments and the resources of the digital world. With the help of these
new technologies, individual students are able to learn in real situations with support or instructions from the computer system by using a
mobile device to access the digital content via wireless communications. Moreover, the learning system is able to detect and record the
learning behaviors of the students in both the real world and the digital world with the help of the sensor technology. Such a new tech-
nology-enhanced learning model is called context-aware ubiquitous learning (u-learning), and it not only supports learners with an alter-
native way to deal with problems in the real world, but also enables the learning system to more actively interact with the learners
(Hwang et al., 2008; Ogata & Yano, 2004; Yang, Okamoto, & Tseng, 2008).

Nevertheless, 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” (Jonassen, Carr, & Yueh, 1998, p1). Among the existing technologies, computers have been recog-
nized as being a potential tool for supporting learning and instruction, such that the learners function as designers, and the computers
function as Mindtools for interpreting and organizing their personal knowledge (Jonassen, 1999; Jonassen et al., 1998; Kommers, Jonassen,
ll rights reserved.
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& Mayes, 1992). Therefore, it has become an important and challenging issue to develop Mindtools to assist learners to interpret and orga-
nize their personal knowledge in a context-aware u-learning environment.

2. Relevant research

Although computer technology-enhanced learning has been widely discussed and employed in past decades, various studies have indi-
cated the necessity and importance of ‘‘authentic activities” in which students can work with problems from the real world (Brown et al.,
1989; Herrington & Oliver, 2000; Hwang et al., 2008; Lave, 1991). Researchers also indicated four critical tasks involved in instructional
design for situated learning (Hwang et al., 2008; Young, 1993):

(1) The selection of the situation or set of situations that will afford the acquisition of knowledge that the teacher wishes each student to
acquire (Chen, Kao, & Sheu, 2003; Lee, 2008; Shaw, Turvey, & Mace, 1982).

(2) The provision of the necessary ‘‘scaffolding” for novices to operate within the complex realistic context and still permit experts to
work within the same situation (Bruner, 1986; Hwang, Yang, Tsai, & Yang, 2009; Vygotsky, 1978; Williams van Rooij, 2009).

(3) The provision of supports that enables 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 (Collins, 1991; de Leng, Dolmans, Jöbsis, Muijtjens, & van der Vleuten,
2009; Nussbaum et al., 2009; Ogata & Yano, 2004).

(4) The defining of the role and nature of assessment and what it means to ‘‘assess” situated learning (Lave & Wenger, 1991; Paige &
Daley, 2009).

Mayes and de Freitas (2004) further indicated that, when designing a situated learning environment, the teacher may adopt a ‘‘school-
ing” perspective to focus on the learning objectives of a curriculum and situating specific content within a context of authentic activities.

In recent years, the efficiency and popularity of mobile and sensor technologies have attracted much attention from researchers. Several
studies have been conducted to demonstrate the usage of those new technologies in supporting authentic learning. Chen et al. (2003) re-
ported a mobile learning system for scaffolding students’ learning about bird watching using handheld devices. Chen, Chang, and Wang
(2008) presented a learning environment to scaffold learners with mobile devices and sensor techniques. Chu, Hwang, Huang, and Wu
(2008) demonstrated a technology-enhanced authentic environment in which the learning system guided the students to learn in the real
world by using sensor technology to detect the learning behaviors of individual students. It can be seen 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 assist the students in interpreting and organizing their personal knowledge, the provision of knowledge construction tools
is needed. Mindtools have been recognized as computer-based tools and learning environments which serve as extensions of the mind.
Jonassen (1999, p9) described Mindtools as ‘‘a way of using a computer application program to engage learners in constructive, higher-or-
der, critical thinking about the subjects they are studying”.

Educators have indicated the possibility of invoking several computer facilities as Mindtools, such as databases, spreadsheets, semantic
networks (e.g., concept maps), computer conferencing, hypermedia construction, microworld environments (Dynamic Modeling Tools, e.g.,
active learning environments which simulate real-world phenomena), expert systems, and Information and Communication Technologies
(ICT, e.g., online discussion groups and search engines) (Jonassen et al., 1998; Valcke, Rots, Verbeke, & Braak, 2007). Some of these computer
facilities have been applied to practical applications and have achieved promising results. For example, Reece, Roberts, and Khoury (2003)
implemented special-purpose course management systems (CMS) to serve as Mindtools. They found that CMS could not only improve com-
munication among students and instructors, but also enhance students’ current mathematical skill level and likelihood for success in a ba-
sic algebra course. In the meantime, a study concerning the use of a constructionist Mindtool approach in a course of logic, robotics, and
programming for non-technical third level students was reported (Savage, Sanchez, O’Donnell, & Tangney, 2003). From the previous expe-
riences of using Mindtools, it can be seen that integrating constructionism, Mindtools and discourse offers enormous potential to promote
students’ higher-order thinking skills in analysis, synthesis and evaluation. As noted by Jonassen and Carr (2000), technology can be used as
a Mindtool to support the students compose deep reflective thinking that is necessary for meaningful learning.

Among those recognized Mindtools, expert systems are perhaps the most special and challenging. An expert system is an artificial intel-
ligence program designed to simulate expert reasoning based on the knowledge elicited from domain experts. In the past decades, numer-
ous successful cases of developing expert systems have demonstrated the benefits of applying this approach (Leitich et al., 2001; Miranda-
Mena et al., 2006; Yang, Zhang, & Chen, 2008). Past experiences have also shown that the most critical task for developing an expert system
is the elicitation of the knowledge or expertise from domain experts, which is known as knowledge acquisition (Chu & Hwang, 2008; Hwang,
Chen, Hwang, & Chu, 2006; Shaw et al., 1982). Jonassen (1999) argued that the creation of the knowledge bases of expert systems is the
part of the activity that engages critical thinking; that is, learners are likely to interpret and organize their personal knowledge while par-
ticipating in the knowledge acquisition process. Therefore, it has become an interesting and important issue to develop Mindtools which
use the knowledge acquisition approach.

In the following sections, an innovative model is proposed for developing Mindtools to support authentic learning based on an enhanced
knowledge acquisition approach. Moreover, a context-aware ubiquitous learning environment has been implemented and a learning activ-
ity was conducted to demonstrate the effectiveness of this novel approach.

3. An innovative mindtool for context-aware ubiquitous learning

Jonassen (1999) indicated that the development of expert systems results in deep understanding because they provide an intellectual
environment that demands the refinement of domain knowledge; moreover, the process of building expert systems (i.e., knowledge acqui-
sition) requires learners to synthesize their knowledge by making explicit their own reasoning, and hence it improves retention, transfer,
and problem-solving abilities. That is, with proper design, knowledge acquisition approaches could be innovative Mindtools for improving
student learning efficacy.
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Among various knowledge acquisition approaches, the repertory grid method that originates from the Personal construct theory pro-
posed by Kelly (1955) has been recognized to be very effective. Various studies have reported the effectiveness of using the repertory grid
method in assisting the domain experts to better organize their knowledge and experiences (Boose & Gaines, 1989; Chu & Hwang, 2008;
Hwang et al., 2006). A single repertory grid is represented as a matrix whose columns have element labels and whose rows have construct
labels. Elements could be decisions to be made, objects to be classified, or concepts to be learned. Constructs are the features for describing
the similarities or differences among the elements. Each construct consists of a trait and the opposite of the trait. A 5-scale rating mech-
anism is usually used to represent the relationships between the elements and the constructs; i.e., each rating is an integer ranging from 1
to 5, where ‘‘1’’ represents that the element is very likely to have the trait; ‘‘2’’ represents that the element may have the trait; ‘‘3’’ repre-
sents ‘‘unknown’’ or ‘‘no relevance’’; ‘‘4’’ represents that the element may have the opposite characteristic of the trait; and ‘‘5’’ represents
that the element is very likely to have the opposite characteristic of the trait (Chu & Hwang, 2008).

In the following subsections, an innovative Mindtool based on an enhanced repertory grid method for conducting learning activities in
authentic learning environments is presented.

3.1. Learning objectives and scenarios

In this study, the authentic learning environment is an elementary school garden consisting of 12 areas of plants as target learning ob-
jects. Each area has an instructional sign to introduce the plants in that area. The target plants are labeled with an RFID (Radio Frequency
Identification) tag, and each student has a mobile device equipped with an RFID reader. In addition, wireless communication is provided, so
that the mobile device can communicate with a computer server.

The students who participate in the learning activity are asked to observe and classify the target plants. While 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; therefore, the learning system is able to actively provide personalized guidance or hints to individual students by
interacting with them via the mobile device.

3.2. Enhanced repertory grid model for developing mindtools

An enhanced repertory grid approach is proposed to develop Mindtools for context-aware ubiquitous learning. In the enhanced model,
the rating values not only represent the tendency toward the trait or the opposite aspect of the trait, but also indicate the multi-level fea-
tures of the elements. Consider the construct ‘‘Leaf-shape” that consists of the trait ‘‘Leaf-shape long and thin” and its opposite ‘‘Leaf-shape
flat and round ” as shown in Table 1; the rating values 1–5 not only imply the tendency toward the two poles of the construct, but also
represent multi-level features of leaf shapes. For example, ‘‘Very long and thin”, ‘‘Long and thin”, ‘‘Other shapes”, ‘‘Oblate” and ‘‘Very
oblate” are the main features of the construct ‘‘Leaf-shape”; moreover, ‘‘Acicular (1.0)”, ‘‘Linear (1.3)” and ‘‘Lance-shaped (1.7)” are the
sub-features of the main feature ‘‘Very long and thin”. The rating values are presented in the ‘‘X � Y” form to represent the tendency of
sub-feature ‘‘Y” to main feature ‘‘X”, such that more precise descriptions can be used to represent the relationships between the elements
and the constructs. In this enhanced model, X is the main tendency degree of the features; Y ¼ X þ i�1

r represents the tendency degree of the
ith sub-feature, where r is the number of sub-features in that main tendency degree. For example, in the first row of Table 1, the main
tendency degree of ‘‘Very long and thin” is 1, and the tendency degrees of the sub-features ‘‘Acicular”, ‘‘Linear”, and ‘‘Lance-shaped” are
1+(1–1)/3 = 1.0, 1+(2–1)/3 = 1.3 and 1+(3–1)/3 = 1.7, respectively.

The innovative approach consists of two stages; that is, the objective knowledge construction stage and the student knowledge con-
struction stage.

In the first stage, the domain experts (teachers) are asked to determine the target learning objects and construct the objective repertory
grid by following the standard repertory grid method:

Step 1: Elicit all of the elements (target learning objects) from the expert. The elements (e.g., ‘‘Golden Chinese banyan”, ‘‘Arigated-leaf
croton”, ‘‘Cuphea”, ‘‘Indian almond”, ‘‘Money Tree” and ‘‘Pink ixora”) provided by the expert are placed across the top of a grid.
Step 2: Rate all of the [element, construct] entries of the grid with the enhanced rating scheme. An illustrative example is given in
Table 2.
Table 1
Illustrative example of an enhanced repertory model.

Trait Main tendency degrees Opposite

1 2 3 4 5

Leaf-shape
long and
thin

Very long and thin:
Acicular (1.0)

Long and thin:
Oblanceolate (2.0)

Other shapes: Spatulate
(3.0)

Oblate: Obovate (4.0) Very oblate: Round
(5.0)

Leaf-shape flat
and round

Linear (1.3) Long Elliptic (2.3) Cuneate (3.3) Reniform (4.3)
Lance-shaped (1.7) Ovate (2.7) Cordate (3.7) Obcordate (4.7)

The leaf has a
tapering
point

Tapering to a long
point: Acute (1.0)

Arrowhead-shaped
point: Acuminate
(2.0)

Stem attaches to tapering
point: Mucronulate (3.0)

Round with a blunt tip:
Obovate (4.0)

Leaf with a hollow
point: Obcordate (5.0)

The leaf has a
hollow point

Falcate (1.5) Truncate (4.5)

Perfectly
smooth leaf
edge

Smooth, no bumps:
Entire (1.0)

Shallow bumps:
Ciliate (2.0)

Indented edges: Dentate
(3.0)

Deeply cut with sharp,
irregular teeth: Incised
(4.0)

Deep indents or
sinuses: Lobed (5.0)

The leaf edge
has deep
indents

Serrulate (2.5) Serrate (3.5) Pinnatifed (5.5)



Table 2
Illustrative example of an enhanced repertory grid completed by the teacher.

Trait construct Golden Chinese
banyan

Arigated-leaf
croton

Cuphea Indian
almond

Money
Tree

Crown of
thorns

Pink
ixora

Opposite construct

Leaf-shape long and thin 2.3, 2.7 2.0 2.0 4.0 2.3 2.0, 2.3 2.3 Leaf-shape flat and round
The leaf has a tapering

point
3.0 1.0 1.0 4.0 2.0 1.0 3.0 The leaf has a hollow point

Perfectly smooth leaf edge 1.0 1.0 4.0 1.0 1.0 5.0 1.0 The leaf edge has deep
indents

The leaf vein has few
branches

2.3 3.0 2.3 2.0 3.0 3.3 3.0 The leaf vein has many
branches
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In the second stage, an interactive learning procedure (as shown in Fig. 1) is used to guide the students to observe and compare the
features of the target objects in the authentic learning environment based on the enhanced repertory grid given by the teacher (which
is referred to as the objective repertory grid in the following).

Step 1: Display the structure of the objective repertory grid to individual students.
Step 2: Guide the students to observe and describe the main features of each learning object based on the objective repertory grid
structure.
For each construct (trait/opposite pair), guide the students to observe the target learning objects, and fill in the <construct, element >
value for the elements in each row of the grid. In addition to guiding individual students to the location of each target object, a question-
based model is used to guide individual students to observe and compare the features of the target objects. That is, each step of the
guidance is presented as a multiple-choice question, in which the candidate answers are the main features of the construct to be
observed. For example, the candidate answers concerning the observation of ‘‘leaf-point” are the features of the construct ‘‘leaf-point”
that consists of the trait ‘‘The leaf has a tapering point” and the opposite ‘‘The leaf has a hollow point”; that is, 1 means ‘‘Tapering to a
long point”, 2 means ‘‘Arrowhead-shaped point”, 3 means ‘‘Stem attaches to a tapering point”, 4 means ‘‘Round with a blunt tip”, and 5
means ‘‘Leaf with a hollow point”, as shown in the second row of Table 1.
Step 3: For a construct, compare the main-feature description (rating value) for each learning object (element) given by the student with
the corresponding rating given by the expert.
Step 3.1: If the main-feature description is incorrect, guide the student to observe another learning object with the ‘‘incorrect main-fea-
ture” and compare it with the target object. This step aims to assist the students to reflect on their previous decisions by comparing the
features of the learning objects in the real world such that their knowledge and critical thinking ability can be improved.
For example, the student observes the plant (target object) ‘‘Arigated-leaf croton” and describes its ‘‘Leaf-shape” as ‘‘obovate” (rating
value = 4.0). By comparing the student’s answer with the rating given by the teacher (i.e., ‘‘oblanceolate”, rating value = 2.0) in Table
2, it is found that the student’s answer is incorrect. From the objective repertory grid, it can be seen that the ‘‘Leaf-shape” of another
learning object ‘‘Indian almond” is ‘‘obovate”, which matches the incorrect answer given by the student. Therefore, the student is guided
to observe the ‘‘Indian almond”, and compare its ‘‘Leaf-shape” with that of the ‘‘Arigated-leaf croton”. After making the comparison, the
student will be asked to answer the question again. This step will be repeated until the student correctly identifies the feature of the
target object.
Guide the student to locate target 
learning objects

Ask the student to describe the 
main features of each learning 
object based on the enhanced-
repertory grid structure

For a construct, compare the sub-
feature description (rating) of each 
<construct, element> given by the 
student with the corresponding 
rating given by the expert

Guide the student to 
observe a learning object 
with the misunderstood  
sub-feature given by the 
student and compare it with 
the target learning object

Inconsistent

Compare the revised sub-
feature rating with the 
corresponding rating given 
by the expert

Ask the student to rate the 
<construct, element> again

Inconsistency
still exists

Guide the student to identify the 
sub-features of the learning object

Check next construct

The answer is correct

Step 2
Step 3.1

Step 3

Step 1

consistent

Step 3.2

Start the learning activity

Fig. 1. Learning procedure based on the enhanced repertory grid model.
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Step 3.2: If the main-feature description is correct, guide the student to describe the learning object with one of the candidate sub-fea-
tures. Supplemental materials will be given if the student fails to correctly identify the sub-features of the learning object.
Step 4: Repeat Step 3 until all of the main features and their sub-features are correctly identified by the student.

Note that some features of the learning objects need to be ‘‘felt” rather than ‘‘observed”. For example, to identify whether the leaf sur-
face of a plant is ‘‘smooth” or ‘‘coarse”, the students need to feel the leaf. For such features, it might be difficult for the students to have
exactly the same ‘‘feeling” as the teacher does; therefore, some supplemental materials that show the detailed information of the features.
For example, while guiding the students to ‘‘feel” different coarse levels of the leaf surface, relevant micrographs will be given. With the
help of those micrographs, the students will be able to better recognize the actual features of leaf surface while touching and feeling the
leaves.

3.3. Development of a mindtool for context-aware ubiquitous learning

Based on this innovative approach, Mobile Knowledge Constructor (MKC), a Mindtool for context-aware ubiquitous learning, has been
developed to assist the students in observing and classifying learning objects in the real world. MKC is able to detect the location of indi-
vidual students and provide them with adaptive supports via the use of PDA’s (Personal Digital Assistants) equipped with RFID and wireless
communication equipment.

For example, after guiding the student to find the target object ‘‘Lalang Grass” on the campus, MKC asks the student to observe the ‘‘leaf-
point” of ‘‘Lalang Grass” and answer the question generated from the enhanced repertory grid model.

If the student failed to correctly identify the plant feature, the MKC system will try to guide him/her to observe another target object
which exhibits the incorrect answer, and compare the difference between the features of the two target objects. For example, if an incorrect
answer ‘‘Round with a blunt tip” is given by the student for the ‘‘leaf shape” of ‘‘Lalang Grass”, the learning system will guide the student to
find the plant ‘‘Indian almond” that really has a leaf point that is ‘‘Round with a blunt tip” and compare it with the leaf point of the original
target ‘‘Lalang Grass”. To assist the student in easily finding the plant ‘‘Indian almond”, the MKC system shows a campus map which marks
the plant ‘‘Indian almond” and the student’s location.

When the student is close to the plant ‘‘Indian almond”, the MKC system will guide him/her to observe and compare the leaf shapes of
‘‘Indian almond” and ‘‘Lalang Grass”. The student is then asked to walk back to the target plant ‘‘Lalang Grass”, and answer the question
concerning ‘‘the leaf shape of Lalang Grass” again.

4. Experiment and analysis

To evaluate the effectiveness of the innovative approach, an experiment was conducted on a natural science course of an elementary
school which is located in a small town in southern Taiwan. In the following subsections, the design and analysis of the results of the exper-
iment are given in detail.

4.1. Participants

Like most country schools in Taiwan, the scale of the elementary school is small. Its total student population is 88. The participants of
this study are 13 fifth-grade students taught by the same teacher. The ages of the participants range from 10 to 11 and their average age is
10.76. After receiving the fundamental plant knowledge in their natural science course, the participants were randomly divided into a con-
trol group (n = 6) and an experimental group (n = 7).

4.2. Procedure

Fig. 2 shows the procedure of the experiment. In the first stage (5 weeks), the teacher was guided to represent the classification knowl-
edge of the target plants based on the enhanced repertory grid model.

In the second stage, after receiving fundamental knowledge of plants in the natural science course, the 13 students were randomly di-
vided into a control group and an experimental group, and were asked to answer a pre-questionnaire and take a pre-test. The question
items in the pre-questionnaire were concerned with the students’ attitudes to the plants and the natural science course. The pre-test aimed
to evaluate the students’ basic knowledge about the plants on their campus.

The students in the experimental group were then arranged to observe and compare the features of 12 plants on the campus using MKC,
while those in the control group were guided by the teacher and were asked to record their observations on a learning sheet. After con-
ducting the learning activity, the students were asked to take a post-test and answer a post-questionnaire.

After completing the post-test and the post-questionnaire, the students in the control group were also arranged to experience learning
with MKC; furthermore, all of the students in both the experimental and the control group were interviewed to elicit their opinions about
the innovative approach.

4.3. Pre- and post-test results

The pre-test aimed to ensure that both groups of students had the equivalent basic knowledge required for learning the subject unit. The
mean and standard deviation of the pre-test were 55.86 and 15.07 for control group, and 57.67 and 13.98 for experimental Group. Accord-
ing to the t-test result (t = �0.223), it is evident that the two groups of students had equivalent abilities prior to taking this unit.

The post-test consisted of two types of test items: Type I focused on evaluating the students’ basic knowledge about plants; Type II
aimed at evaluating their ability in classifying and comparing plants based on their features, which is the objective of the subject unit. That
is, for each student, the post-test score was equal to the sum of the Type I and the Type II scores.
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week
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60 Min.
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30 Min.
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( 1 week)

100 Min.

Elicit constructs (traits and their 
opposites) from the expert 

Rate all of the [element, construct] 
entries of the grid

The First stage 

Experimental group 
(7 students)

Control group 
(6 students)

In the Classroom

Students learn with 
MKC in the real worldOn the Campus 

post-testIn the Classroom

post-questionnaire and Interview

Students learn fundamental knowledge of plants
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pre-test and pre-questionnaire

Students are guided by the 
teacher with traditional 

learning sheet

Students experience MKC 
in the real worldOn the Campus 
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Fig. 2. Procedure of the context-aware u-learning activity.
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Before analyzing the experimental results, it is important to consider whether the data with such small sample size can be examined by
applying ANCOVA (Hogg & Tanis, 2006). When the sample size of a study is small, it is necessary to validate the application of parametric
tests by investigating the homogeneity of variance and the normality of the sample distribution (Ge & Land, 2003; Nam & Smith-Jackson,
2007). Therefore, in this study, the Levene’s test was applied to test the homogeneity of variance and the Shapiro–Wilk test was used to
investigate whether the distribution satisfied the normality criterion (Conover, 1998; Shapiro & Wilk, 1965).

Both the results on the data of this study revealed that all pair-wise tests had non-significant outcome (p > 0.05), suggesting that the
samples had homogenous variances and normal distribution of data. This supports the usage of ANCOVA tests. Furthermore, researchers
also suggested reporting the effect size when the sample is small (Ge, Chen, & Davis, 2005; Ge & Land, 2003). Therefore, in the followings,
we will apply ANCOVA tests to the analyses of the experimental results and report the effect size.”

To explore how the two groups were affected by the treatments in terms of student’ abilities of basic plant knowledge and the classi-
fication knowledge of plants, an analysis of covariance (ANCOVA) on post-test scores, with the pre-test as the covariate, was conducted on
the Type I test items (basic knowledge of the 12 target plants) and Type II test items (ability of classifying and comparing target plants
based on their features) to determine any significance between these two groups. Therefore, three ANCOVA tests were performed on
the post-test scores, the Type I scores and the Type II scores, respectively.

Table 3 shows the ANCOVA results of the post-test, Type I and Type II scores; in addition, the original means and standard deviations are
also presented. The mean and standard deviation of the post-test were 40.33 and 6.28 for the control group, and 55.29 and 13.87 for the
experimental group. For the Type I test items, the mean and standard deviation were 31.67 and 8.76 for the control group, and 35.71 and
7.87 for the experimental group; for the Type II test items, the mean and standard deviation were 8.67 and 5.05 for the control group, and
19.57 and 7.89 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 (F = 9.573, p < .05). Furthermore, for the scores of the Type II test items, which focus on the ability of observing and com-
paring the differences between the 12 target plants, the students in the experimental group had significantly better achievements than
Table 3
Descriptive data, ANCOVA, and effect sizes of the post-test results.

Variable N Mean SD Adjusted
mean

Std. error F value p d

Post-test Experimental
group

7 55.29 13.781 55.671 3.462 9.573* 0.011 1.39

Control group 6 40.33 6.282 39.883 3.741

Type I: the fundamental knowledge of the plants Experimental
group

7 35.71 7.868 36.085 2.050 2.579 0.139 .49

Control group 6 31.67 8.756 31.234 2.214

Type II: the classification and observation knowledge of the plants Experimental
group

7 19.57 7.892 19.586 2.676 7.690* 0.020 1.65

Control group 6 8.67 5.046 8.649 2.891

* p < .05.
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those in the control group (F = 7.690, p < .05). This result implies that the innovative approach is helpful to students in improving their
classification and comparison ability.

In addition, it was found that the Type I scores of students in the experimental group did not have significant different in comparison
with those of the students in the control group, implying that the innovative approach was more effective in improving the students’ clas-
sification knowledge (Type II) than improving their basic knowledge (Type I) of plants. This finding was expectable since Type II test was
more relevant to the functionality of the MKC, which guided the students to observe and classify plants in the school campus.

Furthermore, from the descriptive statistics of the Type I scores, it was found that the students in the experimental group had better
achievements than those in the control group (i.e., the original means were 35.71 versus 31.67), although the difference was not significant.
This implies that MKC could also be helpful to the students in improving their basic knowledge of plants, although the effect was not so
apparent. The reason for the non-significant difference could be due to the small sample size; therefore, it is reasonable to expect that sig-
nificant difference might be derived if the sample size is large enough.

As the number of students who participated in the experiment is small, we further computed the effect size of the test results based on
the Cohen’s d value (Cohen, 1988); Cohen hesitantly defined effect sizes as ‘‘small, d = .2,”, ‘‘medium, d = .5,” and ‘‘large, d = .8”; usually a
test result is said to have a large effect size if its Cohen’s d value is greater than .80. As shown in Table 3, for the post-test and Type II test
items, the Cohen’s d of the post-test are 1.39 and 1.65, respectively, which is much greater than 0.8. The effect size of 1.39 and 1.65 indicate
that the mean of post-test and Type II test items of experimental group are at the 91.7 and 95 percentile of the control group. This result
further reveals that the finding (i.e., the innovative approach is helpful to students in improving their classification and comparison ability)
has a very large effect size.

4.4. Results of questionnaire and interview responses

After conducting the experiment, the students in the control group were arranged to experience the learning with MKC. The survey was
preformed by asking the students to answer a questionnaire with a six-point Likert-scale, where 1 represents ‘‘strongly disagree” and 6
represents ‘‘strongly agree”. It was found that most of the students showed highly interested in learning with MKC in the real-world learn-
ing environment. For example, 100% of the students would like to use this learning system in the future, and 92% of them would recom-
mend this system to others. Moreover, all of the students would like to know if this PDA-based Mindtool can be applied to other courses to
improve their learning performance.

From the ‘‘interest” viewpoint, the average rating for being interested in taking the natural science course changed from 4.85 to 5.31,
which implies that the use of the PDA-based Mindtool is helpful in promoting learning interests in natural science courses. Relevant feed-
back can also be found in other questionnaire items, such as ‘‘Since participating in the learning activity, I am more interested in observing
and exploring the features of plants than before” (5.00), ‘‘I am more interested in taking the natural science course since participating in the
learning activity” (5.31), ‘‘The use of PDAs will make the learning process more interesting” (5.46), ‘‘This innovative way of learning makes
me want to know more about plants” (5.38), and ‘‘Using a PDA to learn stimulates my learning motivation” (5.54).

From the ‘‘helpfulness” viewpoint, most of the students felt that the PDA-based Mindtool was helpful to them, and they tried hard to follow
the guidance of the learning system (5.0); in addition, the average rating concerning the students’ confidence in recognizing the campus plants
changed from 4.46 to 5.3, which implies that the students felt the ‘‘helpfulness” of the innovative approach in their natural science course.
Relevant feedback can be found in other questionnaire items, such as ‘‘I know more about the features of the campus plants since participating
in this learning activity” (5.54) and ‘‘Using a PDA as a learning device provides better assistance than the traditional way of tutoring” (5.46).

Furthermore, we interviewed all of the students and the teacher to acquire more detailed feedback. The feedback from all of the five
high achievement students showed their interests toward the innovative approach. For example, one of the students stated that, ‘‘I feel
tired today since I need to run around from the plants to plants for comparing their features. But I am very happy to have this opportunity
to experience the use the PDA. This is a very innovative way to learn. I learn much about the differences between those plants via following
the learning guidance of the PDA to compare their features. Moreover, I was able to control my own learning progress during this activity.
When completing the observation of a plant, I felt very happy and proud. I used to ignore the plants on the campus, but now I notice them
all the time. They look lovely to me now. I really prefer to use this innovative way to learn in the future.”

More importantly, some encouraging findings were derived from four low achievement students. Those students expressed a strong
willingness to have more chances to learn with the PDA-based Mindtool; they also expressed their willingness to use the PDA-based Mind-
tool in other courses, just as the high achievement students did. One of the low achievement students stated that, ‘‘This learning activity is
very interesting. It makes me understand the campus plants better. I did not pay attention to the campus plants before, but now I feel it is
very interesting to compare the differences between the plants. I would like to use the PDA and the learning system to learn other courses.”
Another student stated that, ‘‘I needed to run from one plant to another during the learning process, which used to make me feel tired and
bored; however, now I feel it is very exciting and worthwhile to complete the observations of each plant.”

The teacher also showed positive feedback to the innovative approach. He stated that, ‘‘In the beginning, the use of PDA was only an
interesting trial to me. However, when I was guided to provide the target repertory grid, the entire scaffolding strategy became clear
and meaningful.” After knowing the post-test results of the experimental group and the control group, the teacher further addressed that,
‘‘It is surprising that the effect of the repertory grid-oriented u-learning approach is so good. This approach is promising and should be
applied to more courses to benefit more students.”

In addition, the teacher also gave some suggestions for our future work; he indicated that, ‘‘It seems that the learning activity is too
difficult to some students owing to the large number of learning objects taken into account in the same time. It would be better to decrease
the number of learning objects and extend the learning time.” He also suggested that, ‘‘It is time-consuming for teachers to provide the
target repertory grids. It would be better to have a tool to systematically assist teachers in defining the content of the repertory grids.”

5. Conclusions

The popularity of mobile and wireless communication technologies has attracted much attention from researchers in recent years. Sev-
eral studies have been conducted to investigate the effectiveness of mobile and ubiquitous learning which can provide an opportunity for



296 H.-C. Chu et al. / Computers & Education 54 (2010) 289–297
students to keep accessing digital resources while learning in real-world scenarios. For example, Chen et al. (2003) reported a mobile learn-
ing system for scaffolding students in a bird-watching learning activity. Such learning activities usually receive promising feedback from
the students owing to the novelty and pleasure of using mobile devices outside the classroom. Therefore, most researchers and school
teachers have treated the mobile devices and wireless communication equipment as a convenient channel for students to access digital
resources from the Internet. Nevertheless, the issue of developing new strategies or tools to improve the learning efficacy of students in
mobile and ubiquitous learning environments is seldom discussed.

In this paper, a knowledge engineering approach is proposed to develop Mindtools for context-aware u-learning. The developed Mind-
tool has been applied to a learning activity of a natural science course in an elementary school. The experimental results show that the
innovative approach not only promotes learning motivation, but also improves the learning achievements of individual students. This find-
ing is quite different from those reported by previous studies (Chu et al., 2008; El-Bishouty, Ogata, & Yano, 2007; Peng, Chou, & Chang,
2008; Rau, Gao, & Wu, 2008), which mainly focused on the learning motivation, the learning behaviors and the technology acceptance is-
sues for mobile and ubiquitous learning. It also encourages researchers to pay more attention to the development of mobile and ubiquitous
learning strategies and tools to benefit students in improving their learning efficacy.

In addition to the benefits of improving learning efficacy for individual students, mobile devices and wireless communications provide a
good way to conduct cooperative learning activities. Therefore, one of our future projects is to extend MKC to a cooperative learning ver-
sion; that is, a Mindtool that allows students to share and exchange ideas and experiences while observing learning objects in the real
world. Moreover, to introduce this innovative approach into the classroom, it is important to ease the burden of teachers in providing
the target repertory grids. Relevant studies concerning this issue have been reported by several researchers who emphasized the impor-
tance and necessity of developing knowledge acquisition systems to obtain quality knowledge from domain experts (Boose & Gaines, 1989;
Chu & Hwang, 2008; Hwang et al., 2006). Therefore, we are planning to develop a knowledge acquisition tool, which can systematically
guide the teachers to determine the structure and the content of the repertory grids.
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