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Abstract

Mobile Learning makes students get the advantages of
both traditional learning and e-learning. How to give
students learning sequence suggestions in the mobile
learning environment is a big issue and is also the goal of
this paper. This research uses knowledge map to store the
characteristics of each learning object and designs a
situated map to represent spatial knowledge in the mobile
learning environment. By using these two knowledge
structures, knowledge map and situated map, the system
created by this research can generate various navigation
sentences and ask students to observe the characteristics
of learning objects. This research also takes information
theory into consideration in order to decide which
navigation sentence should deliver to the student first. The
system calculates the entropy for each generated sentence
and finds the most appropriate one to deliver to the
student. At the end of this paper, an experiment system is
implemented for the 5th year biology course, Plant
Observation.
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1. Introduction

Mobile learning becomes an interesting issue in
e-Learning field in recent years. Mobile learning is used
for supporting students learning without time limit [6].
Students could connect to e-learning repository via mobile
devices such as Personal Digital Assistant (PDA), mobile
phone, tablet PC, and notebook, anytime and anywhere
[10].

More and more schools improve the equipments of
mobile device in order to apply mobile learning into
teaching, meanwhile, researchers have proposed some
challenge issues [6]. The goal of paper focuses on how to
navigate students in the mobile learning environment

according to what this environment has. In most of mobile
learning researches, students still need teacher’s
assistances to guide them where to go and what to learn
[2][3]. This research develops a system in order to
generate guidance message for students when they are
walking in a mobile learning environment with their
mobile devices.

Section 2 introduces some related research
backgrounds, including situated learning, spatial
knowledge, and knowledge map. A situated map

represented the spatial knowledge of the mobile learning
environment is introduced in Section 3, moreover, the
knowledge representation and the navigation generating
process is also analyzed in this section. Section 4 uses
information theory to decide navigation priority. A mobile
learning navigating system is implemented and used to
demonstrate the research results in Section 5. Section 6
gives a brief conclusion and some possible future works.

2. Research Background

Situated learning takes learning as a situated activity
and believes that people learn new skills by practicing [9].
Situated learning theory is based on Vygotsky's researches
which proposed that human could only develop
themselves by social interactions [13]. Lave (1991)
believes that human’s everyday cognitions are related to
their social situations and these cognitions construct their
own knowledge representation in their minds.
Furthermore, situated learning can make students
construct more complete knowledge and allow them being
able to apply what they have learned in solving real-life
problems [1].

Applying situated learning into mobile learning
environment could be an interesting issue, because the
environment provides students a chance to 'touch' and
'observe' real learning objects. This research takes spatial
knowledge proposed by Glasgow and Papadias in 1992
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when analyzes the navigation guidance [7]. Spatial
knowledge only stores object locations without other
information such as shape, size, color, etc. Furthermore,
spatial knowledge also records the relations among
different object locations [5]. The relations are categorized
into various types, including direction relations (e.g., east,
north-east), topological relations (e.g., inside, overlap),
ordinal relations (a subset of topological relations), and
distance relations (e.g., near, far) [11].

The navigation in mobile learning environment
should not only focus on the location where students
should go, but also the learning object's characteristics
which students should are observed. For this reason,
knowledge base would be an important component in
designing navigation system in the mobile learning
environment. This research uses Knowledge Map as the
knowledge base. The knowledge architecture of the
Knowledge Map involves two parts, Concept Hierarchy
and Concept Schema, as Figure 1 shows [8].
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Figure 1. Example of Knowledge Map

1. Concept Hierarchy: concept hierarchy comes from the
hierarchical network model [4]. Collins and Quillian
have proved that human knowledge is stored in
hierarchical architecture. Concept hierarchy presents
the hierarchical relationships among concepts in the
same domain. Different to the six links proposed by
Dansereau, the relationships among concepts in concept
hierarchy are only “part of (rpawo)” and “type of
(Fipe-op).”

2. Concept Schema: schema is the generic concept data
structure in memory [12]. Concept schema stores the
concept attributes (denoted as a,), such like the
definitions and examples. Each concept (c;) in the

concept hierarchy has links (I, , ) with its attributes

(a,) in the concept schema. The link relation is called
the relation schema (Fehema)-

This research integrates spatial knowledge and
knowledge map into situated learning and tries to arrange
proper learning path in the mobile learning environment.
In order to achieve the goal, two major issues have to
solve first. The first issue is how to store spatial
knowledge and its related learning objects; and the second

issue is how to decide where the student should go first in
the mobile learning environment.

3. Navigating Sentence Generation

For storing spatial knowledge and related learning
objects, this research defines Situated Map to record all
learning locations in the mobile learning environment.
Besides, the situated map also gathers the information
about what learning objects existed in different learning
locations. Based on its functionalities, there are three
major elements in the situated map:

1. Area, a,: indicates learning locations.
2. Path, p, ,: presents the route between two areas.

3. Learning Object set, O,: denotes possible learning
objects for learning area a,.

Figure 2. Example of Situated Map.

Figure 2 is an example of a situated map with three
different learning locations. In area a;, students could find
three learning objects, O = {o0;, 0,5, 04}. Students could
also go to area a, through the path p;, and observe other
learning objects not in a;, such as learning object o0;.
There is no path between a; and a;. If students want to go
to a; from ay, they should go to a, first then go to as.

The details of learning objects are stored in
knowledge map, which is mentioned in the previous
section. Most of mobile learning activities ask students to
verify various characteristics of learning objects. For this
reason, the concepts stored in knowledge map can be
simplified into three classes, the characteristic name (¢"*")
represented by double border box, characteristic type of
learning object (c"”) represented by grey box, and
learning object (o;) represented by white box.

[ Leaf Shape Elliptic

Camphor tree

_Acicular

[ Leaf Margin Dentate |

Example of Knowledge Map in Plant
Observation

Figure 3.

Take Figure 3 for example, "leaf shape" and "leaf
margin" are the observable characteristics of plants and
would be the parent levels of concept hierarchy; "Elliptic"
and "Acicular" are the characteristic types of "leaf shape"
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and become its child nodes. Since the leaf shape of
camphor tree is elliptic, the learning object of "elliptic"
will be "camphor tree."

The system can use sentence template to create
human readable sentence to generate navigating sentences.
For example, if the system wants to generate a sentence in
order to ask students paying attention on a learning object
and its related characteristics, the sentence could be:

Please take a look at (learning object), its (characteristic name)
is (characteristic type).

Using the related concepts and schemas in Figure 3, the
sentence would be generated as

Please take a look at camphor tree, its leaf shape is elliptic.

Another sentence type, the interrogative sentence,
could be also generated by using sentence template, such
as

Please write down what type of (characteristic name) (learning
object) is.

The system can construct a question as

Please write down what type of leaf shape camphor tree is.

With the knowledge map and sentence templates, the
navigating system can generate various types of
navigating sentences easily.

Learning Object
Selection

Figure 4. The flow of navigation strategy

Based on the previous analysis, Figure 4 draws the
flowchart of navigation students in the mobile learning
environment. The first two steps, step 1 and step 2, are
locating the suitable learning spots and related learning
objects from situated map and knowledge map. After that,
the navigating system generates human readable sentences
for students in step 3. If there is no further learning objects
needed to learn, the navigating system goes to the end step,
step 4.c; if there is any other learning object that is
required for learning in the same learning spot, the system
goes back to step 2; and, if there is any other learning
object that is required for learning but locates in the other
spots, the system goes to step 1.

4. Entropy Calculation

Information theory is used to decide where students
should go and what they should observe as the step 1 and
2 showing in Figure 4. There are three measures can be
used in deciding navigating objective:

(a) Learning Object Information: /(o;)
(b) Learning Area Information: /(a,)

(c) Characteristic Information: /(¢;"")

(a) Learning Object Information

The calculation of learning object information is
related the probability of selecting the learning object out
in the mobile learning environment. The equation would
be

I(0,)=log,(1/ p,)

Take learning object o; in Figure 2 for example. There are
eight learning objects separates in the learning map and
two of them are o;. The probability to select o; for
students is 2/8. Based on the equation, the information of
0118

1
1(0,) =log, (=) =2
(0)) =log,(——2)

All the information of learning objects could be calculated
and represented as a vector /(0):

[0) =12, 1.41,3,2]

(b) Learning Area Information

After the system has each learning object's
information, each learning spot's information can be
calculated consequently. The information of learning area
is the total information from all learning objects exist in it.

I(au) = Zl(oz)
In Figure 2, each learning spot's information is

Ka)=2+141+2=541
Kay)=1.41+3+2=641
Ka3)=2+1.41=341.

Therefore, the learning spot a, is the first location that the
system will recommend students to go.
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(c) Characteristics Information

[ charte) }

Char 1:Type 1 (cs)
Learning Object: O

Learning Object: O3

Learning Object: Oy

Char 1:Type 2 (¢s)
Learning Object: O,
Char2(c) |——T—{ Char2:Type 1 (c)
Learning Object: O3

Char 2:Type 2 (¢7)
Learning Object: Oy

Char 2:Type 3 (Cs)
Learning Object: O,

Char 3:Type 1 (o)

Learning Object: O,
Learning Object: O3

An Example of Knowledge for Mobile
Learning Navigating System

Char3(c) |

Figure 5.

When the system generates the navigating sentence
will never use only the characteristic name. Because each
characteristic type belongs to a characteristic name just
like Figure 5 shows. The information of learning objects'
characteristics are only related to the probability of
selecting the characteristic types. For example, in Figure 5,
the probability of selecting ¢4 out is (1/3)*(1/2) = (1/6).
Therefore, the information of characteristic ¢4 s

1
1 =1 —)=2.585-
(cy) Og2(1/6)

The vector I(C"™) stores the information for all
characteristics in concept hierarchy, and the /(C*™) for
Figure 5 is

I(C"P?) =[2.585,2.585, 3.170, 3.170, 3.170, 2.585, 2.585].

Choosing Navigating Objective

The process of choosing what navigating objective
the system should pick up to generate the navigating
sentence involves six steps. For example, if the system
picks the Elliptic characteristic up from Figure 3, then the
system can generate a navigating sentence:

"Please take a look at camphor tree, its leaf shape is elliptic."

The six steps of choosing navigating objective are:

1. choosing the learning spot according to the
learning area information;

2. finding out what learning objects the chosen
learning spot has;

3. finding out what characteristic types those
learning objects have involved in;

4. picking the characteristic type with maximum
information up;

5.if there are more than one learning objects
involved in the characteristic type, then go to step
6; else the system takes the characteristic type as
objective to generate the navigating sentence;

6. picking the learning object with maximum
information up, the system will then use the
characteristic type and the learning object to
generate the navigating sentence.

Taking Figure 2 and Figure 5 for example, the first
step chooses learning spot 2 for navigating; the second
step finds there are learning object 05, 03, and 04, in the
spot 2; the third step finds that the learning object, 0,, 03,
and o4, are involved in the characteristic type c;, ¢s, Cg, Cs,
¢y, and cy; the fourth step finds that the characteristic type
¢ and cg have the maximum information, 3.170; the fifth
step finds that there are learning object o3 and o4 have
involved in the characteristic types with maximum
information; the sixth step picks learning object 03 and the
characteristic type c¢ as the objective to generate the
navigating sentence.

5. Example of Plant Observation

Juniperus

Juniperus niperu
chinensis

chinensis

Figure 6. Situated Map in Plant Observation Lesson.

An experiment system is developed for the 5th year
biology course, Plant Observation, in Cherng-Gong
Elementary School, Taoyuan, Taiwan. All the
characteristics that students need to know are stored in the
knowledge map. The teacher builds some instructional
webpages to introduce each plant. The situated map has
five near-by small gardens located in the campus. Figure 6
illustrates these five areas and their related learning
objects.

Figure 7 shows the snapshot of the navigating
system. The upper frame shows the instructional
webpages. On the bottom left, a small map shows the
learning area map. The navigating sentence is displayed
on the bottom right frame. Students can write down the
answer in the text field and send the answer back to the
server.
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