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ABSTRACT 

Jumping out of the water is one of the phenomena of aquatic animals. Analyzing 

the motions and routines of aquatic animals requires considerable time and is 

often subjective, making it susceptible to errors caused by observer fatigue. 

Investigating the motion of objects is a difficult thought, but with the 

development of technology it becomes easy, one of them is by using the Tracker. 

This research aims to analyze the Gourami jumping motion using the Tracker in 

independent experiment activities about animal motion. The materials and tools 

needed include Gourami fish, Android camera, and Tracker application. The 

measurement results are the data on time, position, and the graph of motion. 

Gourami jumping motion is a parabolic motion consisting of uniform linear 

motion on the x-axis, while uniformly accelerated linear motion on the y-axis. 

The value of the gravitational acceleration can be determined from the graph and 

its value is close to the gravitational acceleration constant. Utilizing video 

analysis of Gourami motion with the Tracker software can be applied in science 

education, particularly in physics experiments. 

INTISARI 

Abstrak : Melompat keluar dari air merupakan salah satu fenomena hewan 

akuatik. Menganalisis gerak dan rutinitas hewan akuatik membutuhkan proses 

yang memakan waktu dan cenderung subjektif, rentan terhadap kesalahan akibat 

kelelahan pengamat. Penyelidikan gerak suatu objek adalah suatu hal yang sulit, 

namun dengan berkembangnya teknologi menjadi mudah, salah satunya dengan 

menggunakan Tracker. Penelitian ini mempunyai tujuan guna menganalisis 

gerak melompat ikan gurami dengan Tracker pada kegiatan praktikum mandiri 

tentang gerak hewan. Bahan dan alat yang dibutuhkan antara lain ikan gurami, 

kamera android, dan aplikasi Tracker. Hasil pengukuran berupa data waktu, 

posisi, dan grafik gerak. Gerak melompat ikan gurami merupakan gerak parabola 

yang terdiri dari gerak lurus beraturan pada sumbu x, sedangkan gerak lurus 

beraturan dipercepat pada sumbu y. Nilai percepatan gravitasi dapat ditentukan 

dari grafik dan nilainya mendekati konstanta percepatan gravitasi. Pemanfaatan 

video analisis gerak ikan gurami menggunakan Tracker dapat diterapkan dalam 

pembelajaran IPA khususnya pada percobaan fisika. 
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A. Introduction  

Science is a body of knowledge that involves ways of thinking, interactions with 

people, and the exploration of the universe along with various facts [1]. Science is a 

method of acquiring knowledge that serves as an approach to understanding natural 

phenomena. It emerges from our curiosity about ourselves, planets, living organisms, 

and the universe [2]. 

Throughout the universe, various animals from five different taxa jumping out of 

the water to evade their predators, breathing, catching watermelons, communicating, 

the mechanical motion of swimming fish have become topics of interest for many 

years [3]. This research emphasizes experimental activities in science learning related 

to animal motion. Franklin Fearing stated that experiments involving animals attracted 

the interest of almost all physiologists in the latter half of the 19th century. These 

experiments were conducted on fish, birds, and dogs [4].   

One of the phenomena of various aquatic animals is jumping out of the water [5]. 

Several fish jump out to catch insects on and off low altitudes or escape from external 

stimuli [6]. Previous research explained an empirical study of the Silver Carp when 

swimming and jumping motion [7]. The results obtained are the influence of 

disturbing variables, intrinsic factor (size and morphology of fish), and extrinsic factor 

(temperature and water depth). 

Several factors affect animal motion, including foraging behavior, human 

interference, and topography, all of which can be incorporated into mechanistic 

models [8]. Numerous studies assess hormonal or behavioral changes as direct 

responses to human disturbances but do not further explore their potential impacts on 

population size, demographic levels, or species resilience from a biological 

perspective [9], [10]. However, this phenomenon has not yet been studied based on 

physics experiment.  

Analyzing the motions and routines of aquatic animals requires considerable time 

and is often subjective, making it susceptible to errors caused by observer fatigue [11]. 

In conducting an investigation of natural phenomena of motion is a difficult think, but 

with the development of technology, it can become easy. Currently, automated and 

semi-automated video-based tracking methods, such as D-Track [11], GroupTracker 

[12], idTracker [13], and Tracker [14], are used to reduce errors and biases in manual 

analysis   

Tracker is an open-source software designed for video modeling and analysis. 

[15]. It allows to record videos on their mobile phones and analyze the video from the 

objects motion [16]. Tracker functions makes students easier to investigate speed, 

changes in position, the center of mass, and acceleration for time, and visualize the 

motion in a real-time [17], [18]. Tracker is related to real world models based on 

Newton's laws, for example in learning it is used to solve various physics problems 
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that are already known in everyday life including pendulum motion, parabola, free 

fall motion [19]. Tracking methods can analyze the various animals motion, namely 

fish [13], [20], [21], cats [22], primates [23], and mouse [24]. It also transforms video 

data into positional trajectories over time. 

The use of tracker applications in learning can optimize the use of experimental 

devices, one of which is the use of trackers to determine the gravitational acceleration 

through free-fall motion [25], anomaly of Earth through solar eclipse [26], investigate 

the uniform motion of the straight line and determine the moon's gravity [27] and 

determining fluid viscosity coefficient [28]. The difference in this research is applying 

the Tracker application to the Gourami jumping motion. 

Practice in science learning is expected to be a means for students to learn 

independently, around nature, and solve existing various challenges [29]. The nature 

of science is essential in informal science education. Scientists understand how 

science operates through experimentation and intuition. It makes sense to add science 

traits to the intended curriculum at producing faster and better [30].  

The problem that arises from learning science is a phenomenon that can be seen 

directly, but there is also something that cannot be observed easily by students like 

difficulty reading graphs, analyzing problems and applying them in equations of 

motion [31]. This research aims to analyze the phenomena from Gourami jumping 

motion using the Tracker application in independent experiment activities in science 

learning. 

B. Method  

The materials and tools needed are Gourami fish, Android phone camera, and 

also Tracker application. The results from the measurement are graphs of the motion 

of the Gourami jumping, the value of the distance traveled with Tracker application 

and then compared with constant value.  

The procedure of this research is as follows, namely:  

1. The phenomenon of Gourami jumping motion in the environment was recorded 

using an Android camera. 

2. Gourami motion is analyzed using the Tracker through importing recorded 

videos with the file menu, then importing videos, the videos to be analyzed are 

then selected by clicking open 

3. If the video is available in the Tracker, the frame is set from beginning to end 

using the track menu, and the new option is clicked and then the calibration tools 

stick is selected. 

4. After the y and x coordinates are obtained, then select the axes for analysis. 

5. Then the Gourami mass point is determined for analysis using the track menu by 

selecting point mass and new. 
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6. Finally, the Gourami motion is analyzed by auto-track or manually placing frame 

points on the gourami jump out. The data was obtained in the form of motion 

vertically and horizontally in two dimensions (x, y). The components that are 

calculated on the Gourami jumping out of the water using the Tracker are the 

x(t), y(t), and t (s). 

In this experiment, we use three Gourami fish (see Figure 1). Two black Gourami, 

one with a mass of 0.30 kg and a length of 0.25 m (BG-A), and another with a mass 

of 0.20 kg and a length of 0.17 m (BG-B), along with an albino Gourami weighing 

0.25 kg and measuring 0.20 m (AG), were analyzed. Data from the Tracker were 

processed using Microsoft Excel to generate graphs of position versus time, altitude 

versus time, and the trajectory of parabolic motion. The next step is to determine the 

gravitational acceleration (g) of the Gourami jumping motion using the Tracker 

application and compare it with the gravitational acceleration constant of 9.8 m/s2[32], 

[33], [34]. 

 

 

 

 

 

 

 

 

(a) BG-A   (b) BG-B   (c) AG 

 

Figure 1. Gourami fish in this experiment 

C. Result and Discussion 

The use of video analysis of Gourami jumping motion using Tracker application 

helps students when investigating the center of mass position, acceleration and 

velocity in a real-time [17] and determines the type of motion.  Before analyzing the 

video, students initially recorded the motion of the Gourami that jumped out of the 

water. Students can open a digital video file and import it into Tracker. Students can  

calibrate the scale and set the appropriate coordinate axes. The results obtained after 

the Gourami jumping motion video were analyzed using Tracker for each fish as 

presented in Table 1. 
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Table 1.  Data of Gourami Jumping Motion  

Type of Gourami  t (s) x (m) y (m) 

BG-A 0.00 0.02 0.00 

0.03 -0.06 0.03 

0.07 -0.15 0.04 

0.10 -0.22 0.05 

0.13 -0.31 0.04 

0.17 -0.40 0.02 

0.20 -0.48 -0.01 

0.23 -0.56 -0.05 

0.27 -0.64 -0.11 

BG-B 0.00 0.01 0.00 

0.03 -0.06 0.03 

0.07 -0.15 0.05 

0.10 -0.25 0.07 

0.13 -0.35 0.08 

0.17 -0.46 0.06 

0.20 -0.54 0.05 

0.23 -0.65 0.01 

0.27 -0.73 -0.02 

AG 0.00 0.27 0.19 

0.03 0.23 0.27 

0.07 0.19 0.32 

0.10 0.13 0.37 

0.13 0.07 0.41 

0.17 0.02 0.42 

0.20 -0.05 0.44 

0.23 -0.14 0.45 

0.27 -0.22 0.44 

 

Based on the data (see Table 1), a graph can be created to show the relationship 

between time and position along the x-axis and y-axis (see Figure 2).  

 

Figure 2. Graph of position versus time on the x-axis of BG A, BG-B and AG. 
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Figure 3. Graph of position versus time on the y-axis of BG A, BG-B and AG. 

 

The graph gets a linear equation (see Figure 2). The equations generated from the 

data trackers sequentially from BG-A, BG-B and AG are: 

y(BG-A) = -2.501x + 0.0239       (1) 

y(BG-B) = -2.8439x + 0.0269                (2) 

y(AG) = -1.8118x + 0.2956       (3)

 The initial velocity from BG-A on the x-axis component (vox) is 2.501 m/s. 

The initial velocity from BG-B on the x-axis component (vox) is 2.8439 m/s. The initial 

velocity from AG on the x-axis component (vox) is 1.8118 m/s. The negative sign 

indicates that the direction of the fish's speed is in the negative x direction. 

The graph gets a parabolic equation (see Figure 3). The equations generated from 

the data trackers sequentially from BG-A, BG-B and AG are: 

y(BG-A) = -4.9641x2 + 0.9019+ 0.0053              (4) 

y(BG-B) = -4.8949x2 + 1.2235x -0.0024       (5) 

y(AG)   = -4.8981x2 + 2.1996x + 0.1974           (6) 

The initial velocity from BG-A on the y-axis component (voy) is 0.9019 m/s. The 

initial velocity from BG-B on the y-axis component (voy) is 1.2235 m/s. The initial 

velocity from AG on the x-axis component (voy) is 2.1996 m/s. The positive sign 

indicates that the direction of the fish's speed is in the positive y direction. 

In the experiment of fish jumps out of the water using Tracker, it shows that the 

Gourami fish perform a parabolic motion. The Gourami fish are given a stimulus to 

jump out of the water when the water is in a small pond, then they are given humans 

disturbance who seem to be catching it so that the Gourami jumping motion is a 

parabolic trajectory.  

Tracker as a pedagogical tool in learning and teaching effective projectile motion 

in science (physics) [15]. Parabolic motion is a specific type of two-dimensional 
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motion in which a particle moves within a vertical plane, utilizing an initial velocity 

while experiencing constant acceleration due to gravity acting downward [35]. 

Parabolic motion is basically a combination of uniform linear motion and uniformly 

accelerated linear motion [36]. 

In the motion of the fish above, the resulting graph shows a linear line on the y-

axis so that it includes uniform linear motion, while on the y-axis a parabolic graph 

shows that the motion includes uniformly accelerated linear motion. The use of the 

Tracker software on the Atwood aircraft showed the characteristics of uniform linear 

motion and uniformly accelerated linear motion so that it was classified as suitable 

for use in science learning at school [37]. Both have their respective interpretations 

on the components of the x and y axes. In parabolic motion, vertical and horizontal 

motion are independent, thus no motion affects each other [35]. 

The equation that applies to each component is written as the following equation 

and to find the magnitude of the gravitational acceleration from the resulting graph 

(see Figure 3). 

Equation on the x-axis component: 

𝑣𝑜𝑥 = 𝑣0 cos 𝜃        (7) 

Equation on the y-axis component:  

𝑣𝑜𝑦 = 𝑣0 sin 𝜃         (8) 

The gravitaty acceleration can be calculate from the experiments using the equation. 

𝑦 = 𝑣0𝑡 −
1

2
𝑔𝑡2        (9) 

The difference in the gravitational acceleration value of Gourami fish jumping 

out of the water using the tracker application is shown in Table 2. 

 

Table 2.  Gravitational Acceleration of Gourami  Jumping Motion 

Type of Gourami Fish Gravitational 

Acceleration 

Gravitational 

Acceleration Constant 

BG-A 

BG B 

AG 

9.928 m/s2 

9.789 m/s2 

9.782 m/s2 

 

9.8 m/s2 

 

From the results (see Table 2), the data using the tracker application is close to 

the gravitational acceleration constant (9.8 m/s2), namely in BG-A the results of the 

gravitational acceleration are 9.928 m/s2 with level of accuracy is 99,96% , in BG-B 

is is 9.789 m/s2 with level of accuracy is 99.15% and error value is 0,0085 and at AG 

is 9.782 m/s2 with level of accuracy is 99.75%.  

The previous study also found the gravitational acceleration with the Tracker 

application [38].  An experiment to determine the acceleration due to gravity obtained 

a value of g = 9.63 ± 0.07 m/s2 with a relative accuracy of RA% = 98.2% and a relative 

statistical uncertainty of 0.7%. Thus, the high level of accuracy of the Gourami fish 

jumping out of the water using the Tracker can make it easier for students in 
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experiment activities to determine the magnitude of the gravitational acceleration. 

Experimental activities in science learning can foster the independence of students' 

scientific work [39].  

D. Conclusion  

Tracker is an open-source application for modeling tools and video analysis to 

investigate speed, changes in position, center of mass,  and the acceleration for time 

and also visualize the motion concepts in a real-time. By using a Tracker application, 

it can be make the position versus time graph to determined the gravitational 

acceleration. Gravitational acceleration resulting from the Gourami jumping motion 

is always showing a value about 9.782 – 9.928 m/s2 which is analyzed from the 

parabolic graph of position y. Therefore, it can be concluded that video analysis of the 

Gourami's jumping motion using the Tracker can be utilized in physics experiments 

for science learning about animal motion. It helps students interpret the obtained data 

through graphs and data tables, making it easier to draw conclusions and accurately 

identify motion parameters. 
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