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Objective: In recent years, educators have increasingly adopted e-learning. Unfortunately, most e-coursewares or
Computer-Aided Instructions (CAI) could not always fulfill educatorsû needs. This results in a need to develop their
own e-courseware by using available electronic authoring tools; however, there are difficulties in using these tools. The
present study was intended to research on the difficulties in using authoring tools and to identify features needed by
educators, the results would de used to develop an innovative CAIBuilder software.
Methods: Waterfall model, human-computer interaction and object action interface model have been employed in
designing and implementing CAIBuilder. The software was written with ToolBook OpenScript. The beta version was
tested, bugs were fixed and additional features were coded. The final version was used to conduct two workshops for
fifty-three non-programmer university educators. Pre-test and post-test questionnaires were distributed to collect demo-
graphic data, knowledge, concepts, skills, experience, and confidence on creating multimedia applications, including key
features of CAIBuilder.
Results: The results were analyzed and presented in percentages, and the Wilcoxon signed rank test was used for
comparison. The results demonstrated that over 85% of non-programmer educators found CAIBuilder was user-friendly,
easy to learn, and also powerful. The Wilcoxon signed rank test at a significant level p < 0.0001 indicated that, after
the CAIBuilder workshops, over 80% of participants had increased their knowledge and confidence in creating
multimedia applications by themselves, creating computerized test items, navigational controls and program flows.  The
Autonomic Nervous System and Physical Modalities are two examples of interactive e-courseware implemented by
using CAIBuilder. and they have been Currently, they are being used in the teaching of physiology and physiotherapy
to medical students at the Faculty of Medicine, Siriraj Hospital.
Conclusions: CAIBuilder is an innovative electronic authoring tool of choice for non-programmer authors to create an
interactive e-courseware of good quality with feedback in a reasonably quick time frame without programming.
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-learning is playing an increasingly impor tant
role in educational systems, especially medi
caleducation, whereas a shortage of medical

doctors has been a major public health problem in
Thailand.1, 2  This problem brings about an emergence for
medical schools to produce more medical graduates3 while
the number of medical staff is still unchanged or, even
worse, reduced because of the national policy of laying
off staff.  At the same time, medical education has quietly
expanded in terms of content overload.4 E-learning via
electronic courseware (e-courseware) or Computer Aided
Instruction (CAI) can help the teaching staff transfer an
enormous amount of knowledge to their students and save
more of their time concentrating on research.5 At present,
multimedia teaching materials are available to some
extents. However, they do not fulfill most of the needs of
university educators.6 To produce good CAIs relevant to
curricula, at least four kinds of experts are required, in-
cluding content or subject matter experts, instructional de
signers, computer programmers and graphic designers.7-9

In general, it can be assumed that every teaching staff
member is a content expert. In Thailand, there are very
few instructional designers; hence, the staff member is
also presumably an instructional designer. There are only
a very small fraction of the staff who are also capable of
computer programming and graphic designing. The diffi-
culty in co-operation and communication among many
experts to produce a good CAI has been known as a
major problem which causes delivery delay.10, 11

At present, electronic authoring programs or tools avail-
able in the market, such as Asymetrix ToolBook II In-
structor, Macromedia Authorware, and Macromedia
Director, are either easier to use but less powerful or
more difficult to use but more powerful.6,9,12,13 Most
academics, who are not programmers, have almost always
found that an powerful software is quite difficult to start
with and takes too much time to learn.14 They also found
that the easier-to-use software contains too little function-
ality or the software is not powerful when the software
has been used for awhile. Sometimes the staff found that
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the functionalities they would like to use to create their
electronic lessons were not available. These findings bring
up a need to research and develop an electronic authoring
tool that fulfills the non-programmer academicsû require-
ments. The software should be able to be learned easily
with less effort on scripting or programming and yet
providing powerful functionalities. Hence, in the present
study, the innovation of an electronic authoring software,
namely CAIBuilder, that can be used by most inexperi-
enced e-courseware developers or non-programmer aca-
demics has been researched and developed.

The research and development methodology or soft-
ware engineering was based on the Waterfall Model15

which is a methodology of standard software engineering.
It comprises (1) identifying usersûrequirements and pro-
blems, (2) analyzing the usersû requirements and problems,
(3) designing software, (4) coding and implementing soft-
ware, (5) testing and debugging, and (6) documenting and
maintaining the software.  The research was divided into
four parts consisting of the following (I) identifying the
electronic authorsû requirements and problems by inter-
viewing experienced academics who used to develop
multimedia lessons; (II) designing and implementing the
software by using OpenScript (a programming language
of Asymetrix ToolBook II Instructor software); (III) test-
ing and evaluating the software by conducting two work-
shops of Producing CAI easily with CAIBuilder and using
pretest and post-test questionnaires as tools for data
collection; and (IV) examples of developing real CAI
lessons for classes.

It was assumed that usersû equirements and pro-blems
could be identified by interviewing experienced
e-courseware developers. The hypotheses of the present
study were that at least 80% or more of inexperienced
e-courseware developers or non-programmer academics
found that CAIBuilder could be learned and used easily;
it could be used to create test items for evaluating learners
easily; it provides an easy-to-use and user-friendly graphic
user interface (GUI), and it contains powerful program
functionalities.

MATERIALS AND METHODS

Part I: Identifying the electronic authorsû require-

ments and problems

The first part of this study was not intended to
explore and compare electronic authoring software exten-
sively, but to formulate a birdûs eyes view about experi-
ence and difficulties in using some commonly-used elec-
tronic authoring softwares, the ease of use of its GUI, and
its powerfulness, in order to be used as a starting point in
implementing a new authoring tool.

Eight experienced electronic authors were interviewed
by two trained interviewers using a semi-open ended ques-
tionnaire. Every author had more than two years of expe-
rience in using at least one of the electronic authoring
programs, including Asymetrix ToolBook II Instructor
Version 8.0, Macromedia Director Version 8.0, and

Macromedia Authorware Version 7.0, for creating CAI
lessons in their teaching and learning classes. Four of the
authors are university staff members and four are high
school teachers. The interviewers are system analysts who
have good verbal communication skills and are well trained
to gather information and problems by using a semi-open
ended questionnaire as a guideline. The questions in the
questionnaire reflected the authorûs experience and diffi-
culties in using authoring programs of their choice, espe-
cially the softwareûs authoring concept or program flow,
ease of use of the GUI, the powerfulness of the software,
methods of creating objects and giving actions to each
object, navigational controls and hyperlink, integrating
multimedia objects, and creating test items for evalua-
tions. Each interview took about one to two hours and
notes were taken during the interview. The content of
each interview was reviewed and verified by the corre-
sponding interviewee, and then analyzed by using qualita-
tive content analysis in order to identify requirements and
problems in using existing authoring software, ease of
use, and powerfulness of the software.

Part II: Designing and implementing the software

According to the principles of user-centered design,16

the result from part I was analyzed for designing GUI and
the software functionalities. The software was developed
by using OpenScript language17 of the Asymetrix ToolBook
II Instructor software.18 The working environment of all
windows and widgets were designed and made of ToolBook
pages, ToolBook objects, and groups of objects whose
front-end functionalities were written with OpenScript.

The design of the working area was minimized to the
simplest design which was composed of a blank working
area window and a Tool window. The Tool window
contained two panels and a widget icon in-between. The
lower panel of the Tool window contained an object
icon template which would be used for creating objects in
the working area. The upper panel of the Tool window
contained utility icons providing modification to the
objects created in the working area. A widget icon located
between the upper and the lower panels provided a
pop-up dialog box containing pre-defined objects with a
ready-made functionality. The object-action interface
model19 was used. Users created interface objects on the
working area and then assigned a sequence of actions to
the objects, such as opening a dialog box all the way
down to a series of detailed keystrokes and clicks.
CAIBuilder interface was designed to work by pointing
and clicking in order to select an object, and clicking on
an icon tool in the upper panel of the Tool window to
execute some commands or apply some characteristics
on the selected objects. The program also provided a
right click response of popping up a context-sensitive dialog
box.

A very essential module of Auto-script was develo
ped by writing a collection of most commonly-used
scripts of actions presented in a window of Action
Property dialog box containing a list of actions, triggers,
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with CAIBuilder were Autonomic Nervous System and
Physical Modalities.

The Autonomic Nervous System was intended for
second-year medical students learning physiology and it
was designed to be used in two approaches: (1) as a
tutorial containing electronic page turner containing a brief
conceptual text and links to related multimedia; and (2) as
a pre-test, evaluating the scores and feeding back by
showing appropriate content, performing a post-test, and
showing a report of the pre-test and post-test scores. The
software was developed within approximately 100 man-
hours without programming.

The Physical Modalities was intended for fifth-
year medical students learning physiotherapy. It was
developed based on a concept of tutoring students in
electronic page turners containing a brief text content and
interes- ting multimedia clips, including video clips, sketch
pictures, and images of real equipment that made students
familiar with and ready for the real-world working envi-
ronment. The software also contained multiple choice
questions for evaluation. The software, including produc-
ing multimedia clips, was created within 400 man-hours
without programming. More than half of the development
time was consumed by multimedia digitization and
retouching.

RESULTS

The CAIBuilder program was developed by utilizing
a research and development process. The research part
was done by interviewing eight exper ienced
e-courseware developers in order to identify their software
features needed to produce CAI by themselves and the
needs of GUI (Part I). The features were identified and
then used as criteria in developing the program by using
the OpenScript language of the Asymetrix ToolBook II
Instructor software (Part II). The beta version of the soft-
ware was tested; its features were enhanced, and bugs
were fixed.  The final version of the software was then
used to conduct two workshops (Part III) to test and
evaluate the software including its manual.  Part IV dem-
onstrated two CAI lessons by using CAIBuilder.

Part I: Identifying the electronic authorsû require-

ments and problems

1. Comparison among commonly-used electronic

authoring programs

The electronic authoring programs that were
commonly-used among the eight interviewees included
Asymetrix ToolBook II Instructor, Macromedia Direc
tor, and Macromedia Authorware. Four of the authors
used ToolBook II Instructor and Authorware; two used
ToolBook and Director; and two used Authorware and
Director.
1.1 Experience and difficulties in using authoring pro-

grams

The keywords observed from the experience and
difficulties in using authoring programs of their choice

and parameters, which were ready to be assigned to any
object. These processes resulted in a working environment
which enabled non-programmer users to create highly in-
teractive multimedia applications without programming.
These designs were done according to Human-Computer
Interaction (HCI) recommendations.16,19-21 The beta version
software was tested in a workshop consisting of twenty-
five high school teachers who were neither programmers
nor multimedia application developers. These teachers were
equally divided into five groups to produce five proto-
types of their first CAI lessons. The software feature
improvements and software bugs were collected during
the two-day workshop. The requested features were then
developed and the software bugs were fixed.

Part III: Testing and evaluating the software

Two workshops of Producing CAI easily with
CAIBuilder were conducted to test and evaluate the final
version software. Pre-test and post-test questionnaires were
distributed before and after the workshop which consisted
of fifty-three participants who were staff members of vari-
ous universities.  The pre-test and post-test questionnaires
were mapped in pairs by markers on the questionnaires.

The pre-test questionnaire was designed to collect in-
formation and experience about the workshopûs partici-
pants, including age, sex, teaching experience, experience
in authoring electronic or multimedia lessons, electronic
presentation, computer experience and skills, good multi-
media application development concepts, instructional de-
sign concepts, navigational control, program flow control,
and creating studentsû test items for evaluation.

The post-test questionnaire was designed to collect
information regarding knowledge and experience from
the workshop, including good multimedia application
development concepts, instructional design concepts, navi-
gational control, program flow control, and creating studentûs
test items for evaluation. For this part of the research
study, the data were analyzed and presented in percent-
ages and Wilcoxon signed rank test was done to compare
the corresponding pre-test questionnaire.

The post-test questionnaire was also designed to evaluate
the CAIBuilderûs features, including ease of use or user-
friendly GUI, the softwareûs functional ability, overall
ease of use compared to existing electronic authoring
tools (such as ToolBook, Authorware, or Director), the
need for software improvements, and the quality of the
training manual.

In order to avoid undetermined answers of middle
choice, a 4-choice numeric rating scale13 was used in both
the pre-test and post-test  questionnaires ranging from 1
(the least), 2 (a little), 3 (a lot), and 4 (the most).  Most
of the data were analyzed and presented in percentages.

Part IV: Examples of developing real CAI lessons

for classes

Two examples of developing real CAI lessons for
classes at the Faculty of Medicine Siriraj Hospital, by
participants from the workshops of Producing CAI easily
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revealed page-based concept, icon-flow concept, movie-
based concept or time-based concept and the way each
program created objects.

The page-based concept from ToolBook gives a sense
of turning pages from a physical book, a paradigm which
is familiar to all academics. Everything the authors want
to show on a particular page can be put on the page. The
authors can create title page, menu page, table of content
page, content page, and index page. The layout is like a
real book. Some difficulties encountered were the page
and background concepts where the objects put in the
background can be shared to all pages that use the same
background. Putting objects in a background object can
actually save a lot of computer memory but this creates
confusions for beginners. It is suggested that putting  objects
in the foreground or on the page is worth considering
to reduce confusion for beginners. Creating objects by
clicking and dragging could result in creating very small
almost invisible objects on the page.

The icon-flow concept from Authorware gives a sense
of dynamic flow of icons which is quite easy to follow,
especially in a linear flow fashion. It is found that, for a
linear navigation without too many branches of naviga-
tion, the icon-flow concept can be accomplished quite
easily. However, when there are many decision branches,
the icon-flow concept can cause some confu-sion; it is
quite difficult to follow the program flow. The developers
must use a complex manipulation of variables and func-
tions as well as the complex logic expressed in the flow-
chart in order to accomplish the same interactive tasks as
those written easily with scripting languages in ToolBook or
Director. However, creating objects by dragging and drop-
ping on the icon flow is considered easy and convenient.

The movie-based concept or time-based concept
from Director gives a sense that the authors are the
director conducting casts or actors acting on a stage in
a movie.  It is quite easy to kick off actors to act but
it is not easy to stop these actors on the stage. Most of
the time the authors need to write programs in
Lingo language to customize each actor to the scene. It is
suggested that for beginner authors, programming Lingo
is not easy. However, it seems that creating animation in
Director is a strong point. Creating objects by clicking
and dragging could result in creating very small almost
invisible objects.
1.2 Ease of use of the graphic user interface (GUI)

An overall observation of ease of use of the GUI
among ToolBook, Authorware and Director, includes meth-
ods of creating objects, modifying objectsû properties, us-
ing tool windows or palettes and their icons, intuitions of
menu bars and helping facilities.  It is observed that three
out of the four of the authors who used ToolBook and
Authorware revealed that using Authorware was easier
than using ToolBook. Both authors who used ToolBook
and Director revealed that using ToolBook was easier
than using Director, and both authors who used Authorware
and Director revealed that using Authorware was easier
than using Director. Director has the highest number of

pop-up windows and palettes which confuse beginners.
ToolBook and Authorware have fewer pop-up windows
and palettes which confuse beginners less. However, all
authors mentioned that all the authoring programs pro-
vided too many windows or palettes.  It can be concluded
that Authorware is the easiest to use, and using Authorware
and ToolBook is easier than Director.
1.3 The powerfulness of the software

An overall observation of the powerfulness of the
software among ToolBook, Authorware and Director, was
conducted in terms of Windows events and Windows
messages handling, objectsû functionality assigned by
authors, navigational control and decision branching, re-
petitive looping, reusability of objects and codes, and
programming logic. All of the four authors who used
ToolBook and Authorware revealed that ToolBook was
much more powerful than Authorware. Both authors who
used ToolBook and Director revealed that ToolBook was
more powerful than Director, and both authors who used
Authorware and Director revealed that Director was more
powerful than Authorware. It can be concluded that
ToolBook was the most powerful authoring program, and
that Director was more powerful than Authorware.
2. Key features or requirements of an ideal authoring

software

2.1 Working paradigm

The authors wanted to have a working paradigm which
was familiar to most academics which could be a page-
based concept or a less familiar but acceptable one like an
icon-flow concept. The working area of the window should
be easy to manipulate, for example, defining the windowûs
size or defining the characteristics of its frame and status
bar. More than half of the interviewees required as few
windows as possible; the interface objects should be intui-
tive and need little explanation for use. There should be a
right mouse clicked context sensitive pop-up menu or
dialog to define objectsû properties or functionalities.
2.2 Methods of creating object and giving actions to

each object

To create objects, all of the authors preferred the
drag and drop or click and drag methods. However, the
çclick and dragé method in a very small area (the starting
point is very close to the finishing point) may result in
creating a very small object without being noticed. The
drag and drop method that creates an object that is small
but big enough to be noticed would be more preferable.
The size and position of each object can then be resized
or repositioned as required by either click and drag on the
object or, to be precise, by assigning a property assign-
ment dialog box. Other kinds of object properties (e.g.,
stroke color, fill color, and transparency) should be able
to be assigned directly to the object or through a property
dialog box.

Every author would like to have multiple methods of
giving actions to each object, for example, an automati-
cally assigned script by pointing and clicking from a list
of commonly-used actions and filling in more information
to fine-tune detailed features if needed, and additional
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programming language can be assigned to each object for
advanced authors when they need to assign more ad-
vanced features to objects.
2.3 Navigational controls and hyperlink, and integrat-

ing multimedia objects

Seven out of the eight authors would like to have
ready-made objects containing some graphics and pre-
assigned functions such as first button, previous button,
next button and last button. The software should also
provide sets of commonly-used objects, for example, a
navigator set consisting of buttons navigating to the previ-
ous or the next pages; a set of multimedia control for
playing, pausing and stopping a video, and a set of but-
tons controlling the playing and recording sound.

Each object should be made available to be assigned
a hyperlink which takes users to other pages on the same
book or file, as well as to other pages on other books
or files with some transitional effects, and without pro-
gramming if possible.
2.4 Creating test items for evaluations

All the authors would like to be able to create test
items for evaluating students and scoring features. The
test items should include true-false, multiple choice ques-
tion, fill in the blank, and matching. Each test item should
be made available to be assigned a weighting score. The
software should be able to score test items individually or
on demand, as well as scoring the whole test. The soft-
ware should also be made available to reset individual test
items or all the test items to their original state so they
can be ready for the next students.

All the authors would like to have a response text
area for displaying responses to each answer choice; if
possible, each choice item should be able to respond to
other formats, such as showing objects or playing multi-
media files.
2.5 Open-ended features

An open-ended question was asked to all eight
interviewees regarding additional features whether they
need to have in an authoring software; it revealed the
following recommendations.

Five out of the eight authors wanted to have a
password protected mechanism in order to secure their
work from unauthorized alterations.

Four out of the eight authors wanted to have
auto-save which is a feature of saving their work auto-
matically at a certain defined period of time.

Four out of the eight authors wanted to develop web-
based applications, if possible.

Two out of the eight authors would like to have a
course management system to collect studentsû test
results and for follow up at a later time.

Two out of the eight authors would like to have
a setup program to integrate the CAI and all of its neces-
sary multimedia files to be installed into usersû ma-
chines.

Part II: Designing and implementing the software

The features identified by the interviews from Part I

were analyzed and priorities of each feature were col-
lected from the eight authors based on ease of use and
necessity. The priorities are classified as Mandatory, which
means very essential or highly needed, and Desirable,
which means less essential and can be implemented in the
next version. Features are described in sections 2.2, 2.3,
2.4, and some features in section 2.5 (the password
protected mechanism and the auto-save were classified
as Mandatory). Features described in section 2.1 and the
rest of section 2.5 was classified as Desirable. It was
found that most features the authors preferred to have
most resemble ToolBookûs working environment but it is
necessary to customize it to a much simpler working
environment and more user-friendly GUI. To reduce
program development time, therefore, the CAIBuilder was
developed by using OpenScript language in Asymetrix
ToolBook II Instructor Version 8.0. The basic concept of
software design was to build a simplified version of
Asymetrix ToolBook II Instructor which can be used  easily
with high functionality but without writing scripts. When
an author assigns an Action to an object by pointing, click-
ing, and filling in some parameters where necessary, the
CAIBuilder will create an automatic script, namely Auto-
script, for the Builder. However, the Builder is not con-
fined to the limited set of Auto-script but he is free to
enter more advanced OpenScript language to the object.

The design of the new authoring software would be
page-based concept rather than icon-flow concept,
because most academics are familiar with flipping through
and reading paper-based books. Each newly created file is
created from a pre-defined template file. There are two
modes, namely, Builder mode and User mode. The Buil
der mode is used by an author who creates new lessons or
books or files, and the User mode is used by students or
users who use the lessons or books or files created by
authors. Only in the Builder mode can an author assign a
password for protecting the authorûs authority in altering
bookûs content and program logic. In order to reduce the
authorûs confusion in the Builder mode, the CAIBuilder
provides a menu bar and only one Tool Window contain-
ing two major panels. The top panel of the Tool Window
provides icon tools for changing object properties and
assigning object functionality through assigning Action to
the objects in the working area (see Fig 1) The lower
panel of the Tool Window is used for creating new
objects, by dragging an object from the lower panel and
dropping it onto the working area.  Between the two
panels is situated a widget button (Fig 2) containing
pre-defined objects with ready-made functionality, such as
navigators, navigator panels, multimedia control objects,
test item widgets, and scoring and reset widgets.

The concept of creating a new computer-aided in-
struction required three major steps including: (1) creating
objects, (2) changing objectsû properties, and (3) giving
objectsû functionality.

(1) Creating objects is done by dragging and dropping
the object from the lower panel of the Tool Window or
from the Widget Window onto the working area.
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(2) Changing objectsû properties is done by altering
propertiesû values in the context sensitive pop-up
Object Property dialog boxes (see Fig 3 for a sample of
the Button Property dialog box).

The properties of each object can be assigned either
directly to the object from the interface palette or through
an object property dialog box. The properties of each
widget can be assigned only through a widget property
dialog box.

(3) Giving objects a functionality is done by assigna-
tion through the Object Action dialog box (Fig 4)  Nearly
every kind of object in CAIBuilder can be assigned its
Trigger, which means the event (i.e.,buttonClick,

mouseEnter, and mouseLeave) starts the responsive action
(such as Exit from a program, Go to the first page, Go to
the last page, Go to next page, Go to previous page, Go
to page menu, Go to page... with transition effect, show
or hide objects, control multimedia clips (such as start
playing, pause a clip, and stop a clip), and Frame anima-
tion. In some actions, there must be some parameters to
be completed in order to perform correctly.

For the book object, there is a Window property
dialog box (Fig 5) where the Builder can assign a caption
text for the windowûs title bar, the type of window frame,
the language of the menu bar, the visibility of the status
bar, the size of the window, the color of hypertext, the
time interval for the auto-save feature (a property of save-
on-close of an application), a Password protection feature,
and an Action button (Fig 5). The Action button brings up
a Book Action dialog box whose triggers include
enterApplication and leaveApplication messages. The
enterApplication message is triggered when an
application is evoked or started and it is used to prepare
environments or variables ready for a new user. The
leaveApplication message is triggered when an applica-
tion is closed and it is used for cleaning up or flushing
unsaved data or information.

Fig 2. A Widget Window containing a dropdown list of Navigators
(Individual button), Navigation panel, Play sound, Record sound,
Quiz : True/False, Quiz : Multiple Choice Question, Quiz : Fill
in the blank, Quiz: Matching, Scoring a question and reset, and
Scoring all pages. These widgets can be created by dragging the
objects and dropping them onto the working area.

Fig 4. An Action Property dialog box shows Trigger, Action,
Parameter, and Script of a button which can be assigned.

Fig 3. A Button Property dialog box shows various properties of a
button which can be assigned.

Fig 1. The newly created book or file containing 1 page. There are
three bars including the very top Title bar and beneath it a Menu
bar; a Status bar is located at the bottom. The Working area is the
area where authors put their objects. The Tool Window contains an
Upper panel, a Lower panel, and a Widget button located between
the two panels.
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For the Page object, there is a Page property dialog
box (Fig 6) where the Builder can assign a page name,
the order of the page, a background name, a background
color, a background graphic, the way the background
graphic is shown, and an Action button. The Action
button brings up a Page Action dialog box whose triggers
include enterPage and leavePage messages. The enterPage
message is triggered when the User is about to flip to a
page and is used for preparing an appropriate environment
or setting up variables of the entered page.  The leavePage
event is triggered when a User is about to close a page or
leave to another page or about to close a book in order to
clean up the environment or variables.
Testing of the beta version of CAIBuilder

The twenty-five participants who were high school tea-
chers had little previous experience in using any kind of
authoring program except Microsoft PowerPoint. The
participants were divided into five groups and each group
was responsible for creating one prototype CAI. The first
day of the workshop was to teach basic knowledge
regarding the working environment of CAIBuilder, how
to create new objects, and how to assign objectûs proper-
ties and actions. Each group would write a short storyboard
of 5 - 10 pages for each lesson. By the end of the first
day, each group had 5 - 10 pages of storyboard and some
graphics required by the lessons which were prepared by
a supporting graphic team in the evening.

The second day of the workshop was conducted so
that the participants could put together and link texts,
graphics and multimedia clips to build their application
software with CAIBuilder.  It was found that each group
could finish their prototype CAI in time. There were no
obvious obstacles in using CAIBuilder for beginner
authors though there were some minor bugs which were
all fixed in the final version. The GUI was intuitive and
needed very little explanation. The functionality of the
program was very fruitful.

Part III: Testing and evaluating the software

1. Data gathered from the pre-test questionnaire

revealed the following results.

1.1 Demographic data

The number of participants in the sample was fifty-
three, with 22.6% male and 77.4 female. The major age
groups of the participants were mostly 40-49 years old
(41.5%) and 30-39 years old (35.8%); 13.2% were 20-29
years old and 9.5% were 50-59 years old.  More than half
of the participants (58.5%) had over six years teaching
experience while 86.8% of the participants had been us-
ing computers for three years and more.
1.2 Knowledge, skill and experience in creating multi-

media application and concepts

The findings are summarized in Table 1, which shows
that over 75% of the participants had a lot of mouse skill;
62.2% had a little experience in creating electronic pre-
sentations and about one-third had a lot of such experi-
ence. Over 90% of the participants had little experience in
creating multimedia application, using multimedia authoring
programs, creating computerized test items, creating navi-
gational controls and directing program flows. Over 90%
of the participants also had little knowledge about multi-
media application development concept and instructional
design concept. There were 83% who had little confi-
dence in creating multimedia applications by themselves;
however, about 58.5% of the participants thought that
CAIBuilder program was easy-to-use within two days.
2. Data gathered from the post-test questionnaire

revealed the following results.

2.1 Knowledge, skills and experience in creating multi-

media application and concepts

Table 2 shows that over 88% of the participants gained
more knowledge about multimedia application develop-
ment concepts and instruction design concepts (score = 3
and 4). Most of them (about 85-95%) gained confidence
in creating computerized test items, creating navigational
controls and directing program flows, and creating multi-
media applications by themselves (score = 3 and 4).

Wilcoxon signed rank test which compares results of
knowledge about multimedia application development
concepts and instructional design concepts, confidence in
creating computerized test items, creating navigational
controls and program flows, and creating multimedia
application by oneself (items 4, 5, 7, 8 and 9 of Table 1
compared with items 1-5 of Table 2, respectively) re-
vealed a statistically significant increase from the least

Fig 5. A Window Property dialog box shows Title bar caption,
Window frame type, Menu language, Visibility of status bar,
Window size, Hypertext color, Auto-save interval, Save-on-close
feature, a Password protection buttion, and an Action button.

Fig 6. A Page Property dialog box shows Page name, Page
number, Background name, Background color, Background image,
The way a background image is shown, and an Action button.
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TABLE 1. Summarized findings of the pre-test quesionnaires regarding participantsû knowledge, skills, experience, and confidence on
creating multimedia applications. The figures, representing the majority of answers, are displayed in dark gray; the second from the most
majority figures are in light gray.  (1 means ùthe leastû, 2 means ùa littleû, 3 means ùa lotû, and 4 means ùthe mostû)

Knowledge, skill, experience, and confidence 1 2 3 4

1. Using mouse skill 3.8 20.8 50.9 24.5
2. Experience in creating electronic presentations 9.4 52.8 35.8 1.9
3. Experience in training to create multimedia applications 54.7 35.8 7.5 1.9
4. Knowledge about multimedia application development concepts 50.9 43.4 5.7 0
5. Knowledge about instructional design concepts 67.9 30.2 1.9 0
6. Experience in using ToolBook, Authorware or Director 67.9 26.4 5.7 0
7. Experience in creating computerized test items 71.7 26.4 1.9 0
8. Experience in creating navigation controls and program flows 79.2 18.9 1.9 0
9. Confidence in creating multimedia application by oneself 39.6 43.4 15.1 1.9

10. Expectatio of ease of use of the CAIBuilder program 7.5 22.6 58.5 11.3

(score = 1) or a little (score = 2) to a lot (score = 3) or
the most (score = 4) at p < 0.0001.
2.2 Key features of CAIBuilder program

CAIBuilder was easy (score = 3) to use for 90.6% of
the participants; 7.5% found the program the easiest (score
= 4) to use, and only 1.9% found it difficult (score = 2)
to use. Of those who used ToolBook, Authorware, or
Director, 78.6% found the CAIBuilder was easier to use
(score = 3), and 21.4% found that CAIBuilder was much
easier to use (score = 4).

Majority of the participants, 67.9% (score = 3) found
that the GUI of CAIBuilder was easy, good and user-
friendly, and 20.8% (score = 4) found it the easiest, best
and most user-friendly authoring software. There were
only 11.3% that found CAIBuilder a fair software (score
= 2).  Most of the participants (92.5%) found CAIBuilder
a powerful authoring software (score = 3), and 5.7% found
it the most powerful (score = 4). 86.8% of the participants
found CAIBuilder was easy to learn (score = 3) for inex-
perienced e-courseware developers, and 9.4% found it the
easiest to learn (score = 4). 56.6% of the participants
found the CAIBuilder training manual of good quality
(score = 3) and 39.6% found it very good (score = 4).
2.3 Others

Those who had some experience with ToolBook stated
that CAIBuilder was much easier to use than ToolBook
with nearly equally powerful features, such as creating
interaction and feedback.

73.6% of the participants expressed their intention to
come back to an intermediate or advanced CAIBuilder
workshop, and 26.4% wanted to try using the software for
a little longer.

TABLE 2. Summarized findings of the post-test quesionnaires regarding participantsû knowledge and confidence in creating multimedia
applications.  (1 means ùthe leastû, 2 means ùa littleû, 3 means ùa lotû, and 4 means ùthe mostû)

Some suggestions were added to improve the software
features or more provisions of a course management
system to collect studentsû test results, more animation
options, and more Auto-scripts.

Part IV: Examples of developing real CAI lessons

for classes

The Autonomic Nervous System was developed by
using a pre-test of multiple choice questions.  There were
ten questions and each question contained five choices.
The software was used for aiding in teaching medical
physiology to second-year medical students at the Faculty
of Medicine, Siriraj Hospital.  The multiple choice ques-
tions needed one best answer from the students.  After the
students were done with the pre-test, the program marked
the scores and identified the content which the students
might misunderstand. The program gave feedback to the
students by showing the corresponding content for the
students to review, resulting in more understanding. After
the students answered ten questions of the post-test, the
marking scores were calculated and presented.  The report
of pre-test and post-test scores demonstrated that all of
the students (about 190) got a better score on the post-test
(above 80% correct answers) after the review.

The Physical Modalities was used by fifth-year
medical students at the Faculty of Medicine Siriraj
Hospital, before and after learning physiotherapy. The
CAI lesson provided a brief content text and interesting
multimedia. The content was relevant, brief and focused
on the important points of the knowledge. Video clips
were very useful in helping students visualize subjects
receiving manipulation or therapy in different physical

Knowledge, and confidence 1 2 3 4

1. Knowledge about multimedia application development concepts 0 9.4 83 7.5
2. Knowledge about instructional design concepts 0 11.3 81.1 7.5
3. Confidence in creating computerized test items 0 5.7 77.4 17
4. Confidence in creating navigational controls and program flows 1.9 13.2 69.8 15.1
5. Confidence in creating multimedia application by oneself 1.9 5.7 81.1 11.3
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modalities before the class, and the CAI lesson was
also helpful for review after classes. The questions and
immediate feedback of correct answers to students were
helpful in enhancing students understanding of the
content.

DISCUSSION

Although this study did not extensively explore the
experience and difficulties of electronic authors in using
the commonly-used authoring programs, such as ToolBook,
Authorware, and Director, it is worth noting that the
sample group gave information mostly in accordance with
the studies of Pichitpornchai22 and Dalgarno.6  In Dalgarnoûs
study of analysis of the available authoring tools, he com-
pared the ToolBook version 3.0, Authorware version 3.0,
and Director version 4.04. Dalgarno found Authorware
and ToolBook were the two easiest authoring tools on
condition that the multimedia content created by using
Authorware did not contain sophisticated branching logic.
He found that ToolBook was the easiest authoring soft-
ware when the content contained more interactive features
and the non-programmer authors could develop without
programming. Although the software versions studied by
Dalgarno and the software versions studied in this
research were different, the results were mostly in
harmony because each software was consistent in its con-
ceptual design, and with each new emerging version, the
software was enhanced in its capability.

The present study revealed that the Authorware is the
easiest to use and learn but it is the least powerful authoring
tool when compared to the other two tools because it does
not provide scripting language. Director is quite capable
of animation control and color management but has fewer
powerful Windowsû events and messages handling; to control
objects, the author needs to write a script. ToolBook can
provide the most functionality with less effort when com-
pared to Director, but it is found harder to start to learn
when compared with Authorware. Computer-based learn-
ing materials with interaction and feedback can be created
easily with ToolBook but rather complex variables and
functions as well as developing algorithms expressed as
complex flowcharts make Authorware more difficult to
use than ToolBook. These findings were in accordance
with Dalgarnoûs study in 1996 and a review of interactive
multimedia authoring software by Jones (cited in Dalgarno,
1996) showed that ToolBook was the first choice of com-
mercial e-courseware developers whereas Director was
the second choice.

The page paradigm is among the most common
mind-sets for most academics because all academics have
experienced reading paper books. Therefore, implement-
ing the CAIBuilderûs working environment based on the
page paradigm will presumably reduce the learning curve
for most electronic authors.

The research and development strategy of CAIBuilder
is considered to comply with standard software engineer-
ing.15 It was started by identifying usersû requirements

and problems, analyzing and designing, coding and imple-
menting, testing and debugging, and documenting and
maintenance. The beta version of CAIBuilder was
successfully tested by 25 inexperienced users who guaran-
teed its usability, learning curve, powerfulness, and bug
gathering and fixing process.

In general, the behavior of these users who are famil-
iar with Windows interface, such as selecting an object
by pointing and clicking the object, then applying some
features or characteristics by clicking on an icon in a
tool bar or a menu item from a menu bar is normal. At
some other times, the usersû right-clicking action gives
rise to a context sensitive right-clicked menu. By recog-
nizing such familiarity to Windowsû working environment
and recognizing the diversity of usersû behavior, CAIBuilder
provided the same way of selecting an object and apply-
ing characteristics to the selected object. CAIBuilder also
provided a right-clicked context sensitive pop-up window
in an extremely consistent way, conforming to the golden
rule of interface design19 and the human computer interac-
tion approach.16

The design of CAIBuilder, which contains a minimal
pop-up window or palette, could reduce confusion in be-
ginner developers. The values entered in the fields re-
quired in each dialog box were checked for errors and
those errors were prevented. This error-free data entry
feature has also been designed following the golden rule
of interface design.19 The functionality or actions of inter-
face objects in the working area were assigned by filling
in the context sensitive pop-up dialog boxes.  This design
reduced the authorsû difficulties in using the right dialog
box at the right time. Because the entire GUI designed in
CAIBuilder was developed according to the authorûs
requirements gathered from Part I of the study, it can
be appropriately concluded that all GUI is suitable and
convenient to use for most beginners of e-courseware
developers. The CAIBuilder is also considered powerful
because it imitates the powerfulness of ToolBookûs script-
ing language but the CAIBuilder is easier to use because
it has a customized auto-script and easy-to-use interface.
The advanced authors of CAIBuilder have an option of
advanced scripting in OpenScript language if they are
experienced in the scripting language.

The final testing and evaluation of the CAIBuilder
conducted in two workshops for fifty-three non-program-
mer electronic authors confirmed the usability, learning
curve, and powerfulness of the software.  When consider-
ing CAIBuilder key features by summing the scores of 3
and 4, representing easy and the easiest, a total of 96-98%
of parti-    cipants indicated that CAIBuilder was easy or
the easiest to use compared with ToolBook, Authorware,
or Director, and CAIBuilder was easy to learn for non-
programmers.  Sum scores of 3 and 4 showed that 98.2%
of participants indicated that CAIBuilder was powerful
(score = 3) and the most powerful (score = 4). As for the
GUI of CAIBuilder, a total 88.7% of participants indicated
that it was user-friendly (score = 3) and the most user-
friendly (score = 4).
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The comparison of knowledge about multimedia
application development concepts and instructional design
concepts before and after the workshops represented the
effectiveness of the training course. In the workshop, as
well as in some answers in the post-test open-ended ques-
tionnaire, the design of CAIBuilder which is intuitive to
most participants partly helped participants understand more
instructional design and GUI design.

After a two-day workshop among inexperienced
e-courseware developers, the confidence in creating multi-
media application by the participants themselves, the con-
fidence in creating navigational controls and program flows,
and the confidence in creating computerized test items all
increased with a statistical significance. These results show
somewhat the ease of use and powerfulness of using the
CAIBuilder for creating multimedia lessons. When three
two-day workshops of Produce CAI Easily with ToolBook
II Instructor were conducted by the researcher at the
Siriraj Annual Congress in the years 1999, 2000, and
2001, to about 100 participants, it was found that
the learning curve of ToolBook was harder and over 80%
of workshop participants had less confidence in such
areas.

Two examples of real CAI lessons have been created
with CAIBuilder and have been used by second-year
medical students and fifth-year medical students at the
Faculty of Medicine Siriraj Hospital. The features used  in
the two softwares were an electronic presentation such as
an electronic page turner, as well as multiple choice ques-
tions used for pre-test and post-test evaluation.  CAIBuilder
can be used to create test items for evaluating learners
easily. The softwares were developed with ease and in a
reasonable time frame without programming skills whereas
the multimedia clips consumed most of the total develop-
ment time.

It is worth mentioning that the limitation of ToolBook
and CAIBuilder is that they are only available for per-
sonal computers (PC). Virtually, Macintoshûs market share
has been small when compared to that of the PC. There
are also increasing needs to provide computer-based
learning materials across the Internet. A plug-in of Neu-
ron can be used in conjunction with web browsers to
show ToolBook-based or CAIBuilder-based multimedia
applications. The present version of ToolBook version 8
or 9 can also generate HTML-based application but a
limited number of features can be implemented when
compared to the native ToolBook application.

CONCLUSION
It is obvious at present that good CAIs will certainly

help reduce the teaching and learning burden of teaching
staff. Further more, good CAIs can make lessons more
interesting and understandable.  The shorter the learning
curve is, the better the students can learn at their own
pace. From the present study it can be concluded that the
CAIBuilder has been developed according to research
requirements and by using a standard software engineer-
ing methodology.  It provides easy-to-use GUI, more pow-

erful features with less effort, and additional options of
scripting when the electronic authors are ready to use the
scripting language. CAIBuilder can be a good software of
choice for inexperienced e-courseware developers or non-
programmer authors to create good quality and interactive
CAI lessons with feedback in a fairly quick time frame.
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ª√–°“√·≈â« ®÷ß∑¥ Õ∫´Õøµå·«√å‡«Õ√å™—Ëπ ÿ¥∑â“¬‚¥¬°“√®—¥°“√Õ∫√¡‡™‘ßªØ‘∫—µ‘°“√ Õß§√—Èß„Àâ·°àπ—°°“√»÷°…“À√◊ÕÕ“®“√¬å„π¡À“«‘∑¬“≈—¬∑’Ë‰¡à„™àπ—°‡¢’¬π

‚ª√·°√¡®”π«π 53 §π °“√«‘®—¬ª√–°Õ∫¥â«¬°“√ª√–‡¡‘π‚¥¬„™â·∫∫ Õ∫∂“¡°àÕπ·≈–À≈—ß°“√Ωñ°Õ∫√¡‡æ◊ËÕ‡°Á∫¢âÕ¡Ÿ≈∑—Ë«‰ª‡°’Ë¬«°—∫ºŸâ‡¢â“√—∫°“√Õ∫√¡

√«¡∑—Èß§«“¡√Ÿâ ·π«§‘¥ ∑—°…– ª√– ∫°“√≥å·≈–§«“¡¡—Ëπ„®‡°’Ë¬«°—∫°“√ √â“ß∫∑‡√’¬π¡—≈µ‘¡’‡¥’¬ ·≈–¢âÕ§‘¥‡ÀÁπ‡°’Ë¬«°—∫§ÿ≥≈—°…≥–¢Õß‚ª√·°√¡ CAIBuilder

«‘‡§√“–Àåº≈®“°°“√ ”√«®‚¥¬√“¬ß“π‡ªìπ√âÕ¬≈–·≈–„™â Wilcoxon signed rank test „π°√≥’∑’Ë¡’°“√‡ª√’¬∫‡∑’¬∫ º≈°“√«‘®—¬æ∫«à“¡“°°«à“√âÕ¬≈– 85 ¢Õß

ºŸâ‡¢â“√—∫°“√Õ∫√¡æ∫«à“‚ª√·°√¡ CAIBuilder ¡’§«“¡‡ªìπ¡‘µ√°—∫ºŸâ„™â ßà“¬µàÕ°“√‡√’¬π√Ÿâ·≈–„™âß“π ·µà¡’§«“¡ “¡“√∂¡“° º≈°“√«‘‡§√“–Àå¢âÕ¡Ÿ≈‚¥¬„™â Wilcoxon

signed rank test æ∫«à“ À≈—ß®“°ºà“π°“√Õ∫√¡ æ∫«à“ºŸâ‡¢â“√—∫°“√Õ∫√¡¡“°°«à“√âÕ¬≈– 80% ¡’§«“¡√Ÿâ‡æ‘Ë¡¢÷Èπ·≈–¡’§«“¡¡—Ëπ„®‡æ‘Ë¡¢÷ÈπÕ¬à“ß¡’π—¬ ”§—≠∑“ß

 ∂‘µ‘∑’Ë p < 0.0001 „π¥â“π°“√ √â“ß∫∑‡√’¬π¡—≈µ‘¡’‡¥’¬¥â«¬µπ‡Õß °“√ √â“ß¢âÕ Õ∫Õ‘‡≈Á°∑√Õπ‘° å °“√ √â“ßªÿÉ¡§«∫§ÿ¡°“√∑”ß“π·≈–°“√§«∫§ÿ¡∑‘»∑“ß°“√

∑”ß“π¢Õß‚ª√·°√¡ µ—«Õ¬à“ß ◊ËÕ°“√»÷°…“Õ‘‡≈Á°∑√Õπ‘° å∑’Ëæ—≤π“¢÷Èπ®“°°“√„™â‚ª√·°√¡ CAIBuilder ‰¥â·°à ‡√◊ËÕß Autonomic Nervous System ·≈– Physical

Modalities ´÷Ëßªí®®ÿ∫—π„™â ”À√—∫°“√‡√’¬π°“√ Õπ«‘™“ √’√«‘∑¬“·≈–«‘™“°“¬¿“æ∫”∫—¥µ“¡≈”¥—∫ „Àâ·°àπ—°»÷°…“·æ∑¬å∑’Ë§≥–·æ∑¬»“ µ√å»‘√‘√“™æ¬“∫“≈

°≈à“«‚¥¬ √ÿª CAIBuilder ‡ªìππ«—µ°√√¡∑’Ë‡°‘¥®“°°“√«‘®—¬·≈–æ—≤π“ ‡ªìπ‚ª√·°√¡∑’Ëπ—°°“√»÷°…“∑’Ë‰¡à„™àπ—°‡¢’¬π‚ª√·°√¡  “¡“√∂‡√’¬π√Ÿâ °“√„™âß“π

‰¥âßà“¬·≈–¡’§«“¡ “¡“√∂ Ÿß  “¡“√∂„™â„π°“√ √â“ß∫∑‡√’¬π§Õ¡æ‘«‡µÕ√å∑’Ë¡’§ÿ≥¿“æ¥’ ¡’ªØ‘ —¡æ—π∏å·≈–µÕ∫‚µâ°—∫π—°»÷°…“‰¥â‡ªìπÕ¬à“ß¥’ ·≈– “¡“√∂ √â“ß‰¥â

„π‡«≈“∑’Ë√«¥‡√Á«‚¥¬‰¡àµâÕß‡¢’¬π‚ª√·°√¡


