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Abstract—This paper proposes a Web service and service-
oriented architecture (SOA) for a computer-adaptive testing (CAT)
process on e-learning systems. The proposed architecture is
developed to solve an interoperability problem of the CAT process by
using Web service. The proposed SOA and Web service define all
services needed for the interactions between systems in order to
deliver items and essential data from Web service to the CAT Web-
based application. These services are implemented in a XML-based
architecture, platform independence and interoperability between the
Web service and CAT Web-based applications.
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I. INTRODUCTION

HE student assessment is always a very important phase

in learning processes. The assessment helps teachers
evaluate the student’s ability level of knowledge. In e-learning
systems, the multiple-choice test is a widely used method for
an assessment, especially an adaptive test. The adaptive test is
an effective testing method that items are adapted to approach
to the ability of an individual examinee. This makes learning
assessment improve the higher level precision to identify
items to the examinees. That is, the examinees do not waste
their time attempt on items that are too hard or too easy. In the
part decade, the adaptive testing method has been applied to
the assessment of computer-based learning and e-learning. It is
recognized as computer-adaptive testing (CAT). The
successful implementation of the CAT system was proposed
in [1]. This system is comprised of an item bank and a
managing algorithm. The item bank is based on item response
theory (IRT) [2]. That is, each item contains three principal
parameters; discrimination, difficulty, and guess. These
parameters are made use of making decision in the CAT
system, so that the suitable item is adapted for each examinee.
In order to achieve the efficient decision-making process, the
IRT parameters are implemented with a triangle decision tree
(TDT). Then a managing algorithm used genetic algorithms
(GAs) is applied to TDT so as to generate an optimal tree. By
this method, the items are automatically selected from the item
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bank to correspond to the estimated ability level of students.

Although the CAT system proposed in [1] has been
implemented successfully, it has not provided its services for
different platforms on e-learning. This is because the system
did not offer the interoperability for item interchange between
systems. The interoperability is an interconnection of
heterogeneous systems and allows the communication of
different applications from different sources to each other. In
order to provide the interoperability to the CAT system, a Web
service, an efficient technique, is proposed to overcome the
interoperability issue on e-learning. Moreover, the Web
service is operating system independent; it can work with
every Web service engine regardless of their programming
language.

An interest case of the interoperability for an e-learning
system was proposed in [3]. The main idea of this paper was
identifying and creating the essential services, which help the
different software, e-learning tools, and systems link together.
The method identified the functionality needed to enhance
interoperability for Web service-based e-learning and focused
on the steps to transform the digital assets into the digital
learning resources which lead to create the services. These
services increased the efficiency of e-learning systems by
allowing the different platforms to interact with each other.
However, this method did not propose the architecture or any
data structures for services. Thus, the suitability of different
applications and platforms did not allow. Many researches [4,
5, 6] have been applied Web services to e-learning systems to
deliver appropriate learning resources. These Web services
focused on selecting and combining the learning contents.
They have been implemented in an adaptive learning
environment and some architecture has been proposed for
scalability and reusability of the contents. Unfortunately, no
works have been proposed the Web service for the CAT
systems absolutely. For this reason, this paper addresses the
problems of CAT interoperability using Web service. An
interchange of data of the CAT system between a Web service
and a web application is based on a service-oriented
architecture (SOA) [7]. SOA is a methodology in software
engineering designed to describe distributed data. Thus, it is
the most suitable implementing method for the Web service
and web application that communicates with each other via the
Internet.

The rest of this paper is organized as follows: Section 2
introduces a brief theoretical background, a proposed
architecture, a problem definition, a design of SOA, and a
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Web service used in the interchanging of the CAT items.
Section 3 proposes an implementation of a Web service and
SOA. Section 4 discusses the results. Finally, conclusions are
given in Section 5.

II. PROPOSED ARCHITECTURE

In this section, the state of the problem is described. These
problems are used to design the Web service and SOA. The
brief definition, architecture, and services are also introduced.

A. State of the problem

CAT [8] is a method for administering tests that adapts to
the examinee's ability level by a computer. The presentation of
each item and the decision to finish the test are dynamically
adapted to the examinee’s response. This response is used to
evaluating and selecting the next question administered by the
latest examinee’s estimated ability. CAT is used to make the
precision scores higher for most examinees than traditional
tests. Normally, the CAT system delivers the items and
learning resources to the web application via the Internet, but
the different platform makes a data delivery incompatible.
Thus, the limitation of the CAT system is an interoperability
of the data delivery between heterogeneous systems. For this
reason, a Web service [9] is applied to extend this limitation.
The Web service is a software system designed to support
interoperable networking interaction and platform independent
over the Internet. However, the interchange of data between
Web services and between systems needs to define the
standard data format for communicating with each other. All
resources are regarded as services. In essence, a SOA is a
collection of services that can communicate with each other
through XML message in several services. The Web Service is
the most suitable implementation technology available for the
SOA.

Data Storage

Web Service

B.  Design of Web Services

In order to solve the CAT problem, SOA and Web service
are designed by using a general software architecture principle
composed of encapsulation, modularization, and separation.
Based on Treadwell’s steps [10], the designing process starts
with breaking the different pieces of testing algorithms and
requirements into services, such as item and database. These
services encapsulate the capabilities of a software system; they
can communicate with each other using the different message
exchange patterns.
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Normally, the services provide the data needed in the
general CAT web application and some data in the test. The
item is the multiple-choice test consisting of four choices, an
answer, IRT parameters, and a question. These items are
stored in the XML database (XML-DB). TDT is applied to the
adaptive testing process as the decision-making technique to
classify the appropriate items for the examinees. TDT is
decision tree comprised of nodes and branches. In order to
generate an optimal decision tree, a GAs is implemented as a
classifier.

The flowchart of a CAT system shows in Fig. 1 is an
iterative algorithm with the following steps. An item bank is
searched for the optimal item based on the examinee's current
ability estimate. The chosen item is presented to the examinee
by considering the answer is correct or wrong. The ability
estimate is updated and based on all prior answers. The
process is repeated until a stopping rule is reached.

Fig. 2 shows the overall architecture by applying a SOA
concept. The architecture is separated into the three parts; data
storage, Web service, and CAT Web application. In data
storage, the XML database stores items. An item bank data
structure is described in an XML document. The item
structure is a subject to a XML schema developed according
to the most standards [11]. This database structure is designed
by using the basic data structure of the general testing
parameters, such as question, multiple choice, answer, and
IRT parameters. These testing parameters are assigned with
the XML elements as shown in Table 1.

TABLEI
DATA STRUCTURE OF THE CAT ITEM
Field Description Data type
Index Item index Number
QUE Question String
QA Choice A String
QB Choice B String
QC Choice C String
QD Choice D String
QANS Answer String
1A IRT Discrimination Single
1B IRT Difficulty Single
1C IRT pseudo-guess Single

An example of a XML schema is shown in Fig. 4, where
IA, IB, and IC denote discrimination, difficulty, and pseudo-
guess of the IRT parameters, respectively. The QA, QB, QC,
and QD in line 15 to 22 are the multiple-choice, QUE in line
18 is the question, and QANS in line 23 is the answer.

In Web service design, a set of standards for describing,
publishing, discovering, and binding application interfaces are
consisted of WSDL (Web Services Description Language),
SOAP (Simple Object Access Protocol), UDDI (Universal
Description, Discovery and Integration). WSDL is a format
for describing a Web service interface. It describes services
and a way they should be bound to specific network addresses.
The descriptions of services and messages are generally
expressed in XML (eXtended Markup Language). SOAP
provides the envelope for sending messages via the Internet.

UDDI defines a set of services supporting the description and
discovery of service providers. The design of Web service
consists of four main modules—GAs, TDT, SOAP, and
WSDL—as shown in Fig. 3. The GAs is the item
classification method to generate an optimal decision tree.
TDT is a decision-making structure that uses a model of
decisions tree. WSDL is an abstract definition of messages
and allows the reusable abstract definitions [12]. It also
provides a common language to describe the services and a
platform to integrate the services [5]. WSDL is a format for
describing the services and messages which are generally
expressed in XML. In this research, the services and messages
are the items and learning resources. Thus, WSDL is used to
describe the items and their related data. SOAP provides the
envelope for sending the items and related learning data as the
messages via the Internet. These messages are encoded and
defined a specification in a common XML format.

01: <?xml version="1.0" encoding="utf-8” 7>

02: <DataTable xmlns=" http://.../CATServer/">

03: <xs:schema id="NewDataSet" xmIns=""

04: xmlns:xs="http://www.w3.0rg/2001/XMLSchema"

05: xmlns:msdata="urn:schemas-microsoft-com:xml-msdata">
06: <xs:element name="NewDataSet" msdata:IsDataSet="true"
07: msdata:MainDataTable="TDT"

08: msdata:UseCurrentLocale="true">

09: <xs:complexType>

10: <xs:choice minOccurs="0" maxOccurs="unbounded">

11: <xs:element name="TDT">

12: <xs:complexType>

13: <xs:sequence>

14: <xs:element name="IA" type="xs:single" minOccurs="0" />
15: <xs:element name="IB" type="xs:single" minOccurs="0" />
16: <xs:element name="IC" type="xs:single" minOccurs="0" />
17: <xs:element name="QUE" type="xs:string" minOccurs="0" />
18: <xs:element name="QA" type="xs:string" minOccurs="0" />
19: <xs:element name="QB" type="xs:string" minOccurs="0" />
20: <xs:element name="QC" type="xs:string" minOccurs="0" />
21: <xs:element name="QD" type="xs:string" minOccurs="0" />
22: <xs:element name="QANS" type="xs:string" minOccurs="0" />
23: </xs:sequence>

24: </xs:complexType>

25: </xs:element>

26: </xs:choice>

27: </xs:complexType>

28: </xs:element>

29: </xs:schema>

Fig. 4 XML schema of the item bank data structure.

Finally, the CAT web application provides interfaces for
implementing the proposed architecture. The layout of this
application is created for communicating with Web service.
The CAT web application requires a Web service by passing
the parameter values that the examinee has selected, and then
it gets back the response items as the service to display them
on the screen.
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III. IMPLEMENTATION

The system is implemented entirely in ASP.NET Web
service and operated on Internet Information Services (IIS)
Web server. A CAT web application is created using
ASP.NET and HTML. Because an ASP.NET is chosen, it is
the most popular programming language and easy to debug.
The Microsoft .NET framework library generates WSDL and
SOAP message automatically.

A SOAP message is encoded in a common XML format
and it is also defined as a specification for a XML-based
distributed computing infrastructure. An example of a SOAP
request is shown in Fig. 5. The SOAP message is composed of
two parts: mandatory and option. The mandatory parts are:
SOAP envelope (in line 02) defines a framework for
describing a message, SOAP body (in line 06) contains the
message for the endpoint; the optional part includes SOAP
header. In order to test the service and exchange messages
between servers, the SOAP messages and responses are
created.

01: <?xml version="1.0" encoding="utf{-8”?>

02: <SOAP:Envelope

03: xmlns:xsi="http://www.w3.0rg/2001/XMLSchema-instance”
04: xmlns:xsd="http://www.w3.0rg/2001/XMLSchema”

05: xmlIns: SOAP="http://www.w3.0rg/2003/05/soap-envelope”>
06: < SOAP:Body>

07:<TDT_Table xmIns="http://.../CATServer/” />

08: </ SOAP:Body>

09: </ SOAP:Envelope>

Fig. 5 SOAP specification of the web services.

WSDL uses the following elements as the definition of
network services: types, message, abstract, operation, port
type, binding, port, and service. An example of WSDL is
shown in Fig. 6. Types (in line 08) is a container for data type
definitions using some type system; Message (in line 12) is an
abstract, typed definition of the data being communicated,
Operation (in line 16) is an abstract description of an action
supported by the service; PortType (in line 15) is an abstract
set of operations supported by one or more endpoints;
<Binding> is a concrete protocol and data format specification
for a particular port type; Port (in line 25) is a single endpoint
defined as a combination of a binding and a network address;
and finally a Service (in line 24) is a collection of related
endpoints. The CAT web applications are created using
ASP.NET and HTML. The items are delivered to the CAT
web applications using .NET Web service. The items are
stored in XML database.

The proposed architecture is implemented by using the
standard of Web services. A Web service and CAT Web
application are developed in order to verify the programming
algorithms, communication message, and services. Some
application specifications, returned messages, and parameter
values are examined.

01: <?xml version="1.0" encoding="utf-8” 7>

02: <wsdl:definitions

03: ....

04: xmlns:tns=" http://.../CATServer/"

05:....

06: targetNamespace=" http://.../CATServer/"

07: xmlns:wsdl="...">

08: <wsdl:types>

09: <s:schema elementFormDefault="qualified"

10: targetNamespace=" http://.../CATServer/">

11: </wsdl:types>

12: <wsdl:message name="TDT_TableSoapln">

13: <wsdl:part name="parameters" element="tns:TDT Table" />
14: </wsdl:message>

15:<wsdl:portType name="ServicelSoap">
16:<wsdl:operation name="TDT_Table">

17:<wsdl:input message="tns:TDT_TableSoapIn" />
18:<wsdl:output message="tns:TDT TableSoapOut" />
19:</wsdl:operation>

20:</wsdl:portType>

21:<wsdl:binding name="ServicelSoap" type="tns:Servicel Soap">
22: ...

23:</wsdl:binding>

24:<wsdl:service name="Servicel">

25: <wsdl:port name="Servicel Soap" binding="tns:ServicelSoap">
26:<soap:address location="http://.../.CATServicel.asmx" />
27:</wsdl:port>

28:<wsdl:port name="ServicelSoap12"

29: binding="tns:ServicelSoap12">

30:<soap12:address location="http://.../.CATServicel.asmx" />
31:</wsdl:port>

32:</wsdl:service>

33:</wsdl:definitions>

Fig. 6 An example content of WSDL.

IV. RESULTS AND DISCUSSIONS

In order to verify the proposed architecture, the CAT web
application is developed by ASP.NET. The items for
implementation are the English reading comprehension test. A
CAT Web application is created for communicating with Web
service via HTTP by sending the item request message. When
the Web service received the request message, the following
process is operated. Firstly, the Web service requests the items
from the database, this request could be separated in two
methods: single item and item set. Secondary, the response
items from database are classified by GAs. These response
items are encapsulated in a XML format and sent it back to the
CAT web application. Finally, the CAT Web application is
used the received items in the CAT process by following the
TDT rules until the test is finished. Fig. 7 shows an example
of an interface screen result.

From the implementation, the request and response message
are verified by the developing of CAT web application. The
development and verification processes are followed by an
instructional systems design (ISD) model which is currently
accepted as an industry standard for instructional design of
educational application [13].
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Fig. 7 An example of CAT interface screen

In order to verify the correction of data, a six-level TDT of
items is the main verification pattern, because it is used in
examination and the standard pattern has only six levels. The
standard pattern is shown in Fig. 8. When compared the item
in CAT Web application interface with the standard pattern, it
is found that every item is located at the right position on a
TDT diagram as described and demonstrated in [1].

Fig. 8 six-level standard pattern of a TDT diagram.

V. CONCLUSION

In this paper, the proposed architecture has developed to
improve interoperability of the CAT system for platform
independent. A Web service and SOA have defined all
services needed for the interactions between systems in order
to deliver items from Web service to the CAT Web
application. The system has implemented in ASP.NET Web
service and Web application for interface. The design of SOA

and Web service for CAT on e-learning can interoperate the
learning resources. This makes the system more flexible.
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