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Design of a Web-based Visual Learning System (WVLS) via Plan
Across Disciplines
Alireza Ebrahimi, State University of New York / Old Westbury, United States of
America

Abstract: Experiment the design and re-design of a Web-based teaching and learning system by visualization of plans and
language constructs. WVLS is a visual teaching learning that can be designed easily by educators and is based on visualiz-
ation, abstraction, plan integration and plan relationship to understand a concept or solve a problem not necessarily
mathematical. The center of WVLS is a plan representing the main concept or a problem which after exploration of plan
and interaction eventually will lead to its solution. A problem is divided into sub problems, as much as needed making a
problem and its solution understandable and manageable. At each stage two plans are integrated to form a new plan with
four integration methods known as append, embed, interleave, and branch. WVLS consists of three separate phases known
as observation, integration, and creation. WVLS effectiveness has been successfully tested on learning subject such as
programming as well as math, science and other fields.

Keywords: Web-based Design, Teaching and Learning System, Plan and Integration, Concepts and Problem Solving,
Standard Language Constructs, Technology in Learning

Introduction

WEB BASED LEARNING systems are
becoming common ground for teaching
and learning [Arnow, 99; Truong, 05].
A sound design model has the potential

to significantly increase the effectiveness of these
systems. Teaching and learning can be enhanced
when a problem and its solution are visually decom-
posed into plans and its sub-plans and subsequently
integrated. A plan is an abstraction that visually
provides a solution to a problem or to a sub-problem
in the sense, it represents a problem from its macro
level down to its micro level. Any important concept
can be described as a plan and it is up to the educator
and level of learner to decide on a particular plan. A
plan can be visually represented by a dot, a geometric
shape or an image. The process of visualizing plan
decomposition and then plan integration for a prob-
lem is demonstrated in WVLS – Web Visual Learn-
ing System.

WVLS divides the process of learning and its en-
forcement into three selectable phases known as plan
observation, plan integration and plan creation.
WVLS initially provides a library of sample prob-
lems (plans) working with all three phases. A learner
can observe the process of solving a problem, be-
come involved in a partial solution, or solve the
problem entirely from beginning to end. A mixture
of learning strategies and techniques are incorporated
in WVLS to satisfy a wide range of learners.

WVLS will identify and report the cause of prob-
lems to the learner. A systematic approach to analyse
a solution based on plan relationships indicates
whether a plan is missing, misplaced, malformed or
has a misconception. The effectiveness of a similar
visual plan environment, known as VPCL, as a
learning and instructional tool has been proven by
the result of empirical studies on novice program-
mers.

Web Tools for a Learning Design
Today, there are a number of web tools that are
available to design a learning system, like any other
web pages. With the current technology, learning a
web tool should be as easy as learning word pro-
cessing. A common available web tool could be
Microsoft Office FrontPage or Microsoft Word, both
of which provide functionality necessary to save the
document as a web page. More sophisticated systems,
such as Dreamweaver and Flash from Macromedia
Company, can be employed when a higher level of
visual stimulation is required.

Web authoring tools such as, FrontPage or Word
are defined as such because they automatically gen-
erate HTML (Hyper Text Mark up Language) tags,
the declarative language that describes every page
visible on the World Wide Web [Niederst, 2001].
To view a webpage's HTML code, one can simply
right click their mouse. It is a good gradual learning
to view the source code of a webpage. By viewing
the source code of one's favorite view webpage, it is
possible to figure out some of the styles and ap-
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proaches in the design of a learning system. While
it is not necessary to learn HTML tags to build a
learning system, learning (memorizing) the 10 im-
portant commands of HTML makes up about 90
percent of all web page design [Ebrahimi, 2002].
There are even beginners who prefer HTML over
other software since it is easy to manipulate and it
is available on any system. All that is necessary to
accomplish this is a text editor such as Notepad and
an internet browser such as Explorer, both of which
can be readily obtained at no cost.

By adding a little program, which is called Script,
to HTML, it is possible to make the learning system
powerful and innovative. JavaScript is the dominant
web scripting language, with VBScript trailing a
distant second. An individual may not know client-
side language to become proficient in, but a little
knowledge of copy and paste of common built-in

script functions to the learning system can make a
difference. Many novice designers become frustrated
and overwhelmed with the current web tools and
surrounding technology. The same group has also
enjoyed the learning and experience as a result.
While some stayed with their own design, others
asked professional designers to design the new
learning system – synergizing the benefits of an ex-
perienced educator with that of a seasoned software
developer, inevitably resulting in a more robust
learning platform.

An essential lesson to learn while designing a web
learning system is to separate what is important and
what is less important. Designers should focus on
the major issues rather then getting involved in the
jargon of instructions and details. Figure 1 illustrates
the HTML and JavaScript code used to build a
sample page from WVLS.

Figure 1 - HTML and JavaScript Example

Problem, Plan, Visualization, and Web
The common trend in solving a problem is to break
a problem into its sub-problems and solve each sub-
problem separately. Breaking down the problem
makes it easier to understand and easier to solve.
Therefore, a plan to solve a problem is set aside and
sub-plans are made for sub-problems. Once the plan
is broken down into sub-plans, then each sub-plan
can be addressed separately. A plan, such as building
a house, itself may consist of other plans, such as
plans for doors and windows, which also may be
composed of sub-plans. The sub-plans are then integ-
rated one by one to form the final plan, which is also
the final solution. The following steps are necessary
in building a learning system: (1) identify your plan,
(2) explain the plan using a easily understood semant-

ic language, (3) propose a solution plan, (4) imple-
ment the solution plan, and (5) establish a channel
for feedback, such that solutions can be revised as
necessary. The idea of plan in artificial intelligence
and learning theory can be traced back to Roger
Schank (1975) who introduced the concept of script
which is a general plan for a series of actions.

Visualization plays an important role in illustrating
a plan, sub-plans and their relationships (i.e. plan
hierarchy and plan structure). Depending on the
problem and the level of the learner, a plan can be
further divided into sub-plans until there is no need
for clarification and the problem is understood. A
plan is an abstraction that represents a solution to a
problem; it deals with the entire solution or the
smallest component that is crucial to solving a sub-
problem. The plan abstraction applies information
hiding so that the learner is not overwhelmed with

INTERNATIONAL JOURNAL OF LEARNING, VOLUME 12302



information that is not necessary at the moment. In
order to systematically solve a problem visually using
plan decomposition and plan integration, an environ-
ment known as WVLS - Visual Plan Environment
has been implemented. WVLS provides an increment-
al way of learning and problem solving, rather than
requiring the problem to be solved all at once. WVLS
assures the learner's capability and assesses the
learner’s problem at an early stage and grows as the
learner grows. To understand and learn how a prob-
lem is solved, WVLS is divided into three phases of
learning: plan observation (rehearsal), plan integra-
tion (composition), and plan creation (new plan).

An example of a graphical and visual environment
built to help learners understand difficult materials
is Alice for learning 3D graphic programming
[Conway et al, 00]. Another example of an interact-
ive web-based system is Environment for Learning
to Program (ELP), which helps teaching program-
ming to the novice by not having the need for Pro-
gram Development Environment and installation of
programming language. Using ELP, students use
template exercises through web to build their pro-
gramming and problem solving skills [Truong, 2005].

Phase 1 of Learning: Plan Observation
Learning can be enhanced if the learner can observe
how a problem is solved step by step and be able to
repeat the observation over and over until it is under-
stood. Plan observation enforces the retention of the
plan and enables the learner to relate it to other sim-
ilar situations. The WVLS plan observation phase is
an automatic process that illustrates the steps in-
volved in a task, starting with the initial specifica-
tions of the problem to its final solution, from gener-
alization to specification. In the plan observation
phase, the learner walks through the entire process
of problem solving including plan decomposition

and plan integration and can repeat the process as
many times as necessary. An example of this phase
would be for a child to watch the steps in building a
house or bridge using blocks. Similarly, a novice
programmer can observe how a group of numbers is
sorted.

Phase 2 of Learning: Plan Integration
A solution to a problem consists of several sub-plans
that need to be integrated correctly. After decompos-
ing each sub-plan, it is important for the learner to
understand the relationship between the sub-plans,
such as how these sub-plans are put together, their
spatial relationships and their order. There are sys-
tematic ways to integrate two plans. For example, in
WVLS there are four ways to integrate plans: an
appended plan (plans are one after the other sequen-
tially e.g. steps); an interleaved plan (go back and
forth between plans, e.g. relationship between day
and night); a branched plan (a plan can be diverted
to other plans based on some condition e.g. a plan
will lead to one plan or another); or an embedded
plan (a plan can be entirely embedded within another
plan, e.g. Russian dolls). Plan integration is a good
test to ensure and examine the understanding of the
solution of the problem at an abstract level, rather
than its detailed steps.

For example, a plan can be designed to solve a
mathematical expression, applying precedence of
operators. To solve the expression: 4 * 7 + 20 / 5, a
sum plan can be created with two sub-plans, multiply
and divide. These plans must be integrated a certain
way so that the final solution yields the correct an-
swer. One way to solve this problem is to have the
multiply and divide plans appended to each other
and embedded in the sum plan.

Plan Integration Modes

Figure 2: Plan Integration Modes
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Find Average Plan Example

Figure 3 – Find Average Plan Example

The following steps demonstrate how plan integra-
tion is done for solving a problem. To find the aver-
age of a group of numbers, the find average plan
could be decomposed into the following sub-plans:
getnumbers, countnumbers, sumnumbers, exception,
errormsg, computeavg, and output. In this example,
the sumnumbers, countnumbers, and getnumbers
plans are implemented so that they are interleaved
with each other. This means that when a number is
input (getnumbers), the counter is incremented
(countnumbers), and this number is added to the sum
(sumnumbers); now the process returns to the get-
numbers plan and starts again. When all numbers
are entered, the process follows sequentially to the
exception plan (an appended plan), which checks for
an error, such as division by zero. The errormsg and
computeavg plans are branched plans, meaning that
the errormsg plan will be entered on the condition
that an error exists, otherwise the computeavg plan
will be entered. The output plan is appended to the
computeavg plan and outputs the result [Ebrahimi,
92].

Phase 3 of Learning: Plan Creation
A learner’s skill can be measured by the ability to
solve a problem entirely, from problem specification
and requirements to plan decomposition to plan in-
tegration, and finally to testing the correctness of the
plan and its explanation. In this phase, the learner is
responsible to create a plan and demonstrate problem
solving skills. The problem could be one that already
exists in the WVLS library, or it could be a new
problem. If the problem exists in the system, there
are three incremental learning scenarios: 1) Full ac-
cess - The total WVLS is at the service of the learner.
The plan can be observed; the learner can be asked
to integrate the plan, and the system will assist by
indicating if the integration is right or wrong. 2)
Limited access of WVLS- Access to observation of
that particular plan is denied and only the plan integ-
ration phase is available. 3) Denied access to WVLS
- The learner must decompose and integrate the plan
without accessing the observation or integration
phases for that plan. If the plan exists, the learner is
encouraged to use the system resources to help devel-
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op the plan, such as observing the plan and using
existing sub-plans.

When a learner requests to create a new plan that
is not part of the system library, the entire WVLS
will be at the service of the learner, including all
phases. However, the new plan consists of several
sub-plans that already exist in the system and are
shared by other plans. Shared sub-plans can be reused
as they are or modified to suit the purpose. To assist
the learner with creating a new plan, an intelligent
system will monitor and profile the learner in the
background, while the problem-solving steps are
taking place. The intelligent system will try to determ-
ine the intention of the user based on collected clues
and then make suggestions along the way.

Assess and Assist the Learner
In order to assess and assist the learner, the cause of
the problem must be identified and reported to the
learner as early as possible, preferably in a systematic
or a standard way. During plan creation the cause of
errors can be classified into four categories known
as: missing, misplaced, malformed, or misconception
(spurious). A plan is missing when it does not exist;
a plan is misplaced when it is out of place; a plan is
malformed when it is not complete or partially
complete; a plan has misconception when it’s totally
wrong or has nothing to do with the problem specific-
ation. During plan integration, the learner is tested
to see if the plan integration is understood. Given
two plans at a time with four possible modes of in-
tegration such as: appended, interleaved, embedded,
and branched, WVLS will report if the integration
mode is incorrect. At each stage, the learner is given
the suggestion/option to consult any prior phase.

Learning Theories and Techniques
Ertmer and Newby (1993) compare Behaviorism,
Congnitivism, and Constructivism learning theories
and suggest that an instructional designer should
choose a different strategy for different learning
situations. To serve a community of individuals with
diverse learning backgrounds, WVLS integrates
many different learning techniques as much as pos-
sible. The hope is that, if one learning method is not
successful, eventually one of the other methods from
the pool of learning techniques will be. Moreover,
some learners understand things better when they
are represented in different ways. As Wilson (1997)
points out, instructional designers must be aware of
the advantages and disadvantages of each learning
theory so that they can optimize their use in proper
instructional design strategy.

WVLS learning techniques include: learning by
analogy (associating a new problem with a similar
one), learning by chaining (new ideas are related to

what the learner already knows), learning by doing
(testing and observing problems being solved),
learning by creating a demand and providing a supply
(a new plan is introduced only when it is needed),
and learning by error (solving a problem by trial and
error). Bednar (1995) pointed out the importance of
linking theory to practice in the design and develop-
ment of any instructional system and emphasized
that effective design is possible only if the designer
is aware of the theoretical foundation underlying the
design. WVLS design has taken the initiative to bring
learning theories into practice as much as possible.

VPCL: AWVLS for Novice Programmers
The systematic way of breaking down a problem into
plans and integrating them is demonstrated in the
design of a system known as VPCL, Visual Plan
Construct Language. VPCL is a tool for teaching
beginner and novice programmers. Textual represent-
ation of programs and sub-programs (functions)
contributes to misconceptions of how sub-programs
interact with each other. Visual plan representation
has resolved some of these problems. Plans are inde-
pendent of programming functions. A plan can be a
single statement like adding one to a counter, or a
single concept; anything that is important or needs
to be discussed can be a plan. It is emphasized that
a function is a plan, but a plan is not necessarily a
function. Functions (sub-programs) have restraints
on how they are used and how they interact with
each other. A plan does not have these restrictions.
Plans can either be dependent or independent of the
programming language used. One task of VPCL is
to encourage the learner to think in terms of plans
and sub-plans structurally by building abstraction on
each level, while not overwhelming the learner with
scattered knowledge. The idea of plan programming
differently has been used as early as mid eighties;
for example, Soloway uses the idea of Programming
Plan to represent a typical action sequence in pro-
gramming such as a loop to calculate a total or to
search for an item. [Soloway, 1984] A novice pro-
grammer’s support environment using plans can be
created using hypertext to show the relationship
between plans as well as breaking down the program
to the smallest piece possible [Liffick, 1996].

The plan creation phase of VPCL deals with
writing actual programming code. In this phase, the
user is given problem specifications and is required
to develop all the steps to arrive at a solution. To
translate a problem into a written program, several
plans will be needed. These plans may exist and need
to be modified or may be created from scratch. After
all necessary plans are created, the plans must be
integrated, and then the program is executed.
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Several learning strategies and systematic ways
of evaluating the learner's problem solving skills are
incorporated in VPCL. Intelligence is built into this
system to try to figure out what the learner is trying
to do. For example, if someone is writing a program
that contains a comparison within a loop, the system
will recognize this as a search program. The system
can also store profiles of the users, so it will record
the strengths and weaknesses of the learner. The ef-
fectiveness of VPCL as a learning and instructional
tool has been shown by the result of empirical studies
on novice programmers [Ebrahimi, 92].

Conclusion and Future Remarks
The advantage of web and visualization with three
incremental phases of learning in WVLS ensures the
understanding of the subject matter. Different levels
of abstraction are applied at each phase in order to

avoid overwhelming the learner or distracting the
learner from reaching the main goal. WVLS pro-
motes a standard way to communicate in decompos-
ing a plan, integrating plans, and pinpointing the real
cause of errors and building a new plan. The WVLS
visualization and standardization bridges the gap of
misconceptions. While WVLS has been tested on
novice programmers, it is a generic environment that
can be applied to other subject matters such as
learning math or a natural language. Future work on
WVLS can be done to enhance the intelligence of
the system in reporting errors, assisting the learner,
and profiling the learner more accurately.

Several empirical studies of novice programmers
suggest that the understanding and productivity of
programming can be improved by plan composition
and visualization. Further empirical studies need to
be conducted on learners of different subjects to de-
termine the effectiveness of WVLS.
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