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Abstract—The purpose of this research was to explore the 

effectiveness of using computer-aided learning methods in 

teaching compared to traditional instructions. Moreover, the 

research proposed an intelligent-based educational module for 

teaching object oriented languages. The results provide teachers 

positive outcomes of using computers technology in teaching. 

Sample of more than one hundred undergraduate students from 

two universities located in the Middle East participated in this 

empirical study. The findings of this study indicated that students 

using e-learning style perform more efficient in terms of 

understandability than traditional face-to-face learning 

approach. The research also indicated that female students’ 

performance is equally likely to male students. 
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I. INTRODUCTION 

Students learn through many different mechanisms that 
provide the best long-term retention rates including lectures, 
books, demonstrations, and experimentation.  Reference [1] 
explained variety of learning styles that include:  

 Verbal style: learning materials from word-based 
interfaces such as books and lectures. 

 Visual style: learning materials from visually oriented 
stimuli such as pictures, graphs, and movies. 

 Sequential style: learning materials in discrete steps 
reaping partial understanding from incomplete 
instructions. 

 Global Style: learning materials throughout top-down 
design by understanding facts of a topic before 
understanding its component’s structures.  

The use of intelligent tools and multimedia modules in 
education is a rapidly growing trend. Students can access their 
university’s computer rooms and retrieve information in a more 
entertaining and easily remembered format than purchasing 
packs of extra readings, sample problems, and old exams. The 
writer have recently developed a knowledge-based module that 
incorporate intelligence in browsing materials, displaying items 
of information, self-correcting faults, and measuring learner 
progresses. But before explaining the structure of the module, 
let’s address the available learning styles. 

Many researchers have studied traditional learning style 
effectiveness, and they have concluded that only a small 
portion of student population matches the optimal learning 
styles. The majority of students are then left with teaching 
mechanisms that are not suitable for their optimal learning 
mode [2-4]. Currently, most universities around the world offer 
Internet/Intranet-based education. One of the most obvious 
infrastructure attributes of e-learning depends upon technology 
for its implementation. This includes browser technology, 
platform-independent transmission protocols, and media-
capable features, e.g., Java-enabled client/server interactivity 
[5]. 

The aim of this research is to compare traditional learning 
and e-learning techniques, and the impact they have on 
student’s performance and to gain a better understanding to 
factors that influence student performance. A knowledge-based 
educational module is developed, and students’ performance is 
compared with traditional teaching. The research was carried 
through a survey of a sample of 110 respondents who are 
taking both tradition and online courses. A standard 
questionnaire was distributed via face to face interviews to 
secure high response rate. The collected data was analyzed and 
tested using SPSS and Excel programs.  

The proposed educational module is a visual environment 
that appeals to both visual and traditional learning styles. It has 
many features that meet the needs of those students who are 
not well served by traditional learning styles; the module is 
designed for teaching Object Oriented Programming (OOP) 
concepts. The principles that characterize OOP are abstraction, 
encapsulation, inheritance, and polymorphism. There are many 
Languages that support object-oriented mechanism, include 
Ada95, C++, C#, Visual Basic.net, Java, and Small talk [6-7]. 

II. RESEARCH QUESTIONS 

The aim of the research is to study the viability of using 
computer-aided learning methods in teaching.  

This study sought to answer the following questions: 

1. What models may be used in developing computer-aided 

learning courseware. 

2. How acceptable is the online course compared to 

traditional learning and whether the learning outcome 

differs by gender. 
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The structure of this paper is as follows:  In the next 
section, readers are furnished with the background materials 
related to computer-aided learning. The third section introduces 
the knowledge-base model. In the fourth section, a number of 
experiments have been performed to demonstrate the viability 
of the model.  Conclusions and future works are presented 
within the last section. 

III. THEORETICAL PERSPECTIVE 

Advancements in technology and changes in dynamics in 
the world have been the twin drivers of the shift from 
classroom based traditional learning to e-learning. Reference 
[8] indicated that many years ago, the development of 
computer software and hardware were directed towards 
education. During this period, higher education has witnessed 
fundamental changes from courses delivered in the traditional 
face-to-face method to those delivered via video cassette and 
television, to a proliferation of courses and course content 
delivered via computer technologies. The use of Internet 
resources in course and curriculum development has made a 
significant impact on teaching and learning. The application of 
the Internet has evolved from the display of static and lifeless 
information to a rich multimedia environment that is 
interactive, dynamic, and user friendly [9]. In fact, the Internet 
has become an important component in the teaching and 
learning process, and according to [10], Web 2.0 technologies 
have the potential to shape both the way instructors teach and 
the way students learn. As a result, the use of the Internet in 
higher education settings has become more accepted and 
widely used tool in academia [11-13]. 

Moreover, the development and refinement of university 
commercial developed Course Management Systems (CMS) 
like Blackboard and WebCT have resulted in the proliferation 
of web utilization in higher education [13-14]. CMS have 
shown significant increase of students’ involvement in multiple 
aspects of courses [15], and while these tools were initially 
developed for use in distance education pedagogies, their use in 
on-campus classroom settings to compliment traditional 
courses is now considered a viable and often preferred option. 
In short, these technologies have made it possible to easily and 
efficiently distribute course information and materials to 
students via the Internet/Intranet, and allow for greater online 
communication and interaction [15-16].  

Numerous studies have been conducted on computer-aided 
learning. Many of these studies focused on technical topics 
[17-18], case studies [19], and the use of educational packages 
[20]. Nowadays, many computer-aided learning packages were 
implemented in most of higher education institutions around 
the world [21-22], and learning from a distance continues to 
gain popularity. Reference [23] detailed the success of a 
computer-mediated asynchronous learning (CMAL) program 
of graduate studies in Educational Leadership and Higher 
Education that was offered through the University of Nebraska 
– Lincoln. The study explained the evolution of the concept 
focusing on an integrated sequence of high-quality learning to: 
(a) enhance student learning experiences; (b) provide greater 
accessibility by removing barriers of time and space; (c) deliver 
learning opportunities to participants around the world on a 
conventional university semester schedule; (d) develop 

learning cohorts representing many cultures and nationalities; 
(e) foster active and substantial participation in the learning 
process; (f) provide multiple pathways to learning; and (g) 
facilitate the development of a world-wide community of 
learners. The Program allowed for asynchronous interactions, 
and enabled students to access to the contributions of all other 
participants. Additionally, there were opportunities for real-
time technology-based collaboration between and among 
participants.  

The U.S. Department of Education [24] reviewed empirical 
studies of online learning literature from 1996 through July 
2008, the key findings include: 

 Blended and purely online learning conditions 
generally result in similar student learning outcomes. 

 Elements such as video or online quizzes do not appear 
to influence the amount that students learn in online 
classes. 

 Online learning can be enhanced by giving learners 
control of their interactions with media and prompting 
learner reflection. 

 When groups of students are learning together online, 
support mechanisms such as guiding questions 
generally influence the way students interact, but not 
the amount they learn. 

IV. EFFECT OF LEARNING METHOD ON STUDENT 

PERFORMANCE 

Although job markets worldwide are not accepting e-
learning degrees, the literature continues to claim that e-
learning (Web, wireless, etc.) knowledge delivery methods can 
be as effective as traditional (face-to-face traditional ones). 
References [25-28], showed no significant difference in 
achievement between online and face-to-face traditional 
delivery modes. Several other studies have shown that e-
learning can improve learning and achievement for students 
and employees [29-31] among other. Reference [32] noted that 
at the University of Phoenix, standardized test scores of its 
online graduates were 5 to 10 percent higher than graduates’ 
on-campus programs at three Arizona public universities. 
Another study at California State, Northridge looked at two 
groups of statistics courses and found that online students 
consistently scored better than their traditional counterparts by 
an average of 20 percent [33].  

Some studies have found poorer learning outcomes 
associated with e-learning. One study [34] found that higher 
course failure rates in a Web section compared with a 
classroom section of an introductory psychology course. 
Reference [35] found poorer course grades and standardized 
achievement test scores following Web-based rather than 
classroom-based instruction in a more advanced psychology 
course. Similarly, other researchers found lower final exam 
scores for students in the instructor’s Web-based Psychology 
Research Methods course compared with the classroom section 
[36]. Reference [37] summarized the failure of e-learning 
educational software platforms that did not perform well for 
users because this type of software is not based on sound 
educational principles. 
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Reference [38] investigated the issue of time through the 
use of a detailed comparison of the time required to prepare 
and teach a traditional course and the same course presented in 
an online format. He found that teaching in an online format 
can be more time-consuming than teaching in a traditional in-
class format. The additional time required by the online format 
is found to result largely from increased student contact and 
individualized instruction and not from the use of technology 
per se.  

Therefore, it is difficult to conclude that e-learning is more, 
less, or equally effective at the learning level than traditional 
classroom-based education/training. It is not surprising that 
results differ so widely as the studies themselves differ in many 
ways from each other (e.g., the content, duration, and goals of 
the training; the quality of the research design used).  

Since student performance is a major concern of many 
parties including students, educational institutions, 
government, and parents. With the emergence of a new mean 
for learning, i.e., e-learning, there are many factors that can be 
used to decide the best learning methodology that influence the 
student performance. After reviewing and studying the 
literature I come up with seven important dimensions, 
including: 

 Teaching materials [39], 

 tutorial supporting [40-41], 

 learning Environment [42-43], 

 assessment techniques [44],  

 collaboration with peers or groups [45-47], 

 mutual communication [48], and  

 teaching styles [49-51]. 

These dimensions are presented in (figure 1) below. An 
empirical test had been performed on a sample of students in a 
university to validate these variables. The results of testing 
confirmed the positive impact of these variables on the learning 
process. Detailed discussions of these factors are outside the 
scope of this research. References provided can be used as a 
guide for more explanation. 

V. THE PROPOSED EDUCATIONAL MODEL 

Object oriented programming (OOP) has become the 
dominant programming style in both the software industry and 
education over last two decades or so. It is now widely 
accepted that the object oriented style offers better tools for 
teaching and software development because they facilitate the 
creation of complex software products [52]. 

A lot of research is being conducted with regards to the 
effective instructional methods for the Object Oriented design 
and programming. Many related studies have shown that 
students face various learning difficulties with this paradigm 
[53-54]. Such studies propose the utilization of educational 
tools for helping students overcome learning difficulties.  

 

 

Figure 1. Student Performance Model 

As mentioned above, the proposed knowledge-based 
module is a visual system that can be used for on-line/off-line 
multi-functional activities to present and consult educational 
knowledge. Using the computers for that type of knowledge 
will provide: 

 Easy learner's access to many forms of educational 
knowledge (for on-line/off-line activities) 

 Easy achievements of teachers’ training objectives 
with separate tasks of educational knowledge 

 Opportunities of electronic educational material for 
authors to design a proper educational environment 

 An opportunity to use tools or develop new ones 

 Enhancement of problem solving skills 

A. The Methodology 

The design strategy of this study is based on the top down 
planning process, where the highest level is the strategic 
planning of the problem solving mechanisms. This highest 
level provides learners with an overall language top-down 
constructs. At the next level, learners construct more detailed 
plans for parts of the problem.  

In this level, the language specifics are not yet tied up 
together. The next levels require from the learners to fill the 
gap by the chosen implementation language (See Figure 2). 

The first and second levels introduced learners to the 
concepts of object oriented programming principles, as more 
lines of code need to be organized, managed, and maintained to 
enhance the functionality of computing systems. This 
requirement coined the need for object oriented programming 
that will provide better paradigms and tools for:  

 Modeling the real world as close to user's perspective 
as possible 
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 Easily interacting with computational environments 
using familiar metaphors. 

   Constructing reusable software components and 
easily extensible libraries of software modules. 

   Easily modifying and extending implementations of 
components without having to record every item from 
scratch [55-56].  

       

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Abstraction Levels of Learning 

The idea behind OOP was to break a program down into 
small and independent components. Each component could be 
developed independently of any other component, and then it 
could be combined with other component in order to form a 
larger application.   

In OOP there are a number of basic constructs and concepts 
that are used in order to develop an object-oriented program 
[57]: 

a) Class: A small independent program that can be 

combined with other similar programs in order to provide a 

larger application.  A class is made up of attributes and 

methods (encapsulation);  

b) Attribute: Usually a simple data element that is part of 

a class.  It is usually a variable or a constant; 

c) Method:  Small independent part of a class’s code.  

Similar to the notion of a function or a procedure in linear 

programming; 

d) Object: A class acts only as a template and 

consequently in order to be used in a program an instance of 

this class has to be created.  This instance is called an object.  

Any number of objects can be instantiated by a single class. 

e) Inheritance: Ability to create a new class (subclass) 

from an existing class (superclass). The subclass will inherit all 

of the characteristics of the superclass (attributes and methods).  

The subclass can extend the superclass by defining its own 

attributes and methods. 

f) Aggregation:  The ability to join a number of 

instances of one class in order to create a new class (e.g. if 

square is a class, then joining 64 instances of this class will 

give a new class called chess board). 

The syntax for objects in OOP can be defined as: 

 

 

 

Where objects communicate or invoke with one another 
through sending messages to each other. Collections of objects 
that respond to the same message are implemented through 
classes where a class describes and implements all the methods 
that capture the behavior of its instances. 

Classes contribute greatly to the modeling of the real world, 
software extensibility, and software reusability. A class is 
similar to a module. Modules, in object oriented concepts, can 
be used in different applications that can extend or specialize a 
class. This can be accomplished through the use of inheritance.  

The low levels of learning introduce the building block of a 
language implementation. It starts by demonstrating the basic 
constructs such as classes. The proposed system displays the 
grammar rule as follows: 

Class  < <Class-name> 

{ 

         Private: 

        <Private-member-declarations> 

         Public: 

      <public-member-declarations> 

                 } 
The construct <Class-name> identifies the name of the new 

class definition. 

The following syntax can be used to determine a newly 
derived class definition that inherits constructs from several 
basic classes: 

Class   <new-derived-class>: 

             [virtual] [public private] <base-class-1> 

                         { , [virtual] [public private] <base-class-2 . . . 

> } 

             { 

             . . .  

             }   
where  < base-class-1>, <base-class-2>, and so on, are 

existing class definitions. 

First, the system introduces the basic concepts and asks 
students to write his/her own construct implementation. This 
implementation is evaluated according to its syntax structures. 
When students’ writes constructs have not complied with the 
syntax, a message is issued to students and language. Syntax is 

   Start 

 

    End 

 

Building modules 

Building stubs 

Abstract knowledge 

 

 Building the concept solution 

solution 

< Object oriented >::= <object> <classes> 

<Classes>::= <Abstract Data Type> <inheritance> 

<polymorphism><overloading> 
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displayed and the rest that does not comply is identified and a 
message is issued to explain to students the next steps that need 
to be followed. 

The new model helps students by offering a wealth of 
information that goes to students rather than trudge to 
repositories of information like classrooms and libraries.  

The proposed system automates testing and instructions 
whose purpose is to increase the level of individualization in 
educational process and presents more precise record-keeping 
on the abilities of students. 

B. Test evaluation 

Although performance evaluations are unique, techniques 
used for one problem generally cannot be used for the next 
problem. Nevertheless, there are common steps to all testing 
evaluation including: 

 The definition of the system under investigation, 

 selection of evaluation criteria, 

 determining factors required to be analyzed, 

 selection of evaluation techniques, 

 designing experiments, 

 analyzing and interpreting data, and 

 Presenting findings. 

C. Investigation of the New Model Enhancement 

In order to estimate the optimal learning mode, a number of 
experiments have been performed to demonstrate the model 
viability. Table 1 presents the results of experimentation. 

D. Evaluation of Learners’ Performance 

The teaching module must contain model of the learner 
performance. This can be achieved by using a specialized 
model called "Student Model". The student model is a file 
containing a learner’s history and his/her present performance. 
The model is considered important because it measures the 
student understandability of taught materials, and ability to 
learn. The student-modeling module consists of three parts. 

o Compute the learning rate and learner's skill level by: 
Where S is the score domain and S(i) is the score of task 

number i . The t is the time domain, and t(i) is the time spent on 

task i.  The skill level indicates the level at which students 
grasp concepts. This is divided into four levels giving scores 
from 1 to 4.  

These scores are translated into qualitative term as follows: 

o Update the items of information in the students’ 

record. 

o Analyze the information that was collected during the 

teaching process. 

E. Experiment 

The project proceeds as follows: A sample of 110 students 
was selected with 66 females’ students and 44 males. From 
equation (1), the collected data is presented in table 1. 

From Table 1, sufficient items of information cannot be 
drawn concerning the significance of analysis. There were 
needs to some statistical techniques to guide through analysis. 
A comparative test was used to sample means (see Table 2). 

   To have a better visualization, the means for the two 
samples were drawn (see figure 3). 

Figure 3 show that the knowledge-based module has better 
performance on student than the traditional teaching approach. 
Also it looks that female may achieve better performance than 
male using the new approach. This visualization may 
sometimes be misleading. So more thorough analysis need to 
be done using advanced descriptive and parametric statistical 
techniques. 

 

F. Analysis of Results 

Researchers need to make a decision about the truth or 
falsity of statistical hypothesis. A statistical hypothesis is 
presumed to be either true or false. Using such methods would 
enable a decision to be made within a certain margin of errors 
as whether the statistical hypothesis is enabled or must be 
rejected as false. 

Table I. STUDENT LEARNING MEASUREMENTS 

Gender measurement Performance Understandab

ility 

Consistency Moral Learning 

mode 

female Un 4 2 1 0 1 

 Us 8 12 10 8 10 

 Li 15 12 19 18 23 

 Ve 39 40 26 40 30 

male Un 2 2 3 2 5 

 Us 5 9 7 6 9 

 Li 10 10 6 9 8 

 Ve 27 23 28 27 22 
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Key: Un: Unlikely Us: Usually           Li: Likely           Ve: Very likely 

Table II. COMPARATIVE TEST 

Qualitative  

measurement 

Avg-Male  Avg-Female 

  Un 2.8 1.6 

  Us 7.2 9.6 

  Li 8.6 17.4 

  Ve 25.4 35 

Figure 3. Comparative test of means 

Four steps are required for testing of any statistical 
hypothesis:  

 State the statistical hypothesis H0  

 Specify the degree of risks. 

 Assuming H0 to be correct, determine the probability 
(p) of obtaining a sample mean that differs from the 
population mean by an amount larger or equal the 
observed mean. 

 Make a decision regarding H0 – reject it or not reject 
(accept it). 

The hypothesis was tested to see if there is no difference 
between the means of male and female learning. A z-test was 
used to determine whether the two means of the two samples 
are equal. Examining the output (see Table 3), the mean data 
for males was 2.8 whereas the mean for female was 1.6. We 
have to answer the question is this difference in the mean 
statistically significant?  Because we had no hypothesis before 
the study that male would learn better than female, it is 
appropriate to use a “two-tail” test [58].  

From table below we see that the critical value of z for a 
two-tail test with these number (6) degrees of freedom is 
1.959961. The value of z calculated for these tests is 0.56391, 
which is less than 1.959961. Thus the difference between the 
two sets of data is not significant at the 5% level.  

This means that there is no difference in perception of 
programming by female- students from that of male students.  

Table III. TEST- TWO SAMPLE FOR MEANS 

 male female 

Mean 11 15.9 

Known Variance 98.26667 203.7467 

Observations 4 4 

Hypothesized Mean 

Difference 

0  

Z -0.56391  

P(Z<=z) one-tail 0.286406  

z Critical one-tail 1.644853  

P(Z<=z) two-tail 0.572812  

z Critical two-tail 1.959961  

To get a better understanding of the difference between 
group means, the concepts of confidence intervals (CI) was 

as follows. The two samples, male and female, were treated as 
one sample of n pairs.  

For each pair, the difference in average performance was 
computed and CI was constructed (See Table 4). 

Table IV. DESCRIPTIVE STATISTICS 

Mean -4.9 

Standard Error 2.594224 

Median -5.6 

Standard Deviation 5.188449 

Sample Variance 26.92 

Kurtosis -3.64305 

Skewness 0.379286 

Range 10.8 

Minimum -9.6 

Maximum 1.2 

Sum -19.6 

Count 4 

Confidence Level(95.0%) 8.255987 

The 100(1- )% confidence interval is given by: 

    ( x  - t[1- /2; n-1]  s/n , x  + t[1- /2; n-1]  s/n) 

The t[1- /2; n-1] is the  (1- /2-quantile of a t-variate with n-1 
degrees of freedom. In this case, from table IV, the CI is 
8.255987 and the 95% confidence interval is: 

-4.9  8.255987 = (-13.155987, 3. 355987) 
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The confidence interval includes zero. Therefore, the two 
samples are not different. 

In empirical research the hypotheses of greatest interest 
usually pertain to means, proportions, and /or correlation 
coefficients. At times, however, there are interests in questions 
regarding variances such as:  

Are the individual differences in learning among male 
greater than among female? Assuming that the two sample 
variances are equal, a t-test can be used and result presented in 
table 5. 

From table 5, one can see that there is no much evidence 

to reject the assumption. Furthermore, there are no much 

differences between the two-sample variances, i.e. inter-

variance for gender is not significantly different. 

Table V. T-TEST - TWO-SAMPLE ASSUMING EQUAL VARIANCES 

Measures male female 

Mean 11 15.9 

Variance 98.26667 203.7467 

Observations 4 4 

Pooled Variance 151.0067  

Hypothesized Mean 

Difference 

0  

Df 6  

t Stat -0.56391  

P(T<=t) one-tail 0.296624  

t Critical one-tail 1.943181  

P(T<=t) two-tail 0.593248  

t Critical two-tail 2.446914  

VI. CONCLUSIONS 

This study shows that computer-aided learning (CAL) is 
offering a viable educational alternative to traditional 
education, while at the same time there is an increasing 
pressure on educational institutions to move towards this type 
of education. The effectiveness and the efficiency of the 
educational technology tools are becoming overwhelming in 
the learning process. The use of the Information Technology 
educational tools such as WebCT, Blackboard, the Internet and 
other software tools has become more accepted and widely 
used tools in higher education due to the development of the 
interactive features of Web 2.0.   

The benefits achieved include the quality of skills earned by 
the learner, the reduction in the cost of the learning process, 
and the globe reach of the education. The technology have also 
made it possible to easily and efficiently deliver and manage 
course material (and other related aspects such as fees and 
online exams) to student via the Internet, and many academic 
departments are now struggling to support face-to-face courses 
by creating course websites to post lecture notes, syllabi, 
assignments and other course-work. 

The research in this paper is based on teaching object 
oriented programming to university students.  

This type of learning was approached because OOP seems 
to have less complexity in the development of large 
applications (consequently faster, easier and cost effective 
development), easier in detecting errors, easier in updating of 
application, ability to extend software applications, the 
efficiency in creating new classes from existing ones 
(inheritance), and the ability to store and reuse classes 
whenever they are needed (reusability). In this research, a 
model course was designed for learning based on object 
oriented programming.  

The proposed course was implemented on two groups of 
male and female students at a Persian Gulf State university. 
The results were achieved by statistical analysis and testing 
using SPSS, and have showed better response for the new 
proposed course in comparison to traditional teaching. In 
addition, male and female students reacted equally to the new 
discipline of teaching.  

The main limitation in this study is that the number of 
students surveyed does not express concrete opinion. Thus 
survey more students in more number of universities is needed. 
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