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Abstract: The digital video analysis is a technique that allows you to connect the physical 

phenomena present in a video, to the study of the physical and mathematical concepts applied 

in the process. It is a low cost technique, since it requires no more than a computer and video 

recordings, so it is capable of being operated by the student himself. In the case will I work here 

I will try to illustrate the applicability of this method to the Physics / Astronomy. This technique 

can become even more powerful as a teaching tool, the processing of data independently do a 

worksheet and if you later associate mathematical modeling. 
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The use of computers in education has been widely encouraged. The schools today have 

technological resources that let foresee a significant improvement of the teaching and learning 

processes, however, this improvement is not observed. The computer has been used more as 

a vehicle of information (eg, digital presentations and multimedia titles), than as a tool for 

knowledge construction. This is understandable considering 15 years ago from now, few 

teachers used the computer, and only very recently the schools have technical resources (eg, 

projectors, computers and networks) in order to enable the use of the computer in the 

classroom. 

Move to a new stage in the use of the computer, as part of a constructivist teaching, by 

teachers, requires not only technical skills in the use of necessary computer tools, as a whole 

change in their educational practices to align them with the cognitive processes of learning. 

Most importantly, close attention must be paid to the implementation of these 

tools in ways conducive with cognitive processes of how students learn and retain 

information in physics. Embedded within this understanding of how students learn 

physics is the need to know how individual processing styles may affect learning. 

(Larkin-Hein & Zollman, sem data, pp. 4–5) 

About physics teaching, the many conversations I have had over the years with students about 

the reasons for the lack of enthusiasm for the subject, they have been justified by the lack of 

understanding of the meanings and representations. For them, it is extremely difficult to 

establish relationships between the physical phenomena and the mathematical representation 

event. They can’t find physical meanings for mathematical expressions. Thus, they seek to 

solve the problems and exercises by decal from others already undertaken. 

Another problem, widely studied by Beichner, lies in the analysis and interpretation of graphs 

in Physics, especially in the kinematics, where they assumes a big relevance. All this framework 

allows us to understand the bad performance in this discipline, which is not only worse, 

because a lot of practice in solving exercises (also required) for the most laborious students, 

leads them to develop mechanisms capable of responding to a set of problems assessment 

tests, similar problems to others already done in class. 
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Under these circumstances, we cannot guarantee the successful outcome of a student in a test 

necessarily certifies the acquisition of knowledge and skills in Physics. The Digital Video 

Analysis today, provides a low cost, unique conditions to the study of kinematics (among other 

areas of physics), allowing indelible relationship between physical events and their multiple 

representations, including the different graphical representations. The simultaneity and 

synchronization between video and motion graphics allows its association, reinforcing learning 

and providing less scope for misunderstanding. Are thus laid the conceptual bridges that 

connect the concept to their representation. 

To describe video methodology, in a summary manner, consider a video in which we have a 

spatial reference known, to serve as a scale (choose videos where problems do not arise 

perspective and parallax). The time reference is real time recorded. We have all the conditions 

to, frame by frame, mark the position of a body along its movement and thereby establish a 

table of values of position vs time (position previously tuned by the scale used). Having this 

table, we can add all the parameters needed, as well as build and analyze graphs and other 

significant information. This provides a real link between the concepts involved and their 

representations. Today the computer allows us to do this job so much easier and directly 

obtain values and representations, together and simultaneously. Now we are talking about 

digital video analysis. 

Tracker is a free application of digital video analysis and modeling developed by Douglas 

Brown, Cabrillo College, in the context of Java applications "Open Source Physics" (OSP) for use 

in physics teaching. Includes versions for Windows, Mac OS X and Linux operating systems, and 

is freely available on the internet http://www.cabrillo.edu/~dbrown/tracker/. This tool is 

amazing for study mechanics (kinematics and dynamics) but also allows approaches to other 

areas of physics such as spectroscopy, optics and astronomy. We can download from the 

website mentioned, several examples of videos on the aforementioned topics, to be 

exploitable through this application. 

Data collection and representation 

For example, I collected information about Apollo 16 (1972) in which mission, among other 

things, registered the heels of John Young on the Moon with a Westinghouse color camera 

(CM), RCA GCTA (LM) at 30fps. At his back was the Primary Life Support System (PLSS). "The 

PLSS was 26 inches (66 cm) high, 18 inches (46 cm) wide, and 10 inches (25 cm) deep"  

We may see/store this movie leap at http://www.hq.nasa.gov/alsj/a16/a16salute.mpg 

 The Tracker, as digital video analysis tool (DVA) applied to this example, allows the 

interpretation of the video sequence, in which it uses, as the spatial reference, the Primary Life 

Support System (PLSS) which had a height of 66cm. We can set the point in the PLSS to follow 

and checks if the video speed is correct according to the frame rate to ensure the proper time 

basis. From this time we may request an automatic marking of object position over time, or we 

can choose to do this manually, frame by frame. 

http://www.hq.nasa.gov/alsj/a16/a16salute.mpg
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Image 1 – Tracker Graphical environment showing the reference and points scored as well as the graphs 
y=f(t) and Vy=f(t) and an evaluation table. 

Once complete, we will have a table of positions vs time (from which we may require the 

submission of other physical parameters), and graphic or graphics (up to 3 simultaneous) that 

illustrate the behavior of the body under examination.  

The didactic potential up to this point has revealed interesting by promoting cognitive links 

between the position of the object in the image presented, simultaneously and synchronously 

with the (s) respective (s) chart (s). Allows further demystify the usual misconception of 

perceive the graphic as a shape of the movement. We can have different shapes for the same 

movement, as is evident in Image 1. 

Data Analysis  

Using the example shown in Image1, we can perform data analysis using Tracker directly using 

one of Tracker tools - Data Tool. 

This tool gives us the active chart and allows to fit the set of points displayed with the most 

concordant mathematical representation (Line, Parabola, Cubic, Gaussian, Exponential and 

Sinusoidal). Data Tool thus establishing the parameters most likely mathematical 

representation, which students easily adjust to the respective physical parameters of the 

equation of motion (in this particular case). 
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Image 2 - Graphical Environment of Data Tool with parameters of the parabola (in this case). 

This tool also allows partial analysis of a set of points to a function, and another set for a 

different function; presentation of some statistical parameters; determining the slope of the 

tangent to the point or even the valuation of the defined graph area. In this case, the parable 

of generic equation y=A*t2+B*t+C, assumes the values y=-0,86*t2+2,7*t-1,6 by quadratic 

regression, and knowing that according to the equation of uniformly motion varied 

  
 

 
          , 

to determine the value of acceleration on the moon to the value     (     )  

          , a value close to the established value of 1.62 m.s-2. 

Modeling  

Once established the mathematical representation of the movement, the Tracker also allows 

the application of the model directly on video, sharing the same reference time and coordinate 

system, allowing students to test the performance of the mathematical model by comparison 

with the actual registration. Brown refers, on modeling the Tracker, the videos give life to the 

models while models videos offer a benchmark in terms of the movement and its graphical 

representation (Douglas Brown, 2011). 
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Image 3 - Representation Model (yellow) compared to the real one. 

The analytical model allows to define the equations of motion for x and y , the interval 

between frames and the start time in order to draw the particle in the video according to the 

benchmark set by the user . Brown points out that this tool helps students make connections 

between the motion of the particle and its mathematical description , read graphs and 

estimate initial conditions and compare the models with the real world , realizing that only in 

very special cases analytical solutions effectively accompany real representation ( Douglas 

Brown , 2011) . The example shown on this jump on the moon , through this process and using 

the modeling could be used to assess the situation not only by the kinematics, but also using 

dynamic . The models turn out to be applied to the video allowing the student to follow the 

physical motion of the astronaut, along with the movement of the model simultaneously and 

synchronously, while one can check each time the respective position in the charts . 

Beichner (1995) states that the simultaneous presentation of the graph with respective event 

favors the transfer of information as a whole, the working memory to long term memory. The 

joint vision allows for comparisons and reinforce learning and cognitive links between them. 

The presence of motion, through the use of video, allows a better accuracy of the human 

perception system, making it more sensitive to small changes and independent of high-level 

processes that often misrepresent how we incorporate the information. 

“Physics is a process of creating and testing models about the world. Physical 
quantities like force, energy, time, etc., are abstract mathematical concepts that 
physicists and engineers use to describe and manipulate the world. Playing with 
models like those above can help students appreciate the way in which models are 
built, tested and used, particularly those models that use mathematics as the 
language of Nature.” (Teodoro, 2004, p. 428) 
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Other possibilities of this technique  

This application can also be used in spectral analysis, either from a radiant or an excited gas 

body. For reference (because they always need a reference for calibration) we can use two 

current lasers of wavelengths (Green - 543.3 nm; Red - 632.8 nm). The signal collected in 

spectroscope could be registered and will be analyzed in spectral terms (Image 4). The 

possibilities are endless since the study of physics, chemistry, to astronomy. 

 

 

 

 

 

 

 

 

 

 

 

 

Conclusion  
 
A major advantage of this technique is the versatility offered by the same, and the ability to 

connect the observable phenomenon with its graphical and mathematical representation. 

Uses the world around us in a huge lab and provides the construction of meanings, particularly 

in areas where they are well known difficulties and lack of competence of students. Being this 

application is available for free and needing only liable videos being played with a simple 

smartphone, it provides an educational space that must be considered. 

  

Image 4 - Hydrogen and a fluorescent tube spectrum representation and analysis 
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 http://www.lpi.usra.edu/lunar/missions/apollo/apollo_16/photography/index.shtml#cameras 



“Leap to knowledge “-Digital Video Analysis to Truly Learn Physics 

Science on Stage 2014 pág.9 Álvaro M. Folhas Ferreira 

1
 (em http://en.wikipedia.org/wiki/Primary_Life_Support_System  ) 
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