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Abstract: Learners in traditional or web-based learning environment might get little learning effect by just
memorizing the lecture contents. Mobile learning can give learners a chance to remedy their weakness parts in
the real world with touch, feel, and observation. This paper develops a learning path planner for learning in a
museum according to learners’ misconception. The planner gives learners a personalized learning path in a
museum in order to make individual do an efficiently remedial study. This paper mainly describes the
operational process of the learning path planner and uses a complete example as demonstration. The related
detailed theories and calculation methodologies are not this paper's focus.

Key-Words: Mobile Learning, Learning Path, Knowledge Structure, Misconception, Situated Learning

1 Introduction

Even thought that teachers and students are
separated in different place, the instruction still can
be done via web-based teaching materials, e-mails,
and video lectures [12]. However, some courses need
students learning through observation are not very
easy to create by either traditional classroom teaching
or web-based learning environment, for examples,
the butterfly-watching course and plant-learning in
biology domain [4][5][8][15].

This paper develops a system to offer learners an
opportunity to interact with learning objects in the
mobile learning environment. The similarity of
learning objects between the teacher's and the
learner's concept maps will be considered for
measuring the misconceptions. After the system finds

out the learning objects which the learner needs to
study again, the system constructs the best learning
path to the learner according the whole learning gain
which the learner might receive based on the
misconception rate and travel distance in the real
world. This paper mainly focuses on the system, the
learning path planner, instead of describing the
details of the theories and calculation methodologies.

Section 2 describes related researches include the
knowledge structure measurement, situated learning,
and mobile learning. The concept maps' similarity
evaluation and the learning path's gain are explained
in Section 3. Section 4 illustrates the operational flow
of the learning path planner and an example of using
the planner in the museum. Finally, Section 5 makes
conclusions and discusses possible future works at
the end of this paper.
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2 Learning Strategies,
Structure & Diagnosis

Knowledge

The learners are not just passive receiving the
learning materials from teachers as they doing
learning. Students also could learn the concepts,
knowledge, skill and ability via interacting with real
learning environment [17]. Brown thinks that the
concepts and knowledge are situation-based [3], and
the learning will be influenced by teaching activity,
situation and interactions which called situated
learning.

Hence, mobile learning could make learners
could get or apply what they learned in real
environment [9]. Learners could both get the digital
assistant and the real experience as they study in
mobile learning environment. And that is why the
mobile learning strategy is chosen in this research.

No mater what kind of learning strategy, what
student think and learned is the most interesting issue
to teachers and researchers [2]. Trying to find out
what the lectures students memorized via testing or
exam is very easy. However, the testing score could
not provide enough information of learners' learning
results. Even though the concepts and knowledge
learners get from the same teaching material, what
the relationship between concepts in learners' mind
might not exactly the same [6][7].

Therefore, to know what the knowledge structure
learners have is much more important than just check
what the concepts learners have. The concept map
was proposed by Novak and Gowin [13], concept
map is a graphical tool for organizing and visualizing
knowledge in human's mind. Learners could concrete
the concepts and knowledge they learn on the course
on paper via drawing concept map [14].

Learners could keep modifying their own concept
map in learning, and the new concepts will be
combined with the past concepts. As a result,
teachers could check the learners' understanding
about the lectures or teaching materials which they
provide to learners [6][7][16]. Teachers can also
adapt their instructions and lectures with concept
map via discovering what students have learned and
diagnose their misconceptions.

Since that what the knowledge structure is used in
pedagogy has been found, there is another important
issue, which is knowledge structure measurement.
Novak propose Concept Mapping to evaluate the
consistence between teacher's and learners' concept

map [13]. There are four scoring standards, which are:

(1) Relationships, which means the relation link
between two concepts; (2) Hierarchy, the level

which presented in concept map; (3) Cross-links, the
linkage between some concepts which locate at
different level; (4) Examples, learner could give an
example about what he/she learned.

Another  strategy about concept map
measurement is Pathfinder, which is proposed by
Goldsmith [1][10][11]. Pathfinder uses the Closeness
Index to evaluate the similarity between teacher's and
learners’ concept map. Closeness is based on set
theory, and the value of closeness is between 0
(totally different) to 1 (complete similar).

The closeness will be taken into consideration in
measuring the similarity of concept map in this paper.
The next Section will introduce the construction of
teacher's and learners' concept map; analyze and
design the measurement of concept map and find out
the learning gain in mobile learning environment;
and then feedback the learning sequence of concepts
and context-aware learning path to individual
learners.

3 Planning a Context-aware Learning
Path

This research wants to feedback suitable
teaching materials according to learners' learning
effects and generates a context-aware learning path in
mobile learning environment for students. Before
providing the feedbacks to learners, there are some
subjects need to be approached via three necessary
phases as Figure 1 shows.

Phase I: digging out what the concepts learners
have and making the unconcealed knowledge
structure in their minds into concrete and visible
concept map; Phase II: checking what the lacks of
concepts students might need and measuring the
similarity between teacher's and learners' concept
maps; Phase III: evaluating the learning gain that
students can get from each learning materials in real
environment and generating the context-aware
learning path according to their learning results.

There are two main knowledge structures in this
research: (1) concept map, each teaching material
such as vase in real environment are all have its own
concept map for describing what the concepts in
learning object; (2) situated map, in order to connect
the learning objects in real world and related spatial
information such as the position of learning objects
and the distance between different learning objects.
Figure 2 shows the relations among concept map and
situated map for each learning object. Certainly, there
are two same learning objects at different place.
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Fig 2. The relations among concept map and situated map

Before digging out what learners have been
learned and think, teacher must construct his/her own
concept map, which called scaffolding concept map,
for each learning object and produce the related
question (the step 1 shown in Figure 1). Figure 3
shows the single-choose question and options for the
concept, adomment, in concept map. The question
formulation requirement is that the concept in the
question has to be observable.

(Ruby-red Kuan-yin Tsun vase) Q. What is the main function of

Ruby-red Kuan-yin Tsun vase?

age looks function 1. container
2. adornment
dynasty ) (emperor) ( color

/ AN
(Ching)  (Kang-hsi) (Ruby-red) (adornment )
Fig 3. The question of concept in concept map

As step 1.2 shows, learner will construct his/her
own concept map with answering the question
provided from teacher. After learner returns the
answer, the option which he/her chooses will be filled
in his/her concept map. What the difference between
teacher's and learner's concept map is easy to check

with comparison and find out the misconception
learner has in step 2.1.

Since what the misconception learner might need
has been found, there still another two important
issues which are what the feedback sequence of
lacking concepts should provide to individual
learners (step 2.2 in Figure 1); the second issue is
how to generate the navigation path with consider
both the result of concept map for each learning
object and situated map in real learning environment
(step 3 in Figure).

It is not good enough if the sequence of learning
feedback generated is only based on the lack
concepts or just consider the number of
misconception without thinking about the concept
relations. Therefore, the better strategy is taking each
concept and its neighbor concepts into account for
measuring the feedback sequence. In order to solve
the first issue talked above, the similarity of concept
map is used to measure the sequence of learning the
misunderstanding concepts in the learning object.

(Ruby-red Kuan-yin Tsun vase ) | (Ruby-red Kuan-yin Tsun vase )

b g6 oo

Teacher's scaffold concept map Leaner's concept map
. Misconception O Correct concept

Fig 4. the comparison of teacher's and learner's concept
map

Figure 4 shows the learner's learning result with
concept map, the misconception is marked in black
and the correct concept is marked with white concept
node. As a result, what the Accuracy of each concept
node could be measured easily by evaluating the
neighbor nodes in both of the teacher's and the
learner's concept maps.

Taking the concept 4 in Figure 4 for example,
there are four neighbor concepts around the concept
A, {Ruby-red Kuan-yin Tsun vase, C, D, Nj}.
Furthermore, it is easy to measure the similarity, also
called Closeness, between teacher's and learner's
concept map by summarizing the accuracy for each
concept node.

The system is then able to use the concept map
characteristics to get the student's misconceptions,
and uses the situated map to plan a context-aware
learning path for the student (step 3 in Figure 1). The
Improvement, has a negative relation with the
closeness, is taken into consideration when the
system does the learning path plan. Beside the
improvement, the distance between two learning
objects is also need to consider when planning the
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learning path. Longer distance will waste learner too
much time in traveling from one learning spot to
another.

Figure 5 has two parts. The left part shows the
improvement value that each learning object may
have if the learner goes to learn again and the
distances between two learning objects. Values
inside the nodes in situated map are the improvement
of learning objects and values on the edges are the
distances between two learning objects. The right
part shows learning gains between two learning
objects that the learner might receive based on the
improvements and distances. For example, according
to Figure 5, the learning gain form start to learning
object 4 will be -2.6. Therefore, the most appropriate
learning path will be Start > B = C - D, which has
the maximum learning gain.
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Fig 5. The learning gian in mobile environment

4 Learning Path Planner in Museum

There are two main phases and five steps to
learners as they learning with context-aware learning
path planner as Figrue 6 shows. The two phases are
the traditional learning & web-testing phase and the
do remedy mobile learning phase. Within the two
phases, at first, learners recieve the teaching
materials (step 1); second, learners participate the
web testing (step 2); third, the system checks the
concept maps and generates the context-aware
learning path with situated map (step 3); fourth, the
system asks learner's position (step 4); and finally,
the system gives the learner either a moving guidance
suchlike "please go to the Area D in the room 203,
and find out the artifact No. 23!" or a learning
guidance suchlike "please observe what special mark
the vase has."

Fig 6. Two main phases of context-aware learning path
planner

Figure 7 shows Alex's learninig path which is
generated by the learning planner. The system asks
Alex to walk to the artifact No. 10 at Area B by using
the moving guidance first when Alex arrives room
203. Then the system ask him to observe the learning
objects by using a learning guidance, "please take a
look at the mark of the bowl." After finishing the
remedial learning activity, the system uses another
moving guidance to lead Alex go to area D and learn
the vase, artifact No. 23, again.
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Fig 7. Artifacts at room 203 in the museum

5 Conclusions & Future Works

This paper focuses on developing a personalized
context-aware learning path planner to support
individual learner do self-learning in mobile learning
environment according to his/her misconceptions and
possible learning gains. There are still two possible
future research issues. The first one is the cognitive
level diagnosis issue: system could give suitable
learning guidance based on different cognitive levels.
The second is automatic moving guidance issue:
system should be able to guide the learners from one
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learning spot to the next learning spot rather than ask
teachers to input the moving guidance in advance.
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