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Web-based distance learning provides a flexible environment for students, but there
isalack of interaction between students and the instructor. To overcome this drawback,
we propose a systematic assessment mechanism to enhance interaction between both
sides and to maximize student learning performance. This mechanism is presented by
means of a new courseware diagrams, which combines useful tools provided by the the-
ory of conceptual map and influence diagram. There are two major aspects to our pro-
posed new courseware diagram. First, a course flow chart can be built systematically and
students, learning performance can be improved by having them take different levels of
remedial courses based on their performance. Second, through the analysis of students’
learning performance, the course content can be adjusted to maximize students’ learning
results. Finally, this mechanism can be easily used by instructors and students because of
its user-friendly interface; in addition, allows the instructor to receive prompt feedback
from students.

Keywords: systematic assessment mechanism, courseware diagram, conceptual map, in-
fluence diagram, remedial course

1. INTRODUCTION

The use of the Internet has spread quickly around the world as the technology used
to construct the Internet has steadily improved. The Internet provides a convenient and
reliable environment in which information can be collected and shared. Thanks to the
advantages provided by the Internet, the basic infrastructure of distance education has
become more solid and sophisticated. While people welcome the more flexible learning
environment provided by the Internet, web-based distance education faces numerous
challenges. The current pattern for the development of on-line distance education is as
follows: building a platform, improving the current language, creating a new language,
setting up standards, developing software engineering, and assessing learning perform-
ance. In this paper, we strongly argue that the biggest challenge faced by distance learn-
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ing is the lack of a powerful and scalable evaluation mechanism to interaction among
students, instructors, and schools, and providing feedback for three parties. Thus, our
study fall focuses on the measurement of students’ learning performance.

In atraditional classroom, the instructor can gather students’ responses while teach-
ing and revise hisher lecturing style or material so as to maximize the teaching quality.
However, in an online environment featuring anytime/anyplace learning opportunities, a
significant percentage of the teacher’s work must be finalized well before the start of the
academic term, meaning that teaching and adjusting class material simultaneously is not
possible. Before it is published on the Internet, class material has to be perfectly organ-
ized and fully understood by students, which implies that the instructor can predict
his’her students' learning ability accurately before the class begins. This is not likely
because the two sides can not see each other often. On the other hand, for students learn-
ing online, their learning performance and knowledge level cannot be fairly and reasona-
bly measured. This makes it difficult to achieve the goal of establishing standardized,
simplified distance education and slows the pace of distance |earning devel opment.

In order to overcome the drawbacks caused by the lack of an evaluation mechanism,
we have considered the systematic design of and situations occurring in areal classroom,
and constructed a strategic, organizational, and reasonable system for building up course
content in distance education. In our system, we offer an object-oriented tool for design-
ing course content and a method for measuring students’ learning performance. Using the
course developing tool, the instructor can easily update and redesign course content after
receiving responses from students. The instructor can modify minor portions of the
course content after obtaining students’ learning performance in each evaluation or can
reorganize the entire course content after the class is finished. With regard to the evalua-
tion of learning performance, each student’s performance can be fairly measured by
comparing it with that of the entire class in the middle of the learning process.
Just-in-time analysis of students' learning performance alows the instructor to adjust
class material to fulfill students' needs and provides made suggestions for maximizing
students' learning performance. Our goal is to assure the quality of online distance learn-
ing.

This paper is organized as follows. Section 2 analyzes the previous research donein
the field of distance learning. The most important part of this paper is section 3, which
describes our proposed courseware diagram in detail. In section 4, we explain the advan-
tages of using the courseware diagram and demonstrate with an example how the
courseware diagram for an algorithms course can be constructed. Section 5 describes
how the method can be used to construct condensed and expanded courseware diagrams.
This is particularly useful when different requirements exist in different situations. An
evauation algorithm for computing AD is given in section 6. Conclusions, along with
summary and future research directions, are presented in section 7.

2. RELATED WORK

Studies done by researchers in the field of distance education are described below.
Some researchers have concentrated on devel oping adequate platform to support flexible
distance learning, such as the Intelligent Tutoring System (ITS) [7, 10, 29, 30], the
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Learning Space [27], and SEND [8]. Some researchers have devoted themselves to de-
veloping group discussion tools. A paper presented at CHEER [20] introduces the con-
cept of avirtua discussion room, which allows users to choose whatever communication
software they prefer. As a consequence, different applications have different combina-
tions of communication facilities. In a paper presenting the Virtual University (i.e., VLE
[9]), students' classrooms are dynamically located. This discussion also points out that
active data is another challenging research issue for distance learning systems. In the
MMU project [6], the virtual university structure is divided into three levels: Micro Uni-
versity, Virtual University, and Macro University. Micro University can be a software
system, which helps an individual to learn from his/her digital documents. Virtual Uni-
versity offers such documents to many students via Web technology and digital commu-
nications. The aggregation of Virtual Universities is a Macro University. A joint project
to integrate many existing Virtual University software systems is currently being devel-
oped by researchers from the USA, Japan, Taiwan, and other countries. Moreover, in
remote areas, distance learning can be carried out by satellite communications. The re-
lated technique issues and an evaluation of the educational benefits of a satellite-based
distance-learning environment are discussed in [12]. CORAL is a distance-learning en-
vironment for technical communication education. The system provides a course browser
and a group of communication tools. Similar approaches using WWW techniques and
Java applets are found in [5]. Distance learning systems with interactive classrooms and
CSCW systems have been proposed [13]. Laboratory-based distance learning systems are
discussed in [31]. Discussions of virtual university administration and operation issues
can be found in [33]. The benefits and trends of virtual universities are also discussed.
Some researchers have concentrated on developing adequate programming languages for
Web Browsers, such as SMIL (Synchronized Multimedia Integration Language) [11] and
XML (Extension Multimedia Language) [3]. The functions of sharing and reusing course
documents can be found in SCORM (Sharable Object Reference Model) [15], IMS (In-
structional Management System) [33], IEEE LOM (Learning Object Metadata) [23, 25],
ADL (Advanced Distributed Learning) [34]. Electronic Software is available for distance
learning, including the RM system (Resource Management) [17] and MITS (Multimedia
Interactive Telelearning System) [19]. WebCT [31] was initially developed at UBC,
Canada. The system offers awide range of products and services for high-level education.
The available tools and functions of the system include Administrator, Assignments,
Calendar, Chat, Languages Tool, Mail, Manage Students, Quiz and Survey, Self Test,
Student Presentations, Student Tips, Syllabus, Track Students, Webcourse Builder, and
Whiteboard, which are available for different operating systems and hardware platforms.
WebCT has strong partnerships with many organizations or companies, which build
add-on tools, such as test tools, course material exchange tools, and others. Another fa-
mous distance learning system is the Blackboard e-Learning software platform [32].
Hundreds of distance-learning courses have also been implemented. The system can also
be integrated with student management systems or other ERP systems, and secure au-
thentication functions. Statistical data shows the learning status to the instructor as well
asto the students. Chetty’ s study on web-based assessment is one example of research on
the assessment of distance learning. In brief, some researchers have concentrated on de-
veloping communication tools and group cooperation, while others have concentrated on
analyzing and evaluating students' learning performance. Our study fals into the last
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group-the measurement of students' learning performance. In our study, we refer to two
tools and a theory for assessment, decision-making and goa setting. They are concept
mapping, the influence diagram and the theory of the learning cycle. We combine the
advantages of all these tools in our courseware diagram.

2.1 Concept Map

Prof. Joseph D. Novak at Cornell University originally developed the concept map-
ping technique in the 1960’ s. Concept mapping is a two-dimensional graphical represen-
tation which constructs the records of information in a hierarchical format starting with
the most general concepts and proceeding downward in increasingly greater detail [22].
The use of concept maps to assess students’ understanding and learning is not a new idea.
It was defined as a strategy by Wandersee, [26] and used in a variety of ways for plan-
ning by Novak and Gowin [2]. Amaudin (1986) applied concept map in the field of
studying and instruction. Anderson (1989) applied it in the field of assessment [1]. There
has also been plenty of work done on implementing concept-mapping techniques. [4]

One advantage provided by concept maps is that responses from students can be
obtained. The instructor can receive responses from students and take them into consid-
eration in adjusting the teaching material or style in order to maximize students’ learning
performance. Based on the concept of understanding the interaction between teachers
and students through responses received from students, the courseware diagram we pro-
pose for distance learning sets out to achieve the same goal .

2.2 Influence Diagram

The Influence Diagram [24] was developed to represent decision problems. It grows
linearly (as opposed to exponentialy in decision trees) so that larger decision problems
can be represented. It isa singly connected DAG (Directed Acyclic Graph) without loops.
Two types of nodes and links are utilized in the influence diagram — decision nodes,
chance nodes, informational links, and conditioning links. A decision node is depicted by
arectangle or a square that represents a variable under the decision maker’s control. An
oval or acircle that denotes a probabilistic variable represents a chance node. A condi-
tioning link always points toward a chance node and represents a probabilistic depend-
ence. On the other hand, an informational link always points toward a decision node and
denotes available information. In addition, the sequence of decision nodes must be fully
ordered. This is known as the no-forgetting condition. A decision is made based on all
the outcomes of its direct predecessors. Thus, informational links are arranged in
chronological order but conditioning links are not. Another importance issue is the direc-
tion of conditioning links. In general, the representation of a decision problem is not
unique. That is, the chance nodes do not imply orders [14, 21, 29]. We have found that
many features of the influence diagram are very useable for designing our mechanism,
but not completely suitable for the modeling of distance learning courseware; therefore,
it has been modified in our mechanism.

Besides applying concept maps and the influence diagram, we also apply the theory
of the Learning Cycle proposed by Kolb, and attempt to apply the processes of experi-
encing, reflecting, conceptualization, and planning included in the theory behind our
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courseware diagram mechanism [28]. According to the theory, learners obtain under-
standing through experience, learn from it, and modify their behavior to achieve incre-
mental improvement in their future work. Also, Michael Lawrence Slater suggests that
progressive feedback is beneficial to academics and students alike and is an opportunity
for improvement [18]. Thus, the most important of our objectives in designing the
courseware diagram is to improve learners’ performance in their work by enabling ade-
quate adjustment of course contents based on progressive feedback collected through
evaluation.

3. DEFINITIONS OF COURSEWARE DIAGRAM

From the teaching and learning perspectives, constructing a distance learning course
is a decision problem: — How does the courseware benefit students and lead to maximal
learning? Tools usually used by decision makers to solve decision problems include con-
cept maps and influence diagrams. Therefore, both tools are included and revised in our
courseware diagram. Our objectives and a detailed description of our mechanism are
givenin this section.

3.1 Objectives of the Cour sewar e Diagram
The key objectives of the courseware diagram are listed below:

o to clearly define each component used in the courseware diagram and identify accepted
and restricted links between components;

e to indicate the importance of each component to reflect the percentage of the impor-
tance of each course unit;

e to evaluate individual student’s learning performance compared with the entire class;

e to build up a consistent, equitable, flexible, and implemental tool;

o to reduce the work load of students, teachers, and the school.

3.2 Using Cour sewar e Diagrams to Represent Course Design Problems

Influence diagram are very useful for designing distance-learning courses. Because
of the way courses are designed, a few adjustments must be made in order to reach the
final goal — maximizing students learning results. The transformation of an influence
diagram into a courseware diagram is described in this section.

3.2.1 Nodes and links used in the cour sewar e diagram

Nodes and links utilized in the influence diagram are used in our courseware dia-
gram but with slight changes. Nodes used in our courseware diagram are evauation
nodes and course nodes that are very similar to decision nodes and chance nodes used in
the influence diagram. Decision nodes can represent evaluation nodes because a decision
node in an influence diagram indicates a decision that is under the decision maker’s con-
trol. Similarly, an evaluation or a test is conducted or controlled by the instructor. An
evauation can be in the form of atest, quiz, homework, presentation, or even report. The
results of evaluation units lead to different consequences. Students who receive higher
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graded have the instructor’ s permission to progress to the next course. On the other hand,
students who receive lower their grades have to take aremedial course that is designed to
enhance their learning performance. No matter which course they take, the instructor will
be able to maximize the students’ learning performance by teaching remedial courses to
students who perform poorly. Thus, we suggest that a decision node can represent an
evauation node. Furthermore, chance nodes can represent course nodes because a
chance node is associated with a probabilistic variable, meaning the possibility of the
occurrence of the chance node. As with a course node, there is a variable attached to it
that indicates the relative importance of the course node. Therefore, it is reasonable to
say that chance nodes can be used to represent course units. Also, a value node can rep-
resent the final value of a student’s learning performance. At the end of a series of
courses and evaluations, each student has obtained knowledge that is measured by means
of evaluation units because the only way to know a student’s level of absorbed knowl-
edge is to use evaluation units. Therefore, the only predecessor of the fina value is the
last evaluation unit. If this requirement is violated, the final value cannot be fairly justi-
fied. Once a student’s final value is attained, his’her grade will be certified based on the
final value. Note that the final unit is a sink node. There is no out-going link from the
final unit.

Nodes are connected by different links in the courseware diagram. Links indicate
the direction of the next node and the characteristics of its instincts. There are six possi-
ble connections among three types of nodes. However, not all of them are allowed in our
courseware diagram to prevent violation of normal practice. Two types of links are pro-
hibited. First, links from course units to final value units are prohibited because knowl-
edge values can only be measured by means of exams. Students’ real performance in
acquiring knowledge cannot be calculated based on taking courses alone. Second, links
from evaluation nodes to evaluation nodes are constrained because it is not common to
take consecutive tests without taking courses in between. Links from course units to both
course unit sand evaluation units and links from evaluation units to final units are defined
as informational links and represented by solid lines with arrowheads. Information can
be regarded as a source of knowledge. Our knowledge is the accumulation of enormous
amounts of information. Thus, we use the word “information” for links that transfer in-
formation from the previous node to the next node. Links from course units to course
units fulfill the requirement of transferring information, and links from course units to
evaluation units means a certain amount of information has been accumulated for an
evauation. Also, through the informational link between the last evaluation unit and the
final value unit in the courseware diagram, we are able to capture students' actual per-
formance. Regarding a link from an evaluation unit to a course unit, it is defined as a
conditioning link represented by a dashed line with an arrowhead. In order to achieve the
goal of suiting the teaching to the ability of the pupil and the goal of maximizing each
student’s learning performance, we divided students into several groups based on the
results of an evaluation and allow the teacher to give lectures to them based on different
materials. Therefore, after an evaluation, the material provided by the instructor depends
on the student’ s performance in the evaluation.

The shapes of evaluation nodes and decision nodes are identical, and the shapes of
course nodes and chance nodes are also the same. However, in the influence diagram,
informational links and conditioning links are solid lines, while in the courseware dia-
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gram; they are solid lines and dashed lines respectively.

3.2.2 Basic structure of courseware diagram

An example of applying evaluation nodes, course nodes, informational links, and
conditioning links to create a courseware diagram is shown in Fig. 1. In addition to the
descriptions mentioned above for nodes and links, other important factors are defined as
follows.

Begin

CKW=0.1 | AD=[0.1,0.1]

CKW=0.1 AD=[03,0.3]

CourseC1 CourseC2

SSeee,, — —

DR=zr nGKW=0 AD=[0.4*2%+0,0.4*2,%+0]
Remedial

Couse

X>Y,>7

CKW=0.3 /

CKW=0.3 AD=[min+0.6, max-+0.6]

AD=[min+0.3, max+0.3] min= minimal{0.4% x%, 0.4*y,%, 0.4* 7,%}
max= maximal{0.4*x%, 0.4*y,%, 0.4* z,%}

CourseE

GP{25,25}]  DR=[x%,y,%, 2,%] Course unit

"
[ ] Evaluation unit
—_—

D=[min+0.6* 2%, max+0.6* x.%)] Information link
s=== Information link

Fig. 1. The basic structure of a courseware diagram.

Definition 1: The Course Knowledge Weight (CKW) is a value associated with every
course unit. A Course Knowledge Weight reflects the importance of the knowledge pre-
sented in the course unit. The more important the course unit is, the larger the value of
CKW is. The instructor decides the value of CKW. The total value of CKW of all the
course units is always equal to one, meaning 100%. The rationale behind this is that we
can easily understand the relative importance of each course to the entire course. The
CKW value for aremedial course is aways zero because new knowledge presented in a
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remedia course is nothing. It is reasonable to assign zero to the CKW value for to are-
medial course unit. An example of aCKW is“CKW =0.1".

Definition 2: The Acquaintance Degree (AD) is an accumulated course knowledge
weight associated with a course unit. It is represented by a pair of numbers. An example
of AD is“AD [0.4, 0.6]". The number on the |eft side indicates the |earning performance
of the worst performing group of students or of students who received relatively lower
scores in evaluations up to a certain course unit. The number on the right side indicates
the learning performance of the best-performing group of students or of students who
received relatively higher scores in evaluations up to a certain course unit. The Ac-
quaintance Degree is found by giving an evaluation in order to measure the actual or real
learning performance. AD is significant because it reveals the range of the whole class's
actual learning performance. Therefore, an individual student’s learning performance can
be compared with the whole class's learning performance. However, the Acquaintance
Degree does not always present the real learning performance because it is possible for
the best-performing students in one evaluation to be the worst performing students in the
following evaluation. If this situation continues, the Acquaintance Degree does not re-
flect the real situation. Therefore, we can only say that the Acquaintance Degree is the
expected value of awhole class's learning performance. The actual |earning performance
depends on various situations that occur.

Definition 3: The Group Percentage (GP) is a pair of values associated with an
evaluation unit and indicates the percentage distribution among students who re-
ceived lower, average, and higher scores in an evaluation. An example of GP is “GP
[25, 25]", meaning that students are divided into three groups. 25 percent of the stu-
dents who received relatively lower scores, 25 percent who received relatively
higher scores and the rest of the students, 50 percent, who received average scoresin
an evaluation. The total value of a Group Percentage equals 100. The instructor de-
cides these percentages. Once the percentage distribution has been set at the begin-
ning of the courseware, the rest of the evaluation units have to follow the same per-
centage distribution for the purpose of continuation. Usually, students are grouped
into three different categories, the worst performing students, the average perform-
ing students, and the best performing students. The purpose of grouping students is
to reinforce students who do not perform well in an evaluation and to calculate the
actual learning performance for different groups of students through an evaluation. It
is normal to divide students into two groups or to regard them as an entire group,
meaning that no remedial course will be given. However, we highly recommend that
the instructor embed at least one remedial course. The Group Percentage cannot be
omitted no matter if there is a remedial course followed by an evaluation or not. In
our courseware diagram, a very special evaluation node is located right in front of
the final value node. According to normal practice, no additional regular courses or
remedial courses will be given after the last evaluation unit.

Definition 4: The Discount Rate (DR) is a value associated with every discount bar
placed on conditional links. An example of a Discount Rate is “DR = 0.9". We assume
that each student’s score on an evaluation reflects the degree of hisher perception on
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previous taught knowledge. Based on the GP assigned by the instructor, every group of
students gets an average score. The average score for the group of best-performing stu-
dentsis definitely higher than that of the group of worst performing students. We assume
that the average scores for the group are X, Y, and Z respectively, whereas the relation-
ship among them is X > Y > Z. The Student Acquaintance Degree before an evaluation
multiplied by Discount Rate, which varies among the groups, is the actual learning per-
formance of the students. Thus, the actual learning performance is calculated as AD mul-
tiplied by DR.

Definition 5: The Individual Performance (IP) indicates an individual’s actual perform-
ance after a series of courses and evaluations. Like the Acquaintance Degree which
represents the range of the whole class's performance, the Individual Performance repre-
sents a single person’s actual performance. This number is accumulated by taking
courses and deduced from evaluations taken.

In our courseware diagram, a few restrictions are placed on the design of a course.
First, two consecutive evaluation units are not allowed in courseware diagram because
the purpose of giving an evaluation is to detect each student’s actual learning perform-
ance after he/she takes a series of courses. Taking two consecutive evaluations is mean-
ingless. Second, parallel learning is allowed in a courseware diagram. Parallel learning
means taking unrelated courses simultaneously within a certain period of time and is a
way to differentiate students after they take an evaluation. Therefore, parallel learning
may accelerate the learning process. However, one very important feature of parallel
learning that cannot be ignored that is every course on the path of parallel learning has to
be taken by each student because al the courses together make up the whole class. Par-
dlel learning is indicated in a courseware diagram by multiple paths that may make the
courseware diagram which is more complicated. Due to the effect of paralel learning,
they can be more than one learning path. This leads to our third restriction. All paths
have to merge into the final evaluation node prior to the fina value node. The reason for
this is obvious. As we stated above, only one evaluation node can exit before the final
value node.

Fig. 1 shows the basic structure of a courseware diagram. Each course unit is given a
CKW, indicating the importance of each course. The total number of course unitsis one.

Courses C1 and C2 are not related. Therefore, they are implanted in a parallel
learning structure. All course units in a paraléel learning structure have to be taken.
Therefore, prior to evaluation 1, all courses have to be taken, and AD should be 0.4,
which is calculated by adding the CKW of courses A, B, C1, and C2 together. GP [25, 25]
is decided by the instructor and stands for all evaluation nodes. The DR values attached
to evaluation 1 are x;,%, 2% and z,%, meaning that the average score for the
best-performing students is x;, the average score for the average performing students is
y1, and the average score for the worst performing students is z;. The AD that is associ-
ated with course D is calculated by finding the largest (maximum) and the smallest
(minimum) AD among the three different groups after they are discounted by a discount
rate and the CKW of course D. The maximum AD is 0.4 * x;% + 0.3, and the minimum
AD is0.4* 2% + 0.3 for at course D. Between evaluations 1 and 2, there are only two
course units, courses D and E. Only material presented in new courses can be included in
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the evaluation. Therefore, the total value of CKW (0.6) for courses D and E should be
discounted by DR, that is, X,%, y-.% and z,%, respectively, attached to evaluation 2.
Therefore, AD after evaluation 2 should be [0.4 * z,% + 0.6 * 2,%(0.44), 0.4 * x;% + 0.6
* X,%(0.66)] for the final value node, which indicates that the expected learning per-
formance for the entire class is between the first number and the second number. An in-
dividual student’s actual performance lies between these two numbers.

4. EVALUATION OF A COURSEWARE DIAGRAM

The most important feature of a courseware diagram is the value of the Acquaint-
ance Degree (AD), indicating the expected best and worst learning performance of the
entire class along the path of the courseware diagram. Another important feature is the
value of the Individual Performance (I1P) indicating the individual student’s learning per-
formance along the path of the courseware diagram. The combination of IP and AD in-
dicates one student’ s performance compared with that of the entire class. The advantages
of using the courseware diagram are as follows:

e Evaluation of the individua student’s learning performance: Through analyzing the
value of IP, the instructor and student are both made aware of his’her performance.
From the instructor’s point of view, this means being able to measure individual stu-
dent performance and give each student afair grade.

e Evaluation of the entire class's learning performance: The Acquaintance Degree
attained from the final value gives valuable information to instructor, that is, the
value of expected and reachable best and worst learning performance in this class.
Although this number does not imply each student’s actual learning performance,
it does reveal the most possible situation in this class. For example, if the AD at-
tained from the final value node is AD [0.7, 0.9], then the second number (0.9) is
the value collected from the best-performing student in every evaluation. However,
this person may not exist. For instance, if none of students who received relatively
higher scores in the first evaluation falls into the group of best-performing stu-
dents in the following evaluation, then all the members who fall into the group of
best-performing students are students who belong to the group of worst on average
performing students. In this case, there is no one who can continuously be the
best-performing student in every evaluation. That is why we call AD [0.7, 0.9] the
expected value instead of the real value in the courseware diagram.

¢ Feedback to the instructor: By deploying the IP of an entire class and comparing it with
the class AD, the instructor is able to obtain feedback from students.

e Monitoring each student’s learning performance aone the path of the courseware dia-
gram: Because the process of taking whole class takes a long time, the instructor will
not be able to obtain or monitor student’s learning ability until after a certain period of
time. The design of 1P and AD overcomes this problem.

e Maximize the students' learning performance: Due to the design of remedial courses
that students take after an evaluation, their learning performance can be reinforced by
the studying class material again.
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4.1 An Example of Constructing a Cour sewar e Diagram for an Algorithms Cour se

To show the usage of the courseware diagram, we will give an example in this
section. Fig. 2 shows a courseware diagram for an algorithms class. This class starts
with a unit on mathematical foundations and ends with the last evaluation unit. For
every course unit, there is a Course Knowledge Weight (CKW) attached to it, and
the total value of all the course units is one. Due to the topology of parallel learning,
unrelated courses can be embedded in a parallel structure. AD is calculated by add-
ing up the previous CKW values on the path. Therefore, at the sorting course, AD is
[0.35, 0.35] and at the data structure course unit, AD is [0.25, 0.25]. Before evalua-
tion 1, AD should be 0.45 because there are three courses in total taken by the stu-
dents. These courses are weighted 0.15 for the mathematical foundations course, 0.2
for the sorting course, and 0.1 for the data structure course, respectively. The result
of evaluation 1 is that 25 percent of the students were the best-performing students,
who received an average score of 90, 50 percent were the average performing stu-
dents, who received an average score of 70, and 25 percent of worst performing stu-
dents, who receive an average score of 50. Therefore, the discount rate are 0.5, 0.7
and 0.9. AD for these three types of students is found to be 0.45 * 50% for the worst
performing students, 0.45 * 70% for the average performing students, and 0.45 *
90% for the best-performing students. Before moving on to the next course, the
maximum AD is 0.405 (0.45 * 90%), and the minimum is 0.225 (0.45 * 50%). Then,
all the students have to continue on to the advanced data structure course (CKW =
0.15), graph agorithm course (CKW = 0.1), number-theoretic algorithm course
(CKW = 0.1), computing theory course (CKW = 0.1), and clustering course (CKW =
0.1). However, the graph algorithm course and both the number-theoretic algorithm
and computing theory courses can be taken simultaneously. These three courses are
designed in a parallel learning structure. The advance data structure course (CKW =
0.15), graph algorithm courses (CKW = 0.1) and number-theoretic algorithm course
(CKW = 0.1) which have an accumulated CKW of 0.35, are included in evaluation 2
and should be found using the discount rate (0.5, 0.7, 0.9). Before the computing
theory course is taken, the maximum AD is 0.72 (0.35 * 90% + 0.405), and the
minimum is 0.4 (0.35 * 50% + 0.225). Then, students move on to the computing
theory course. In evaluation 3, the computing theory course (CKW = 0.1) and clus-
tering course (CKW = 0.1) are included and should be determined using the discount
rate (0.5, 0.7, 0.9). Before the final value unit is reached, the maximum AD is 0.9
(0.2 * 90% + 0.72), and the minimum is 0.5 (0.2 * 50% + 0.4). Since no more
courses exist after evaluation 3, AD at the final value node is [0.5, 0.9]. In conclu-
sion, the expected students’ |earning performance range between 0.5 and 0.9.

5. THE METHOD FOR DEVELOPING CONDENSED AND EXPANDED
COURSEWARE DIAGRAMS

In the following section, we will illustrate the transformation process from a con-
densed diagram to an expanded diagram and the process of reversal transformation. The
purposes of the two types of transformation are different, and each transformation leads
to different results and advantages.
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Begin
CKW=0.15 AD=[0.15, 0.15]

Mathmatical
Fundations

™\ AD=[0.575, 0.755]
Theoretic
Algorithm

GP{25, 25}

AD=[0.2875, 0.3775]

CKW=0.1
Computing
Theory
GP{25, 25}

AD=[0.5, 0.82]

AD=[05,0.9]

Fig. 2. Courseware diagram for the algorithms class.

5.1 Transformation Process From a Condensed to an Expanded Courseware
Diagram

The proposed courseware diagram for the algorithms class shown in Fig. 2 origi-
nally came from the reduced courseware diagram shown in Fig. 3. The simplest and the
very beginning design of the courseware diagram starts with a course unit (CKW = 1)
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Begin
CKW=1.0 i

Algorithm

Fig. 3. The reduced courseware diagram for the algorithms class.

leading to the final value node. The purpose of building a reduced courseware diagram is
to simplify the design of the courseware diagram and to help the instructor develop a
systematic structure. Next, Fig. 4 shows how to develop core courses indicated by bold
lined that are divided into two types of courses, related courses (or courses arranged in
sequence) and unrelated courses (or courses arranged in parallel). In the algorithms class,
related courses are the basic course (CKW = 0.45), advanced course (CKW = 0.25), and
soft computing course (CKW = 0.3), and the sequence for taking these courses is de-
picted in Fig. 4 aswell. The instructor decides to teach the students 3 courses in the basic
course section, 2 courses in the advanced course section, and 3 courses in the soft com-
puting section. Expanding the structure of Fig. 4 leads to the structure shown in Fig. 5,
which show the basic course arranged in a parallel structure, the advance course in a se-
rial structure, and the soft computing in a parallel structure. After the structure for all the
courses is plotted, the next step is to decide where to put the evaluation unit. Fig. 6 shows
the place where the instructor wishes to put the evaluation unit. According to the re-
quirements of the courseware diagram, an evaluation node has to be placed prior to the
final value node in order to measure each student’s learning performance. Therefore,
evaluation 3 is located in front of the final value. This rule has to be followed or the
whole theory will be corrupted. In the course of teaching, the algorithms class, the in-
structor adds two more evaluation nodes, evaluation 1 and evaluation 2. Where the
evauation nodes will be put is decided freely by the instructor. As long as there is at
least one course before an evaluation node, an evaluation can be put anywhere in the
diagram. An evaluation node includes two remedial courses that are both weighted 0
since that no new knowledge is provided in remedial courses. The function of the evalua-
tion node is to reduce the value of AD, and it isin a fixed form as shown on the course-
ware diagram. As shown in Fig. 6, evaluations 1 and 2, which are temporarily repre-
sented by extra bold lines, have three conditioning links directed towards the next node,
but the evaluation node prior to the final value node has only one conditioning link at-
tached to it. The complete structure of the courseware diagram for the algorithms classis
shown in Fig. 2. Another example of expanding the courseware diagram a data structure
courseisgivenin Appendix 1.
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Begin
CKW=0.45 i

Basic

CKW=0.25
Advanced

CKW=0.3 l

Soft
Computing

0

Fig. 4. The expanded structure corresponding to Fig. 3 with the core courses.

Begin
CKW=0.1

Mathmatical
Fundations

CKW=0.1

Number-
Theoretic

Computing
Theory

Fig. 5. The expanded structure corresponding to Fig. 4 with all the courses units.
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Graph
Algorithm
CKW=0.1
Clustering

Number-
Theoretic
Algorithm

Computing
Theory

Evaluation3

Fig. 6. The expanded structure corresponding to Fig. 5 with all the course and evaluation units.

5.2 Transformation Process From an Expanded to a Condensed Cour sewar e Diagram

An expanded courseware diagram can be condensed to its original form by moving
in the reverse direction. It is possible to condense a class and leave only the core course
units, one evaluation unit and one final value node in the diagram according to the dif-
ferent requirements of the class. A combination of core course units and expanded course
units is allowed in the courseware diagram. An example is given in Fig. 7. We assume
that if the instructor is asked to design an intensive class for short term training purposes,
then he/she only needs combine a few topics belonging to the same core course or to
simply combine core course units and expanded core course units together in the same
diagram because there is not enough time to finish the whole course. Fig. 7 shows a
combination of core course units consisting of an advanced course, a soft computing
course, and an expanded core course, which make up a basic course and are depicted in a
courseware diagram for an intensive algorithms course. It is possible to change each core
course's CKW according to different situations, but we have kept the CKW of each core
course the same in this case. In brief, the proposed courseware diagram benefits instruc-
tors by offering flexibility in designing the course and the function of evaluation needed
to measure each student’ s learning performance.
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Begin

CKW=0.15 AD=[0.2,0.2]
Mathmatical
Fundations

CKW=0.2

Data
Structure

Evaluation 1

Enhanced
Remedial
Coruse

GP{ 25, 25}

Fig. 7. An example of a courseware diagram for a condensed a gorithms class.

5.3 Advantages of Transfor ming the Cour sewar e Diagram

The advantage of building an expanded courseware diagram is that doing so is more
systematic. A complete courseware diagram can be designed by following the steps men-
tioned in subsection 3.4.1: define the core course units, expand core course units, and
finally add evaluation units to the diagram. Moreover, the instructor can design aclassin
a flexible manner because the courses included in each core course are determined based
on the instructor’s personal judgment and the actual class situation. Any core course unit
can simply remain in condensed form without expansion of its contents. This advantage
leads to the fulfillment of various requirements involved in designing a courseware dia-
gram for the same class with different timeframes, as show in Fig. 2 and Fig. 7 for the
algorithms class, or for based on each student’s educational background, such as when
designing an algorithm class for both undergraduate students and graduate students. Also,
the fact that evaluation units can be placed anywhere in the diagram without restrictions
provides even more flexibility for the instructor who designs the courseware diagram.
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6. AN EVALUATION ALGORITHM FOR COMPUTING AD

An evauation algorithm for computing AD isillustrated in Fig. 8. In this algorithm,
we assume that the evaluation contents include all the course units prior to the evaluation.
There are two functions in the following algorithm. First, CD-Eval calculates the AD of
the final value node. Second, BFS-Eval calculates the AD of the core course unit or a
compound unit. It is possible to embed condensed units and atomic units together in the
same diagram as shown in Fig. 7. Our agorithm can deal with both situations. Also, the
calculation of AD for both a parallel structure and a serial structure is included in our
algorithm. A more detailed and complicated algorithm that can calculate students’ learn-
ing performance between two consecutive evaluationsis given in Appendix 1.

Algorithm CD-Eval(Node, AD)
Require: Node is apointer, AD isapair [ADyin, ADma] Of real and Place zero in
RAD/*RAD isavalue of aredundant node*/
if Node is an atomic node then
if Nodeis a course node then
if the child of Node is multiple and n output then
RAD=RAD+AD*(n-1)
end if
ADD CKW to AD
CD-Eval(Node—>child, AD)
else
CD-Eval(Node—>child, AD)
end if
ese
if Node is a course node then
if the child of Node is multiple and n output then
RAD=RAD+AD*(n-1)
end if
place exit_node of condensed node in Exit-Node
ADD CKW to AD
BFS-Eval(Node, AD, Exit_Node)
place sum of CDs of all Exit-Node's parent nodesin AD
CD-Eval(Exit_Node->child, AD)
else
if GP of Nodeis NULL then
CD-Eval(Node~>child, AD)
ese
place exit_node of condensed node in Exit_Node

Fig. 8. An evauation algorithm for computing AD.
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place the percentages of average score of the | group in X;
for @l child nodes of the test unit do
place [ADpin* Xi+CKW, AD s Xi+CKW] in AD;
BFS-Eval (Evaluation Node ->child, AD, Exit_Node)
end for
place the minimal ADmin value of parent node of Exit_ Node in min
place the maximal ADmax value of parent node of Exit_Node in max
place [min, max] in AD CD-Eval(Exit_Node—>child, AD)
end if
end if
end if
Return(AD-RAD)

BFS-Eval(Node: pointer, [ADmin, ADmax]: Pair of Real, Exit_ Node: Pointer) is
defined as
if Node = Exit_Node then
Return
else
place AD of Node to [ADyin + CKW, ADyax + CKW]
for each child node N of Node
CD-Eval( N, [ADgin + CKW, AD e + CKW])
end of BFS-Eval

Fig. 8. (Cont’d) An evaluation agorithm for computing AD.

We use“=" as acomparison operator and “set” to represent an assignment statement.
The algorithm needs to cope with four types of objects. atomic course units, atomic
evaluation units, condensed course units, and condensed evaluation units. For an atomic
course unit, its AD is increased by its CKW, and CD-Eval is called recursively. For an
atomic evaluation unit, the accumulated AD is passed to its descendents. For a condensed
course unit, the revised breadth first search function is used to evaluate all the parent
nodes of the exit node (i.e., ENode). Then, the AD of ENode is summarized from all of
its parent nodes. For a condensed evaluation unit, there are three alternative paths after
the evauation unit. The CKW values of the three alternative course nodes are Nx, Ny (=
0), and Nz (= 0), with the percentages of the average scores equal to X, y, and z, respec-
tively. Breadth first search is applied to the three aternatives again. Finally, the minimal
and maximal value of ENode is computed based on all of its parent nodes.

Based on our proposed courseware diagram, we are able to create an authoring tool
instructors cause to design a class and to evaluate students' learning performance. Finally,
students' grades can be fairly given, and the instructor can carefully examine the design
of his courseware and look for possible adjustments by using our courseware diagram.
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7. CONCLUSIONS

The rapid growth of the Internet around the world has led to substantial numbers of
people that are eager to enroll into online distance education courses. However, there are
numerous challenges inherent in distance education, especialy the assessment of stu-
dents. Students who enroll in distance education courses tend to have varied educational
backgrounds. For the instructor, it is hard to know the students’ learning ability before
the class starts. However, al of the class materials have to be presented online before the
class begins. Therefore, it is crucia for the instructor to determine students' learning
performance. Our courseware diagram attempts to deal with this problem. There are two
key functions in our courseware diagram. First, the instructor can systematically design
the class using drag-and-drop buttons provided by our software system with a
user-friendly interface. Second, the instructor can receive just-in-time feedback from
students after each evaluation. Based on the results of each evaluation, the instructor will
know the students' learning performance and can decide whether or not to make adjust-
ments to his’her class materials. With our software system, students' learning perform-
ance can be precisely measured, and the instructor can cope with students with diverse
educational backgrounds by constantly adjusting his’her class materials. In conclusion,
our proposed mechanism can be used to perform a quantitative analysis based on stu-
dents’ learning performance and provide a flexible course design model for the instructor
to use in adistance learning environment.

Continued theoretical and applied investigations along this line of research are
needed. We will continue our work on distance learning. This paper has concentrated on
evaluating student learning performance. In the future, we will focus on the issue of
measuring performance related to the skills, competencies or other characteristics of the
instructors and develop a mechanism to implement our ideain order to reach the goal of
improving the quality of distance education.
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APPENDIX

APPENDI X 1.
Algorithm CD-Eval(Node » AD)
Require : Nodeis pointer » AD isapair [ADpmin * ADma] Of red
if Node is an atomic node then
if Node isacourse unit then

ADD CKW and all immediate predecessors AD to AD
if Node is synthetic and has n input then

SUBTRACT immediate analytic AD * (n-1) from AD
end if
CD-Eval (Node—child > [ADpmin > ADma])

else /*an evaluation unit should pass AD to its successor*/

if evaluation unit —child is not final value node
if Node is synthetic and has n input then

SUBTRACT immediate analytic AD * (n-1) from AD

end if
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if Exit_Node = Null then
place exit node of evaluation unit in Exit_ Node/*exit node is multiple input
and one output*/
Exit Node's AD is Separ ate (evaluation unit)
CD-Eval (Exit_ Node » AD)
ese
evauation unit's AD isAD - Exit_Node's AD + Exit_Node's CKW
Temp —AD = Exit Node's AD — Exit_node’'s CKW
Place exit node of evaluation unit in Exit-Node
Exit Node's AD is Separ ate (evaluation unit)
Exit Node'sAD isExit_Node'sAD+Temp_AD
end if
else
for DRi | from1ton
place (AD*DR)) in AD;
end for
find minimal and maximal valuein AD - put into min > max
AD = (min > max)
end if
el se/* condensed node*/
if Node isacourse unit then
place exit node of condensed node in Enode
BFS-Eval (Node » [ADmn + CKW » ADpa + CKW Exit_Node])
ADD CKW of Exit node and all predecessor’ AD in the condensed node to
Exit-Node's AD
if Node is synthetic and has n input then
SUBTRACT immediate analytic AD * (n-1) form AD
end if
CD-Eval (Exit_ Node—child > [ADy,0f Exit Node > ADy, of Exit_ Node])
else /*Node points to evaluation unit*/
if GP of Node is omitted then /*pass AD to its successors*/
CD-Eval (Node—child > [ADmin > ADmax])
else /* differented instruction*/
if evaluation unit—child is not final value node
if Node is synthetic and has n input then
SUBTRACT immediate analytic AD * (n-1) form AD
end if
place the percentage of average score of thei group in DR,
for all child nodes of the evaluation unit do
place ADin*DR; + CKW, » ADpa + DR+ CKW;in AD;
BFS-Eval (evaluation unit—child - AD - Exit_Node)
end for
place the minimal AD,, value of parent node of Exit_Nodein min
pace the maximal ADna value of parent node of Exit_Node in max
place (min > max) in AD
CD-Eval (Exit_ Node—child > AD)
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ese
for DR | from1ton
place (AD*DR)) in AD;
end for
find minimal and maximal valuein AD - put into min > max
AD = (min > max)
end if

Separate (evaluation node) /* Set Exit_Node is a exit node*/
for all child nodes of the evaluation unit do
place [AD * DR; + CKW] in AD;
end for
find minimal valuein AD; > put into min
find maximal valuein AD; » put into max
AD = (min > max)
Return AD

BFS-Eval(Node: pointer » [ADpin * ADma]: Pair of Real » Exit_Node: Pointer) is defined
as
if Node = Exit_Node then
Return
else
place AD of Nodeto [ADyin + CKW > ADppa + CKW]
for each child node N of Node
CD-Eval( N > [ADpjn + CKW » ADa + CKW])
end of BFS-Eval

APPENDIX 2.

Begin
CKW=1.0 i

Data
Structure

v

V

Fig. 9. A reduced courseware diagram for data structure class.
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Begin
CKW=0.45 l

Fig. 10. An expand structure of Fig. 9 with core course.

Begin

Interna
Sorting

CKW=0.05
External

Sorting

CKW=0.05 CKW=0.05

Fig. 11. An expand structure of Fig. 10 with al course units.
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Begin
CKW=0.05

CKW=0.1 Introduction CKW=0.1

Linked List

CKW=0.15 CKW=0.15

Evaluation 2
CKW=0.05 CKW=0.05
" Symbol
C Files > Table
Evaluation 3

Fig. 12. An expand structure of Fig. 11 with all course and evaluation units.
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