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Abstract. This study aims to examine the role of visual representation in physics learning and 

to compare the learning outcomes of using dynamic and static visualization media. The study 

was conducted using quasi-experiment with Pretest-Posttest Control Group Design. The 

samples of this research are students of six classes at State Senior High School in Lampung 

Province. The experimental class received a learning using dynamic visualization and control 

class using static visualization media. Both classes are given pre-test and post-test with the 

same instruments. Data were tested with N-gain analysis, normality test, homogeneity test and 

mean difference test. The results showed that there was a significant increase of mean (N-Gain) 

learning outcomes (p <0.05) in both experimental and control classes. The averages of 

students’ learning outcomes who are using dynamic visualization media are significantly 

higher than the class that obtains learning by using static visualization media. It can be seen 

from the characteristics of visual representation; each visualization provides different 

understanding support for the students. Dynamic visual media is more suitable for explaining 

material related to movement or describing a process, whereas static visual media is 

appropriately used for non-moving physical phenomena and requires long-term observation. 

 

 

1.  Introduction 

Physics studies the physical objects that are abstract and concrete. The ability to solve the physical 

problems of each person varies depending on the daily experience. A person who has the ability to 

solve physics problems is often labeled physical intuition. Such people, in general, can solve physics 

problems more quickly [1]. To grow physical intuition is not an easy thing, but it can be helped by 

visualizing the phenomenon that is the problem. Visualization of a phenomenon can eliminate the 

abstract nature of a physical phenomenon. Thus the problem on the phenomenon will become easier to 

solve. Visual representation is widely used in communication for information in a recognizable form 

that can be easily interpreted without the use of a adequate calculation. Visual representations show in 

six types: graphs, tables, maps, diagrams, networks, and icons. Variations in this type can also be 

classified according to the way they convey the information and the efficiency at which they provide 

information [2]. Visual representation is very important to communicate ideas in the science 

http://creativecommons.org/licenses/by/3.0
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classroom; However, such representational designs are not always beneficial to learners [3]. This 

depends on the nature of the phenomenon to be visualized. Science concepts are often abstract and 

difficult to understand for students. Visualizations have been shown to help students develop scientific 

conceptions [4, 5]  
Dynamic fluid, impulse & momentum, and rotate motion are topics of physics learned in high 

school that is very important to be understood by students because the phenomenon is always 

experienced in everyday life. The ideal and true fluid phenomena, the principle of continuity, the 

principle of Bernoulli and its application, such as the flow of water in the pipe, the flow of water in the 

leaking tank, the flight of an airplane, the occurrence of the wind-fired roof, and the simulation of the 

difference in air pressure when a rider motorcycles passing on the highway overtake large cars are 

often encountered in daily life, but the fluid stream could not be seen directly so need visualization. 

Likewise in the material impulse and momentum, on the event of the collision where the force works 

in a short time and difficult to dismiss it, thus making students difficult to observe. To understand this, 

learners can not only imagine when the process of impulse and momentum occur. Therefore, the use 

of visual media will greatly assist students in understanding the concept. Rotational motion events, 

though easily observable in everyday life, but still difficult to imagine the centripetal style or complex 

relationship on the gear of bicycle. Everything requires visualization of images.  

Vision is the construction of efficient symbolic descriptions from images of the world. An 

important aspect of vision is, therefore, the choice of representations for the different kinds of 

information in a visual scene [6]. Visualization objects can be pictures, three-dimensional models, 

schematic diagrams, geometrical illustrations, computer-generated displays, simulations, animations, 

videos and so on. Objects can be displayed in a variety of media formats, including paper, slides, 

computer screens, interactive whiteboards or videos, and may be accompanied by sound and other 

sensory data [7]. Visualization can be done using images that are static or dynamic. Static 

visualizations are still images such as photos, pictures, graphics, charts. Dynamic visualization of 

images that can live like silent movies, simulations, animations, that illustrate the process coherently 

so that messages can be delivered.  

This study aims to examine the role of visual representation in physics learning (Dynamic Fluid, 

Impulse & Momentum, and Rotate Motion) and to compare the learning outcomes that are taught by 

dynamic visual and static visual media 

2.  Method 

2.1.  Research Design 

The study was conducted using quasi-experiment with design Pretest-Posttest Control Group Design. 

Quasi-experiment is a research design involving an experimental approach but where random 

assignment to treatment and comparison groups has not been used.  

2.2.  Participants 

 

The population in this research consists of grade XI IPA senior high school students in odd semester 

academic year 2016/2017 in Lampung Province. The sampling technique used in this research is 

purposive sampling technique. Sampling is done by selecting three equivalent Senior High School in 

Lampung Province, and then two equivalent classes from each school are taken as the sample.  

2.3.  Procedure 

Each pair of two equivalent classes obtained learning material Rotation Motion, Dynamic Fluid, and 

Impulse & Momentum. The first class learns the material using dynamic visual media and the second 

class using static visual media. Pre-test is done before the implementation of learning and post-test is 
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done after the learning finished. The test type is an essay. Data were analyzed using calculating 

normalized gain <g> using formula 

 

<g>=(Sposttest-Spretest)/(Smax-Spretest) [8]   

 

Increased category of learning outcomes according to [8] as follows. 

<g>  < 0.3  Low category 

0.3  < <g>  < 0.6  Medium category 

<g>  > 0.6  High category 

In each pair of data group, the test of normal distribution, homogeneity test, and average difference 

test of N-gain were done. 

3.  Results and Discussion 

The data of pre-test, post-test, and the test of N-Gain in different class which learning using dynamic 

visual media and using static visual media is shown in Table 1. Normal distribution test on N-gain of 

all data groups obtained that data distribution is not normal, so that the different test of N-gain uses a 

statistical test of non-parametric Mann-Whitney U.  

  

 

Table 1. Pre-test, post-test, N-Gain, and  p of difference test 

 

Matter 
Using Media Visual Dynamic Using Media Visual Static 

p 
(2-tailed) pretest posttest n-gain 

Gain 

category 
pretest posttest n-gain 

Gain 

category 

Rotate Dynamic 31.05 72.5 0.61 High 33.38 61.76 0.43 Medium 0.014 

Dynamic Fluid 13.58 69.13 0.64 High 14.57 53.00 0.48 Medium 0.010 

Impuls & Momentum 18.97 75.91 0.70 High 18.83 68.38 0.59 Medium 0.010 

 

The result of data analysis showed that both classes using dynamic visual media and static visual 

media significantly increase in physic learning outcomes, but based on Mann-Whitney U test results, 

there was a significant difference of N-Gain (p <0.05) between the learning classes using dynamic 

visual media and using static visual media for all matter, Rotate Dynamic, Dynamic Fluid, and 

Impulse & Momentum. Learning outcomes using dynamic visual media is higher compared to classes 

that use static visual media (Figure 1). Learning outcomes using dynamic visual media obtain high 

category, while those using visual static media obtain medium category. 

 

 

 
 

Figure 1. The comparison of N-Gain using dynamic visual media and static visual media 
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The average difference of the learning outcomes in the two group classes is related to the learning 

process of the two group classes. The teaching methods, which are applied to both groups, are same, 

what makes it different is in the use of media. The experimental classes use dynamic visuals as a 

learning media, while the control classes use static visual media. Dynamic visual media as well as 

static visual media displays the same visualization phenomena, what distinguishes it is only the one 

moves to describe the actual phenomenon, while the other is a still image. The results showed that the 

results of physics learning assisted by dynamic visual media are better than using static visual media. 

This finding is in line with the findings [9], which is the same instructional design methods are 

effective across different media. The learning results of the classroom that use dynamic visual media 

are higher because it has the advantages such as it is more realistic in describing a physics event and it 

can describe the process. 

The dynamic visualization of the circular motion in this study is using two-wheeled motion 

animation linked by chain, centre, and tangent (Figure 2). In this visualization, the rotation of each 

wheel and the number of turns on each wheel can be observed. In investigating the relationship 

between period and frequency by using dynamic visuals, it can be seen the time required to spin and 

the number of rounds that occurred. The use of video and circular motion animation of the gear system 

of bicycle wheel can show the number of rotations of each wheel, the direction of wheel rotation and 

the influence of the difference of the radius. The video and animation allow the students to determine 

the angular velocity, as well as the magnitude and the direction of the linear velocity of the wheels and 

to predict the effect of radius on the number of wheel rotation (Figure 3). The students who received 

learning by using dynamic visual media which is 63% can answer the questions about the magnitude 

and the direction of linear velocity and angular velocity on two tangent wheels, while in the static 

visual class only 38% can answer correctly. 

 

 

 

Figure 2. Wheel system connected by chain (a), Centre (b), and Tangent (c) 

 

 

Figure 3. An example of a student's answer to the dynamic visual class of the wheel system 

 

An example of dynamic visualization in learning dynamic fluid matter is the fluid flow on the 

aircraft wing (Figure 4). By dynamic visualization, it can be described that the streamline flow of the 

fluid is above and below the wing of the aircraft. Therefore, it can be clearly seen that the fluid that 

moves above the wing of the plane is faster than the one move under the wings, so that students 

a b c 
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understand better why the air pressure under the wing is higher compared to the pressure above the 

wing (Figure 5). 

 

 

Figure 4. Wings form when take-off (a), fluid flow (b), and air pressure difference (c) 

 

 
 

Figure 5. An example of student’ answer in the dynamic visual class related to a plane can fly 

 

An example of dynamic visualization in impulse and momentum learning is a video depicting a 

small car with high speed crashing into a heavy box car but moving at the low speed (Figure 6). This 

video is followed up by discussing the damage level of the car if the car's speed is lower and the car hit 

is lighter. Thus the students in dynamic visual media class can explain the greater damage effect of a 

colliding vehicle based on the principle of momentum (Figure 7). The students in the dynamic visual 

class obtained an average score of 73.4 for this problem, whereas in the static visual class obtained an 

average score of 68.5. 

 

 

Dynamic visual media is appropriately used to describe material related to movement. This is 

supported by the results of the study [10] in principle, an animation is created to convey concepts of 

change and considered effective in expressing processes. Animated graphics seemed superior to static 

ones, scrutiny of the actual stimuli revealed that the animated graphics conveyed more information, 

especially about the micro steps between larger steps [12]. Dynamic visualizations can use animated 

pictures to provide an explicit depiction of abstract concepts and processes [13].  

 

a b c 
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The use of dynamic visual in learning can improve the students’ learning outcomes. This is in line 

with the statement [14] “…with the animation video as a source of learning will facilitate students in 

the learning process, especially in realizing the concept of material which is abstract.” It is also in 

accordance with the research conducted by [15] that the use of animation media as dynamic visual 

media can improve the learning outcomes. The learning outcomes which are using dynamic visuals are 

higher than static visuals also supported by [16] that the students who learn by using dynamic visuals 

have higher cognitive learning outcomes than the students who learn by using static visuals. 

Dynamic visual as a media in learning activities gives the opportunity to the students to observe 

events/phenomena which looked more realistic because of the motion of the picture. By using 

dynamic visuals, the students can analyze, prove and conclude by themselves about an event related to 

the material. In addition, by dynamic visuals, the delivery of information about the subject matter to 

the students is easier, and the movement of the images provides clear information. 

Static visuals are less able to display a dynamic event picture, achieving a coherent understanding 

is difficult for students using curriculum featuring static pictures in the textbook as these pictures do 

not convey the dynamic interactions [4]. However, dynamic visual media also has a disadvantage 

which is it cannot be observed longer because the images are moving and changing rapidly. The 

experience in this study shows that learning to analyze the direction of centripetal acceleration is more 

appropriate to use static visual. Visual static is easier to use to indicate the direction of centripetal 

acceleration that always goes to the same point that is the center of the circle. Thus, the students are 

more easily understand where the direction of centripetal acceleration of objects at a certain point. The 

achievement of these indicators, influencing the learning outcomes to reach the indicator calculates the 

magnitude of centripetal acceleration. The explanation of the direction of centripetal acceleration is an 

explanation of a concept that is static, so it is better to be explained using static visuals. 

A review of research on the design of multimedia explanations conducted in lab at Santa Barbara 

shows (a) a multimedia effect-in which students learn more from words and based on their own words 

in both book-based and computer-based environments, (b) a coherence effect-in which students learn 

more deeply when extraneous material is excluded rather than included in both book-based and 

computer-based environments, (c) a spatial contiguity effect-in which students learn more deeply 

when printed words Are in the book-based and computer-based environments, and (d) a 

personalization effect-in which students learn more deeply when words are presented in conversational 

rather than formal style-both in computer- Based environments containing spoken words and those 

using printed words [9]. 

Differences in scores are obtained larger in classes with dynamic visual than static visuals, because 

of the advantages of dynamic visual, according to the existing theories, describes a process in a 

coherent manner, encourage and increase motivation, develop imagination, improve memory, facilitate 

in understanding the concepts, and give the more realistic picture. If the static visual, the advantages 

are having a variety of types can be real visual (photography), charts, animation, graphics and so forth. 

However, static visuals only show the visuals without showing the process coherently so that it gives 

less understanding of the concept to the students. This causes the use of static visuals gets a lower 

score compared to the use of dynamic visuals. 

4.  Conclusion 

 

The use of visual media in Rotation Motion, Dynamic Fluid, and Impulse & Momentum learning can 

improve student learning outcomes. The average learning outcomes of students who are using 

dynamic visualization media is significantly higher than the class which obtains learning by using 

static visualization media. It is seen from the characteristics of visual representation; each visualization 

provides different understanding support for the students. Dynamic visual media is more suitable for 

explaining material related to movement or describing a process, whereas static visual media is 

appropriately used for non-moving physical phenomena and requires long-term observation. 
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