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Abstract: One of the main problems of web-based learning is staying motivated at a sufficient
level. Learning games offering challenges and entertainment may stimulate student motivation for
learning and mitigate this problem. Web-based |earning support systems combined with learning
games may efficiently promote learning by encouraging student participation in learning. This
study introduces a treasure hunt model, which represents the idea of inquiry-based learning using
set theory. We demonstrate this via a prototype of a web-based learning support system called
OTHI, which employs an online treasure hunt game as the learning game. We integrate the sound
learning strategies of inquiry-based learning with the Web and online game technologies in this
system. We expect that our learning support system will motivate students, and furnish an inter-
active student-centered learning environment.
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1 Introduction

Web-based learning is growing in popularity and complements traditional teach-
ing methods. However, web-based learning does not always work effectively and
sometimes fails to meet its educational goals [Xu and Wang 2006]. Students might
passively take part in online classes which lack interaction with learning material
[Khalifaand Lam 2002]. Moreover, in many online learning systems, instructors are
not required to simultaneously participate in their students’ learning process, and thus
students cannot synchronize with instructors [Zhang and Nunamaker 2003]. Students
normally study a subject in isolation. This passive, asynchronous web-based learning
makesit difficult for studentsto become motivated towards learning [Jong et al. 2006].

Digital games may be applied to reduce the negative feedback of web-based learning
when dealing with a lack of motivation for learning [Jong et a. 2006]. Digital games
hold players attention and stimulate their internal motivation [Hsiao et a. 2006]. The
aim of arationa player is to win the game or to be one of the top players in the game.
Playing implies active participation. That is, the game must be player-centered, and at
every opportunity, players need to make their own decisions to win the game. Students
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require this type of motivation in their learning. Jong et a. [Jong et al. 2006] investi-
gated student perception of a game-based learning method with traditional web-based
learning. They found game-based learning was more capable of empowering students
to learn with confidence and retain learned knowledge in their mind.

Learning support systems not only enhance student learning, but also motivate stu-
dents to learn [Shareef et al. 2006]. The recent development of the Web has increased
the need to move traditional computerized support systems to the Web platform and
enhance support systems into further user-friendly systems [Yao and Yao 2003]. Web-
based learning support systems (WL SS) are computerized learning support systems re-
designed or modified to use Webtechnol ogy to support studentlearning[Yao et al. 2007].
With the support of WLSS, students may not only eliminate study difficulties, but may
also be encouraged to study |earning concepts and topics.

Inquiry-based learning (IBL) is an educational approach driven more by student
guestions than by the instructor’s lessons, and involves active, student-centered learn-
ing [Edelson et al. 1999, Fleissner et al. 2006]. Lim [Lim 2004] described web-based
learning environments, designed with IBL, as providing students with cognitive tools
and helping them form alearning community in which instructors and students interact
to solve complex problems. IBL is compatible with constructivist learning strategies
[Llewellyn 2004]. In constructivism, knowledge is defined as the cognitive structure of
a person and learning is the active process of constructing knowledge rather than the
process of knowledge acquisition [Kim 2005]. In IBL, students construct knowledge
using an inquiry approach [Woolf et al. 2002].

Inthis paper, we propose atreasure hunt model, which embodiesthe idea of inquiry-
based learning using set theory. The treasure hunt model is applied to the design of a
web-based learning support system called OTHI - Online Treasure Hunt for Inquiry-
based learning [Kim 2010]. OTHI employs an online treasure hunt game in which stu-
dents conduct atreasure hunt on a certain topic and develop an answer to a given ques-
tion, and includes aWeb site to support instructors and students who utilize the treasure
hunt game for student learning. With this system, students are able to experience IBL
and study the course topics in an enjoyable and interesting way.

2 Web-based Learning Support Systems and Inquiry-Based Learning

2.1 Web-based Learning Support Systems

WLSS supports instructors and students to achieve better teaching and learning out-
comes[Fan and Yao 2003]. Web technol ogy refersto all technol ogieswhich implement,
maintain, and use the Web. Advancesin the Web technology remove any barriers of time
and place for supporting various human activities and generate further momentum for
the design and implementation of computerized support systems[Yao and Yao 2003].
Web-based support systems [Yao and Lingras 2003] take advantage of Web tech-
nology to provide further user-friendly support environments[Yao and Yao 2003]. The
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most popular and successful computerized support systems are decision support sys-
tems. If people devel op decision support systems using Web technol ogy, those systems
become web-based decision support systems [Power and Kaparthi 2002]. Likewise, if
people take into account learning, computerized learning support systems combined
with Web technology can be intuitively called web-based learning support systems
(WLSS) [Yao et al. 2007]. Any web-based system which contributesto students’ learn-
ing can be viewed asa WLSS.

Fan and Yao [Fan and Yao 2003] described the main features of WLSS for the im-
plementation of student-centered learning environments. The main features include:
encouraging students to communicate with each other; delivering adapted learning con-
tent based on students' background knowledge; providing an interactive interface; and
evaluating students' learning process. They aso presented three views in terms of the
design of WLSS, namely teacher, student and administrator views. Teachers consider
WLSS to be convenient tools to create and modify learning content, while students
regard WLSS as learning support tools containing a variety of learning contents. Ad-
ministrators might use WLSS to maintain the systems.

2.2 Inquiry-Based Learning

Inquiry-based learning (IBL) is a student-centered instructional approach in which
students seek truth, information, or knowledge by asking questions [Chan 2007,
Fleissner et al. 2006]. IBL enables students to conduct self-directed investigations of
problems and issues presented to them [Lim 2004]. Russell [Russell 1962] described
inquiry as an investigation of a certain problem. Fleissner et al. [Fleissner et a. 2006]
defined inquiry “as a seeking for truth, information, or knowledge; that is, seeking
information by questioning.” Chan [Chan 2007] described students constructing their
perspectives of natural and human-designed worlds through inquiry activities.

The educational philosophy of IBL is founded on the ideals and principles of con-
structivism [LIewellyn 2004]. In constructivism, knowledge is defined as the cognitive
structure of a student [Kim 2005]. The cognitive structure is changed, reconstructed
and reorganized by the student’s experience [Piaget 1976]. The constructivist believes
students are the center of education, and learning is the product of self-organizationand
reorganization of the cognitive structure of the students [LI1ewellyn 2004, Yager 1991].
In other words, learning is an active, constructive process rather than process of know!-
edge acquisition, and teaching is the support of students' constructive processing of
understanding rather than the delivery of information to the students [Kim 2005].

In addition, learning outcomes do not depend on what an instructor presents, but
rather upon what information is encountered and how students process it, based on
preconceived notions and existing personal knowledge [Yager 1991]. Inquiry, in con-
structivist teaching, offers an opportunity to better understand facts and formulas, and
encourages student participation in learning [Lim 2004].
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The process of IBL commonly described in the literature [Edelson 1998,
Edelson et al. 1999, Lim 2004] involvesthe following four phases: 1) Presenting phase:
presenting information and the background of the inquiry; 2) Retrieving phase: explor-
ing and querying dataand information for the inquiry; 3) Devel oping phase: devel oping
and generalizingideas or concepts by the eval uation and interpretation of dataand infor-
mation collected; and 4) Evaluating phase: evaluating the developed ideas and inquiry
process, and giving constructive feedback.

Throughout the entire process of I1BL, students may revise their ideas or decide to
go forward with the intended direction by looking back at the question, process and
direction of the inquiry. Students also communicate with others to fully understand
given information, and clarify or solidify their findings.

2.3 A Web-enabled IBL Model: WebQuest

WebQuest (http://www.webquest.org) isa WLSS for IBL and is designed according to
the guidelines proposed by Dodge [Dodge 1995]. Well-designed WebQuests promote
learning practices by integrating the idea of IBL with Internet resources, open-ended
guestions and authentic tasks stimulating students’ motivation [Chan 2007]. WebQuest
is also a flexible model for Web-enabled IBL [Fleissner et a. 2006]. Instructors are
able to very simply create their own WebQuests if they can create a document with
hyperlinks.

A  WebQuest should contain at least the following six components
[Fleissner et al. 2006]: 1) Introduction: provides some background information
allowing students to be ready to investigate a quest; 2) Task: specifies an interesting
and doabl e task, duty, or assignment; 3) Resource: contains a collection of information
sources - links and references - necessary to complete the task; 4) Process: describes
the steps students should go through in accomplishing the task; 5) Evaluation: shows
an assessment rubric informing how student performance will be evaluated; and 6)
Conclusion: brings closure to the quest, reminds students of what they have learned,
and encourages them to apply the experience to other domains.

An optional component, credits, denotes information about permissions to use and
modify the WebQuest. Another optional component, teacher page, guides other teach-
ers who want to implement the WebQuest.

3 Treasure Hunt Model for Inquiry-Based Learning

3.1 A Treasure Hunt for Inquiry-Based Learning

Treasure hunt was originally an outdoor activity and a game played by children and
occasionally by adults. To play treasure hunt, an adult preparesalist of hidden objects
for childrento find. Each team of children receivesaduplicatelist of the hidden objects.
Thewinner isthefirst team to find all the items on the list.
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Di Blas et a. [Di Blaset a. 2004] introduced an online treasure hunt game in the
SEE project providing students with a virtual learning environment. Students are in-
cluded in online meetings and discuss previously studied themes under the active su-
pervision of a guide, in a virtual museum. A treasure hunt in the SEE project helps
students find a solution to cultural riddles provided by the museum, and enables them
to review their learning in exciting ways. [Hamelin 2004] described an IBL experiment,
in the form of atreasure hunt on the Web. It has been shown that a treasure hunt can be
avery effectivetool in developing searching abilities, using the Internet.

Chang et a. [Chang et a. 2006] implemented a system based on a treasure hunting
learning model employing text-mode cell phones to communicate between students
and the system. They applied the learning model to a traditional history and culture
coursein college. Once students send a position message to a positioning module of the
system using their cell phones, its learning planner chooses a suitable quest and related
guidance message on a basis of their learning records and physical position. Students
do some kinds of treasure hunting, explore knowledge, and solve questions, based on
the quest and guidance message.

A treasure hunt can be well matched to IBL. Treasure is considered to be informa
tion, truth, or knowledge, and hunt impliesinquiry, which is a systematic investigation.
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Figure 1: Flowchart of atreasure hunt process.
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Figure 2: Flowchart of a knowledge construction.

Treasure hunt is an inquiry activity in which one systematically seeks knowledge with
questions.

[Fig. 1] shows the process of the treasure hunt which we exploit in order to design
aWLSSfor IBL. The process has the following four phases:

1. Presenting Phase: In an orientation, a guide provides students with a question
regarding a topic which they will investigate via a treasure hunt, as well as the
outlines of the topic. The background information is available from a resource and
hel ps students easily understand the objectives of the topic and the question.

2. Retrieving Phase: Once studentsreceivetheir orientation from the presenting phase,
they are required to explore every necessary station using the given clues and meet
guides who offer a related sub-topic description called help. Students need to un-
derstand the sub-topic, using its resource, so as to construct a correct answer to
the question. While exploring stations, students may meet and overcome severa
obstacles, and find treasures.

3. Developing Phase: When students obtain help at a station, they may develop ideas
for the answer to the question through the “ Construct knowledge” process, shown
in[Fig. 1]. A more detailed flowchart is depicted in [Fig. 2]. Students analyze their
collected information and write an ideainto their logbook, with regard to the ques-
tion. If they require more information to understand the given information, they
may search aresource. By reviewing the ideas in the logbook, the students deter-
mine where to find more helps with the question, and thereby construct a correct
answer to the question.

4. Evaluating Phase: Students are required to take a test when they find a treasure
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at a station. In the evaluation, students must answer the question they received in
the presenting phase, referring to ideas in their logbook. The answer is compared
with the sample answer (prepared by the instructor) to determine whether they pass
the test. If the students pass, they receive points and a reward which is useful in
overcoming obstacles they will meet in future rounds, and they are also able to
know available topicsfor the next round of treasure hunt. The winner is the student
or team with the greatest number of points.

Each phase has its corresponding phase in the IBL process described in [Section 2.2].
The IBL process is also observed in this process. Therefore, it can be said that the
treasure hunt does include the idea of 1BL.

3.2 Structure of a Treasure Hunt Model

Before designing a WLSS, featuring treasure hunt, it is necessary to clearly define a
treasure hunt by creating a treasure hunt model [Kim and Yao 2010]. In so doing, we
come to understand what components and functions are needed, and how the functions
might work for the system conducting the treasure hunt for IBL.

Thetreasure hunt model is anew Web-enabled IBL Model, formalizing the treasure
hunt, using set theory, in order to efficiently integrate the learning strategies of 1BL
into WLSS. The treasure hunt model consists of seven components: agents, treasures,
information, events, actions, stations, and logbooks. Its structure is defined as follows:

S= (AGT,TRE,INF,EVT,ACT,STA,LOG). 1)

— AGT isafinite nonempty set of agents representing students or guides in the sys-
tem, and expressed as AGT = SDUGI, where SD is the set of al students and
Gl isthe set of all guides. Guides help students find treasures by providing useful
information about the treasures.

— TRE isafinite nonempty set of treasures. A treasureisthe conclusion of atopic and
areward for learning the topic. The reward is useful in helping students overcome
obstaclesto find other treasures.

— INF is afinite nonempty set of information about the treasures. Thisis defined as
INF = {TP,RS,QS,CL}, where TP is afinite nonempty set of learning topics, RS
is afinite nonempty set of resources, QSis a finite nonempty set of questions, and
CL is a family of nonempty sets of clues. A learning topic is a finite nonempty
set of learning objects! necessary to master atopic. The resource is a collection of
information sourcesrelated to alearning object. The question iswhat students must
investigate while learning atopic. The clueisarhymed hint about the next learning
object to be found and learned.

1 Objects to be dealt with in the course of this paper might be significant words, con-

cepts, topics, educational materials, information units, documents, functions, commands, etc
[Jones and Furnas 1987].
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— EVT isafinite nonempty set of events which invite student participation. There are
four different types of events: orientation events, help events, obstacle events and
evaluation events.

— ACT is afinite nonempty set of actions students can perform in order to find the
treasure. Some mgjor actions are as follows: finding the information, analyzing the
information, retrieving the resource, documenting the findings and determining the
direction.

— STAisafinite nonempty set of stationswhere the event occurs and studentsinitiate
the actions. In accordance with the events, the stations can be grouped into the
following types: orientation stations, help stations, obstacle stations and evaluation
stations.

— LOG is afinite nonempty set of logbooks containing al records of the students
important achievements during the treasure hunt. Students record their findingsin
the logbooks, the contents of which assist them in constructing new knowledge.

Let n be the number of topics for a course and let m be the number of sub-
topics of each topic. TP of INF in [Eq. 1] can be expressed as TP = {L1,L,---,Ln},
where L;j (for 1 < i < n) is the learning topic. Learning topic L is described as
L = {ko,k1,kz, - ,km, kms+1}, wherekg istheintroduction of thetopic, k; (for 1 <i <m)
is a sub-topic of the topic, and ky, 1 is the conclusion of the topic. In the treasure hunt
model, aset T of all learning objects which students are required to understand in order
to complete a course through the treasure hunt, is defined as:

T=L 2
LeTP

Let IT C T beaset of al theintroductions of topics for acourse, let 3J C T be a set
of all the sub-topics, and let CO C T be aset of all the conclusions of topics. Thus, the
set T of all the objects of the courseis also defined as:

T =1TUSU UCO. A3)

Thelearning objects are allocated to stations and guides using a learning object alloca-
tion function foa given by:
foa: T — STAX GI. 4

If TN is afinite nonempty set of names of topics for a course, an orientation function
for representing the orientation event of EVT in[Eq. 1] is described as:

for : STAx Gl x TN — I T x QSx CL. (5)

The orientation function for alowsaguideto provide an introduction, aquestion and a
cluefor agiven topic name at astation. Theintroductionis called an orientation object.
A help function fy_ for the help event of EVT is expressed as:

fuL : STAx Gl x QS— SU x CL. (6)
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The definition of the help function . describes a guide furnishing a sub-topic descrip-
tion and a clue for a given question at a station. The sub-topic description is called a
help object.

Let fgu (q7t,t') beasimilarity functionto measure the similarity of a student answer
ttoa sample answer t, provided by the instructor, for a given question g € QS. If Sq
is a set of significant terms appearing in the question g, S; is a set of significant terms
appearing in the sample answer t, and S,/ is a set of significant terms appearing in the
student answer t', then the similarity can be calculated by:

1§ N (&YS)
It meansthe similarity is measured by theratio between the number of significant terms,
included in both the student answer and the sample answer or question, and the number
of significant terms, included in the sample answer or question.

If RW is aset of rewards the student receives after passing a test at an evaluation
event, the set of treasures TRE in [Eq. 1] can be described by TRE = CO x RW, where
COisaset of al thetopic conclusions as previously described. Therefore, an evaluation
function fgy for the evaluation event of EVT isdefined as:

fev : STAx QSx R(fS\A)—>TRE, (8)

where R(fgv ) istherange of fgy. The evaluation function fgy expressesthe fact a stu-
dent is able to obtain areward and a conclusion of the topic as atreasure, at a particular
station, based on the similarity of their answer to a sample answer for a question. The
conclusionis called an evaluation object.

The obstacle event gives students enjoyment, and hinders their ability to find the
treasures. If OB is thefinite nonempty set of obstacles, an obstacle function f o for the
obstacle event of EVT is described as:

fog : STAX OB x 2’V N, 9)

which represents how well students overcome an obstacle at a station using rewards,
which they obtained. Students acquire some points while struggling with the obstacle
at astation, using the rewards they received.

3.3 Learning Order Relationship and Knowledge Spaces

A web-based learning support system needs to know each student’s current learning
state, and arrange the next learning objects for the student to learn, based on the learn-
ing state. The treasure hunt model should define the learning states and explain how
to derive the next objects. To suggest the next objects to the students, we also need
a mechanism to express which objects the students have learned and which objects
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might be next. Thus, we present the learning order relationship [Yao et a. 2007] and its
knowledge space [ Schrepp 1997].

Learning order of objects providesthe correct order in which a student is supposed
to learn the other objects which remain after learning one object [Yao et a. 2007].

Definition 3.1 We call arelationship between two objectsalearning order relationship
if the relationship satisfies the learning order of objects.

In other words, the learning order relationship between two related objects can be
clearly expressed as follows: Learning one object is a prerequisite for learning another
object. It reflectsthe student’s rel ative preference for the objects, based on his’her back-
ground knowledge. [Fig. 3] shows an example of the learning order of conceptsin a
textbook. The student may prefer “ Concept 2 of chapter 3” to “Concept 3 of chapter 3"
astheir next learning concept.

A student’s background knowledge

l Learning order
> of concepts in
a textbook

A concept of Concept 7 of Concept 2of Concept3of _,, A conceptof
chapter 2 chapter 3 chapter 3 chapter 3 Last chapter

Figure 3: An Example of Learning Order of Concepts.

Let T be afinite nonempty set of all objectsin a collection of related documents.
Then, abinary relation on T, with respect to Definition 3.1, is called a learning order
relation <. Thelearning order relation < on T can beformally defined by: fort,,t, € T,

t; <ty & anyonewhoisableto learnt,

should also be able to learnt;. (10)

ty iscalled aprior object of to, andt; is called a posterior object of t;. The prior object
t of t, can be regarded as a prerequisite for mastering t,. The learning order relation <
on T also shows the prerequisite relationship between two objectsintheset T.

The subset K of objects from T is called the knowledge state of the student. A
knowledge structure on T, containing all possible knowledge states from T, can be
restricted by the learning order relationships between objectsin T. For alearning order
relation < on T, aknowledge structure, associated with the relation, is defined by:

Hr={K|(Wt,t eTt <t teK)=t eK]. (11)

It means a knowledge state K € J#r contains all the prerequisites of an object t if t
is an element of K, and the prerequisites are linearly ordered along with one single
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dimension, taking the learning order relation as deterministic. Hence, the object t can
only have one set of prerequisites. The knowledge structure J#r contains the empty set
0 and theentireset T, and is closed under set union and intersection.

As previoudly described, in the knowledge structure .#R, an object can have only
one set of prerequisites, which is able to provide one lear ning path to the student. How-
ever, in practice, it is possible for an object to have more than one set of prerequisites. A
mappingo : T — 22" is called a surmise function [Schrepp 1997] if it satisfies the fol-
lowing conditions: 1) P € o(t) =t € P; 2) (P € o(t),t € P) = (3P e o(t'),P C P);
and 3) P € o(t) = (VP € o(t),P ¢ P). The interpretation of a surmise function
o(t) = {P,---,Pn} isthat every student who is able to learn an object t is aso able
to learn all objects from at least one element P, of o (t). The elementsin o(t) are pre-
sented as sets of prerequisites for an object t.

The pair (T, o) represents a surmise system [Xu et al. 2008]. For the surmise sys-
tem, aknowledge structure #s on T, in which an object t can have sets of its prerequi-
sites o (t), is described as:

Ho={K|(teT,teK)= 3Peo(t),PCK)} (12)

The knowledge structure #s associated with the surmise system (T,o) is caled a
knowledge space on T, which is closed under union. The knowledge space can rep-
resent a collection of al possible learning paths, for al objectsin T, with respect to the
learning order relationship.

Let T2 be the outer fringe [Albert and Hockemeyer 1997] of K € #s. T2 C T is
a set of all objectst such that adding t to K forms another knowledge state K'e s
Let T, C T be the inner fringe [Albert and Hockemeyer 1997] of K. T, is a set of all
objectst such that removing t from K forms another knowledge state K € .#s. Thus,
objects in the outer fringe TKO are the next objects to be suggested to the student whose
current knowledge state is K.

3.4 Learning State of the Treasure Hunt Model

The concept of the knowledge space defined in [Eq. 12] allows usto discussthelearning
state, which shows a student’s learning progress. Furthermore, we are able to present
how the current knowledge state of a student is changed by student’s learning experi-
ence using the knowledge space.

If LSisalearning state structure, LS can be defined as atuple:

LS= (D, tp,4,LE, fig), (13)

where SD is a finite set of students, tg is a course introduction, A is the sequence of
stations, LE is the set of learning experiences a student has in order to complete a
course, and f|g is an experience interpretation function.
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Let %5 be a knowledge space on T, defined in [Eqg. 2], and A be the sequence of
stations a student visits in the treasure hunt. Learning, in the treasure hunt model, takes
placeat astations; € STAasastudent takesaseriesof actionsA,, based on the student’s
current knowledge state K, € %5, for a given object t; € T,a, the outer fringe of K.
The series of actions A, is expressed as Ay = (a1, ,& ), where | is the number of
actions which the student takes at the station, and for 1 <i <, a; € ACT from [Eg. 1].

The set LE of learning experiences can be expressed as:

LE = (s x Ky xty x A). (14)
A
If thereisafunction f(1) : N — LE, the experience interpretation function f g is de-
fined as:
fLe ZtoXHf(ﬂ,) — Kn, (15)
2

wheretg is the course introduction and K, € %5 is the new knowledge state of the stu-
dent. K, will be used as the current knowledge state in the next station, replacing the
old knowledge state of the student. As described in [Section 3.3], for the new knowl-
edge state K, the next available objects for the student can be denoted by T,a , the outer
fringe of K.

According to the learning state structure, the past learning states of a student are re-
trieved by changing the sequence A. LE in the structure may be a data storage, wherein
the learning experiences of a student are kept. The system writes the learning experi-
ences into the data storage. The past |earning experiences can be the learning history of
the student. The learning history is also retrieved from LE by changing the sequence 1.

3.5 Knowledge Construction of the Treasure Hunt Model

It is important that the treasure hunt model defines the process of the knowledge con-
struction, depicted in [Fig. 2]. [Fig. 4] shows a high-level view of the treasure hunt

T K,
Learning objects Current knowledge state
Kg

Learning
object Knowled
e | — ge
1 Knowledge space t, Construction

ILearning order relati(lnahipl K

n

New knowledge state

Figure 4: High-level view of the treasure hunt model



KimD.W.,, Yao J.T.: A Treasure Hunt Model for Inquiry-Based Learning ... 1865

model, including the knowledge construction. Learning objectsin T make up a knowl-
edge space #s by applying learning order relationships between the objects. The stu-
dent chooses alearning object t;, among the available objects derived from the knowl-
edge space 75, based on hig’her current knowledge state K ;, .

Infact, for [Eq. 14], all the essentia actions for learning are involved in the knowl-
edge construction process. The first information, given to the student at the station
s, € STA, isthe object t; the student chose before for this round of treasure hunt. The
student is able to construct knowledge by writing an idea, from the analysis of given
information, into the logbook, and attain a new knowledge state K, € #s. The student
may retrieve the resource related to the object t, to obtain moreinformation and clearly
understand it. The current knowledge state K is replaced with the new knowledge state
K, for the next round.

In the system, the blog works as the logbook. If 1Sis an idea structure describing
the idea posted to the blog, | S can be defined as atuple:

IS= (QS A, SBJ,CMT,REL), (16)

where QSis afinite nonempty set of questions from INF of [Eg. 1], 4 is the sequence
of stations, SBJ is a set of subjects, CMT is a set of comments, and REL is a set of
relationships. The subject is the title of the comment, and the relationship represents
the relationship between the question and the comment. A writing idea function fyy,
posting an ideato the blog, is defined as:

fwi 1 QSx #sx T x RS— 1S, (17)

where T is the set of al the objects as defined in [Eq. 2], %5 is the knowledge space
on T, and RSis a finite set of resources from INF of [Eq. 1]. The function fw, is
a mapping function specifying an idea developed from the given learning object and
related resource, based on the current knowledge state of the student in order to find a
correct answer to a question.

The idea structure | S presents fields which may compose a blog entry form. The
function fy, also describes the information available from the system, alowing the
student to fill out the fields on the entry form.

4 OTHI - Online Treasure Hunt for Inquiry-Based Learning

4.1 Overall System Architecture

OTHI is a web-based learning support system for IBL and is designed on the ba-
sis of the treasure hunt model. The architecture of OTHI is depicted in [Fig. 5]. It
basically follows the thin-client and server structure, and the three-layer architecture
[Yao and Yao 2003]. OTHI has the following major subsystems: (1) a treasure hunt
game, (2) a teaching support subsystem, (3) a learning support subsystem, and (4) a
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Figure 5: An Architecture of OTHI.

membership management subsystem. The teaching support subsystem implements the
teacher’sview of WLSS, whilethelearning support subsystem implementsthe student’s
view of WLSS.

The membership management subsystem manages various members such as the
present, past and affiliate members, and supports three different types of user accounts:
students, instructors and administrators. The members’ profiles are managed on the
user knowledge base. One of its most important features is the identification and au-
thentication of each user. The user is able to access available services based on the
authentication.

The teaching support subsystem enables instructors to design their courses as IBL.
Instructors define course outlines, topics, questions, clues and related information using
this subsystem. The system stores the information into the course knowledge base and
generates | BL environmentsinto the treasure hunt game. From this generation, treasure
boxes containing questions, conclusions and rewards are placed at certain stations. The
generation also allows non-player charactersto have their own words to guide students
as the guides of the treasure hunt model.

The learning support subsystem provides students with resources related to each
topic aswell as information about the treasure hunt. Students can search for moreinfor-
mation about atopic using a Web search engine, if necessary. In addition, they are able
to post their findings onto the blog, the data of which are stored in the user knowledge
base. The system also automatically posts their achievements during the treasure hunt
to the blog. The blog helps students develop their ideas and compose an answer to a
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question by tracing their findings.

Treasure hunt game provides a playground for the treasure hunt. All required in-
formation for the treasure hunt game is located in the game database. Students become
motivated, and experience both the treasure hunt and IBL by playing the game. The
learning support subsystem provides students with a virtual place, such as their home,
where students complete homework and prepare for their next classes, while the trea-
sure hunt game provides a different virtual place, such as a classroom where students
learn from ateacher.

4.2 Treasure Hunting Algorithm

Treasure hunting algorithm (see Algorithm 1) describesamajor function of thetreasure
hunt game. Its input data contain outer fringes of all knowledge states € #'s and a set
STA of all stations in the system. Guides and treasure boxes, placed at the stations,
already have the information and rewards to be delivered to students by the instructor
using the teaching support subsystem.

Line 1 initializes variables. n counts how many topics are mastered; clue contains
aclue; tisalearning object; s is astation; points are experience points, RW represents
a reward inventory the student possesses; and K is a knowledge state. Line 2 intro-
ducesthe courseto the student. Line 3 adds the course introduction object to the current
knowledge state K, and gets an outer fringe T,O of K. Lines5-33 repeat until the student
learns all topics of the course. Line 5 allows the student to choose one object t € T,2,
which contains all the objects availableto learn for the next round of treasure hunt. Line
6 invokes the function Explore_stations_and overcome obstacles() to find an appropri-
ate station for the object t. The function allows the student to try to overcome obstacles
and get some experience points while exploring stations.

Lines 8-13 are performed if the object t is an orientation object. Otherwise, if the
object t is a help object, lines 16-22 are processed. If the object t is an evaluation
object, lines 25-32 are executed. As defined in [Eq. 13], [Eq. 14] and [Eq. 15], line 8
calls the function Orientation() to give the student an orientation about a topic, line 16
invokes the function Help() to provide the sub-topic information, and line 26 invokes
the function Evaluation() for the student to take atest if atreasureisfoundin atreasure
box at the station s. Lines 10-12 are processed if the orientation was provided. Line 10
addsthe object t to the current knowledge state K, and get an outer fringe TKO of K. Line
11 displaysalist of possible objectsto learn and allows the student to choose an object t
for the next round. Line 12 calls the function Get clue for next station() to have aclue,
leading to the station where the next object t will be treated.

Lines 18-21 are processed if the sub-topic information was provided. Line 18 in-
vokes the function Knowledge_construction() to construct an idea using the sub-topic
information and get a new knowledge state K. Line 19 gets an outer fringe T,O of K.
Line 20 isidentica to lines 11, and line 21 is quite similar to line 12. Lines 28-30 are
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/% Refer to [Eq. 13], [Eq. 141, [Eqg. 15] */
Data: Outer fringes of al knowledge states € .#s and aset STA of all stations
Input: A courseintroduction object tg
Output: A knowledge state K containing all learning objects € T

1 n:=0; clugt,s:= null; points:= 0; RW,K := the empty set;

2 display ty.course title, ty.course_objectives and ty.course references;

3 add tg to K; T,2 := Outerfringe(K);

4 while n < number of topics of the course do

5 if t=null then select an object t € T,2;

6 s := Explore_stations_and_overcome_obstacles(t, clue, RW, points);
7 if t isan orientation object then
8 0 := Orientation(s,t);
9 if 0 # null then
10 add t to K; T,2 := Outerfringe(K);
1 display alist of al objects € T,2; select an object t in the list;
12 clue := Get_clue_for_next_station(o.guide,t);
13 end
14 end
15 else if tisa help object then
16 h := Help(s,t);
17 if h # null then
18 K := Knowledge construction(K,0.question,h,t);
19 T.2 := Outerfringe(K);
20 display alist of al objects € TKO; select an object t in the list;
21 clue:= Get_clue_for_next_station(h.guide,t);
22 end
23 end
24 else if t is an evaluation object then
25 if atreasureisfoundin abox b € s.treasure boxes then
26 reward := Evaluation(b);
27 if reward £ null then
28 add reward to RW;
29 addt to K; T2 := Outerfringe(K);
30 t,o,clue:=null; n:=n+1;
31 end
32 end
33 end

34 end
Algorithm 1: Treasure Hunting Algorithm
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performed if the reward is available. Line 28 adds the reward to the reward inventory
RW. Line 29 isidentical to line 10. Line 30 initializes variables and increases n by 1.

For alearning topic L described in [Eq. 2], the last learning object is the evaluation
object of L. It means a new topic will be introduced to the student at the next time, and
the next object must be the orientation object of the new topic.

Definition 4.1 We say that every element of the outer fringe of an evaluation object
should be an orientation object in the learning order of objects.

Line 30 shows the orientation information o about the current topic is no longer neces-
sary, since anew topic will be treated for the next round according to Definition 4.1.

4.3 A Demonstrative Example for a Data Communication and Network Course

According to the instructor’s lecture notes on atopic, datalink layer, the instructor may
have the following learning objects: DLL introduction, DLL duties, error detection,
flow control, parity checking, etc. In addition, the learning order relationships between
the objects, are obtained using the learning order relation <, given by [Eg. 10], on the
set of the objects asfollows:

DLL Introduction < DLL Duties,DLL Duties < Error Detection,
DLL Duties < Flow Control, Error Detection < Parity Checking,
Flow Control < Parity Checking.

Since the object “DLL Duties’ has two outer fringes — Error Detection and Flow
Control — from the learning order relationships, the instructor can determine two pos-
sible learning paths: 1) DLL introduction — DLL Duties — Error Detection — Flow
Control — Parity Checking; and 2) DLL introduction — DLL Duties — Flow Control
— Error Detection — Parity Checking. The instructor may allow students to choose
one of the two paths by defining the two objects as the outer fringes of “DLL Duties.”
Otherwise, the instructor fixes the learning path by choosing one. In this case, the first
learning path is chosen.

Before defining a topic using Edit Topic pages of the teaching support subsystem
(TSS), shown in [Fig. 6] and [Fig. 7], the instructor must select a course for a topic.
Similarly, as represented in [Fig. 8], to define a sub-topic with an Add Sub-Topic page
of TSS, the instructor is aso required to select both a course and a topic, to which the
sub-topic belongs. For the learning abject “DLL introduction,” the instructor enters the
topic title with “Data Link Layer,” and also its introduction and question on an Edit
Topic Orientation page as depicted in [Fig. 6]. On the Edit Topic Evaluation page, the
instructor enters a sample answer to the question presented on the Edit Topic Orienta
tion page, a conclusion of the topic and a clue asto its evaluation station.

Other learning objects, except for “DLL introduction,” become the sub-topics of the
datalink layer. [Fig. 8] showsthe definition of asub-topic“DLL Duties.” Theinstructor
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enters its title and description, and also a clue as to its help station. Other sub-topic
definitions can be performed in asimilar manner.

Once the instructor finishes making up atopic with the Edit Topic Orientation, Edit
Topic Evaluation and Add Sub-Topic pages, the instructor must build a learning envi-

EDIT COURSE EDIT TOPIC EDIT TOPIC ADD BUILD
INTRODUCTION ORIENTATION EVALUATION SUB-TOPIC ENVIRONMENT

Edit Topic Orientation

Course: C5335 Data Communications and network

Topic Title

Data Link Layer

Topic Introduction

Data link layer supezvises the flow of informaticn between sdjacent network
nodes. It uses error detection or correction technigues to ensure that a
transmission contains no errors.

Topic Question

|Des::ribe what the data link layer works for networking.

Figure 6: Edit Topic Orientation of teaching support subsystem.

EDIT COURSE EDIT TOPIC EDIT TOPIC ADD BUILD
INTRODUCTION ORIENTATION EVALUATION SUB-TOPIC ENVIRONMENT

Edit Topic Evaluation

Course: C5335 Data Communications and Network
Topic: Data Link Layer

Topic Question

Describe what the data link layer works for networking.

Sample Answer

The data link layer is layer two of the seven-layer OS5I model as well as of
the five-layer TCP/IP reference model. It receives services from physical
layer and provides services to network layer. The data link layer is
responsible for carrying a packet from one node to another and has only a
local responsibility. Its main functions are error control and flow control.

Conclusion

The task of the data link layer is to convert noisy lines into communication
channels free of transmission errors for use by the network layer.

Treasure Clue

|ThE treasure of the data link layer is in @ storage of the town hall.

Figure 7: Edit Topic Evaluation of teaching support subsystem.
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ronment into the treasure hunt gamefor the topic, using Building L earning Environment
pages of TSS. As shown in [Fig. 9], for the topic “Data Link Layer,” the instructor as-
signsagamemap “Town Hall” asthe orientation station and NPC “Mayor” asthe guide,
in accordance with the learning object allocation function, defined in [EQ. 4]. The in-

EDIT COURSE EDIT TOPIC EDIT TOPIC ADD BUILD
INTRODUCTION ORIENTATION EVALUATION SUB-TOPIC ENVIRONMENT

Add Sub-Topic

Course: CS335 Data Communications and network
Topic: Data Link Layer

Sub-Topic Title
DLL Duties

Description

The duties of the data link layer include packstizing and framing,
addressing error control, and flow control.

Clue

|B boy is working in a town hall.

Figure 8: Add Sub-Topic for the sub-topic DLL Duties.

EDIT COURSE EDIT TOPIC EDIT TOPIC ADD BUILD
INTRODUCTION ORIENTATION EVALUATION SUB-TOPIC ~ ENVIRONMENT

Building Learning Environment

Course Topic Station
Sesta\sc?r:l?ata ST AT Data Link Layer Orientation
Game Map Nick Name

int_network_townhall Town Hall

Guide Nick Name

Mayor DLL Introduction

Next Stations

)

Introduction by guide

I want to introduce you the data link layer. The data link layer supervises
the flow of information between adjacent network nodes. It uses error
detection or correction technigues to ensure that a transmission contains no
errors.

Question by guide

You need to describe what the data link layer works for networking in order
to complete this guest.

Figure 9: Building Learning Environment for orientation
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EDIT COURSE EDIT TOPIC EDIT TOPIC ADD BUILD
INTRODUCTION ORIENTATION EVALUATION SUB-TOPRIC ENVIRONMENT

Building Learning Environment

Course Topic Station
£5335:0ata Communications and . .
Nebwork Data Link Layer Evaluation
Game Map Nick Nam:

ink_townhall_storage Tewn Hall Storage

Treasure Box
Box 13
Canclusion

Tne task of che daca link layer is to convert noiay linea into communization
nannels free of transmission errors for use by the network layer.

Reward
Galds [Expenence Points Tools ATTGTS Weapans
fao0 [500 [Pick  z]|leatherscalesmor  zlfsword 1=l

Figure 10: Building Learning Environment for eval uation.

EDIT COURSE EDIT TOPIC EDIT TOPIC ADD BUILD
INTRODUCTION ORIENTATION EVALUATION SUB-TOPIC ~ ENVIRONMENT

Building Learning Environment

Course Topic Station
Ezgﬁgr:l?ata STTILTEERIETE A0 Data Link Layer DLL Duties
Game Map Nick Name

int_network_townhall Town Hall

Guide Nick Name

Boy DLL Duties

Next Stations

Eror detection 1|

Information by DLL Duties

The duties of the data link lay include packetizing and framing, addressing
error control, and flow control.

Figure 11: Building Learning Environment for sub-topic DLL Duties.

structor also modifies the introduction of the topic to simulate a conversation. For the
evaluation station, the instructor chooses a treasure box, “Box 13,” in “ Town Hall Stor-
age,” and sets 1,000 gold, 500 game experience points and so on, as a reward for the
quest, as depicted in [Fig. 10].

Meanwhile, according to the building definition of “DLL Duties,” shownin[Fig. 11],
NPC “Boy” in “Town Hall” will deliver the description, shown in [Fig. 8], to the stu-
dents. Sub-topic “Error Detection,” specified in the field “Next Stations,” is an outer
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Events Stations Game Objects Learning Objects
Orientation Town Hall NPC Mayor DLL Introduction
Help Town Hall NPC Boy DLL Duties
Help Network City NPC Alice Error Detection
Obstacle Network Library Entrance Rats
Help Network Library NPC Monogenes Flow Control
Obstacle Town Hall Storage Entrance Rats
Evaluation Town Hall Storage Box 13 Conclusion

Table 1: Combination of game components and learning objects.

Town Hall

Network Mountain

Network Mountain
Entrance

Gold: 1000
EP: 100

Evaluation

Network Bakery

Network City

Error Detection

Flow Control

O Station O Treasure U Monster

—p Path  [J Event  E_jGuide

Figure 12: A Treasure Map.

fringe of the sub-topic. The combination of game objects and corresponding learning
objectsis described in [Tab. 1].

[Fig. 12] shows a journey to the treasure of the data link layer. In the game world,
the name of the learning object each NPC will deal with is displayed as the name of
the NPC. From the orientation function, defined in [Eq. 5], a student receives the quest
about the data link layer from an NPC “DLL Introduction,” including the background
information and question. The student posts what (s)he has understood, with the orien-
tation information, to the blog as the writing idea function, described in [Eq. 17]. To
write an idea about it, the student may search for more information with key words
“datalink layer” or “introduction datalink layer” using the Google Search.

After posting theidea, thelearning object “DLL introduction,” indicated in [ Tab. 1],
is added to the knowledge state of the student according to the experience interpreta-
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tion function expressed in [Eq. 15]. For the next available sub-topics, thereis only one
sub-topic available, “DLL Duties,” in accordance with the building definition for the
orientation shown in [Fig. 9]. Hence, NPC “DLL Introduction” tells the student the
clue: “A boy isworking in atown hall.” The student finds the boy called “DLL Duties’
inatown hall.

When the student meets NPC “DLL Duties,” as described by [Eq. 6], (S)he may
learn the basic duties of the datalink layer from the NPC. To gain further understanding,
the student searches for additional information, relevant to the sub-topic “DLL Duties,”
using the search engine. Then, the idea regarding the sub-topic is posted to the blog,
and the sub-topic becomes a member of the knowledge state of the student. For the
next sub-topic “Error Detection”, NPC “DLL Duties’ gives the student the clue: “A
woman iswaiting for youin acity.” The student movesto find the woman called “ Error
Detection” in acity.

£L1OTHI - Onlme Treasure Hunt for Inquiny-based leamning!

FP

30
Data Link Layer

You meed to describe what the data link Liyer works for
networking in order to complete this quest.

over some time interval), Without flow control, the
receiver’s bulfer can overflow and frames can get lost.
Slmilar to the transport layer, a link-layer protocol can
provide flow control in order to prevent the sending
mode on one side of a link from overwhelming the
recelving node on the other side of the link,

ECEIVING NODE OM THE OTHER SIDE OF THE LINK. | _ ||}

chose

vecko Whee Bove foear Bof

Figure 13: Ask for an answer in the treasure hunt game.

Thewoman can befoundin “Network City.” Thewoman talks about the error detec-
tion of the data link layer and shows a clue for NPC “Flow Control” as the next object
to learn. The student meets rats when (s)he tries to enter the “Network Library” on the
way to find NPC “Flow Control.” The student is required to defeat the rats in order to
check if the NPC is there. According to the obstacle function, defined in [EQ. 9], some
experience points are obtained as the student expels the rats using his’her weapons.

After overcoming al the challenges, the student finds a treasure box in “Town Hall
Storage.” When the student opens it, as shown in [Fig. 13], (s)he is asked to give an
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H10THI  Onlne Treasure Hunt for Inguiry- based learningt

Your marks for the question are 79,

Your game level is up!!!

You hune Got SO0 experience.
You have gol money 1000 Golds.
‘ou have the armor { LEATHER SCALE ARMOR ) In your

inventary.
[close |

neco Jree Wove Boear Y s [ ouests 8

Figure 14: Complete a quest in the treasure hunt game.

CS335 Data Communication and Network
TOPIC: Data Link Layer

QUESTION: You need to describe what the data link layer works

for networking in order to complete this quest.

Wednesday, 29 July 2009
Flow Control - sub-topic

The nodes on each side of a link have a limited amount of packet buffering capacity. This is a
potential problem, as a receiving node may receive frames at & rate faster than it can process
the frames (over some time interval). Without flow control, the receiver's buffer can overflow
and frames can get lost. Similar to the transport layer, a link-layer protocol can provide flow
control in order to prevent the sending node on one side of a link from overwhelming the

receiving node on the other side of the link.

Posted by test] at 5:17 PM in test]
) Responses (0)

Flow Control - sub-topic by OTHI

The data link layer defines the data values used in the flow control signaling between two

transmitting hosts. There are two types of flow control i ed in data c ications

such as software flow control and hardware flow control.

Posted by test]l at 5:16 PM in test]
Q Responses (0)

Figure 15: Blog posts about sub-topic Flow Control.

1875
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answer to the question to complete this quest in accordance with the evaluation func-
tion described in [Eqg. 8. For the treasure, as defined in [Fig. 10], the student may gain
1,000 gold and 500 game experience pointsif (s)he passes. [Fig. 14] shows the student
achieving 79 points for the question. Enough experience points enable the student to
level up. The gold the student received will be spent on arms to help defeat the obsta-
cles (s)hewill face for the next round of the treasure hunt. The gamelevel of the student
is one of the measures indicating how well (s)he has performed learning.

As previously described, during the journey to the treasure hunt, the student is re-
quired to write his’her idea about each sub-topic in the blog. Each post to the blog
forms the idea structure, defined in [Eq. 16]. [Fig. 15] shows the blog posts about the
sub-topic “Flow Control,” written by the system, as well as by the student. “Flow Con-
trol” is the subject and the “sub-topic” represents the relationship of the idea structure.
The posts also contain comments below the subject portions. The question is shown on
top of the blog. This mechanism can help the student organize ideas about the question
and give the appropriate answer when the student finds the treasure and takes the test.

5 Usefulness of OTHI for Learning

The usefulness of fully implemented OTHI can be shown by means of contrastive
evaluation of OTHI supported learning against other learning approaches: traditional
face-to-face classroom learning (TFCL ), and passive, asynchronousweb-based learning
(PAWL). The evaluation was performed by investigating the comparative advantages
and disadvantages of each learning approach in previous studies related to web-based
learning, inquiry-based learning, or learning games.

The following five attributes were developed to deal with the pros and cons of
the learning approaches:1) Availability: Learning availability, including the accessibil-
ity and reuseability of learning services; 2) Flexibility: Flexibility and adaptability of
learning content and process, according to students’ individual needs; 3) Interactivity:

Evaluation Traditional Web-based TFCL PAWL Number of related

attributes learning learning with with research papers
(TFCL) (PAWL) OTHI OTHI

Availability Low High Medium High 8

Flexibility High Low High Medium 9

Interactivity High Low High Medium 12

Motivation Medium Low High High 13

Student-centricity Low Medium High High 10

Total 10 8 14 13 (Low=1, Medium=2, High=3)

Table 2: Comparative and contrastive evaluation of OTHI and other learning ap-
proaches.
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Real-time interactivity between students and instructors or learning content, and among
students; 4) Motivation: Learning motivation and engagement, encouraging students
to actively participate in learning; and 5) Student-centricity: Student-centricity in the
process of teaching and learning.

[Tab. 2] presents the results found in an investigation of the evaluation. Each learn-
ing approach was eval uated and classified (low, medium, high) based on its comparative
advantages and disadvantages as reported in the literature for the attributes and com-
pared with the other learning approaches. Thefirst column liststhe eval uation attributes,
and the values of the attributes for each |earning approach are found in the second, third,
fourth and fifth columns. The last column parades the number of related research papers
from which the results are served for each attribute.

The availability of the traditional face-to-face classroom learning (TFCL) is rel-
atively low when compared with other learning approaches, while the passive, asyn-
chronous web-based learning (PAWL) shows a high availability of learning services.
The OTHI supported learning approach may include either PAWL or TFCL. If OTHI
supports students in PAWL, its availability is the same as the availability of PAWL.
Otherwise, if OTHI supports students in TFCL, the overall availability of the learning
services cannot attain the availability of the pure web-based learning due to the low
availability of TFCL, in spite of the support of OTHI to improveits availability.

Previous studies reported TFCL provides students with higher flexibility and in-
teractivity than PAWL. In a traditional classroom, if a student does not understand a
particular section of alearning material, the student can raise questions and receive an
immediate presentation about the material from the teacher who uses an example, a
story, or just more detail. The teacher can adapt content and pace to the rate at which
students understand the material. In PAWL, neither the instructor nor the delivery sys-
tem can adapt the course presentation to different students, and online students perceive
less interactivity compared to students in the traditional classroom.

On the other hand, the features of OTHI (such asthe learning state, Web search en-
gine and online treasure hunt game) are able to enhance the flexibility and interactivity
of PAWL. A student who uses OTHI in learning is able to find and learn appropriate
topics based on hig'her learning state, and does not need to waste time learning irrel-
evant or already known material. In addition, the student cannot only find appropriate
answers to questions about the topics on the Web using the search engine, but is also
able to receive instant feedback regarding the questions from other students who have
already investigated the questions in the treasure hunt game. The guide, an animated
character [Sheth 2003], in the treasure hunt game provides a more interactive learning
experience to the student. Nevertheless, PAWL with OTHI cannot attain the flexibility
and interactivity of the traditional face-to-face classroom learning (TFCL), unless the
animated character can compete with the human instructor.

As for the motivational aspect of the learning approaches, TFCL is more motiva-
tional than PAWL. Zhang et al. [Zhang et al. 2004] specified that one of the advantages
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of TFCL is “motivating students,” as compared to PAWL. Furthermore, previous stud-
ies on web-based learning reported PAWL makes it difficult for students to become
motivated for learning.

OTHI supported |earning provides students with higher motivation for learning than
TFCL. Learning games can enhance students' learning motivation when applied in
classrooms or other learning scenarios. Particularly, online-learning games can arouse
the motivation of the students by their enjoyment of playing the game and learning
a topic at the same time. The online treasure hunt game of OTHI can be a valuable
learning motivator and promote learning motivation. Furthermore, theinquiry activities
that the game furnishes can create a motivation to learn. The guide works as an ani-
mated pedagogical character [Shaw et al. 1999, Conati and Zhao 2004] and also helps
to increase the student’s motivation and engagement.

The traditional face-to-face classroom learning (TFCL) exhibits relatively lower
student-centricity, representing a teacher-centered learning, when compared to other
learning approaches. The high availability of the passive, asynchronous web-based
learning (PAWL) increases the student-centricity of the learning approach, while the
low availability of TFCL decreasesits student-centricity, despite its high flexibility and
interactivity, since the flexibility and interactivity are mostly controlled by the teacher,
not by the student. Even though PAWL shows high availability compared to OTHI sup-
ported learning, its student-centricity is lower than OTHI supported learning due to its
low flexibility, interactivity and motivation, on which student-centricity is also depen-
dent. In addition, OTHI supported learning contains inquiry-based learning in which
students are the center of learning and the role of the instructor is to assist the students
in constructing their own knowledge.

The last row of [Tab. 2] indicates the total results of the evauation, which may
represent the learning effectiveness of thelearning approaches. TFCL with OTHI shows
the highest effectiveness, while PAWL shows the lowest effectiveness. In addition, the
results reveal TFCL is still a better learning approach than PAWL, and the two OTHI
supported learning approaches are more effective than the others.

However, the total results may be changed if each attribute is given some weight to
reflect its relative importance under a certain learning situation. The evaluation results
of [Tab. 2] can be gained only if every attribute has the same weight which is 1. Some
courses may give a relatively high weight to the availability and low weight to other
attributes so as to provide students with better learning environments for the courses.
In rea learning situations, the evaluation results may vary due to the consideration of
additional evaluation attributes, as well as various attribute weights. For example, col-
laborativity may be added as one attribute to measure the effectiveness of the learning
approachesfor certain courses.

Although the results shown in [Tab. 2] do not provide any empirical evidence re-
garding the effectiveness of OTHI, at least it can be said that the results present the use-
fulness of OTHI inimproving the learning effectiveness of other learning approaches.
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6 Conclusion

Web-based learning support systems support the activities of instructors and students.
Inquiry-based learning is a student-centered educational method in which studentslearn
topics through a series of inquiry activities. Web-based |earning support systems, com-
bined with learning games, are able to support and encourage students to engage in
learning. The effective integration of the learning games into web-based |earning sup-
port systems can be achieved by applying the idea of inquiry-based learning to the
systems.

In this research, we designed and developed a prototype of a web-based learning
support system called OTHI, based on a treasure hunt model. The treasure hunt model
represents the idea of inquiry-based learning using set theory. According to our model,
inquiry activity is described as a treasure hunt. Students may learn about a topic by
developing an answer to a question from the treasure hunt. Fully implemented OTHI is
able to improve the learning effectiveness of other learning approaches by stimulating
student motivation and providing an interactive student-centered learning environment.
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