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Sazetak:

The paper describes the self-directed problem-based learning
system (PBL) named Java PBL. The expert module is the kernel of Ja-
va PBL. It involves a specific domain model, a problem generator and
a solution generator. The overall system architecture is represented in
the paper. Java PBL can act as the stand-alone system, but it is also
designed to provide support to learning management systems (LMSs).
This is provided by a modular design of the system. An LMS can offer
the declarative knowledge only. Java PBL offers the procedural know-
ledge and the progress of the learner programming skills. The free na-
vigation, unlimited numbers of problems and recommendations repre-
sent the main pedagogical strategies and tactics implemented into the
system.
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Introduction

his paper describes the case study in self-directed problem-ba-

sed learning. Problem-based learning (PBL) is a student-cente-
red instructional strategy in which students (individually, or organized in
groups) solve problems and reflect on their experiences. PBL is strongly
founded in a specific domain of expertise and it emphasizes critical thin-
king and problem-solving skills of students.

Different domains need different approaches in the design of PBL
systems. The common characteristic of these systems is an assigned
problem and learners have to have some procedural knowledge needed
to solve this problem. In a PBL scenario, the PBL system plays the teac-
her’s role and it already has to have this knowledge. This is the start po-
int of the presented research.

The next section briefly overviews related work of other authors rel-
evant to the design and development of the PBL system, providing the
context within which the presented studies are best understood. Section
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3 presents the motivation. The system design and architecture are
analyzed in Section 4. The case study is described in Section 5. The
system evaluation is presented in Section 6.

E-Learning and PBL

Intelligent tutoring systems (ITSs) in different domains represent the
applications of computer-supported PBL. There are many PBL ITSs in
medicine: Slide Tutor [1] is designed for learning dermatopathology. A
student makes his/her own hypothesis about the assigned problem.
He/she chooses the most appropriate concepts from the domain ontology
and tries to prove his/her hypothesis. CIRCSIM-Tutor [2] teaches cardio-
vascular physiology by a Socratic-style dialog with the student to help
him/her in reasoning towards the correct solution, and many others. Cog-
nitive Tutor [3] is a well-known mathematic tutor which builds a cognitive
model of a student as he/she interacts with the application. This ITS pro-
files the student and it performs system adaptation according to student’s
solutions of given problems. In a KERMIT [4], PBL and student modeling
are implemented (Knowledge-based Entity Relationship Modeling Intelli-
gent Tutor) by constraints. Some PBL systems are accessible over the
Internet. For example, ELM ART [5] is a Web-based tutor designed for
tutoring in LISP programming language. The ELM ART problem adapta-
tion is based on an episodic learner model. An episode represents the
parts of the learner session related to the concrete problem and to the
earner’s attempts to solve it.

The adaptation of the PBL process in the ITS is based on the speci-
alized learner model. The adaptation means the problem, which the ITS
assigns to the learner, is changeable according to the actual state of the
learner’s model. This model will be changed every time when the ITS
processes the leaner’s solution.

Learning management systems (LMSs) represent the most widely
used e-learning systems over the Web. They improve both the self-paced
and the instructor-led learning processes [6]. Unfortunately, these
systems do not support PBL. LMSs are designed to be domain-indepen-
dent systems, with the rich palette of administration functionalities. They
are focused on delivering reusable, well-structured learning content. The-
refore, just the declarative knowledge of the individual learner can be
evaluated in an LMS. Fortunately, LMSs are well-standardized systems
(mainly according to SCORM 2004 standard). They have good cooperati-
ve possibilities. The new functionalities can be added as new modules of
the LMS, or as separate applications which interchange the data and ot-

her resources with the LMS.
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Description of the problem

The aim of the research described in this paper is to develop the se-
parate application which supports LMSs for PBL. Based on real needs,
one implementation is considered: the course about Java programming.

Java is one of the most popular programming languages, but there
are just few systems for Java tutoring on the Web. Some of them are fo-
cused on learning specific skills. For example, Swing Tutor [7] is desig-
ned for learning how to make interfaces by using Java GUI classes. The-
re are some disadvantages of using these systems. The learners cannot
navigate through the system. They are leaded step by step through the
learning space without the possibility of navigating back. Neither the
system shows the “whole Figure” of the course (structure, organizations,
tasks and goals), nor the students can see their results from previous at-
tempts. The non-intuitive and complex user interface represents additio-
nal disadvantages of these two tutors.

Other example of Java tutoring is Java Sprint [8] - the commercial
pluggable component for Eclipse IDE. Differently from other Java ITSs,
Java Sprint covers the most important Java programming concepts. Un-
fortunately, this tool cannot be used over the Web, and it is designed just
for one client per application. The dependence of the Eclipse platform re-
presents another disadvantage of this tool.

The facts mentioned above motivate us to develop the custom com-
ponents for PBL of Java programming. The domain-based system design
and usage are represented in this paper.

Environment and the PBL system

The general architecture of the PBL system represents the start point
of research. Every PBL system consists at least of five modules (minimal
number of modules). The learners interact with the system through the
communication module. This is the most frequently mentioned module in
the architecture of e-learning systems [9-12]. The problem generator and
the problem solver represent the other necessary modules in PBL
systems. The first one generates the problem for the learner. The solution
generator generates the system solution based on a delivered problem.
The expert module checks the learner solution by comparing it with the
system solution. The differences are used for diagnosing and for updating
the state of the learner model. This is the responsibility of the expert modu-
le. In the next iteration, the problem generator modifies the problem based
on the changes in the learner model. This means the learner model makes
the system adaptable according to the learner’s actual needs.
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Extended model

Note that the basic architecture does not contain any explicit mecha-
nism which can provide help to the learner. Short feedback messages or
other similar mechanisms are used in this case. If the PBL system is a
part of some other system (e.g. LMS), the environmental system learning
resources can be used for this kind of support. In this case, the basic ar-
chitecture has to be extended with new concepts (Fig. 1).
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Figure 1 — The additional concepts which improve contextual help

These concepts are designed according to the actual e-learning stan-
dards implemented in the most of LMS [10,11]. The item represents the or-
ganizational unit of the course (learning unit). The item has a goal which is
to master a specific skill. The learner’s state is also described by his skills.

If the problem is related to the course item, the variety of problem
types will be proportional to the course fragmentation. More items need
more problem types. On the other side, the help system will be more ef-
fective if the item resources describe smaller pieces of knowledge. In this
way, help will be more contextual.

When the learner uses the PBL system, his state permanently chan-
ges. The system helps the learner with a specified type of the problem by
using the resources related to the same item as the problem. This help is
also harmonized with the learner’s state. Since the state is described by
skill levels, the system tries to find the most appropriate resources to im-
prove them. Also the system tries to get a diagnosis for a concrete pro-
blem. The reasoning engine is used for performing these advanced

tasks.
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PBL in Java Programming

The design of the Java Programming PBL system is based on the
language building blocks. The class (UDClass) represents the main lan-
guage concept (Fig. 2). It consists of data members (attributes) and fun-
ction members (methods). The research is focused on the basic pro-
gramming skills. This means that the learners are able to define the vari-
ables and methods and to use them.
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Figure 2 — Used concepts in Java Programming PBL

The method contains one or more blocks. There are different types of
methods, based on visibility, number of arguments, return value and method
content. They can consist of functional calls — other methods, defined in the
same class or in other classes. Methods consist of blocks. The four block
types are considered: sequential, conditional, cyclic and single statement
blocks. The blocks can also contain embedded blocks. The blocks consist of
statements. There are also different types of statements: declarations, definiti-
ons, value assignments and examinations, etc. Each statement is made of
elements (e.g. variable types, names, values and different kind of operators).
All concepts mentioned above are encapsulated as classes in the Java PBL.

Problem types

Different problem types are defined regarding the concepts mentioned
above. Problems can also be layered regarding their complexity. The next
illustration (Fig. 3) demonstrates the relations between the problem types
and the programming concepts. The basic level problems are related to
the basic statements such as variable or array definitions. The value assig-
nments and data retrieving are also used for the basic level problems.

G
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public class UDClass {

H Variable definition

public double methodWithSimpleArqumentAndReturnValue (char criteria]|
{

int int_arra =10
int[] int array var2 = new int[12]:
char[] char array var3 = {'a', 'b', '¢'

private double couble var2 = 5.43;

Method definition

for (char ¢ : char array var3)
{

if (¢ == criteria)
{
}

Conditional block return dowble varz;

H

—— return 0;

}

Single statement block

[ declaration (header)
[] implementaion (body)

Figure 3 — Sample class concepts used in considerations

The 2nd level problem types include the implementation of different
blocks (sequential, cyclic, etc.). The whole method implementations are in-
cluded in the 3rd level problems. There are several problem types regarding
the method properties (e.g. type and number of arguments, required functio-
nality and return values). The highest level problems require the definition of
a whole class (or classes) to accomplish more general functionalities.

The class content is hierarchically structured. Every block and every
method generally consists of a declaration and an implementation part
(named header and body). This characteristic is very important for gene-
rating the system solution and for analyzing the learner solution. Note
that the basic architecture does not contain any explicit mechanism
which can provide help to the learner. The short feedback messages or
other similar mechanisms are used in this case. If the PBL system is a
part of some other system (e.g. LMS), the environmental system learning
resources can be used for this kind of support. In this case, the basic ar-
chitecture has to be extended with new concepts.

The system generates the problem dynamically. The names, types
and values (of the variables, methods and classes) are defined randomly.
These data represent the problem parameters. The problem consists of
three or more parameters. The system uses these data to make the
system solution and to check the learner solution.
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For example, one of the 3rd level problem types is the single argu-
ment method with the IF clause. This kind of problems consists of 8 para-
meters: the method return type and name, the argument type and name,
the criteria value, logical operator type (used in the IF clause), and two
return values (when the IF clause is true and when the IF clause is false).
The learner solution diagnostic in the PBL system is based on checking
the presence of these parameters.

Processing of the learner solution

The PBL system processes the learner solution in several stages
(Fig. 4). The solution embedding and compiling are the first two stages of
the solution processing.

Embedding

package pbl_java.probing: )
b Learner solution

piblic class UDClass {

public double methodX (char arg) (
it

Compiling
(e

Invoking and test

rrrrrrrr

hecking inside the
method

Figure 4 — Processing of the learner solution

Embedding means that the system completes the learner solution
with the necessary code in order to compile it. The solutions of the 1st le-
vel problems (see the previous paragraph) have to be embedded in the
empty class declaration. The 2nd level problem solutions require double
embedding — by method and (method) by class. The 3rd level solutions
have to be wrapped by class.

The system checks the solution syntax by the compiler. If the compi-
ling results are without any exception, then the solution syntax is correct.
On the other hand, the PBL system processes the errors by catching the
diagnostics (javax.tools.Diagnostic) returned from the compiler, and cu-

stomizes these to the learner.
(635
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If the solution syntax is correct, the PBL system performs the next phase
— invoking and test. Java reflection classes are used for this purpose (ja-
va.lang.reflect package). These classes provide the instantiating and inspec-
ting of the user-defined classes. The system is able to check declarations
(types and names of class members) as well as the method behavior.

The 2nd and higher type solutions are tested by invoking the requ-
ested methods. Then, the PBL system passes different parameter values
to the method, picks the results, and compares these with the expected
values. If the compared values are different, the system performs the hi-
ghest level checking — semantical checking of the code inside the me-
thod. In this case, the method body is parsed (as previously described)
and processed by an appropriate expert class (Fig. 5).

Forwarding to

Leamer solution, appropriate PrinitiveTypesExpert
system solution, expert
problem

o Expet ArrayExpert

Links of
Diagnosis the item
resources

Environmental
system

FeedbackEngine
(LMS)

N

MehodExpert

Feadback

Figure 5 — Processing of the learner solution

The expert plays the role of a dispatcher by recognizing the problem
type and forwarding the input data to the specialized expert. It compares
the solutions and makes diagnosis. The feedback engine requests the
links of the item resources based on the problem and diagnosis. Finally,
the PBL system delivers the feedback messages, the helpful links and
the system solution to the learner.

Example of usage

The complex PBL system structure does not influence the user inter-
face simplicity. Java PBL could be used as a desktop, or Web (JSP) appli-
cation. Both types use the same PBL engine. The user interface communi-
cates with the engine through the engine API (implemented as a separate
class — UML design pattern Facade). The learner has free navigation thro-
ugh the PBL resources. Different problem types are represented to him as
hyperlinks to the specified problem solving content (Fig. 6).
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Leaming . Define boolean method 'd' with integer
Problem solving. arquuent naned '1', and vhich retuens
ing primitives false if '1' is more or equal to 9877.
Defin Define primitive data types naned ' Othetwise it returns true. al to 9877,
Othex Declare&create arrays Problem,
Array manipulation
Conditional statements
Problem If conditional statement
Switch conditional statements
Cyelic structures ¢m1= i{chart) {
Cyelic structures: FOR loops if (b= )
Furlie chmeparac: WHILF Inane retuzn 0.15;
) else {
double i ( char t ] { Solution return 0.42209;
«f AL H
return 0.15; }
} else {
Your solution return 0.42209;
S S
Wrong method return type is specified boolean d ( int 1) {
Vrong method name i3 specified if (1>=9877) {
Wrong arquuent type is specified return false;
Wrong arquuent name is specified ) else {
Feedback |[|Vzong logical operator is used in IF clause System solution retumn true:
Wrong return value is specified in IF clause }
Wrong return value is specified in ELSE clause }

Recommended links:

Conditional statements
Primitive types External resource links

Operators

Figure 6 — Usage of Java PBL

Based on the user choice (learning topic), Java PBL presents a dynami-
cally generated problem to the learner. If the learner tries to reload the page,
or return to the previous window, the new problem will be generated. Thus,
the learner is pedagogically directed to use the system in an appropriate way.

The learner tries to solve the problem. After the user submits his solu-
tion, the system processes it as described above. In the given example, the
learner's method does not return expected results, and the PBL system per-
forms the highest level of checking. Therefore, the feedback contains a de-
tailed description of the semantical errors. The errors are formalized in the
system. As the problems, they are also related to the learning resources.
The system uses this characteristic to show the learner the most appropriate
links in the form of recommendations. The learner is free to choose whate-
ver he wants. He can continue with problem solving, or he can study the re-
commended materials. The system registers all of the learner’s actions and
these data can be used for different kinds of later reporting.

Conclusions

The presented study proves that the PBL systems can be a complement
of the LMS. The actual LMS does not have support for PBL. Owing to the mo-
dular architecture and standardization of the learning resources, these two
kinds of systems can coexist. The LMS learning resources are designed to
provide learners with the declarative knowledge (definitions, explanations, illu-
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strations, lectures). But this kind of knowledge (knowing-what) is not helpful
enough in solving concrete domain problems (knowing-how). On the other si-
de, if the learner does not have enough declarative (descriptive) knowledge,
he will not be able to perform tasks related to this knowledge. The different ap-
proaches can be applied in using these systems. In hereby studies, the LMS
learning resources are used for improving PBL. The PBL system can also be
considered as a separate component of the LMS system. The irrefutable fact
is that the learning process is enriched by using both of them.

Java PBL provides free navigation to the learner. He can change the
problem type whenever he wants. Irrespective of the navigation possibili-
ties, the learner can self pace the learning progress. The applied peda-
gogy strongly depends on the nature of the domain. The learner progress
in programming is performed by a number of attempts. This domain ne-
eds much more experience than procedural knowledge.

The open architecture of the presented PBL solution provides the possibi-
lity of adding new modules. In this way, new problem types can be separately
developed and easily plugged into the system and linked with LMS materials.
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UCENJE PROGRAMSKOG JEZIKA JAVA RESAVANJEM PROBLEMA

OBLAST: raCunarske nauke, e-learning & ODL (Open & Distance
Learning) tehnologije

VRSTA CLANKA: originalni nauéni rad

Sazetak:

Ovaj rad opisuje sistem za individualno uc¢enje resavanjem problema
Ciji je naziv Java PBL. Jezgro Java PBL je ekspertski modul. Ovaj modul
ukliucuje specifican domenski model, generator problema i generator
reSenja. U materijalu je predstavijena celokupna sistemska arhitektura. Java
PBL moZe da funkcionie kao samostalna aplikacija, ali je dizajnirana i da
pruZi podrsku sistemima za upravijanje ucenjem (LMS). Modularni dizajn si-
stema obezbeduje ovu funkcionalnost. Sistemi za upravijanje u¢enjem mogu
da ponude korisnicima samo deklarativna znanja. Java PBL nudi procedural-
na znanja i napredovanje vestine programiranja kod korisnika. Slobodna na-
vigacija, neograni¢eni broj zadataka (problema za reSavanje),preporuke
predstavijaju glavne pedagoske strategije i taktike primenjene u sistemu.

Uvod

Uéenje resavanjem problema (PBL) predstavija strategiju u nasta-
vi usmerenu direktno na studenta, u kojoj on reSava problem (zadatke)
i kroz to reflektuje svoje iskustvo (znanje). PBL je zasnovano na do-
menskoj ekspertizi, izgraduje kritiCko razmiSljanje i veStinu reSavanja
problema kod studenata. Da bi student reSio problem, on mora da po-
seduje odgovarajuce proceduralno znanje. U ucenju reSavanjem pro-
blema PBL aplikacija ima ulogu nastavnika, tako da i u njoj mora da
bude ugradeno isto to znanje.

Elektronsko u€enje i u€enje reSavanjem problema

Ucenje reSavanjem problema implementirano je u inteligentnim
tutorskim sistemima (ITS). U praksi preoviadavaju ITS iz domena me-
dicinskih nauka: Slide Tutor [1] namenjen za u¢enje dermatopatologije.
CIRCSIM-Tutor [2] namenjen je za ucenje kardiovaskularne psihologi-
je. Pored medicinskih, ¢esti su matematicki ITS, na primer, Cognitive
Tutor [3]. KERMIT [4] je informatiCki tutor za u¢enje pravijenja modela
objekti — veze. Neki od ITS dostupni su preko interneta, na primer,
ELM ART [5] je ITS namenjen za ucenje LISP programskog jezika.

Sistemi za upravijanje ucenjem (LMS) predstavijaju preoviadujuce si-
steme za e-ucenje na Webu. LMS omogucavaju i individualno i ucenje
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vodeno od strane nastavnika [6]. Ali LMS nemaju mogucnost za ucenje
reSavanjem problema. LMS su standardizovani (uglavhom sa SCORM 2004
standardom), tako da su otvoreni za saradnju s drugim sistemima. Nove
funkcionalnosti mogu da se dodaju, bilo kao novi sistemski moduli ili kao po-
sebne aplikacije koje sa LMS razmenjuju podatke studenata i druge resurse.

Opis problema

Fokus istraZivanja opisan u materijalu je razvijanje posebne PBL
aplikacije koja ¢e predstavijati podrsku za LMS. Zbog realnih potreba,
izabran je kurs iz Java programskog jezika.

lako je Java jedan od najpopularnijih programskih jezika, postoji
samo nekoliko sistema za uéenje Java na Webu. Ovi sistemi fokusirani
su samo ne specificne delove jezika. Na primer, Swing Tutor [7] usme-
ren je iskljucivo na izgradnju korisnickih interfejsa. Ovaj sistem ne do-
zvoljava slobodnu navigaciju u prostoru ucenja niti studenti vide pret-
hodno ostvarene rezultate. Drugi primer je dodatni modul za Eclipse
razvojno okruzenje. Ovaj modul pokriva tutorstvo za najvaZnije kon-
cepte Java. NaZalost, nije dostupan posredstvom Weba. Zavisnost od
Eclipse okruZenja drugi je nedostatak sistema. Oba sistema su izolo-
vani od drugih okruZenja za e-uéenje. Iznete &injenice bile su motiv za
razvoj vlastitih komponenti za PBL Java programskog jezika.

OkruZenje i sistem za u€enje reSavanjem problema

PBL sistem, pored komunikacionog modula, sadrzi generator pro-
blema i reSenja, ekspertski modul za kontrolu reSenja i korisni¢ki model
u koji se azurira stanje (rezultati) korisnika. Osnovni mehanizam tutor-
stva su povratne poruke o sintaksickim i semanti¢kim greSkama i pri-
kaz ta¢nog re$enja.

ProSireni model sistema

Ako je PBL sistem okruzen na primer LMS-om, resursi ucenja u
LMS mogu da postanu deljivi. PosSto su LMS uskladeni sa SCORM
2004 standardom, osnovna komponenta item, koja moZe da predsta-
vija tematsku celinu, lekciju, povezuje se sa tipom problema. Ovayj prin-
cip koriscen je za deo PBL sistema za preporucivanje sadrZaja ucenja.

UCenje reSavanjem problema u Java programiranju

Java PBL namenjen je za izu¢avanje osnovnih koncepata progra-
miranja u Javi, tako da je definisana jedna klasa (UDClass) kroz koju
se proveravaju korisniCka reSenja. U sistemu su kroz klase implementi-
rani koncepti atributa i metoda, dalje blokova naredbi, koji imaju svoje
izvedene klase prema vrsti — ciklicne strukture, kontrole toka, ili proste
sekvencijalne strukture i na kraju — same naredbe i njihovi elementi.

Vrste problema

Zahvaljujudi strukturiranosti modela, u Java PBL definisana su 4 te-
Zinska nivoa problema. Prvi nivo je definisanje varijabli razli¢itih tipova.
Drugi nivo je da se implementiraju razliCite strukture (razgranate ili ciklic-
ne), treci nivo je definisanje metoda klase, koje kombinuju sve prethodno.
Najvisi nivo je da se definiSe Citava klasa, koja sadrZi razlicite metode.
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Obrada korisni¢kog reSenja

Obrada korisnickog reSenja zavisi od nivoa problema. Sintaksicka
provera reSenja vrSi se propustanjem izvornog koda reSenja kroz Java
kompajler. Za jednostavnije tipove problema reSenje mora da se ugnezdi
u odgovarajucu strukturu kako bi se kompajliralo. Ako postoje sintaksicke
greske, lokalizovane poruke kompajlera predstavijaju odziv sistema. Ako
nema sintaksickih greSaka, vrsi se semantiCka provera koris¢enjem invo-
ke&test tehnike (Java reflexions). Ako postoje semanticke greSke, stu-
dentsko reSenje uporeduje se sa sistemskim i tada se generiSu poruke si-
Sstema u zavisnosti od rezultata uporedivanja. Ovu aktivnost vrsi ekspertski
modul koji koristi u pravilima ugradeno domensko znanje. Zbog razlicitih ti-
pova i teZine problema, postoje specijalizovani podmoduli koji ispituju po-
jedinacne fragmente reSenja, a rezultate ispitivanja prikuplja glavni eks-
pertski modul, koji generiSe odziv sistema prema studentu.

Primer koriséenja

Java PBL je dizajniran modularno — logika je odvojena potpuno od
korisnickog interfejsa koriScenjem UML obrasca Fasada. Svi funkcionalni
pozivi (API) realizuju se posredstvom ove klase, tako da je moguca sarad-
nja izmedu sistema. Kao samostalna Java PBL moZe da se koristi kao
desktop ili Web aplikacija (JSP). U svim sluCajevima koraci kori§¢enja su
da student izabere sadrzaj (vrstu problema). Sistem zatim generiSe novi
problem, koji student resava. ReSenje zatim proverava sistem. Rezultat
provere su primedbe sistema, prikaz tacnog reSenja i preporuke nastavnih
materijala za ucenje radi postizanja boljih rezultata.

Zaklju€ak

Prikazan je jedan od naCina kako da se omoguci proSirivanje
funkcionalnosti LMS za PBL. Studenti na LMS sistemima usvajaju sa-
mo deklarativna znanja (definicije, objaSnjenja, ilustracije, lekcije). Ova
vrsta znanja (znati $ta) nije dovoljna u reSavanju konkretnih domenskih
problema (znati kako). Na drugoj strani student ne moZe da reSava
probleme ako nema dovoljno deklarativnog znanja. To znaci da su ovi
sistemi komplementarni — da se nadopunjuju, a kvalitet uéenja podize
se na visi nivo. Studentu su ponudene obe vrste resursa, tako da moze
slobodno da ih koristi u skladu sa svojim stilom, tempom ucenja i po-
stavijenim zahtevima.

Java PBL ima otvorenu modularnu arhitekturu koja omogucava
razne reZime Koris¢enja, bilo kao samostalne aplikacije ili kao logiCki
resurs za druge sisteme za e-ucenje iz okruZenja.

Kljuéne reci: uéenje reSavanjem problema, elektronsko ucenje, inteli-
gentni tutorski sistemi.

Datum prijema ¢lanka: 26. 08. 2011.
Datum dostavljanja ispravki rukopisa: 17. 11. 2011.
Datum konacnog prihvatanja ¢lanka za objavljivanje: 18. 11. 2011.

Simi¢, G., Java problem-based learing, pp. 57— 69
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