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Abstract—The Sharable Content Object Reference Model
(SCORM) is a set of specifications and guidelines for the repre-
sentation and operation of asynchronous distance learning. Since
it was announced in late 1990s, the reference model has been
used by software developers and academics in the development of
authoring tools, learning management systems, and repositories
for distance learning content. To date, most e-learning systems
have been based on multimedia and Web technologies on per-
sonal computers. Our project, Hard SCORM, advances the field
by implementing an integrated system which allows learners to
read SCORM-compliant textbooks using multimodal multimedia
devices. Hard SCORM employs a pen-like optical character reader
device (called Hyper Pen) as an input mechanism. A computer, a
personal digital assistant, or a cellular phone can be used for user
behavior supervision using the Hard SCORM Machine. With an au-
thoring tool, specially designed tags are printed in textbooks and
recognized by Hyper Pen for user navigation control. In this way,
users can read hardcopy textbooks in a traditional manner while
the process of reading conforms to the SCORM specification. Part
of the implemented system (Pocket SCORM on PDA) received the
2005 Brandon Hall Excellence in Learning Awards. The system has
also been used by an airline company for online security checking
and a high school for online mobile learning.

Index Terms—Augmented Paper, distance Learning, IEEE
LOM, mobile devices, SCORM, web service.

I. INTRODUCTION

I N LINE with the blossoming of Web-based learning and
real-time delivery of instruction, distance learning tech-

nologies bring to our education society new possibilities for
future education. One interesting issue in distance learning is
that interactions can be made between the instructor (could be
a computer) and students, in many different locations. With
advanced communication technology and intelligent agents
(i.e., computer programs), students are able to learn in an inter-
active manner through self-regulation-based distance learning
systems. Human-computer interaction then becomes a critical
issue. Even so, it is also true that, despite their popularity,
not everyone uses computers. People often still prefer reading
on printed books [1]. How might it be possible to bridge
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the gap between the physical world of printed pages and the
virtual world of computers, by creating convenient devices
and software for easy distance learning? Essentially, advanced
hardware and communication technologies need to be used in
conjunction with distance learning platforms. One answer was
found in an alternative approach to using ordinary computers
for multimedia interaction [2]. The Listen Reader system used
radio frequency identification (RFID) tags embedded in an
ordinary book. Electronic field sensors are then used to connect
the book to a back-end device, for presenting sound tracks.
The system was demonstrated in a museum. However, the
system may not be sufficiently portable to cope with the needs
of mobile learning. Another system uses a co-axial pen with
three optional nibs [3]. The system also includes an authoring
tool which allows users to create “active” pages. Again, with a
back-end computing device, the system supports collaboration
between two or three participants. Another system supporting
digitally augmented paper via an authoring tool was presented
in [4]. The system is able to provide hypermedia access be-
tween hard copy papers and multimedia devices. In addition,
a multilayered linking technology is developed with digitally
augmented papers [5]. Taken together, these systems reveal
an important message: hard copy textbooks are required in
learning, even though multimedia presentations may provide a
higher degree of interaction. Following this trend, several forms
of childrens’ story books (e.g., the LittleTouch LeapPad) were
enabled with augmented sound tracks to attract young children.

Inspired by the touching paper technology, we aim to provide
a solution for ubiquitous e-learning. One important issue is
we want to deliver instructions on mobile devices that can be
accessed from anywhere, any time. The device must be easy to
carry. Fortunately, there are consumer products available based
on optical character reader (OCR) technology. OCR can be
implemented as a pen-like device which allows users to scan
through textbooks. Off-the-shelf examples of such pen devices
were integrated with an electronic dictionary. In our project,
we call this type of pen device “Hyper Pens.” The name Hyper
Pen comes from the fact that a hyper jump is performed when
moving from using the device in the physical world for reading
to a virtual world where an electronic device pronounces vocab-
ulary audibly or even shows motion pictures. One contribution
of this paper is to bridge the gap between the physical and
the virtual worlds in a seamless manner by providing such a
Hyper Pen in conjunction with a distance learning platform.
Another contribution of this research project is we introduce
an integrated system with multimodal learning devices based
on the SCORM [6], with consistent learner records (LRs)
maintained for instructional assessment. SCORM is based on
HTML and Internet technologies. SCORM-related distance
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Fig. 1. Reading a SCORM-compliant hardcopy textbook.

learning systems are widely developed [7]–[12] to assist the
e-learning community in standardizing the best approaches to
creating, storing, transferring and deploying learning content.
However, this is the first time that the integration of multimodal
multimedia learning devices has been applied to a SCORM
conformant learning environment, with consistent recording of
learner events. To further the vision of combining pioneering
learning methods and advanced computing technologies, we
aim to construct a ubiquitous e-learning environment. We call
this new combination of a Hyper Pen-based learning mecha-
nism with multimodal multimedia devices the Hard SCORM 1

project. Fig. 1 shows a section of Hyper Pen navigation on a
textbook. The student is using a Hyper Pen to read a textbook
produced by our authoring tool. A personal digital assistant
(PDA) is used for multimedia presentations. The backend PC
has audio messages to guide the student. One important contri-
bution is that we allow different devices to keep track of “user
reading behavior.” The information recorded includes reading
progress, frequency and duration of accessing particular con-
tent, and the results of online tests. Reading behavior is guided
by our system according to the sequencing definitions (part
of SCORM) provided by the instructor. Thus, our approach
provides “interaction controls” in addition to using augmented
papers to link tags to multimedia records.

Our research proposes a formal definition of functionalities
and system responses. The definition uses a set of icons (or tags)
with the Hyper Pen. The activation of these tags will change
SCORM variables while the Hard SCORM Learning Manage-
ment System (LMS) is running.

We discuss the SCORM specification in the next section,
since terminologies used in this article follow that specification.
We then propose our Hard SCORM architecture starting from
a brief introduction to the authoring tool and the printed books.
The Hard SCORM Tags printed for navigation are then summa-
rized before our definition of a Hard SCORM Machine (HSM).
Implementation and technical considerations in Hard SCORM
LMS for supporting multimodal learning devices are then ad-
dressed. The system was the subject of a field study at a high
school and an airline company; this paper includes an analysis
and discussion of the results.

1Hard SCORM is a project supported by the National Science Council of
Taiwan under Grant 93-2524-S-032-002.

II. THE SCORM SPECIFICATION

The Advanced Distributed Learning (ADL) initiative [13] de-
veloped SCORM by combining and harmonizing well-accepted
specifications from the IMS Global Learning Consortium, Inc.
[14], the Aviation Industry Computer-Based Training (CBT)
Committee (AICC) [15], the Alliance of Remote Instructional
Authoring & Distribution Networks for Europe (ARIADNE)
[16], and the Institute of Electrical and Electronics Engineers
(IEEE) Learning Technology Standards Committee (LTSC)
[17]. The SCORM specification is organized into three parts:
the Content Aggregation Model (the format of courseware),
the Run-Time Environment (the protocol of running course-
ware), and the Sequencing and Navigation (with learning
status tracking, sequencing rules, and the application program
interfaces).

In order to make courseware reusable, a standard represen-
tation of contents and structures must be enforced. The Con-
tent Aggregation Model (CAM) serves this purpose. CAM can
be discussed in three parts: the Content Model, Metadata, and
the Content Packaging. The Content Model defines a hierarchy
of content components of a learning experience. There are sev-
eral levels of components in the Content Model according to the
SCORM specification.

• Assets: basic forms, such as text, images, sound, web
pages, assessment objects, or other pieces of data that can
be delivered to a Web client.

• Sharable Content Objects (SCOs): a collection of one or
more Assets. A SCO represents the lowest level of granu-
larity of learning resources that can be tracked by an LMS
using the SCORM Run-Time Environment Data Model.

• Learning Activities (Activities): an instructional event or
events embedded in a content resource or as an aggrega-
tion of activities that eventually resolve to discrete content
resources with their contained instructional events.

• Content Organization: a map (content structure) that can
be used to aggregate learning resources into a cohesive unit
of instruction (e.g., course, chapter, module, etc.).

An asset does not maintain communication with the SCORM
Run-Time Environment. However, with additional control pro-
grams, such as JavaScript, the course material can be packed
into an SCO, which follows a communication protocol and in-
teracts with the SCORM Run-Time Environment. A learning ac-
tivity is a collection of instructional events, with or without ref-
erences to SCOs. For instance, the instruction can give a pretest,
a lecture, and a final test in an activity for a particular section of
class. Content Organization is a mechanism which gathers dif-
ferent portions of course materials so they can be packed for
delivery.

Metadata definition in SCORM contains a set of standard
items, which are derived from the IEEE Learning Object Meta-
data (LOM) specification [18] for describing the components in
the Content Model. Metadata provides an efficient and effective
mechanism for content search.

Content Packaging is a standard definition allowing the con-
tent model and structure to be packed into a standard exchange-
able file, known as the Package Interchange File (PIF). PIF files
allow course contents to be exchanged in a standard form across
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different platforms. A content package contains a specific XML
document known as the manifest file (i.e., imsmanifest.xml)
which describes the organization of a course, and points to a
set of physical files for the actual contents. Usually, each phys-
ical content file is associated with an XML file which contains
the metadata. A content package also includes several control
programs to maintain the communication between the course
object (e.g., SCO) and the SCORM Run-Time Environment.

The CAM provides a standard representation format for
courseware content exchange. From the perspective of a soft-
ware system, courseware should be available on different
computers and software platforms. The purpose of the SCORM
Run-Time environment is to establish a standard protocol for
the courseware to talk to its underlying LMS. The SCORM
Run-Time Environment specification includes the procedures
and responsibilities for courseware communications with an
LMS, a set of standard application program interfaces (APIs)
to serve the communication, and a data model which describes
the messages passed between the courseware and the LMS.

The Sequencing and Navigation (S&N) specification is an-
other key feature of SCORM, providing support for alternatives
in courseware navigation and the ability of courseware to adapt
to individual students. S&N allows courseware components to
be specified in a relative order, in which conditions and selec-
tions are precisely defined. A set of sequencing rules are im-
plemented with respect to a set of course objects. While an in-
dividual student is navigating through courseware, their navi-
gation behavior and learning status are recorded and stored by
the run-time environment as an activity tree. A portion of the
run-time environment, called the Sequencing Engine, is respon-
sible for firing sequence rules and bookkeeping to keep track
of learning status (i.e., activity tree). As soon as the sequencing
engine receives a request from the courseware, the sequencing
rules are fired at each step according to the behavior definitions.
The outcomes of the sequencing process may update the status
model of each individual student. LMS implementations should
provide a mechanism to keep the activity tree of each user.

The short discussion above explains a few terms used in this
paper. Our motivation is to design and implement a system
which is SCORM-compliant, with additional technologies
developed to enable the use of ubiquitous devices. Our project
is called “Hard SCORM,” which we will discuss in Section III.

III. THE HARD SCORM PROJECT

Can distance learning only use technologies such as HTML
and websites? In many cases, these technologies on their own
are more than adequate. However, if we consider distance
learning solutions from a systematic and ubiquitous perspec-
tive, HTML and the Web only provide a partial solution. The
Hard SCORM project aims to deliver an integrated system for
SCORM-based e-learning on multimodal multimedia devices.
The project includes an authoring tool for users to aggregate
learning objects and to package courseware for delivery. The
courseware can be accessed by different devices including
cellular phones, PDAs, PCs, and Hyper Pen, which recognizes
a set of Hard SCORM Tags. We discuss the definition of these
tags and the design of the authoring tool in the next section.

The mechanism of running the Hard SCORM LMS is then
discussed.

A. The Hard Scorm Tags and Authoring Tool

In order to allow Hyper Pen and the LMS to communicate, a
special communication mechanism is required. Firstly, we need
to define a set of tags, which can be recognized by Hyper Pen.
During a reading session these tags are scanned and recognized
by the Hyper Pen. The definition of Hard SCORM Tags con-
siders effective interaction and consistency with SCORM’s se-
quencing and navigation specification. Through the authoring
tool, these tags are printed on hardcopy books automatically.
Hard SCORM Tags are divided into four categories.

• Navigation Tags: User navigation is controlled by using
Navigation Tags. These tags are generated automatically
by the authoring tool according to the definition of se-
quencing specification given by the instructor.
• — Page Tag is associated with a page number, ,

which indicates current navigation focus. Activation of
the tag changes the status of an activity tree.

• —Next Page Tag allows a navigation to move for-
ward to the next page and change the status of an activity
tree.

• —Previous Page Tag is similar to the Next Page Tag.
• —Page Index Tag allows users to jump to a partic-

ular page.
• Reference Tags: Multimedia resources can be used as ref-

erences, which are triggered by Reference Tags.
• id —Video Reference Tag shows a video.
• id—Audio Reference Tag plays an audio clip.
• id —URL Reference Tag launches a website.
• id—Flash Reference Tag presents a Flash anima-

tion.
• Answer Tags: Answers in a test can be recorded by a

SCORM LMS.
• —Start Quiz Tag starts a quiz session. All answers

need to be recorded before the end of the session.
• —End Quiz Tag ends a quiz session. The quiz is then

evaluated.
• id —Question Tag allows the user to identify a ques-

tion to give the answer.
• —Multiple-Choice Tag al-

lows a learner to answer.
•

—True-False Tag is similar to the Multiple-Choice
Tag.

• —Fill-in-Blank Tag allows a learner to give an an-
swer to LMS. A popup window on a PC or PDA is used
to enter a single line text.

• Auxiliary Tags: These tags turn on/off or control Hard
SCORM LMS.
• —Start Tag turns on the Hard SCORM LMS.
• —End Tag turns off the Hard SCORM LMS.
• —Pause Tag suspends the Hard SCORM LMS.
• —Continue Tag resumes the Hard SCORM LMS.
• —Learner Status Tag provides status parameters to

learners as an output.
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Fig. 2. Hard SCORM Authoring Tool.

An authoring tool was developed to generate Navigation Tags
automatically according to the sequencing specification. Refer-
ence Tags and Answer Tags are inserted by the instructor when
a particular content page is designed. Finally, Auxiliary Tags
are printed on a Hard SCORM control panel, which is inserted
into each Hard SCORM textbook for navigation controls. Some
other authoring tools for SCORM compliant contents are found
in the literature [11], [12]. These tools produce e-learning con-
tents on the Web or standalone computers, instead of producing
hard copy textbooks with augmented digital links. Generally
speaking, the Hard SCORM Authoring Tool is a content aggre-
gation and packaging tool, with special functions to design tags.
The user interface is divided into the following five areas, as il-
lustrated in Fig. 2.

1) Menu and Tool Bars.
2) Content Aggregation Window.
3) Resource Pool Window.
4) Hard SCORM Tag Bar.
5) Content Design Window.
The Menu and Tool Bars area includes a set of rich editing

functions, which are similar to ordinary authoring tools. The
Content Aggregation Window visualizes SCOs and assets,
which can be inserted, deleted, or moved in a Content Aggre-
gation by ordinary drag and drop methods. Multiple Content
Aggregations can be loaded to the authoring tool for editing
as well. The Resource Pool Window shows the learning re-
sources in the current content aggregation. The Resource
Pool Window also displays the available assets, which can
be stored in different directories, or searched for on local and
remote sites using criteria according to the SCORM metadata
definition. The Hard SCORM Tag Bar contains four Reference
Tags, which can be added to a Hard SCORM textbook. These
Reference Tags, when triggered by a Hyper Pen, can present

multimedia resources such as flash animations, audio, video,
or even another Web site as a reference. The Content Design
Window shows the final design of assets. The Hard SCORM
Authoring Tool can be used with ordinary Web presentation
design tools, such as Microsoft FrontPage, which generate
HTML files as assets.

In order to compute the organization and layout of a Hard
SCORM textbook, a printing wizard is available. In general, the
organization of a Hard SCORM textbook is similar to a tradi-
tional textbook. We believe that it is easier for the readers to
follow if traditional reading behavior is considered. Thus, in the
development of the Hard SCORM project, we carefully examine
the behavior of ordinary readers. Their behaviors are considered
in the design of tags, and in how Hyper Pen should be used.
Based on a typical textbook, with limited modification, a Hard
SCORM textbook includes the following.

• The Hard SCORM Control Panel contains Auxiliary
Tags for navigation control.

• The Table of Contents of a Hard SCORM textbook en-
ables the “choice” sequencing mode (i.e., to read a partic-
ular section). The hierarchy can be extended to an arbitrary
level of depth. The LMS is able to recognize the Page Index
Tags in the Table of Contents, and guide the user to flip to
a specific page.

• Chapters and Sections (include tests) represent levels of
aggregation. Each chapter, section, or test may contain
Navigation Tags, Reference Tags, and Answer Tags.

• The Index contains a list of term-to-page pairs. Invocation
of a Page Index Tag allows the user to navigate to a specific
page which contains such term. The LMS is able to guide
the user to flip to a specific page.

The Hard SCORM Control Panel is printed as a separated
page for each Hard SCORM textbook. The invocation of tags in
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Fig. 3. Example of a Hard SCORM Student ID and Control Panel.

the control panel changes the navigation status of an individual
learner. In addition, a Hard SCORM Student ID is printed for
each student so they can log in to the LMS. The underlying
database keeps student registration records, which are used to
produce the IDs. Fig. 3 shows examples of a student ID and
the Hard SCORM Control Panel. Different portions of a Hard
SCORM textbook are shown in Fig. 4.

The Hard SCORM Authoring Tool and several video demon-
strations are available for download at http://www.mine.tku.
edu.tw. The authoring tool has been used by several e-learning
content providers and universities around the world2. Content
created by the authoring tool can be printed and run on the Hard
SCROM Machine, which we will discuss in the next section.

B. The Hard Scorm Machine (HSM)

Navigation behavior in a SCORM-compliant interactive ses-
sion is defined by the sequencing rules associated with each
SCO and its immediate descendent SCOs, according to the Se-
quencing and Navigation (S&N) specification. In a typical on-
line learning session, the sequencing engine (part of the LMS)
takes control. The engine decides which portion of learning con-
tent can be accessed or should be accessed. The SCORM S&N
specification discusses the basic control mechanism. However,
controlling user behavior during the reading of a Hard SCORM
textbook requires a more sophisticated mechanism. It should be
remembered that a learner can turn to any page of a textbook
without letting the underlying sequencing engine gain control.
Thus, user behavior, when a Hard SCORM Tag is accessed,
should be controlled with caution. Abnormal behaviors should
be accompanied by audio alerts. In some exceptional situations,
interaction should be disabled. We make use of a HSM, which
is based on the concept of finite state machine (FSM). We refer
to FSM as a deterministic FSM in this paper.

A FSM, , is represented as a 5-tuple

2We continuously receive requests by universities and industrial partners in
the SCORM community to receive a trial version of the Hard SCORM Au-
thoring Tool 1.0. As of March 28th, 2006, at least 12 institutions had already
installed the authoring tool.

3A finite-state machine can be nondeterministic. That is, the outcome of a
nondeterministic finite-state machine results in different state transitions. How-
ever, the interaction in Hard SCORM should be deterministic.

where

finite set of internal states, for HSM,

;

finite set of symbols called the input
alphabet, for HSM, set of Hard
SCORM Tags;

total function called the transition
function, for HSM, is defined in
Section III-C as transition tables;

initial state, for HSM, ;

set of final states, for HSM, .

A FSM operates as follows. Typically, a FSM starts with one
initial state, , in . Within the finite set of input alphabets,
when the transition function receives an input symbol, , trig-
gers a move from state to state . The transition function
was applied one or many times. If one call to the function re-
sults in a state in the set of final states , the FSM terminates
with an acceptance. If state transitions consume all input alpha-
bets in the input sequence and no final state is reached, the FSM
fails (exception condition). The HSM, with its detailed transi-
tion table, is defined in Section III-C.

Fig. 5 illustrates the HSM. The unique initial state, , receives
a start signal (when the student logs in to the system) and transits
to the Reading state. In addition, the HSM has other states (and
a quiz submachine) as described below.

• Reading: While a user is reading in a correct range of
reading pages, the machine is waiting for a tag to be ac-
cessed. In general, a user spends most time in reading state.

• Behavior and Context (BC) Analysis: Once a tag is used
and a correct destination page is confirmed, the machine
stays in the BC Analysis state for action analysis. This state
is used in two-phase transactions (to be discussed). The BC
Analysis state is a special state, which represents a waiting
status to be completed by another behavior.

• Warning: While a reader is reading in a wrong page (due
to an incomplete two-phase transaction), the Warning state
will signal audio messages and wait for the reader to pro-
vide a correct navigation choice.

• Suspending: The reader may suspend the state machine-
this also suspends the accumulation of learning time.

• Quiz Submachine: The submachine is implemented as an
assessment system controlled by a Java program of a SCO.
The Quiz Submachine, as illustrated in Fig. 6, has two
states:
• Question Identification : As soon as the submachine

is triggered (by the Start Quiz Tag), the user needs to
scan a Question Tag to identify which question that to
be answered.

• Answer Recording : The user provides an answer (true/
false, multiple choice, or fill-in-the-blank question types
are acceptable to the tag recognition mechanism). Then,
the user selects the next question. If no answer is pro-
vided and another Question Tag is selected, the newly
selected tag will identify a question. Any question that
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Fig. 4. Example of a Hard SCORM Textbook.

is never accessed receives a failure score. Finally, the
End Quiz Tag is used to end the quiz. Optionally, the
test score can be reported to the user.

The HSM has a unique final state . In the Reading state, when
an End Tag is used, the machine reaches state and is accepted.
This means a particular interactive session is completed.

A two-phase transaction requires the user to access two Hard
SCORM Tags. For instance, the user may choose a Page Index
Tag based on the choice mode of the S&N specification. The
two-phase transaction is not completed until the Page Tag on
the destination page is accessed. In contrast, a one-phase trans-
action requires only one tag to be accessed. For instance, the
user may access the Pause Tag to suspend reading. Or, the au-
thor may choose a Reference Tag to trigger a video clip (ended
by closing the video window). We summarize these transactions
below.

• Two-phase transactions
• Content Navigation : The transaction is triggered by

a Navigation Tag, including Page Index Tags and Pre-
vious/Next Page Tags, and committed by a Page Tag.
The transaction is controlled by the Behavior and Con-
text Analysis State in Fig. 5. Depending on the behavior
of a user, a different sound signal will be used, especially
in the Warning State.

• Quiz : The Quiz Submachine handles two-phase trans-
action for answering a problem in a quiz session. The
first phase is responsible for question identification; and
the second phase checks for an answer type associated
with its answer value, if multiple choice or true-false
questions are used. For fill-in-the-blank questions, the
second phase is completed with a text answer given in a
popup window (on a PC). If two or more Question Tags
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Fig. 5. HSM.

are used, the last tag is used to identify the question to
be answered. The machine itself is controlled by another
two-phase transaction, which takes a Start Quiz Tag and
an End Quiz Tag.

• One-phase transactions
• References: One phase transactions deal with Refer-

ence Tags and Auxiliary Tags. In most situations, the
HSM is in the Reading State. When a Reference Tag
(video, audio, etc) is selected, an associated multimedia
reference will be used and terminated automatically
at the end of the particular reference duration. If the
user checks his/her learner status, the machine will give
a description (either using a popup window or using
an audio record). Reading multimedia references or
checking learner status occurs in the Reading State.
However, if a Pause Tag is triggered, the machine
moves to a Suspending State. A Continue Tag resumes
the Reading State.

• Exception Handling
• System Alert: If the user fails to follow audio mes-

sages for navigation (i.e., incorrect pages are accessed
for more than a predetermined number of times), the
HSM forces the user to resume from a particular page,
where the last normal navigation was accepted by the
machine. Message M15 (see Table III) is used for ex-
ception handling.

C. Transition Tables of the HSM

Usually, the transition table of a FSM uses both the row index
and the column index to represent state numbers. We use an al-
ternative representation (see Table I). The column index rep-
resents states names as usual. However, the row index repre-
sents message types. Therefore, a column index and its associ-
ated state actions (as contents of the table) together represent
the transition of a particular state.

A state action item (as the content of table) is represented
as an “Actions Next State” pair. “Actions” represents zero
or more functions to be performed. “Next State” is a mandatory
and unique state name since the HSM is deterministic. Functions
in Actions include audio messages to be announced (M1–M14,

Fig. 6. Quiz Submachine.

summarized in Table III) and changes of state variables such
as “current page” visited (e.g., , , for incre-
ment, decrement, and assignment of current page, respectively).
In addition, “Save LR” represents a transaction commit where
the LR will be saved, if the current page accessed ends a par-
ticular transaction. “Report” indicates a function to announce a
learner status or a score of quiz session. In the row index (the
first column in Table I), some of the Hard SCORM Tags are
used as the conditions of input alphabets. However, since a Page
Tag will be compared with a state variable (i.e., CP), we use
“ ” and “ ” to represent whether a Page Tag
accessed meets an intended current page. Finally, a blank cell
in the content of Table I represents an exception, in which case
no action4 will be performed if the tag is selected. Mostly, the
user has to select particular tags to operate the HSM. Table II
illustrates the transition table of the Quiz Submachine. The rep-
resentation is similar to Table I.

The implementation of the LMS requires a back-end server
and a front-end interface. The front end interface is not limited
to Hyper Pen. As we have discussed, we allow the user to use a
PDA, cellular phone, PC, or Hyper Pen to access contents, using
a consistent bookkeeping mechanism for LRs. This mechanism
requires a representation and a sophisticated architecture.

D. Learner Records

A LR keeps track of the progress of an individual student’s
learning experience. In SCORM, an Activity Tree represents the
status of a particular experience while a student is visiting a
SCORM-compliant course. It is not the definition of SCORM
which restricts the representation of a particular implementa-
tion of an Activity Tree. The definition of SCORM also does not
indicate how instructional design methodologies are applied to
Activity Trees. Therefore, the representation of LRs can be de-
fined as the representation of an Activity Tree plus internal data
structures to support a SCORM-based LMS. Since LRs are not
defined in the SCORM specification, we propose a generic def-
inition to implement our HSM.

A LR, , is represented as a 4-tuple,

4Instead of no action performed, the system may provide an error message
“Inadequate tag, please try again.” However, this message may bother the user.
Thus, to present the message is optional.
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TABLE I
TRANSITION OF THE HSM

TABLE II
TRANSITION OF THE QUIZ SUBMACHINE

where

generic tree representation that follows content
aggregation, which contains SCO clusters as
elements. Each cluster has a learning time and its
associated links to child clusters. Also, each cluster
may or may not contain a testing record, which
contains two parts: a List of User Answers, and a
Quiz Score. Testing records need to be stored if
intelligent tutoring is to be used;

accumulated learning time, which represents how
long a student uses the LMS;

index to the cluster visited;

representation of Learning Objectives. The
SCORM specification separates Learning
Objectives from Learning Activities. The
associations of contents to learning objectives are
not restricted.

LRs are updated by HSM transitions as side effects. These side
effects are maintained by a database, which can be used by an in-
structor for the assessment of student performance. For instance,
Learning Objectives and learning time are typically used in per-
formance assessment.

E. Consistency of Learner Records

As we have indicated before, LRs among different devices
are maintained in a consistent manner such that when the user
uses different devices, his/her learning records are portable and
consistent. This is controlled by our backend LMS. Navigation
on PCs, PDAs, or cellular phones is similar to the HSM principle
in terms of learning experiences. LRs are saved if a particular
cluster is completed (i.e., a transaction is completed). However,

TABLE III
SUMMARY OF AUDIO MESSAGES

PDAs and cellular phones have to deal with the offline situation.
A PDA or cellular phone saves LRs and uploads these records
to our central server as soon as the mobile devices are online.
We discuss how the central server is implemented using the .net
architecture in the next section.

IV. IMPLEMENTATION OF THE HARD SCORM LMS

The first implementation of the Hard SCORM LMS was com-
pleted in January 2005 and demonstrated at an ADL Confer-
ence in February 2005. In order to support new mobile devices,
the interface on PDAs and cellular phones was revised in early
2005. We discuss the implementation from different perspec-
tives below.

A. Special Functions in the Implementation

Due to the screen size and the storage limitations, a few im-
portant functions are implemented on PDAs and Smartphones.
Object reflow technique resizes text, video, and image on PDAs
and Smartphones to fit their window sizes. As a result, the reader
only needs to use the vertical scroll bar to read contents. The
reader can also add personal notes to the content, which can
be uploaded to the server. In addition, special caching algo-
rithms are implemented in our LMS and mobile devices. The
Sequencing and Navigation specification discussed in SCORM
requests learners to follow a predefined navigation topology.



SHIH et al.: UBIQUITOUS E-LEARNING WITH MULTIMODAL MULTIMEDIA DEVICES 495

Fig. 7. Revised architecture for multiple devices based on SCORM Run-Time Environment.

Thus, ordinary caching mechanisms are not suitable. Parame-
ters of our caching strategy include control modes of sequencing
rules, content sizes, frequency and duration of visits, and net-
work conditions.

On the other hand, Hyper Pen needs to recognize tags. Our
first attempt and the current approach are to recognize Hard
SCORM Tags in text forms, since OCR-based technology is
well-developed. However, text-based tags mix the tags with text
instructions. Our next step of implementation will use technolo-
gies from content-based image retrieval with a small set of pre-
defined shapes and to allow graphical tags to be recognized.
Thus, clearness of text-based instructions will be improved.

B. A Revised Architecture

We revised the system architecture discussed in the run-time
environment specification of SCORM to serve the needs of ac-
commodating multiple learning devices (see Fig. 7). The Web
service framework is suitable to support our implementation
since the framework reduces the overhead between service re-
questers and service providers. The advantages of using Web
service architecture in e-learning, in general, have been reported
in the literature [19]–[21]. SCORM is XML-based and Web ser-
vice architecture is also an XML-based message framework.
As a result, the data model and the API functions of SCORM
are easily integrated with the framework. In Fig. 7, the Orig-
inal SCORM APIs are converted and used as Web services.
The basic operations of the Original SCORM APIs, such as ad-
ministration, session management, sequencing control, learning
content delivery, etc., are supported by the revised architec-
ture. These services are easily extended according to different
specific services requested by different end devices (i.e., PCs,
PDAs, etc).

To ease the implementation of SCORM API adopters, a WSG
(Web Service Gateway) for the SCORM API is also introduced.
With the help of WSG and the revised architecture, traditional
invocation of SCORM APIs and other LMS servers which do
not support Web services can also use WSG to wrap the original
information and send requests to the SCORM web service (part
of our LMS). The ECMAScript [22] in the SCORM Run-Time

Environment specification interacts with SCORM API instances
(Java Applets) to communicate with the LMS server. In our
framework, however, the SCORM API instances are not the only
way to communicate with the LMS server. It is also possible
to use ECMA script to create messages and send them to the
SCORM Web service. This addresses the need to support di-
verse communication channels. This solution enables platforms
which do not support Java Applets.

C. The Transmission Protocol

In general, the transmission protocol between the LMS
and end user devices can be either HTTP or SOAP [23]. We
use SOAP messages to encapsulate parameters passed in the
SCORM Run-Time Environment. However, the underlying
transmission protocol for the mobile devices uses either IEEE
802.11 or GPRS, depending on a particular hardware imple-
mentation. Thus, parameters are bound in SOAP messages,
which are transmitted over IEEE 802.11 or GPRS.

D. Types of Mobile Devices Supported

The Hard SCORM LMS supports different learning devices
including PCs, PDAs [24], [25], cellular phones, and Hyper Pen
[26]. Figs. 8 and 9 illustrate the user interfaces on PDAs and
Smartphones running Windows CE. So far, we have tested a
few PDAs (Dopod 700, HP iPAQ 5550, and AnexTEK SP230)
and Smartphones (Dopod 565 and Mio8390) in our proposed
architecture. In addition, the Hard SCORM LMS is running
on Web browsers for PCs. Our demonstrations are available at
(http://scorm.mine.tku.edu.tw).

V. EXPERIMENTS AND ANALYSIS

A. Experiment Assumptions

The Hard SCORM LMS was developed and used. To com-
pare the effectiveness of the proposed learning environment
with traditional learning, three substantial assumptions had to
be made beforehand.

Assumption 1: The Hard SCORM project offers learners
the dual advantages of multimedia capabilities and nonlinear
reading style.
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Fig. 8. SCORM LMS on PDA.

Fig. 9. SCORM LMS on Smart (cellular) Phone.

The Hard SCORM LMS was designed to support multi-
modal multimedia learning devices. Hard SCORM textbooks
make possible multimedia presentations which could not be
displayed in ordinary textbooks. Furthermore, the features of
augmented textbooks facilitate nonlinear learning behavior.
The multimedia presentations enhance the richness and diver-
sity of learning content, and the nonlinear learning behaviors
provide for the needs for learners to read in a well-organized
learning environment.

Assumption 2: The Hard SCORM textbooks are able to solve
the problems of information overload and learning disorienta-
tion in a hypermedia learning environment.

The Hard SCORM LMS integrates the functionality of
multimodal multimedia devices with the advantages of conven-
tional textbooks. Certain issues often arise within a hypermedia
learning environment, such as information overload and
learning disorientation. Those issues mainly result from the
shear volume of loosely organized information in such an
environment. Learners might become easily disorientated and
distracted due to the multimodal learning contents, which can
negatively affect their learning performance. When we refer to
information overload we mean the heavy burden of receiving
massive amounts of information in a short time. When we refer
to learning disorientation we mean the obscuring of learning
objectives and contents in a chaotic learning environment.

Assumption 3: The Hard SCORM project retains and aug-
ments the familiar conventional learning behaviors of reading
hardcopy books.

Our Hard SCORM LMS extends multimodal multimedia
learning devices to facilitate learning on hardcopy books,
while retaining the substantiality, stability, and convenience

Fig. 10. Using Hard SCORM LMS and Hyper Pen.

of traditional textbooks. Learners are able to perform familiar
actions, such as page turning, book marking, and annotation
on hardcopy books, thereby enhancing learning efficiency. Our
project aims to provide the possible solutions to accommodate
future learning styles with advantages in both physical and
cyberspace learning environments.

B. Experiment Setup

As part of our Hard SCORM project, testing of the Hard
SCORM LMS took place at a local school5 for three weeks
during the summer of 2005. Students were divided into two
groups. The first group (25 students) used tablet PCs equipped
with Hyper Pens (see Fig. 10). The second group (seven stu-
dents) used PDAs. For each student in the first group, a View-
Sonic Tablet PCV1100 tablet PC and an Anoto AB C-Pen 20
OCR device (i.e., Hyper Pen) were used. For the students in the
second group, seven PDAs were used (three HP iPAQ 5550, two
Dopod 700, and two AnexTEK SP230 PDAs). Students used the
devices both at home and in school. In addition, all students used
the Hard SCORM LMS on a PC while they were in school. The
teachers used our authoring tool and designed six units of course
material based on content supported by the Ivy League Analyt-
ical English, Taiwan. Three research assistants worked closely
with the high school teachers and students for system installa-
tion and training.

A Likert scale6 (as shown in Table IV) questionnaire was de-
veloped to probe students’ feedback and to verify our assump-
tions. The questionnaire contained 18 questions which can be
categorized into six items relating to three different types of
learning platforms: traditional textbooks, Hard SCORM text-
books, and the online LMS.

C. Experimental Result and Analysis

After collecting and analyzing the questionnaire answers, the
experimental result from a quantitative perspective has been
summarized as Table V. Items 1–1 and 1–2 are designed for ver-
ifying assumption 1, and items 2–1 and 2–2 apply to assumption
2. Finally, assumption 3 can be supported by items 3–1 and 3–2.
The acronyms , , and stand for the three types of the

5The Chun-Li High School, Taiwan is using our system to teach English in a
11th grade class of 32 students.

6The Likert technique presents a set of attitude statements. Subjects are asked
to express agreement or disagreement of a five-point scale. Each degree of agree-
ment is given a numerical value from one to five. Thus a total numerical value
can be calculated from all the responses.
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TABLE IV
SCORING OF THE DEGREE OF ACCEPTANCE FOR EACH ITEM

distinct learning platforms, i.e., the conventional textbooks, the
online LMS, and the Hard SCORM textbooks respectively.

Based on our experimental results, we have noted some inter-
esting patterns of response, as summarized and analyzed below.
Concerning the diversification of learning contents, although the
mean value of using Hard SCORM textbooks is intermediate
among the three different learning platforms, the percentage of
“strong agreement” responses for HS in item 1–1 (9.52%) is
higher than the other two (4.76%, respectively). This interesting
result reveals that a few learners agreed the learning contents are
more diverse in the augmented learning environment. However,
the result in item 1–2 shows the learning contents are less clear
and less well organized in HS than in the other two learning
platforms. This might be caused by the supplemental learning
contents being delivered to the learners via the digital devices
instead of using a simplex learning platform.

Regarding assumption 2, the result in item 2–1 shows most
learners felt that the information overload was increased while
using the augmented learning devices. However, the result also
revealed that both the conventional textbooks and the online
LMS have the same problem. It should be noted that the Hard
SCORM textbooks augment different learning platforms and
result in an increased information overload. Concerning item
2–2 from a negative perspective in the questionnaire, the result
shows that learning disorientation turns up easily while reading
via online LMS. Furthermore, the learners are easily distracted
while reading the conventional textbooks. On the other hand, the
learning contents are impressive to the learners while learning
through Hard SCORM textbooks, and this may be mainly as-
cribed to the interconnection between hardcopy books and dig-
ital multimedia learning contents. Finally, learning performance
was maintained in the Hard SCORM learning environment.

Statistical analysis of the results of items 3–1 and 3–2 shows
that learning through conventional textbooks fits the major
learning behaviors and provides efficiency and convenience.
However, the percentage of “strong disagreement” responses
for conventional textbooks (14.29%) is the highest among
the three learning platforms. This is an interesting result and
may reflect the fact that a few learners who are well adapted
to the digital learning environment felt that efficiency and
convenience were unsatisfactory while reading conventional
textbooks. The experimental results also signify that most
learners are still accustomed to having learning activities via
hardcopy textbooks rather than purely using the electronic
learning devices.

Another set of questions was designed by a professor in the
school of education to evaluate our LMS and course contents.
Out of the 32 sets of answers from the students, 25 included

useful suggestions (20 from the first group and five from the
second group). The quantitative result shows that learners
agreed that using Hyper Pens augmented the textbooks, facili-
tated exploring the associated multimedia learning resources,
and improved the learning performance during the learning
processes ( , ). The students were
highly accepting the stability of the proposed Hard SCORM
LMS ( , ). Below is a summary of
learner experience and feedback after using Hard SCORM
from a qualitative perspective. Generally speaking, the students
were very interested in using the new technology. Some of the
notable positive comments include:

• the design of LMS interface is user friendly;
• the user’s menu and online help are clear and easy to read;
• the use of Hyper Pen for learning fit ordinary reading be-

havior;
• the Hyper Pen records LRs precisely;
• the LMS provides immediate feedback;
• the LMS helps learners to understand their learning perfor-

mance;
• the LMS can help to find out some critical points in

learning;
• the hyperlinks from a textbook to multimedia presentations

are useful.
However, there were also some drawbacks to using our LMSs:

• the Hyper Pen does not recognize tags effectively;
• the PDA screen is too small for reading;
• the Tablet PC is too heavy;
• it takes a long time to charge the Tablet PCs.
In addition, we have observed that most young students are

interested in using high-tech devices such as PDAs and Smart-
phones for learning. Learning performance is improved, espe-
cially in English vocabulary, due to the fact that learners are
able to read the vocabulary on hardcopy books as well as ac-
cessing the corresponding pronunciation via audio links. We
also asked two professors in computer engineering to evaluate
software performance of our system. In their experience, using
Hyper Pen was easy and the access time was very short. How-
ever, downloading lecture notes to PDAs and Smartphones is
still slow due to the transmission rate of GPRS.

D. Use Case in a Domestic Airline Company

Additional testing of the Hard SCORM LMS was carried out
by pilots at TransAsia Airways (http://www.tna.com.tw/). The
PDA version of the LMS, called “Pocket SCORM ” was sup-
ported by a collaboration project with the Institute for Informa-
tion Industry, Taiwan. The system received the 2005 Brandon
Hall Excellence in Learning Awards. In the customized version
of LMS, aircraft security checks were performed by a pilot be-
fore taking off. The checklist items were treated as testing ques-
tions which are controlled by JavaScript. As soon as the pilot
completes the routine check, the record can be uploaded to a
central server. In addition, the customized LMS facilitates video
presentations on Pocket PCs. Thus, the pilots are able to read
news or lecture presentations while they are waiting for mis-
sions. A demonstration of the award-winning system is avail-
able at http://www.elearn.org.tw/PocketSCORM/.
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TABLE V
RESULT OF THE QUESTIONNAIRE

VI. CONCLUSIONS

Our project represents the first time the Hyper Pen device has
been used in a SCORM-based LMS. We designed and imple-
mented such an LMS, based on Microsoft’s Web service ar-
chitecture. A few systems on mobile devices have been devel-
oped to be used in conjunction with the Hyper Pen. As an inte-
grated system, the LMS supports students in using multimodal
learning devices to read the same course material consistently.
Individual LRs are maintained in a central server. To allow an
instructor to develop SCORM-compliant courseware for sup-
porting the ubiquitous learning environment, an authoring tool
(partially addressed in this article) was also developed. It should
be noted that the PDA and cellular phone versions of our pro-
posed systems received the 2005 Brandon Hall Excellence in
Learning Awards. We are currently seeking a telecommunica-
tion company to transfer our technology.

The main contribution of this paper is to bridge the gap be-
tween reading in a traditional manner and learning by using
electronic devices (such as PDAs). Both SCORM and a Web
Service architecture were used to realize this concept. Although
the rating statistics of the three distinct learning platforms in
the experimental results are not significantly different, however,
the learning performance while using our proposed augmented
learning environment is improved, and the information over-
load is not increasing significantly while dealing with the mul-
timodal learning devices. We believe that, with high-tech mo-
bile devices, ubiquitous e-learning will have a positive impact
on education, especially for the younger generation who are en-
thusiastic about using mobile devices and accomplished in their
use.

We are looking at two directions for our future research. First,
the current Hard SCORM Tags are static. That is, because the
navigation topology can vary from student to student, the ac-
tivation of a tag results in a unique outcome (e.g., accessing a
fixed video or jumping to the next page). However, it is pos-
sible to use an encoding technique to embed multiple branching
for tag activations. Such an encoding technique could be used
with an intelligent tutoring system based on a revision of the

sequencing and navigation specification, as well as an assess-
ment model of students’ test performance. In conjunction with
a printed textbook, supplementary materials might be offered on
PCs or PDAs, for example as remedial material for those who
need help. We are developing the assessment mechanism based
on a technique that uses a so called student-problem table and
its associated caution indices. Second, we intend to enhance our
Pocket SCORM system (part of our LMS) by using a built-in
camera on a PDA or cellular phone. The camera can be used as
a tag recognition device, thereby replacing the use of Hyper Pen.
However, current Hard SCORM Tags are small in size, making
reliable recognition problematical. We have developed a second
version of tags, which embed colored shapes printed underneath
the ordinary text. The built-in camera captures these tag images
and transmits them back to a tag recognition server, which is
connected to our LMS. Without interfering with reading, and
with the help of GPRS or IEEE 802.11 communication tech-
niques, a student can use a single PDA or cellular phone and
a Hard SCORM II textbook in a library to read textbooks and
watch supplementary video presentations.
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