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ABSTRACT 

Tools based on Information Communication Technology (ICT) face 

serious usability problem for effective implementation in education 

delivery. This paper presents the study of a multimedia courseware 

using 3-Dimensional (3D) model for teaching a mathematical topic 

on Lines and Planes in 3-Dimensions. A field study with 

experimental approach was carried out on randomly selected students 

whereby a group of students was exposed to conventional learning, 

whereas the other group was aided with 3D visualization software. 

We conclude that the latter group showed significant improvement in 

attention, response and recall of the content. 
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1 INTRODUCTION 

Researchers and technologists are continuously inventing various 

applications and tools for classroom usage such as multimedia 

courseware, augmented reality and virtual reality, some of which are 

available in the market [1]. The intention of using the technology is 

not to replace the traditional ways of teaching and learning, but rather 

to provide an additional aided learning tool for some areas that 

require more attention, and those which have been identified as 

needing alternative methods, apart from the normal way of teaching. 

An early analysis was conducted at Sekolah Menengah Kebangsaan 

Benta, Pahang, whereby a questionnaire was distributed to 31 form 

four students. From the survey, 14 out of 31 students were identified 

as having problem in visualizing Lines and Planes in 3-Dimensions 

[2], which is the final topic in KBSM form four Mathematics 

syllabus. The topic covers the identification of a plane and its 

properties, identifying and calculating the angle between a line and a 

plane, as well as identifying and calculating the angle between two 

planes [3]. The early identified problem is that, most of the students 

are not able to visualize the exact point of intersection between two 

planes, or a line with a plane which is sometimes hidden and unclear 

in 2-Dimensions (2D) image representation. As the result, the 

students fail to solve the mathematical questions related to this topic. 

Hence, it is believed that a 3-Dimensional representation in a 

multimedia courseware based on the same 2-Dimensional figure 

could lead to a better visualization ability and understanding for the 

students. Figure 1 shows an example of examination format question 

for the topic Lines and Planes in 3-Dimensions. 

 

 

 

 

 

 

 

Figure 1 Example of Examination Question Format [3] 

 

2 LITERATURE REVIEW 
Multimedia courseware is one of the solutions in dealing with 

students‟ differences in learning styles and knowledge background 

since it integrates media elements that can engage human information 

retrieval methods which are visual, auditory, reading and kinaesthetic 

[2], [4], [5].  

In reality, not all multimedia courseware in the market are suitable 

and usable for the users. Hence, the users must be sure that the 

courseware has been tested and verified by the developer in terms of 

its effectiveness for delivering the subject to the learners which is the 

main criteria of accepting a new courseware. Rogers et al. [6] define 

effectiveness as how good a product is at doing what it is supposed to 

do. Referring to the meaning of effectiveness, identifying the goal of 

a particular subject is the very first task in evaluating effectiveness. 

In the education context, the new multimedia courseware and aided 

learning tools are intended to boost the students‟ understanding as 

well as their performance in particular subject or topic. The 

effectiveness of a multimedia courseware can be determined by these 

two groups of people, namely the users (students) and the experts 

(teachers), which can be done quantitatively and qualitatively [7], [8]. 

In general, a courseware is considered effective when it can produce 

a good result and a positive impact to the students [8]. The 

effectiveness of a courseware can be evaluated by comparing the 

students test results before using the courseware i.e by conventional 

teaching method and after using the multimedia courseware [9]. 

Besides, in developing a courseware, usability testing is the process 

that must be considered after completing the application. As the goal 

of software evaluation is to ensure that a new application or product 

being produced is usable and pleasing to the users, the usability 

evaluation is specifically designed to assess the consistency of the 

interface and the interaction of a system with the user [6]. Practically, 

usability evaluation is done through “subjective user experiences 

with a self-evaluation questionnaire” comprising six assessment 

criteria which are effectiveness, efficiency, safety, utility, learnability 

and memorability [6],[10]. 

Reflecting on the earlier analysis, the students‟ problem is actually 

related to human spatial ability [2]. Human mental ability to see 

hidden or unclear information can be called as visualization ability, 

while spatial visualization is specifically related to mental 

intelligence for understanding about space, shapes and correlated 

information which are not clearly specified [11], [12]. The 

elaboration on spatial visualization is actually the main issue faced by 

the form four students in mathematics subject, specifically in the 

Lines and Planes in 3-Dimensions topic [2]. The identified problem 

must be seriously taken into consideration since it will directly affect 

the problem solving ability, and the students‟ performance in 

mathematics [13]. Hence, the potential and suggested solution for 
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this problem is to use a 3-Dimensional model which can provide 

clearer information about a figure or diagram because it reflects the 

reality of that object which can be seen from three different 

perspectives [14]. The idea is also supported by other researches 

where a 3D model has been found to improve the visual interaction 

and ability to understand complicated figures or drawings as it 

combines various entity to give more precise and overall perspective 

of the object [15], [16]. 

The topic on Lines and Planes in 3-Dimensions is generally related to 

the study about shape and space, which is an important component in 

the KBSM mathematics curriculum [17]. Knowledge and skills in 

shapes or geometry will be very useful to be utilized in students‟ 

daily life [17]. This topic and the syllabus in general, are parallel with 

the van Hiele geometric thinking model in terms of the learning 

outcomes which has contributed towards improving students‟ visual 

skills and their understanding in geometry [17], [18]. The van Hiele 

theory states that there are five levels in geometric thinking which are 

Visualization (level 1), Analysis (level 2), Ordering (level 3), 

Deduction (level 4) and Rigor (level 5) [18]. In this study, the use of 

3D model and the multimedia courseware aims to support the 

students‟ geometric thinking of level 1 (visualization) besides 

providing a learning aid for this topic. The students‟ ability to master 

the first level is very important in order for them to progress to the 

higher level of geometric understanding [19]. The expected learners‟ 

understanding for level 1 (visualization) is when the students are able 

to recognize the shapes and some of its properties [19]. The 

developed prototype multimedia courseware with 3D models is 

expected to provide the learners with the appropriate instruction and 

comprehensive information to facilitate visualization. Among the 

strategies and possible aided learning modules are listed in Table 1 

[3], [19]: 

Table 1 Learning Activities and Modules for Visualization 

Suggested Learning Activities Possible Aided Learning 

Supports (Module) 

Identifying  and describing 

shapes 

Identifying Planes Module 

Drawing and constructing 

shapes 

Sketching a 3D Shape Module 

Seeing different orientations of 

a shape to distinguish the 

characteristics of a shape and 

its properties 

Freely Rotated 3D model 

Module 

 

3 METHODOLOGY 
The main objective of this research is to identify the effectiveness 

and the usability aspect in the multimedia courseware for Lines and 

Planes in 3-Dimensions integrated with 3D models.  The ADDIE 

model has been adopted as the flow guidelines for the whole 

courseware development process. Each phase of the courseware 

development starting from Analysis, Design, Development, 

Implementation and Evaluation has its own contribution towards the 

main objective of this research. The five development phases are 

summarized in Figure 2 below.   

 

 

The analysis phase is the first and the most crucial phase in this 

project since it will uncover the problems of the subject under study. 

Both qualitative and quantitative data gathering methods namely 

interview and survey are used to dig out the problem regarding Lines 

and Planes in 3-Dimensions. The interview conducted at SMK Benta 

indicated that about 50% of the form four student have visualization 

problem [2]. The interview with one mathematics teacher from the 

same school also revealed that the students face difficulties in 

learning geometry due to their inability to visualize in 3D. In addition 

to the interview, literature review on related studies has also been 

carried out to identify their focus area and to acquire ideas for the 

solution to the identified problem.  Based on the interview results and 

literature review, the problem statements, objectives and scopes of 

the research were specified. 
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 Figure 2 Development Phases [20] 
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In the design phase, the Instructional Design (ID) Model for this 

research is identified based on the related design and learning 

theories in order to achieve the identified research and students‟ 

learning objectives. The ID Model for Lines and Planes in 3-

Dimensions courseware lists out media elements such as text, image, 

animation, video and 3-D model to be used in the application. The 

usage of 3-D model and mixture of instructional media will support 

the cognitivism learning theories in terms of visualization. The 

courseware contents are divided into 3 main sections namely: 

Overview, Lesson and Question. In Question section, the users or 

students will need to answer questions based on the topic learned that 

covers practice and SPM format questions.  It is believed that the 

Question section will be able to support students in terms of 

constructivism learning theory because the students can develop their 

understanding based on self-directed activity. The ID Model for this 

courseware is depicted in Figure 3 below. 
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The Courseware Modules as shown in Figure 4 is outlined based on 

the ID model and the KBSM mathematics syllabus for Lines and 

Planes in 3-Dimensions topic. 

 

The module is divided into three main categories which are 

Overview, Lesson and Questions which will be the main sections in 

the Lines and Planes in 3-Dimensions multimedia courseware.

During the development phase, all the identified theories and design 

from the previous stage were referred for developing the working 

prototype. The early step before commencing the development 

process is to identify the required tools. In this project, the 

development tools being chosen are Macromedia Director MX, 3D 

Studio Max 7, and Adobe Photoshop CS2 which plays different roles 

for the development process. Macromedia Director MX is used as the 

multimedia authoring software whereby it will combines all the 

media elements in one screen. Since Macromedia Director is used as 

the multimedia authoring software, the most suitable 3-Dimensional 

authoring software is 3D Studio Max. Technically, the reason for 

using Macromedia Director with 3D Studio Max 7 is because it can 

render the developed 3-D model into Director‟s readable file format 

named „.W3D‟. Adobe Photoshop CS2 is used as the picture editing 

software and tool for creating the icon of courseware interface. Apart 

from the technical tools, the development process of „The Lesson‟ 

module highly relies on the Form Four Mathematics text book as the 

main source of content. Cross reference was also made by referring 

to several reference books available in the market. This is to make 

sure that the multimedia courseware prototype is rich in contents and 

informative for the students. 

 

 

 

 

Figure 4 Courseware Modules 
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Some interfaces of the Lines and Planes in 3-Dimensions courseware are depicted in Figure 5. 

 

Figure 5 Interfaces of the Courseware 

Figure 5 shows some interfaces of the multimedia courseware for 

Lines and Planes in 3-Dimensions. The top left image is the main 

screen of the courseware that links to The Introduction, The Lesson 

and The Questions sections while the remaining images are the 

courseware modules screens. The modules are developed based on 

the ID Model, and the Courseware Module which are previously 

identified. The bottom right image shows a 3D model which can be 

rotated for aiding the process of learning geometry in general, or 

specifically in lines and planes. 
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The implementation and evaluation phase are the most crucial in this 

project since it determines and evaluates the final findings based on 

the early identified objectives. In the implementation and evaluation 

phase, several methods or techniques have been used as illustrated in 

Figure 6 [21]. 

 

 

 

 

 

 

 

 

 

 

 

Figure 6 Courseware Effectiveness and Usability Testing 

Framework 

The above framework illustrates the methods being implemented in 

this study. The process to identify the performance of the tested 

multimedia courseware is done based on quasi-experimental design. 

In this experiment, two schools namely Sekolah Menengah 

Kebangsaan Benta and Sekolah Menengah Kebangsaan Panglima 

Garang Abdul Samad were chosen. The students of Sekolah 

Menengah Kebangsaan Benta were assigned as the Experimental 

Group (X2) while students from the other school as the Control 

Group (X1). Each group is comprised of 30 students. All students 

were required to answer pre-test questions before starting the lesson. 

After that, the X1 students were taught by their Mathematics teacher 

in the traditional way, while the X2 students used the multimedia 

courseware for the lesson. After completing 3 hours and 20 minutes 

of the lesson (time allocated for both groups to cover the topic), the 

students were given the post-test questions based on the topic Lines 

and Planes in 3-Dimensions topic. The X2 students were required to 

attempt additional questionnaires on usability of the courseware. All 

data collected from the evaluation and tests were then compiled and 

analyzed using SPSS software. The post-test results for both groups 

were compared using t-test for hypothesis testing. A significant 

differecet found in the post-test results between the two groups will 

indicate the effectiveness of the 3D model and indirectly either 

accepts or rejects the early identified hypothesis. In perceiving the 

usability result of the multimedia courseware, the questionnaire was 

constructed based on these usability criteria which are effectiveness, 

efficiency, utility and learnability [6], [22], [23], [24]. The overall 

scores for both efficiency and usability of X2 group might not be 

accurate since there was one limitation that had occurred during the 

testing. The problem was that all desktops in the computer lab were 

not equipped with speakers or other audio devices. As the result, 

voice instructions or sounds could not be heard by the students while 

using the courseware. 

 

4 THE RESULTS AND DISCUSSIONS 

4.1 Effectiveness Evaluation 
The quantitative data collected through the pre-test, post-test as well 

as usability questionnaires were statistically analyzed. The pre-test 

data were used to obtain the baseline performance of the students 

before learning the topic, while post-test data were used to indicate 

which methods is more effective for the students. Each group 

consists of 30 form four students or equivalent to n=30. 

 

4.1.1 Pre-test scores between the two groups 
 

Hypothesis 1 (H01) - There is no significant difference in pre-test 

scores between the Control (X1) and the Experimental (X2) Groups 

Table 2 Pre-Test Analysis 

Variable Mean SD Sig. (2 tailed) 

Pre-test X1 1.3000 1.11880 0.58 

Pre-test X2 1.2333 1.00630 0.58 

 

In general, the pre-test mark indicates that students from both groups 

are at the same level of knowledge whereby the mean score 

difference between X1 and X2 is just 0.0667. The value of p is 0.58 

which is greater than α = 0.05. This indicates that there is no 

difference in the mean scores of pre-test for both groups, and the null 

hypothesis for Hypothesis 1 (H01) is therefore accepted. Since both 

groups of students are at about the same level, this study is expecting 

that the sample selection has been accurately done and, will produce 

an accurate result. 

 

4.1.2 Post-test scores between the two groups 
Hypothesis 2 (H02) - There is no significant difference in post-test 

scores between the Control (X1) and the Experimental (X2) Groups 

 

Table 3 Post-Test Analysis 

Variable Mean SD Sig. (2 tailed) 

Post-test X1 6.8000 1.91905 0.00 

Post-test X2 8.8333 1.23409 0.00 

 

The above table shows the post-test results of this study. X1 group of 

students scored comparatively lower as compared to the X2 students 

result in the post-test with the mean score of 6.8000 and 8.8333, 

respectively. The different in performance between both groups are 

statistically proven as the significant (2 tailed) value of p=0.00 which 

is lesser than α = 0.05. Hence, the null hypothesis H02 is rejected 

which indirectly indicates that there is a significant difference of 

students‟ performance in post-test between X1 and X2 groups. Based 

on that statistical finding, it can be concluded that there are some 

improvements in average students mark after using the multimedia 

courseware which indirectly supports the early assumption of 

multimedia courseware with 3-Dimensional model as an effective 

tool aid in learning Lines and Planes in 3-Dimensions.  
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4.1.3 Increment scores between the two groups 
 

Hypothesis 3 (H03) - There is no significant difference in student’s 

increment scores between the Control (X1) and the Experimental (X2) 

Groups 

Table 4 Increment between pre-test and post-test 

Variable Mean SD Sig. (2 tailed) 

Increment X1 5.5000 2.08029 0.00 

Increment X2 7.6000 0.89443 0.00 

 

The mean score of the post-test for the control group (X1) is 5.5000 

while the mean score for the experimental group (X2) is 7.6000. The 

significant (2 tailed) value, p = 0.02 is less than α = 0.05 which could 

indicate that the students in the experimental group achieved 

significantly higher scores after using the courseware in learning the 

Lines and Planes in 3-Dimension topic. This implies that the H03 is 

rejected as there is a significant difference in the increment between 

the two groups. The result shows the positive impact of learning 

through multimedia courseware which can be considered as effective. 

 

4.2 Usability Evaluation 
 

 

Figure 7 Usability Evaluation 

The usability evaluation data were also compiled and analyzed to 

perceive the users‟ opinion about the courseware. There are 4 criteria 

of usability that were evaluated which are effectiveness, efficiency, 

utility and learnability as shown in Figure 7. The mean score for all 

areas being evaluated is 3.43 which signify that the courseware is 

above the average score, and well accepted by the users. The lowest 

score for this courseware is on the utility criteria while the highest 

score is on the efficiency of the courseware. The scores for 

effectiveness and efficiency show the positive impact of the 3D 

model, and the multimedia courseware on the students‟ performance. 

Also, based on users‟ feedback, 12 out of 30 students thought that 3-

Dimensions model is the most special feature in this multimedia 

courseware. The positive response given by the users on 

effectiveness usability criteria and 3D model indirectly indicates the 

potential of this courseware for motivating students to learn this 

topic. This also signifies the positive impact of this courseware for 

the students, whereby it is one of the criteria for an effective aided 

learning tool [8]. 

 

 

5 CONCLUSION 
The paper has discussed the visualization problems faced by a group 

of form four students. The problem is that, the students cannot 

visualize the model or figure in Lines and Planes in 3-Dimensions. 

The usage of multimedia courseware integrated with 3D model is 

believed to be one of the solutions for the identified problem. The 

multimedia courseware with 3D model for Lines and Planes in 3-

Dimensions has been developed by adopting the ADDIE model as 

the main guideline for the entire development process. A quasi 

experimental design was implemented to evaluate the effectiveness 

and usability of the multimedia courseware. The result of the post-

test has shown that students who used the multimedia courseware 

scored significantly higher than the students who learned the topic by 

the conventional teaching method.  The result also indirectly reflects 

the effectiveness of the 3-D model for visualization and for 

understanding geometry because the group of students who used the 

courseware were able to identify the angle, and correctly answered 

the questions in the post-test which required them to understand the 

2-D diagram in that question. In addition, result from the usability 

testing on the multimedia courseware also indicate positive 

acceptance from the students, however, there are still rooms for 

improvement before gaining maximum acceptance from the students. 

The paper concludes that a multimedia courseware integrated with 

3D model is an effective and usable learning tool for teaching and 

learning Lines and Planes in 3-Dimension because it can positively 

contribute towards students understanding of the topic, thus, 

improving their performance and motivation. 
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