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Abstract. Online courses are the most popular way to deliver knowledge for 
distance learning. New researches attempt to personalize the educational proc-
ess with the use of the Adaptive Educational Hypermedia Systems. Moreover, 
due to the significant amount of time, money and effort devoted to creating 
online courses, developers strive to incorporate standards, such as SCORM, for 
the reusability, interoperability and durability of the educational content. How-
ever, it is a difficult task for teachers without programming knowledge to de-
sign and author adaptive courses. This work presents ProPer SAT, an authoring 
tool implemented for quick and easy SCORM courseware construction which 
can also be adapted to specific user learning styles.  
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1   Introduction 

Online courses are one of the most popular means of distributing knowledge world-
wide. A large number of learners, irrespective of their abode, age or study constraints 
can have access to them, mainly through Learning Management Systems (LMSs). 
Since these learners have differences in the knowledge levels of the domain, educa-
tional goals, personal characteristics and learning styles, a lot of effort is devoted to 
the personalization of instruction with the intention of improving the learning out-
come. Adaptive Educational Hypermedia Systems (AEHSs) aim to individualize the 
learning process to meet students’ characteristics. The development of these systems, 
however, is not based on a common framework, as there are no fixed rules, techniques 
or methods acceptable to all. Consequently, although developers spend a lot of valu-
able time, money and effort on their applications, they pay nowhere near enough 
attention to instructional strategies. Moreover, due to the absence of a common 
framework, the courses along with the educational content produced are deficient in 
reusability, interoperability and durability. More specifically, it is difficult to apply 
the educational content from one course to another; or to distribute a course from one 
AEHS to another, since most times they are not compatible. A proposed solution to 
this problem is the adoption of recently accepted educational standards. 

The most popular education standard is SCORM (Sharable Content Object Refer-
enced Model) [1]. In previous work [2][3] we combined the adaptive features of 
AEHSs with the adoption of the SCORM standard and its specifications. Furthermore, 
we promoted the concept that it is possible for native SCORM compliant courses to 
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be adapted to user learning style [4]. Despite all of this, however, instructors still need 
to invest a great deal of effort to construct adaptive SCORM compliant courses, 
which apart from the SCORM framework, also require knowledge of learning style 
theories, and programming capabilities (JavaScript, HTML). It is therefore inevitable 
that instructors with little or no prior programming knowledge come up against diffi-
culties during course construction, as there is a definite lack of easy authoring tools 
for non-programmers.  

In this paper we propose a framework for easy authoring courses that are SCORM 
compliant and/or adaptive to learning styles. We present an authoring tool named 
ProPer SAT that enables authors, with no prior knowledge of programming, or 
SCORM specifications, to construct quick and easy adaptive SCORM compliant 
courses. These can instantly be distributed by ProPer - an adaptive SCORM compliant 
LMS we have developed - or exported as a SCORM package for later use by any 
SCORM compliant LMS. The paper also includes a short description of the SCORM 
specification, AEHSs technology and the possible adaptation to learning styles of 
these systems. In addition, work related to adaptive systems with adaptation to learn-
ing styles, SCORM compliant systems, and course authoring tools are presented. 
Moreover, an introduction of the developed authoring tool as well as a discussion of 
the proposed framework are given. Finally, conclusions are put forward and further 
work recommendations made. 

2   Theoretical Background 

The proposed system combines technologies and characteristics from three domains 
of web based instruction research. It uses adaptive technologies, such as AEHSs, it 
conforms with SCORM specifications and incorporates adaptation to user learning 
styles. This section briefly presents SCORM standard, AEHSs and some of the most 
popular learning style models.  

 
SCORM specification 
The SCORM standard was developed by the Advanced Distributed Learning (ADL) 
initiative and is based on previous standards (AICC, ARIADNE, IEEE LTSC, IMS). 
Its main aim is to offer RAID (Reusable, Accessible, Interoperable, Durable) courses. 

SCORM includes all the technical specifications that are necessary for the devel-
opment, organization and distribution of the learning content. It is based on learning 
objects known as SCOs (Sharable Content Objects), which are the smaller logical 
entities that can be delivered by a compliant course and communicate with the LMS. 
Every SCO consists of information about the creation, discovery and aggregation of 
the appropriate educational resource in their most basic form (assets). Assets are digi-
tal media, such as text, images, video or any other digital data that can be delivered 
through a web based system. 

The latest version of SCORM has three main components [1]: (i) The Content Ag-
gregation Model (CAM), describes the parts used in a learning experience; how to 
package them for exchange; describe them for search and discovery; and define se-
quencing rules. (ii) The Run-Time Environment (RTE) defines the LMS requirements 
for managing and communicating with the educational material. RTE provides an 
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Application Program Interface (API) for communication between SCOs and LMS. 
(iii) Sequencing and Navigation (SN) describes the information and behaviors an 
LMS must apply to offer a designed learning experience.  

 
Adaptive Educational Hypermedia Systems  
AEHSs find user specific characteristics, preferences, learner progress and goals, in 
an attempt to personalize the learning experience according to these factors. They 
consist of three main components: (i) The Domain Model (DM) represents the sys-
tem’s domain knowledge; (ii) the User Model (UM) depicts the user’s knowledge of 
the domain as well as his/her individual characteristics; and (iii) the Adaptation Mod-
ule (AM) describes how the adaptation will be applied and which items will be 
adapted.  

Adaptation is implemented using two major technologies: the first, Adaptive  
Presentation (AP) provides adaptation of the content level. It can adapt either the 
presentation and/or the content according to the factors stored in the UM. According 
to Brusilovsky [5] there are three main AP technologies: Adaptive text presentation, 
Adaptive multimedia presentation, and Adaptation of modality. The second is Adap-
tive Navigation (AN), which adapts the links or the course’s link structure in order to 
steer the user towards certain links and away from others. The main AN technologies 
are: direct guidance, link hiding, link disabling, link removal, link sorting, link anno-
tation, link generation, hypertext map adaptation. 
 
Learning Styles 
According to Honey and Mumford [6] learning style refers to a person’s habits and 
patterns of behavior that determine the desired means of learning. Some of the best 
known learning style models are: Kolb’s experimental learning model [7]; Honey and 
Mumford based on Kolb’s model; the Felder and Silverman model [8]; the Witkin’s 
Field Dependent/Field Independent model [9]; and Gardner’s theory of multiple intel-
ligences (MI) [10]. All have been used in several AEHSs with the intention of helping 
students gain a better learning outcome. The system we propose uses the Honey and 
Mumford categorization based on Kolb’s model.  

According to Kolb’s experimental learning Model, learning is a process of 
knowledge construction through four distinct stages of a cycle: a) concrete experi-
ence (CE); b) abstract conceptualization (AC); c) reflective observation (RO); and 
d) active experimentation (AE). The student can start from any point in the cycle 
and continue in that order to pass through all the stages. This model distinguishes 
learners into four categories each representing the combination of two preferred 
styles: Divergers (CE-RO), Assimilators (AC-RO), Convergers (AC-AE) and Ac-
commodators (CE-AE).  

Similar to Kolb’s the learning cycle in Honey and Mumford model, is consisted 
by four stages: a) Having an experience; b) Reviewing the experience; c) Concluding 
from the experience; and d) Planning the next step. The student can start from any 
point in the cycle and progress to the others. Each stage is related to a particular learn-
ing style. Thus, the corresponding learning styles are the: a) Activist, b) Reflector, c) 
Theorist, and d) Pragmatist.   
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3   Related Work 

Currently many systems are attempting to incorporate adaptation to user learning 
styles. Next we can see some of them and the learning model they implement: 

• INSPIRE [11] implements Honey and Mumford model; 
• TANGOW [12], LSAS [13], CS383 [14] incorporate several dimensions of 

the Felder-Silverman model; 
• AES-CS [15] adopts the FD/FI model;  
• EDUCE [16] is based on Gardner’s MI theory. 

There are additional tools, which assist authors in the creation of adaptive courses. 
These systems allow the instructor to define specific rules in order to apply adaptation 
to the course or they provide ready instructional strategies. Below we briefly present 
some such systems.   

AHA! [17] is an open source web server extension that adds adaptation to applica-
tions, such as on-line courses. WELSA [18] is a system consisting of an authoring 
tool and a course player. By integrating characteristics from several models, it creates 
a unified learning style model. It uses a set of metadata to describe learning content 
and it takes into account some behavioral patterns for learner tracking functionality. 
MOT [19] is an online environment for the authoring of adaptive educational hyper-
media. In MOT the author can either select an adaptive strategy that corresponds to an 
instructional strategy created by a different author and apply it to an arbitrary concept 
map or lesson map [19] or define his/her own instructional strategy. 

Most of the above systems are inappropriate for teachers who are non-technical 
and who have little or no programming knowledge. However, to their aid comes 
VIDET and REDEEM . VIDET [20] is a visual authoring tool for designing adaptive 
courses, whose goal is to support easy course authoring for non-technical instructors 
and attempts to give the teacher full control over the adaptive operations being  
performed. It provides authoring tools for manipulating the hypertext structure, the 
content, the user model and the adaptive interaction model. REDEEM [21] allows 
instructors with little technological background to import pre-existing courses and 
provides them with tools to define how they want to teach the material. Its focus is not 
on the construction of domain material but on authoring pedagogy. 

Even if some attempts for reusable educational content have been made [19], all 
the above authoring tools do not conform to a standard such as SCORM. Thus, they 
have limited reusability. Even when many popular LMSs support SCORM courses 
(Moodle, Claroline, Web-CT) they do not include tools for course authoring. Hence, 
they support only the import of ready SCORM compliant courses developed by exter-
nal SCORM authoring tools. 

Some of the most common SCORM authoring tools are the systems Reload and 
eXe, available for free, both of which support SCORM package construction and 
SCOs metadata definition. A drawback, however, is that even though these tools pro-
vide fast course packaging implementation the author is still required to have good 
knowledge of SCORM specifications. Moreover, the educational content must be 
designed in an HTML editor or the author might even need to invest in expensive 
authoring tools, such as Lectora or Lersus editors. Worse still in the case were  
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adaptive presentation of content to user learning style is required authors have to write 
in a more or less complicated JavaScript. 

4   Introduction to ProPer 

ProPer [2][3] incorporates a combined architecture of AEHSs and SCORM LMSs. It 
involves four main modules: DM, UM, AM (from AEHSs general architecture) and 
RTE Sequencer from SCORM LMSs architecture. Adaptive functionality can be 
provided in two ways: AN using the system’s Adaptation Module and AP and/or 
some AN technologies by taking advantage of SCORM functionality at the course 
authoring phase. Both formative [3] and summative evaluation of ProPer have com-
pleted. Formative evaluation results demonstrated that students using ProPer can 
navigate more goal oriented into a course, avoiding unnecessary concepts. As a result 
a course can be accomplished faster. Furthermore, summative evaluation results veri-
fied that ProPer can improve the learning outcome in comparison with a simple hy-
permedia system. In addition, users stated that they like studying with ProPer and they 
find it simple and useful. Writers are also found ProPer very easy and useful for their 
courses delivery since it allows them design personalized instruction. At the same 
time, existent educational material can be easily retrieved, accessed and reused taking 
advantage of SCORM functionality.  

SCORM not only excels in reusability issues but also allows authors to design both 
sequentional and content instructional strategies. In particular, authors can create 
educational content in the form of HTML pages. These pages have to include the 
appropriate JavaScript to communicate with the LMS. Moreover, every SCORM 
conformant course must contain an xml manifest file, which includes all the data for 
course structure, SN. In previous work we have shown that SCORM standard allows 
compliant courses to provide adaptivity according to user learning styles [3]. How-
ever, as is known, designing a course that is adaptive to user learning style is not an 
easy task. Although a framework for applying learning styles to SCORM compliant 
courses has been proposed [4], the implementation of these adaptive courses requires 
that authors have programming skills and deep knowledge of the SCORM standard. 
Therefore, we decided to design an authoring tool that allows non-programmer au-
thors to create SCORM compliant and/or adaptive courses. 

5   ProPer SCORM Authoring Tool (SAT) 

ProPer SAT is a simple online SCORM authoring tool for both web page design and 
course package creation enabling tutors to effectively and efficiently design SCORM 
compliant adaptive courses. Its focus is on simplicity with the intention of attracting 
instructors with a low technological background. The main goals of ProPer SAT are: 
Help instructors compose SCORM compliant courses; Provide course patterns for 
easy authoring of adaptive courses to user learning styles; and Enable easy reusability 
for both SCOs and content fragments.   

In order to keep the tool simple we do not provide advanced sequencing options 
with prerequisites and conditions for SCORM compliant courses. For these actions  
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Fig. 1. The ProPer SAT interface 

the author may use a dedicated SCORM package editor, such as Reload. On the other 
hand, the prototype does support content writing, course structure construction and 
course packaging functionalities. Moreover, the system enables instructors to easily 
create adaptive courses according to the Honey and Mumford model through a guided 
authoring process based on a framework we have proposed elsewhere [4]. 

The ProPer SAT interface is comprised of four main frames (Fig. 1). At the top of 
the page the toolbar functions are related to the whole course. On the left- hand  
side, a tree view of course structure and possible actions relative to course 
items/organizations is presented. The screen’s main frame contains all the appropriate 
properties of course item/organization. In the case where the current selection is an 
item (SCO), WYSIWYG editors appear that enable the author to easily compose the 
educational content. The bottom of the screen is divided into two frames that contain 
information on the course and help about available options. 
 
Authoring 
Particular care was taken to ensure that authoring of courses remain as simple as pos-
sible. An initial screen (Fig.2) allows the author to give a title and select the course 
type. So far there are two types available: Simple SCORM courses without adaptive 
presentation and courses adaptive to user learning style. The latter adopts the Honey 
and Mumford model whose implementation is used by ProPer and INSPIRE. Beside 
the course type options a simple explanation is displayed. Moreover, the author can 
select one of the predefined templates for the course interface. A picture with a  
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Fig. 2. New course options 

preview of the selected template is displayed on the right hand side of the screen for 
better usability. Once the author has made their selections they can begin creating the 
course by pressing the appropriate button at the bottom of the screen. 

In the next step a screen identical to Figure 1 is displayed with the initial course 
structure. For a simple course initially only the title with the “add” option (+ symbol) 
appears in the tree view. In the adaptive type courses, however, a predefined SCO for 
learning style selection has been added, which now allows authors to add items or 
organizations to their course. For every new item the author has to define item proper-
ties or leave the default as is. The user can also load an older SCO from the system’s 
repository. With this option the system enables the author to find and use a SCO from 
other courses and/or authors. Once the SCO is inserted the author can proceed by 
manipulating both its properties and contents. Authors can also provide some of the 
metadata information that SCORM standard proposes. This metadata can later be read 
for the retrieval and reuse of relevant educational material.  

Following this, the author starts the content orientation. A choice has to be made 
between three or five content types for simple and adaptive courses respectively. The 
available content types are: 

• Simple: where the user writes the content in a WYSIWUG editor; 
• Multipage: when a SCO constitutes more than one page. Once the user selects 

this option he/she must state the page number and the appropriate number of 
WYSIWYG editors is presented for content writing;  

• Document: where the produced page presents the content of a document, such as 
Word, Excel, PowerPoint etc.; and  

• Remember or Use: these types are available only in adaptive courses. They allow 
the user to create content for different knowledge modules (Theory, Example, 
Question, Activity) within a SCO. These modules are presented in a different order 
according to the user learning style. The module selection and their adaptive pres-
entation are based on the framework presented by Papanikolaou [11]. For instance, 
the modules’ order in a Remember page for an Activist user will be Question,  
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Example, Theory; while for a reflector it will be Theory, Example, Question. A 
typical screen for the creation of a Remember content type is displayed in Figure 1.  

During course creation the author can view the page by selecting the Preview but-
ton at the top of the screen. Once SCO creation has been completed it can be saved 
and a new one added through the icon on the course structure frame. The same proce-
dure continues until completion of course construction. Furthermore, the author may 
select an item from the course structure frame in order to change its properties and/or 
content. Items can also be deleted or their positions changed. A noteworthy feature is 
that each item in the course structure frame is adaptively annotated. The course can be 
exported to a ZIP archive according to the SCORM 2004 3rd edition standard. Au-
thors can either upload the course into any SCORM compliant LMS or proceed to 
further changes. The changes can be relative to the package, SN of the course or re-
lated to page content. These changes can be made with common SCORM package 
software and an HTML editor, such as Reload and Dreamweaver respectively. 
 
System architecture and implementation  
The system adopts a three tier architectural design (Fig. 3). The first tier is the sys-
tem’s front end, which is the client side of the prototype and involves the user inter-
face. The middle tier contains the system’s intelligence made up of the Domain 
Model (DM) and the Course Production Module (CPM). More specifically the DM 
reads data from the interface; it also forms and stores it onto the database. The CPM 
reads data from the database and dynamically creates the user interface. It communi-
cates with the DM and the database, interprets user preferences into the appropriate 
XML or HTML code and creates all the required course files. Following, it com-
presses these files into a ZIP archive and delivers it to the user.  

Lastly, Data Storage is the back end tier and contains the system’s database as well 
as a file server, whose files fall into three categories:  

• SCORM package files necessary for the creation of a SCORM package. These 
are copied as they are in the exported SCORM course packages. SCORM stan-
dard requires the existence of some standard files in every compliant course. 
Moreover, the produced courses are based on specific JavaScript and CSS files 
according to the selected type and template respectively. These files pre-exist in 
the system’s file server. 

 

Fig. 3. System architecture  
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• Educational content files (photos, PowerPoint documents etc.) uploaded from 
users to appear on course pages. When users want to insert a photo or a presenta-
tion etc. into their course, they first must upload the file and later state it in the 
appropriate course SCO.  

• Dynamically created files (HTML, XML and ZIP files) according to user prefer-
ences and submitted educational material. When the user chooses to export a 
course the system dynamically creates the HTML files with the course content 
and the imsmanifest.xml file necessary for the course package. In the final step it 
creates a zip file containing all the appropriate course material. 

Apache Tomcat 5.5 used as a web and application server and MySQL 5 as a database 
server. Java Server Pages (JSP) and Java Servlets used for the middle tier intelligence 
while HTML, CSS and JavaScript for the front tier development. 

6   Conclusion and Future Works 

In this paper we have presented ProPer SAT, a tool for the efficient and effective 
construction of SCORM compliant and/or adaptive courses. Compared with the re-
lated work ProPer SAT and ProPer can create and deliver courses adaptive to user 
learning style in the same way that AES-CS and INSPIRE do, providing a tool for 
quick course production. Further, ProPer SAT is able to construct simple SCORM 
compliant courses along with their required educational content. ProPer SAT has an 
advantage over other simple authoring tools, such as MOT, VIDET etc. for its sim-
plicity and SCORM standard adoption. Moreover, most of the SCORM compliant 
LMSs do not provide a tool for easy course construction nor do they support adaptive 
features as ProPer does. Even if advanced users can employ tools, such as Reload or 
Lectora etc., for course packaging and content development, our system provides an 
easy way for basic function implementation without needing to have programming 
skills or detailed knowledge of SCORM. In sum, ProPer and ProPer SAT offer a 
promising solution for non-technical teachers who want a simple way to be able to 
create and deliver SCORM compliant and/or adaptive courses quickly and easily. 

ProPer SAT is still in the process of development, therefore, some features have 
not as yet been implemented. Despite our conviction that its prototype, as it stands, is 
an exceptionally useful tool for teachers, more functionality needs to be added. Our 
goal is not to make this tool support the implementation of all the SCORM functional-
ities, however, a possible use of SCORM rules and conditions is under study. ProPer 
SAT will help authors create adaptive courses and define sequencing and navigation 
procedures. Moreover, some additional course-content types, such as tests, can be 
added to support user assessment. Finally, a pilot operation and evaluation of system 
effectiveness will follow in order to check for any system weaknesses, as well as 
assess the system’s functionality, usability and usefulness. It is imperative to note, 
however, that the simplicity of the authoring process, which is the driving principle 
behind the development of ProPer SAT will not be compromised to any extent, irre-
spective of any future changes that may be warranted. 
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