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Abstract - Along with the growth of ICT application, the
roles of teachers and students are changing from
knowledge provider and acceptors to knowledge sharg
and problem-solving. In this sense, problem-based
learning (PmBL) and Project-based learning (PtBL) ae
incorporated into educational settings gradually to
enhance the opportunities and mechanism of knowledg
sharing. Nevertheless, there is confusion existedn i
operating PtBL as PmBL in engineering education.
Therefore, this article is to extract the differenes
between PmBL and PtBL in their theory and practiceto
ensure the operation of the two learning approacheare
at the right command. Then, the learning effectiveass of
students involved in the two approaches will be prmoted
at the most.

INTRODUCTION

There are various definitions of creativity; howeuhere is
commonness according to Osche that creativity aémgb
something into being that in original (new, unusuavel,
unexpected) and also valuable (useful, good, adapti
approbate)(Osche, 1990). Nevertheless, the crgativ
students decreases with age (Torrance, 1962).sTbatause

tape phases. (2) After the popularization of compu(a)
combing of TV and computer, (b) multi-media, angd (c
internet application phases. The role of the teadhes
switched from “lecturer” to (1) knowledge expressgr)
instructor and (3) companion of the learner. THe ad the
student has turned from “listener” to (1) observé?)
performer and (3) peer learner. The interactionvben the
teacher and the student has changed as well. ergthas
turned from “knowledge-memorizer” to (1) informatio
processor, (2) analyst/ critic and (3) problem-solvin
another word, the student has turned from “coregswer-
finder” to (1) principle-applicant, (2) knowledggrghesizer
and (3) knowledge-creator.

To speak more concretely, the teacher and the rtude
become learning partners. The student will not bera
knowledge-creator, only if the teacher cultivates student
with the followings (Cropley, 2001): (1) to experee
various ways of thinking, (2) general knowledge,) (3
expertise on problem-solving, (4) analyzing andutidg
techniques, (5) the ability to learn by analogy), tt@ ability
to turn knowledge into practical use, (7) the &pito affirm
problems based on the above statement, we knowbtiht
problem-based learning and project-based learning a
gradually adopted in the educational environmeioweéler,

the education stresses too much on the memorizing athey are both called for short as PBL; some comutitiare
understanding of knowledge instead of applying andot clarified thus desirable results are not acttewafter

reasoning (Guildford, 1981). In another word, ibiplem-
discovering and problem-solving activities are mmgsin
education, the creativity of students can not lesated
(Cropley, 2001).

With the development of technology, students’ l@agn
method has switched from practicing on blackboardhe
internet and the learning goal for students has ellenged
from knowledge-absorber to problem-solver (Hongd%0
Basically, with the change of time and the appiwatof
technology, education can be divided into sevenakps: (1)
In terms of the development of hardware technoldgy)
batch, (b) timeshare, (c) pc, (d) workstation, ate)
notebook. (2) In terms of the development of sofewa
technology: (a) system software, (b) personal saféywand
(c) internet software. With the development of teabgy,
education technology can also be divided into chffie
developing phases: (1) Before computer technoldgy:
blackboard, (b) project slide, (c) photocopy, ad)l yideo

practicing. This paper will discuss about the goals
operational ways, learning processes and evaluatgthods
of both PBLs; hopefully to increase the performaot®BL
application.
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THE CHANGE OF THE ROLES OF THE TEACHER AND THE STUDENT ANTHE B|ggs (2000) believed PBL is valued for the fOIIMI
 LEARNING GOAL reasons: (1) the teacher and the student who we@sed to

. And (8) the ability to design, control schedule andPBL all recognize it's more interesting than thaditional
improve pers_onal learning plan. There are ways 'u.ndemethod. (2) PBL learners perform better in the wagKield
current teaching model can generate these eighitiehi  ,¢er graguation than traditional learners. (3) Eiedent
suc_h as. 5|tuated_ learning, problem-based  learrang enjoys self-learning and can share with a groumeoease
project-based learning. knowledge. In fact, from Biggs’s notion, we can ersfand
PBL better through the theory constructed by hirffeBent
GoALs oF PBL teaching methods have a lot to do with the increafse
_ _ . professional knowledge and non-professional knogded

_ Problem-based learning (will be referred aBP in  The gpplication of PBL allows the highly participa
this paper) emerged in medical colleges in ear§0E9Until &1 dent to generate the most knowledge value nibsviedge
1990, around 40% of the medical schools adopted PBlgjues include: knowledge memorizing, knowledge

(Hendry and Murphy, 1995). Around %0 of engineering understanding, knowledge application, knowledgsoeang,

colleges in the United States have adopted PBL ewhilknowledge creation and theory construction.
teaching (Abman & Lopez, 2000). And project-based For example, let the children around the world to
learning (will be referred asBL in this paper) is generally Measure the boiling temperature for water. Becaisthe
applied in the engineering field. The two PBLs haviet in  different altitude, the boiling point is differentthe
common on concepts and practicing; thus, confusimnsng ~ elationship between pressure and boiling poirthesefore
general public are often occurred. Therefore, piaiper will ~ concluded. Also, different components in the wafféect the
discuss about the similarities and differences gBlPand  boiling point, children around the world can analyand
PBL. provide data for them to discover the commonnessirar
Biggs (2000) pointed out that both PBLs have thethe world and form a theory. This educational psscean be
quality of high participation from the student; tbfore, ~ called RBL. In terms of knowledge value,Bt not only
they generate higher knowledge value through legrni comprises procedural knowledge application, buto als
Biggs (2000) divided knowledge values through lemyn Provides the value of theory construction for thedent who
into: (1) knowledge memorizing, (2) knowledge c@me up with a theory.. Here is another exampleetlmerg
understanding, (3) knowledge application, (4) kremige less lotus blossoms in the lotus pond next to Matio
reasoning, (5) knowledge creation and (6) theorMuseum of History the past summer, students cacudss
construction. More likely two PBLs can generateuealof ~ the situation from the change of water quality ahe
knowledge application, reasoning and creation. ®esr easons behind, such as: the change of temperéite®,in
(1986) classified the student-led teaching methtidg the pond (algae, fish)...etc. to determine the mdgator
used to be led by the teacher into: (1) lecturg,cise behind the change. This is problem analysis #BIE the
comment, (3) case study, (4) project design and (5)nore knowledge reasoning, the more accurate wefindn
problem-based teaching method. Case comment aed ca@ut the cause of the problem. If an ecological thexan be
study both focus on the case experience for trgestuto ~ formed later, more knowledge value is seen heng et al.
learn; however, case comment works with fixed tages (2004) proposed the following goals for PBL: (1)
while the student has to look for cases to be disetiin  Application creation and critical thinking, (2) Imgving
class as case study and find solutions. BoLPand ~ communication skills, (3) Enhancing cooperativeriézg
P.BL comprise lecture, comment and case study. Thegbility, (4) Developing the ability to explore om#fsand be

both emphasize on student-centered study (Torp geSa responsible for oneself, (5) Enhancing the abilityapply
2002). See Chart 2 below: and look for knowledge and (6) Enhancing the plagrand

controlling ability for students.

Theory construction
OPERATIONAL M ODELS FOR TWO PBL
¢-I2- Knowledge creation
= . o _ According to the above description of the goals and
s Knowledge reasoning basic concepts of PBL, we come to an understanitiag
g o the design of PBL is based on the practical andr#ieal
2 Knowledge application needs to motivate learners and guide them to uteders
'i_ Knowledge understanding apply and create knowledge; furthermore, learnems c
g understand knowledge or construct new models throug
Knowledge memorizing experience passing, case study or knowledge sharhmey
PBL model is designed shown as Chart 3.
Lecture- Case Case Problem Problem/ In the process of the development of the PBL cqurse
baset  comment stdy  solution Project- new knowledge, idea and model are come up by tesache
and knowledge is later transferred through theofaithg
CHART 2. three ways: (1) Understanding knowledge through the
THE INFLUENCE OF TEACHING METHOD AND PARTICIPATION T&KNOWLEDGE passing down of experience from teachers to Sth@)ﬁ
DEVELOPMENT .
Constructing knowledge through the peer knowledge
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sharing, and (3) Verifying knowledge through catelg

and knowledge

reasoning and (4) Evaluation.

and project completion. Through the above processes relationship is further explained in Chart 5 below:

students have new knowledge understanding, reagonin
applying and creation. Here, PBL course design is
completed coving theoretical and practical needs.
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FIGURE 3.
TwWO DEVELOPMENT MODEL OFPBL

FIGURE 5.
THE BASIC OPERATIONAL STRUCTURE OP;BL

The biggest difference of the basic operational
structures of BL and R,BL is project design in phase two.
PBL stresses on the cultivation of students’ abilaydesign
and carry out. In the process of evaluation, itufes on
problem-solving and creativity on works. BasicalB,BL
throws problems at students, so they can learutjirgroup
discussions and discuss with teachers later amdlyfishare
with other groups, while (Bl wants students to solve the

To correspond to the above operational model of PBLyready known problems and to further finish thejets.

the basic operational steps of PmBL must inclutiglse

of professional knowledge, (2) Situation design) (3

PRECONDITIONS FOR PBL

Learning and knowledge reasoning and (4) Evaluation

The relationship is further explained in Chart 4obe

Professional
knowledne

v

Situated design
1.Cultivate the ability

Evaluation
1.Solve

Learning &
knowledge reasoning

to design questions 1.Use of team creative problems
2.Cultivate team skills 2.Acquire
cooperative skills | 2.Resoure-based F» knowledge
3.Acquire professional learning 3.Creativity on
knowledge 3.Supervise and works

support each other 4.Social skills

FIGURE 4.
THE BASIC OPERATIONAL STRUCTURE OP,BL
SOURCE (BIGGS, 2000)

In the basic operational structure of82., teachers will
design text based on designated professional knigeléeld
to cultivate students’ ability to design problemsdato

Hong (2005) believes that there are four operationa
models for PBL:

Model 1 : students’ self-learning group discussior
discussion with teachersanother group discussien
group discussions among the whole class

Model 2 : students’ self-learning group discussior
discussion with teachers students’ self-learning-
another group discussiengroup discussions among the

whole class
Model 3: group discussion students’ self-learning group

discussior discussion with teachessgroup discussions
among the whole class
Model 4 : group discussior discussion with teachers

acquire professional knowledge through the use team students’ self-learning> group discussior> group

cooperative skills. In the process of learning &ndwledge
reasoning, students will get familiar with teamatiee skills

discussions among the whole class
Different models are applied depending on the el

and make most use of resources and at the same tirsgidents and problems. Savin-Baden (2000) raiegdral

supervise and support the others; while in the ggscof
evaluation, students will discover problems,
knowledge and gain thinking and social skills.
The basic operational steps gBP include: (1) Use of
professional knowledge, (2) Project design, (3)rhisy

Coimbra, Portugal

preconditions for applying PBL: 1) Focus on imprayiof

acguir cognitive skills, 2) Instead of training on knowed

memory, the course is valued and problems are agdhe
core.3) PBL works better in smaller groups, 4) Trieand
practice are both covered in the course, 5) The oblthe
teacher is a catalyst, and 6) Evaluation will baleated by
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peer learners instead of the teacher. (Except riowledge
test)

Preconditions for FBL: with (1) ill-structured
problems, (2) real-world connection problems andnf8lti-
fields knowledge. Only when these preconditions e,
students will be interested in learning and leanin
effectively.

Preconditions for BL: with (1) testable prediction, (2)
available or easily accessible materials, (3) kieolgk that's
complex enough and (4) multiple solutions that dan
generated.

PBL PRACTICE PROCEDURES

(i.) PnBL practice procedures:

Provide time for
experience

po N

Able to think of multiple
problem solutions

ad

Reflective
Learning

e

Provide chance for
experience learning

N

Able to use ideas in
relevant text

FIGURE 6.
REFLECTIVE LEARNING INPBL
SOURCE (SIANG, 2004)

In Chart 6, the teacher provides time for studeots
experience and that is the result of scaffoldireydeng. In

The teacher gives students a problem for them t&®BL, scaffolding can be provided or taught by teamshor

solve, and they can learn more through this proddss
question is usually hidden in a play script or cstsely
and it's simulated to complicated real life problem

peers (Bull et al., 1999). The most important anbng this
teaching-each-other process is for students to thew
information into constructing their own knowledge.

There is no fixed final work required to present inTherefore, Bull et al. (1999) believes scaffoldiisg 1)To

P.BL. “A problem” and “the motivation to solve it" ar
the main forces behind.,BL allows students to (1)

assist learners to bridge the known and unknowi. 2)§sist
learners to develop meta-cognitive ability.3)To istss

define the problem clearly, (2) develop hypotheg®}, learners to re-construct knowledge structure and
collect data and (4) prepare for the clear desaghat internalize it.4)To assist learners to have bettiene
answer. Other designs connect students to the ,casesrangement and project planning.5)To assist |learte
among which some may not have answers, for thesevaluate on the fruitful result or progress.

cases are designed to increase students’ leanmtieige st Both Bull et al. (1999) and Greening (1998) raisethe
and to collect data from.BL practice procedures are scaffolding strategies for PBL: 1) To assist studeto
as follow:1)Students’ doubts arise from problems,overcome the difficulties while gaining knowledd®), To
2)Students study ahead on problems, 3)Raise additio assist students to divide assignment into smalleFsoto
guestions4)Define the coverage of knowledgecomplete, 3) To remind students not to ignore some
5)Propose a plan to get more information,6)Conducimportant parts (such as using contrasts), 4) Tavige
necessary researches, 7)Share and conclude their nstudents proper procedures to affirm problems ansotve

to

knowledge., and 8)Make their conclusion.
(ii.) P{BL practice procedures:

them, and 5) To provide examples for students ltovfo
Kaartinen & Kumpluainen (2002) raised the orderns fo

The teacher gives students a problem for them talifferent scaffolding strategies. From top to bottstrategies

solve, and they are told to hand in a final projeith
special knowledge, content or skills in it. Studeocan
use their own ideas to introduce this final projaetl to
further reflect activities in the real world and to

are as follow: 1) to provide ways or skills to digent or
convergent thinking. 2) To describe the status qtighe
question. 3) To provide tools to diagnose or toveol
problems. 4) To provide examples.5) to provide lte€) to

complete the upcoming mission with their ideas ancprovide explanations (cause and effect).and 7) rvige
methods they know. From this, we can see the fina¢vidences.

project plays an important role inB2. More
importantly, students acquire sufficient knowledgel
skills through the process of making the final pobj
PBL practice procedures are as follow:(1)ldentife th
creative final project, (2)Ensure the
audience,(3)Explore  the  connotation  of
project,(4)Design on the project,(5)Make a schedmie
the project,( 6)Begin to work on the project,(7)&othe
problems and disputes, and( 8)Complete the project.

L EARNING QUALITIES OF PBL

PBL for applying skills (Tiong, Netlo-Shek, & Agnes
2004): 1)Increase implicit learning motivations,2)Cultivate

explorative and open attitude,3)Cultivate independer
cooperative  problem-solving  attitude,and4)Build
confidence through the completion of the project.

Coimbra, Portugal

THE PBL PROCESS

The process of BL is a complicated one, it takes the

targetintegration of concepts, knowledge and skills tmptete the
the project work (Atkinson, 2000). To speak in anotheard,

innovation process is constructed by many innoeativ
activities (such as: new ideas, evaluations...etmhgbile,
1996; Shalley, Zhou, & Oldman, 2004; Stein, 1967).

The R,BL process:

(1) Interpreting scenario

(2) Brainstorming

(3) Framing the needs of learning
(4) Having self-based learning
(5) Diagnostic meeting

upThe RBL process
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(1) Constructing

(3) Samplig :

idea : 1) Goal: to understand the

requirements of the production. 2) Activity: a)

Communicating: with team members on the functiod an
shape, and b) Taking notes: to classify data. 3)tiiy:

a) Knowledge: application of technology and physics
knowledge, and b) Thinking: divergent thinking.

detail requirements for the production. 2) Activity) 1.
Communicating: with team members on the functiod an
shape, b) Taking notes: drawing work chart andtfonc 2.
sheet, and c¢) Preparing materials: according to th8.
requirements of the production.3) Mentality: a)
Knowledge: about the materials and manufacturindy an

b) Thinking: convergent thinking
1)Goal: completing the sampling of the 4.

and find out problems .2)Activity: a) 6.
Processing: working together with group members on”
processing and putting together the materials, b)
Communicating: discussing about the cooperation on,
processing and putting together the materials gitiup '
members or to find out problems and solutions ,end
Taking notes: revising work chart .3)Mentality: a)
Knowledge: the relationship between the processiag

and the materials, and b) Thinking: reflective k. 1

production

(4) Adjusting and presenting the project Wwor1) Goal: To

adjust or re-make the piece of work into desirable
condition. 2) Activity: a) Processing: working tdber

with group members on processing and putting tageth 2.
the materials and to enhance functions, b)
Communicating: discussing about the problems faced

while processing, putting together the materialgl an
enhancing functions with group members and findtbet
possible solutions, and c¢) Taking notes: on théleros
needed to be solved or adjustments needed to be. Bpd
Mentality: a) Knowledge: the understanding to the
structure of the production and application andcfiom

of the materials, and b) Thinking: comparative Lictilve,
deductive and reflective thinking

Of course we see different ways of using two PBLs

among different people. Basically, the strategieB. L all
begin with the discovering of a problem and to tsthe
learning process from here (Boud & Feletti, 199%}ile
PBL begins the learning process from solving proldem
PBL is not additional to the course but to havemeblems
in the course for students to solve, during thecess of
solving problems the attitude of knowledge-applyisglf-

management and knowledge-sharing can be cultivated.
General PBL focuses on (Biggs, 2000):1)Problems we

encounter in the real world 1) Small to big problems that

can increase the interactions among students .23t@mting
field knowledge through resource-based learninghoux
(for students). 3) Students are able to explaie th
knowledge .4) Students can apply acquired knowletge
solving problems. 5) Constant self-improving ofdgnts is
the key for PBL to be a successful model .6) Dgvielp the
sharing skills of team knowledge

CONCLUSION

Coimbra, Portugal

Oakey (2002) wrote about the similarities and
differences of two PBLs, bothBL and RBL are used to
describe the scopes of educational strategies. hagg
similar definition in concepts, and because thegretihe
same simplification of PBL, confusions are seersome
literature. Here the author states two PBLS’ sintiks
and differences:

(2) Designing specifications1) Goal: setting the style and Sjmilarities of two PBLs:

They are both teaching strategies and are expdoted
attract students effectively.

Both are reliable constructive learning methods.

Real world tasks are used in both to enhance treileg
result. Real situations at work are simulated tadsnts
to have more than one solution or answer to thgepro
and problem setting.

Both are student-centered problem-solving methods.
The teacher plays the role of a guide or instructor

The student’s role is to learn in a cooperativentdar a
long time and to explore the sources of multi-
information.

While applying, there are two characteristics @LPand
P.BL: (1) There is a very blur line between two PBLs.
(2) They are both used in groups or competitiortgeyT
are complementary to each other.

Differences of two PBLs:

Target: PBL is considered as pro-K-12 education.
Actually P,BL is also used in K-12 education;
however, it's originated from medical training or
preparatory training to other professions (e.grims).
“Final Project” is the core to the study: (1) Project-

based Learning- A final project is specially designed

and well-processed. For example, computer-related
projects require extensive planning and works to
accomplish. A final project is used to carry o fitan,

manufacture and process. (2) Problem-based Learning

~ A final project is simple and with more additions.
For example. The presentation of a group’s research
discovery. The whole discussion and the process of
research (to compare with the final project itselfe

the major focuses of the whole learning process.
“Problem Setting” is the core to the course:(1)
Project-based Learning- to work on the assumed
project, the student will come up with various pevhs

and try to solve through discussions._(2) Problersell
Learning ~ with clear, assigned problem, a thorough
conclusion and a complete answer are requirechi#n t

direct feedback of answering the problem, problem
setting is the core to the course.

On teaching design, BL and RBL can be used in
turns. Firstly, the teacher would design teachirgnp
according to real life problems. Students can cblle
information and discover problems throughBP method.
Later, the teacher would develop the problems siisde
explored on into teaching plan. Here students oareshe
real problems through the project making. The pss@an
be stated in the flowchart below:
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