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Abstract—This paper explores the changes in student’s level of achievement 

and perception towards authentic learning environment based on visual thinking 

elements. The three elements in visual thinking continuum are visual thinking, 

visual learning and visual communication. This research is a quantitative design 

involving quantitative and qualitative data. Research instruments included pre 

and post achievement tests, and a questionnaire on student’s perception towards 

visualization level. There are 29 samples students, from teacher training first de-

gree program in one of Malaysian public universities. The research data were 

analyzed by inferential and descriptive statistical analysis. Research findings 

through paired-sample t-test showed that there is a significant difference between 

scores of mean for the pre-test and post-test (p< 0.05) and shows positive stu-

dent’s perception towards authentic learning environment. All students have ex-

perienced positive growth in their level of visualization through authentic learn-

ing environment activities which based on visual thinking elements. Therefore, 

it can be concluded that the visual-based website has helped to enhance the stu-

dents’ performance and visualization levels. 

Keywords—authentic learning environment, continuum visual thinking, visual-

based website, visualization 

1 Introduction 

Several studies have looked at ways to improve as much as to address problems 

encountered by students in Information and Communication Technology (ICT) pro-

grammes [31,36]. Issues related to ICT are typically derived from stakeholder training 

as ICT is a constantly evolving field attributed to the advancement of technology and 

the need for new knowledge and skills. Therefore, ICT is a constant issue for instructors 

which equally require raw theoretical knowledge base and a set of practical cross-dis-

ciplinary skills. According to [4] and [24], students of a teaching programme are ex-

pected to be proficient in ICT i.e., to master computer handling, possess comprehensive 

knowledge on ICT, technically capable of utilizing ICT and aware of their roles in the 

teaching of ICT in their future teaching profession. 
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The study was carried out in order to find the best practices and strategies for a 

teaching programme which will encourage both practical and theoretical understanding 

of ICT concepts for the purpose of teaching profession. As stated in [16,32], traditional 

teaching programmes encourage less skill development in students. Therefore, numbers 

of research have been carried out on ICT education and the enhancement of students’ 

skills in technology and multimedia [15,47,9].In order to ensure that teaching and learn-

ing (T&L) in Computer Sciences remains effective, students of a teaching programme 

must have a firm foundation in terms of understanding and practical ICT skills [16,24]. 

This will encourage future teachers to teach, use and apply ICT within their T&L class-

rooms after graduation. 

Some research studies designed to address concerns regarding ICT teaching and 

learning must be the focal reference to increase the knowledge and skills of teachers. A 

study by [43] for instance concerned on the use of visual materials in computer net-

working and data communications. Another study conducted by [26] and [6] examined 

the use of animation in teaching Computer Sciences. Meanwhile, [25] conducted a 

study involving computer networking instruction through modelling. Another study by 

[42] used a simulator based on a graphical user interface (GUI) to teach data commu-

nications and telecommunications, allowing students to illustrate the content of learning 

while simultaneously experience an interface that is capable of resembling the real- life 

representation the learning process. 

2 Literature review 

Studies by [8,48,30] which were carried out in several phases concluded that in 

teaching and learning of Computer Sciences subjects, there is a requirement for real-

life representations which will go beyond conventional teaching methods and allow 

students to construct their own knowledge models through tutorial classes. For instance, 

utilization of visual media to represent a situation provides opportunities for the stu-

dents of a teaching programme to simulate the real-life experience of learning thus en-

hancing their visual thinking [2,7]. Computer-based teaching approaches and strategies 

found in other research could also potentially help to increase students’ thinking capa-

bility, knowledge and skills to apply and teach Computer Sciences subjects better 

[25,24,33]. 

Studies by [2] found that utilization of visuals in teaching and learning is capable of 

increasing students’ understanding and information retention. Other previous studies 

by [12,43,48] demonstrated that visual learning systems allow students to learn clearly 

and that such systems increase students’ achievement in terms of both knowledge and 

skills. However, the use of visual elements must be evaluated in a more systematic 

manner in order to design a truly meaningful learning environment. It is clear that the 

use of visual media is vital to provide an opportunity for students to learn the skills they 

will need in the real world. 

However, a study by [37,28] on the use of visual learning led to the development of 

a continuum of visual thinking, such that when students make use of and interact with 

the visual tools provided by a learning system, their visual thinking and learning skills 
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increased profoundly from visual thinking to visual learning elements, and eventually 

to the highest element known as visual communication. Elements of visual thinking 

include use of pictures, colors, diagrams or other visual media as well as animation and 

simulation human utilize visual thinking to imagine or conceptualize problems, or ra-

ther visualize the reality within a certain boundary of limitation [3,28]. Meanwhile, 

elements of visual instruction derive from the development of visual thinking i.e. learn-

ing through visuals and interacting with them. Having learned to think in terms of visual 

images, students are able to communicate using visual elements. Visual communication 

element refers to creation or usage of a visual medium to explain or translate informa-

tional details without the use of words. 

Besides the issue of students’ visual thinking, there is often a divide between the 

aspects of knowledge and practical application both in schools and universities. Greater 

emphasis towards important principles, concepts and facts besides instructions that 

more focused towards abstract context in teaching and learning process is not sufficient 

to establish correlation between students’ learning and real-life experiences. Subse-

quently, students are not able to access relevant information to solve similar problems 

found in the real job market i.e. realistic problems or better known as actual or authentic 

problems. As stated in [1,38,46] truly authentic assignments require students to work 

cooperatively. Thus, utilization of the existing web-based communication tools such as 

emails, bulletin boards, blogs, online chatting and other commercial interactive tools 

found on the internet allow students to configure problems, discuss certain topics, and 

exchange information to solve real-world, authentic problems. Also, through these 

web-based communication tools, instructors are able to communicate better with advice 

or guidance or respond to students either individually or as groups which are the crucial 

elements in producing authentic learning. Therefore, web-based learning is ideal in im-

plementing an authentic learning environment on the foundation of situation-centered 

learning characteristics and elements of authentic tasks. 

Consequently, this study developed a learning website which integrated visual ap-

plications in an authentic learning environment as proposed in [34,17] through stages 

of learning activities for one of the subjects in Computer Sciences, i.e., Telecommuni-

cations and Computer Networking. The use of visuals from a computer logic perspec-

tive applied in this learning website is based on a proposal by [30]. According to [37,28] 

the continuous provision of visual materials for learning will promote students’ better 

understanding of concepts. In addition, it helps to stimulate students’ continuum devel-

opment that improves from visual thinking to visual learning, and eventually to the 

highest-level i.e. visual communication which is the foundation of the social process of 

learning [28]. 

Findings from the observation and assessment of this learning activity allowed re-

searchers to determine whether it is capable of supporting students ‘increase in perfor-

mance. The perception of students regarding web-based learning in an authentic visu-

alised environment was obtained accordingly. 
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3 Research objectives 

This study covered two interrelated objectives as follow: 

1. Development of a visualised website that was designed based on an authentic learn-

ing environment and visual thinking continuum elements. 

2. Assessment of the visualised website’s effectiveness from the following aspects: 

(a) Students’ level of performance in terms of knowledge-based content. 

(b) Students’ perceptions towards the usage, integration and visual application in the 

process of teaching and learning. 

4 Theoretical framework 

This study emulated Situated-Based Learning Theory. Consequently, a study had 

been conducted by [39,17] with regards to the effectiveness of situated-based learning 

with assessments and authentic tasks, and benefits derived from the usage of the multi-

media elements were identified. Studies have also been carried out by [23,34,18] which 

refer to the characteristics of situated-based learning together with the criteria of au-

thentic tasks and the capacity of web technology renown as authentic learning environ-

ment. Based on the authentic learning environment as well as the wide-ranging access 

to internet facilities [41,17] in research among students of higher education institutions. 

With reference to the research findings obtained, therefore this study has adapted the 

characteristics outlined by [17] through learning in the authentic environment while 

incorporating the criteria of situated-based learning as well as authentic tasks via the 

utilization of multimedia elements over the web. 

The situated-based and authentic learning characteristics were integrated in a web-

site through learning activities which were carried out in stages along with visual media 

utilization that is capable of supporting students’ visual thinking as proposed by [28] to 

establish visual thinking continuum, i.e. the upstaging from visual thinking to visual 

learning that ultimately led to visual communication. The following are characteristics 

of situated- based learning applied in the design of the visualised website in this re-

search as elaborated by [41,29] and also in [21], as well as the joint research by [17] 

which focused more on teaching and learning in authentic environments among stu-

dents of higher education institutions:  

• Producing an authentic context which is capable of conceptualizing how knowledge 

shall be applied in real life 

• Producing authentic activities 

• Developing access to proper implementation and the proses of modelling a real-life 

concept 

• Encouraging a variety of roles and perspectives 

• Supporting collaborative knowledge 

• Encouraging reflection 

• Encouraging articulation 

• Providing coaching and scaffolding 

• Producing authentic learning assessment which includes assignments 
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To construct an authentic learning environment, the implementation of authentic 

learning characteristics is also required to compliment the development of a learning 

system that has been developed, and each of the characteristic is adapted from the re-

search of [41,10,18]:  

─ Authentic assignments should be relevant to the real world 

─ Authentic assignments are open, requiring students to identify subtasks that are 

needed to accomplish the activity 

─ Authentic assignments consist of complex assignments to be studied by students in 

a longer term 

─ Authentic assignments allow students to identify and study the tasks in various per-

spectives as well as utilizing various resources 

─ Authentic assignments provide opportunities to collaborate 

─ Authentic assignments give chances for reflection  

─ Authentic assignments can be integrated and applied across disciplines of subjects 

and reach out further than specified 

─ Authentic assignments are comprehensively integrated with assessments 

─ Authentic assignments are capable of yielding products that are more valuable and 

meaningful in their own ways, better than a product specifically designed to address 

a purpose 

─ Authentic assignments allow solutions that are capable to compete with variations 

of outcomes 

Next is a brief description of visual application features to be integrated with the 

web-based authentic learning environment as recommended by [30] in their study with 

regards to one of the Computer Sciences subjects that provides support for students to 

think visually in their learning process:  

─ Provides variation of resources and other references to help students interpret image 

representations 

─ Provides visuals that match students’ knowledge 

─ Provides views from multiple angles 

─ Provides a flexible user control panel 

─ Provides a chance for students to develop visual materials themselves  

─ Provides students a chance to provide data input to the visual representation 

─ Provides dynamic interaction space for students 

─ Provides dynamic or automatic feedback to students 

─ Provides explanations along with the provided visual representations 

Every characteristic of the use of visuals had been integrated with the design of the 

visualised website that was developed within the authentic learning environment to in-

crease levels of visualization and comprehension among students in the teaching and 

learning of Telecommunications and Computer Networks. It also supported the devel-

opment of visual thinking for learning Computer Networking and Communication. The 

use of visuals in T&L is not only functioning as a pedagogical or heuristic tool but may 

also serve to promote thinking and motivation in learning. As there is a wide variety of 
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media available for visual representation via contemporary technology, this provides 

visual experience for learners and improves their understanding to the higher level 

[40,28]. Figure Error! Reference source not found. depicts the sequence of visual 

representation for students in a particular instructional system being developed. 

 

Fig. 1. Visual Representation Sequence 

All of the previous characteristics of the use of visuals had been integrated in parallel 

with the element of visual thinking continuum. The gestalt theory and visual psychol-

ogy was developed further by [5] in terms of visual thinking [40,5] on learning, think-

ing, and visual communication and further improved and elaborated by [28] as:  

• Visual thinking 

• Visual learning 

• Visual communication 

According to [22,28] visual ranking generally begins with the stage of using visual 

materials. This is followed by the manipulation i.e. constructing knowledge through 

visual interaction towards the visual representation up to the stage of sharing and com-

munication to present and highlight ideas through visual and verbal utilizations with 

other students. Learning improves by providing students with tools and activities to 

develop meaningful relationships between different concepts as well as allowing them 

to explore the concepts verbally and visually. Therefore, visual thinking thus can spur 

visual communication, which is fundamental to long term learning improvements. Fig-

ure 2 depicts the visual thinking continuum produced in the research of which concerns 

on how a student’s level of visual communication increases from visual thinking to 

visual utilization up to the ultimate stage which is the capability to communicate using 

visuals in the visualised website being developed. 

 

Fig. 2. Visual Thinking Continuum 

Each stated feature had been used as a guide to design a visualised website being 

developed. Integration of all features of authentic together with the characteristics of 

the usage of visual representation in parallel with the visual thinking continuum was 
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aimed at increasing levels of visualization and understanding towards the ICT usage 

and application in their teaching and learning process. 

5 Methodology 

5.1 Sampling and population 

The sample for this study came from the Faculty of Education at a local Malaysian 

Higher Education Institution from the SPP Programme (Physics), SPK Programme 

(Chemistry) and SPT Programme (Mathematics) which participated in Telecommuni-

cations and Computer Networking course. The sample which comprised of future 

teachers involved in the development of the study. According to information provided 

by management, 29 students working on a Bachelor of Science and Computer Educa-

tion were randomly sampled. However, there were some dropouts during the study be-

tween the pre-test and post-test, so the total number reduced to 22. According to [11] 

dropouts are a serious threat to a study and when they occur, the said sample should be 

dropped. In terms of the gathering of sample data for the visual thinking continuum, 

there were 29 people in the sample. The students used the prepared visual website for 

six weeks for the teaching and learning of the Telecommunications and Computer Net-

working subject. Students took pre and post-tests and also a content-based question-

naire to measure their perception of their own level of visualization both before and 

after using the visual website. The pre and post-tests assessments of the visual thinking 

continuum were carried out per the single-group time series design. Twelve students 

also volunteered for an interview. 

6 Result 

6.1 Analysis of pre and post-tests based on content 

Table 1 compares the results of students, both pre-test and post-test, for the teaching 

and learning of the Telecommunications and Computer Networking subject. The table 

depicts actual scores, percentages, grades, and differences between scores on the pre 

and post-tests. 

As per Table 1, a total of 22 students took both the content-based pre and post-tests. 

The highest score was 32.5, for a percentage of 57%. The lowest score on the pre-test 

was 22, for a percentage of 39%. For the post-test, the highest score was 21 points 

(89%) while the lowest score was 32.5 points (57%). In general, students showed an 

increase in their levels of performance between the pre and post-tests. The maximum 

score difference for the increase was 20.5 points, while the minimum increase was 9 

points. 
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Table 1.  Comparison of Student’s Performance 

Students 

ID 

Total Score  

Pre-Test 

Total Score  

Post Test 

Pre-Test 

(%) 

Post Test 

(%) 
Difference Performance 

P01 27.0 39.5 47 69 12.5  

P02 27.5 46.0 48 81 18.5  

P03 29.0 43.0 51 75 14.0  

P04 31.5 43.5 55 76 12.0  

P05 26.5 35.5 46 62 9.0  

P06 29.5 48.5 52 85 19.0  

P07 24.0 37.0 42 65 13.0  

P08 31.5 49.5 55 87 18.0  

P09 31.5 51.0 55 89 19.5  

P10 32.5 43.0 57 75 10.5  

P11 23.5 35.0 41 61 11.5  

P12 25.0 35.0 44 61 10.0  

P13 26.5 43.0 46 75 16.5  

P14 28.5 44.5 50 78 16.0  

P15 26.0 37.0 46 65 11.0  

P16 26.5 38.5 46 68 12.0  

P17 23.5 32.5 41 57 9.0  

P18 28.0 37.5 49 66 9.5  

P19 30.5 42.5 54 75 12.0  

P20 22.0 42.5 39 75 20.5  

P21 28.5 41.0 50 72 12.5  

P22 27.5 39.0 48 68 11.5  

* N = 22, =  Increase,  = Same,  = Different 

Figure 3 clearly depicts a comparison of pre and post-tests grades. The range of 

grades for students taking the pre-test was C+ to E, where E is considered to be the 

lowest grade for the Telecommunications and Computer Networking course. For the 

pre-test, only five students obtained the relatively highest grade of C+, while a majority 

of eight students obtained a C and 4 obtained a D+, which was very close to a failing 

grade. Results indicated Figure 3 show that a large contingent of students earned a grade 

of A to B-. If “A” is considered excellent than nine students may be classified as excel-

lent. A group of 12 students received a B+ to B- while one student received a relatively 

low grade of C+. The results of data analysis for the pre and post-tests and statistical 

analysis include a paired-sample t-test, which is a parametric test for normally-distrib-

uted data. Table 2 show the outcomes of the analysis. 
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Fig. 3. Summary Grades for Pre-Test and Post Test 

Table 2.  Comparison of Students‘ Performance 

 Min Standard Deviation t Sig.(2-tailed) Cohen d (power) 

Pre-Test 25.57 2.90 -17.495 0.000 4.28 (0.84) 

Post-test 41.11 4.97    

Pre-Test ~ Post-Test      

 

Table 2 elucidates that the mean scores for pre and post-tests differed remarkably, 

with scores between 27.57 and 41.11. The table also shows that the significance of the 

pre and post-tests mean scores at p=0.00 is lower than the significance level of 0.05. 

Therefore, it has been concluded that using visual websites between the pre and post-

tests had an impact on performance with a large effect (d=4.28) and high power (0.84). 

Analysis using GPower software found that the value of 0.84 would require four people, 

so the sample size of 22 was considered adequate. 

6.2 Analysis of questionnaire data regarding students’ perceptions on 

visualization 

This section contains data about students’ perceptions on visualization and had been 

divided into three elements. Table 3 compares the overall mean for each student ac-

cording to the visual elements in continuum which have been described. 

Based on Table 3, the mean for each continuum before use of the website approached 

a value of 3.00. The lowest mean of 2.95 represents application of visual communica-

tion for students. However, a value more than 3.50 for student perceptions was reached 

after the use of the website. The greatest mean value was for the use of visual thinking 

after use of the website. Table 3 also describes other means for student perception of 

the learning system provided for Telecommunications and Computer Networking and 
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shows a relatively high mean value of 4.05. Students tended to have a positive percep-

tion of such a learning system, which helps encourages students to better learn computer 

subjects through high-level visualization. To determine the existence of a significant 

difference in students’ perceptions on the impact of a visual website in terms of the 

three elements of the above continuum, t-test procedures and an ANOVA test had been 

carried out. More statistical analysis is shown in Table 4. 

Table 3.  Differences in Both Overall Mean and Standard Deviation for the Continuum and 

Views of Students about the Learning System 

No Details 
Before Use of Website After Use of Website 

Mean SD Mean SD 

1 Use of visual in students’ thinking 3.32 0.56 3.95 0.43 

2 Integration of visual learning 3.33 0.42 3.90 0.34 

3 Application of visual communication 2.95 0.50 3.51 0.40 

4 System of studying through the visual web   4.05 0.46 

Table 4.  Comparison of Mauchly‘ Test Range Through Bilateral Anova Test for the 

Questionnaire on Students‘ Visualization Level. 

Mauchly's Test of Sphericity (b) 

 Epsilon (a) 

Within Subjects 

Effect 

Mauchly's 

W 

Approx 

Chi Square 
Df Sig. 

Greenhouse 

Geisser 

Huynh-

Feldt 

Lower 

Bound 

Continuum 0.84 3.45 2 0.18 0.86 0.93 0.50 

before-after   1.00 0.00 0 * . 1.00 1.00 1.00 

* before-after 0.79 4.80 2 0.09 0.82 0.89 0.50 

 

The results on the 3x2 factorial analysis of Mauchly's Test of Sphericity in Table 4 

explains that students’ perceptions of the continuum show results that are not signifi-

cant (p = 0.18) at p > 0.05. Based on this, it may be assumed that the range does not 

fulfil conditions (an assumption of sphericity had not been violated which sphericity is 

assumed). Next, it may be seen in Table 5 that students’ perceptions on visual websites 

in the three levels of the continuum shows significant differences in the F value of (df 

= 2, 42, & p < 0.05). Due to this difference, it may be concluded that the use of visual 

websites by students in learning Telecommunications and Computer Networking had 

an influence on their perception of each level of the continuum. This is also seen in the 

test results of Mauchly's Test of Sphericity of student perceptions before and after the 

use of the website, as the results are not significant at p > 0.05 (refer to Table 6). There-

fore, it may be concluded that the assumption of sphericity had not been violated, as 

sphericity is assumed. 

Accordingly, analysis in Table 5 indicates no significant difference in the interaction 

between perceptions of students at each level of the continuum before and after the use 

of the website, with the F value of (df = 2, 42 & p > 0.05). This further indicates that 

students’ perceptions at each level are either not dependent upon or not determined by 
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the perception of the students before use of the visual website for Telecommunications 

and Computer Networking. 

Table 5.  Tests of Within- Subjects Effects through an ANOVA test for the level of students‘ 

visualization  

Source Type III Sum of Squares Df 
Mean 

Square 
F Sig. 

Partial Eta 

Squared 

Continuum 

Sphericity Assumed 4.62 2.00 2.31 25.5 0.00 0.55 

Huynh-Feldt 4.62 1.87 2.48 25.53 0.00 0.55 

Error Continuum 

Sphericity Assumed 3.80 42.0 0.09    

Huynh-Feldt before-af-
ter 

3.80 39.2 0.10    

Sphericity Assumed 11.45 1.00 11.45 34.58 0.00 0.62 

Huynh-Feldt 11.45 1.00 11.45 34.58 0.00 0.62 

Error (before-after) 

Sphericity Assumed 6.95 21.00 0.33    

Huynh-Feldt 6.95 21.00 0.33    

Continuum *before-after 

Sphericity Assumed 0.04 2.00 0.02 0.17 0.85 0.01 

Huynh-Feldt 0.04 1.78 0.02 0.17 0.82 0.01 

Error (Continuum *before-after) 

Sphericity Assumed 4.64 42.00 0.11    

Huynh-Feldt 4.64 37.18 0.13    

Table 6.  Post-hoc test of students‘ perceptions using Bonferroni correction 

Pairwise Comparisons 

(I) before-af-

ter 

(J) before-

after 

Mean Dif-

ference (I-J) 
Std.Error Sig.a 

95% Confidence Interval 

for Difference (a) 

Lower 

Bound 

Upper 

Bound 

1 2 -0.59 0.10 0.00 -0.80 -0.38 

2 1 0.59 0.10 0.00 0.38 0.80 a 

Adjustment for multiple comparisons: Bonferroni. 

Table 7 shows the means for students’ perceptions based on a questionnaire about 

the three-level continuum. The table shows that 18 to 19 students reported improve-

ments, while only 2 to 3 students indicated a decrease or remained the same in their 

perceptions. 
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Table 7.  Summary Comparisons on Students’ Perceptions Based on the Questionnaire 

Concerning the Three-Level Continuum 

Changes in student 

perception before and after use of visual website 

Use of visual 

thinking 

Integration of vis-

uals into learning 

Use of visuals in 

communication 

Increased 18 18 19 

Same 2 2 0 

Decreased 2 2 3 

6.3 Interviews regarding visualised website effectiveness 

Group interviews were carried out to get the opinions of students in the Telecommu-

nications and Computer Networking course. Interviews were focused on the first two 

questions, in terms of the effectiveness of visual websites on student learning and im-

pacts on student visualization levels. Figures 4 and 5 provide a summary of coding 

themes for students’ interviews. Five interview questions have focused on the effec-

tiveness of visual websites on teaching and learning, while three other questions con-

cerned the effectiveness of visualised websites in terms of visualization level. Based on 

the themes’ coding in Fig. 4 and 5, students responded positively in interviews regard-

ing the effectiveness of visual websites on teaching and learning. Some questions were 

asked to elicit views from students. 

 

Fig. 4. Summary of themes’ coding on effectiveness of visual websites for students’ T&L 
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Fig. 5. Summary of themes’ coding on effectiveness of visualised websites towards students’ 

visualization level. 

7 Discussion 

7.1 Summary and discussion on the impacts of visualised website towards 

students’ performance on tests 

Based on the pre and post-tests results for the 22 students, only one student failed 

the pre-test at 39%, which is a barely the failing mark for the Telecommunications and 

Computer Networking subject. However, other students were able to pass with an av-

erage grade of 50%, with the lowest being 41% and the highest being 57%. 

In this study, all students improved by at least 9 points or 15% between the pre and 

post-tests. Most students earned a B or A-. Results also showed that the post-test grades 

were far higher than the pre-test grades overall, as the pre-test had a low average of C+ 

or below, with most students receiving a C-. These results are in line with research 

conducted by [28] which reported that students need time and space to use visual ma-

terials to gradually come to greater understanding.  

This increase could be due to the fact that students are allowed to use visual websites 

throughout the learning process, having a positive impact on students’ achievement. To 

determine whether the difference between the two tests was significant, a pared sample 

t-test was employed. Based on these results, there were significant differences in pre 

and post-tests scores at (p = 0.00), at α = 0.05 significance level. To be clear, the mean 

of pre and post-tests scores showed a difference, with an improvement in teaching and 
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learning for Telecommunication and Computer Networking. Improved student achieve-

ment has been associated with learning in an ‘authentic’ web-based learning environ-

ment. This adds enjoyment to learning and allows students to experience real-world 

problems. Some examples of student responses are as follow: 

P5: Of course real experience is important, we can see issues more clearly, and better 

understand the flow of things. 

P2: the experience was quite enjoyable because we went to Johor Education Depart-

ment, and when we went there, we felt proud about the results. We really got something. 

This study’s findings are similar to those found by [27,13]. Their studies also de-

scribed the use of computer-based visuals for instruction and found a positive impact 

on students in terms of their teaching and learning activities. Other than that, the study 

findings also demonstrate that during the post-test, students are able to give not only 

the normal answers, but also rational reasoning with relevant visualizations to support 

their answer. The final questions in the pre- and post-tests demanded that students think 

about the answer and use reasoning, not just memorization yet more towards authentic 

problem solving in the context of the real world. Students were able to correlate the 

topic they learned with other topics and real situations. This has also been supported by 

interviews conducted for the study in which students stated their preference for visual 

websites. The following statements indicate their sentiment: 

P10: It helps in problem-solving because we can relate the visuals directly with other 

visuals. 

P4: being able to link like this has made learning more interesting for me, what I 

learned last week, I am able to add on to this week. 

Effective visual websites do not just have an impact on students’ performance, but 

also have an effect on the development of students’ visualization, as indicated in the 

discussion of the following section. 

7.2 Summary and discussion on student perception of visualization, before and 

after  

Visual website usage. Based on students’ perceptions on visualization for the three 

continuums, they had a generally positive response, with a minimum mark of 3.18 and 

a maximum mark of 4.41 for the integration of visuals in instruction after trying the 

visualised web site. These means scores indicate that students tend to support the use 

of such materials in teaching and learning. Students were excited about using these 

tools, as indicated by the following statements: 

P5: this visual learning should continue. We really should continue because if we 

don’t, it would be like the end of an era. 

P8: In my opinion, this is absolutely required. At first, I didn’t really like this subject 

because I didn’t know anything about it, but after this class activity, I really enjoy using 

it. 

The item regarding students’ perception on the application of visual communication 

appeared to have done well in terms of mean score, although it started out low. Scores 

before using the site started out as low as 2.86, but rose to 3.68, an increase of 0.82. 

This item indicates that students tend to use visual objects when studying computer-
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related subjects. According to studies conducted by [45] if students have a good im-

pression of visual learning materials that are capable of improving their visual thinking, 

this is a positive demonstration of their visual levels. Also, [43] stated that such a situ-

ation illustrates students ‘interests to keep on learning and marks the increase in their 

understanding. In a similar way, students’ opinion on the visual learning system was 

high, with mean scores averaging more than 4.0. Visual learning on such websites was 

shown to increase students’ visual thinking and encourage them to use visual objects in 

their learning activities, as students become more comfortable with features such as 

forums and online. 

8 Conclusion 

According to the study findings, all respondents who followed the process of teach-

ing and learning in Telecommunications and Computer Networking reported an in-

crease in achievement levels between pre and post-tests. Most students showed a great 

deal of improvement while some showed moderate or lower levels of improvement. 

The effectiveness of the ‘visual web’ is not only seen in terms of impact on student 

achievement, but also positive changes in terms of students’ visual thinking, visual 

learning and their visual communication. 
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