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Abstract—Background subtraction algorithms are used for 
detection of moving objects in various fields. They also can be 
used to measure visual activities in a video content. Despite of 
increase of visual activity in a last few decades there has not been 
any accurate way to measure that phenomenon.  This paper will 
show a way to measure visual activity using temporal median 
algorithm. 
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I.  INTRODUCTION  

Despite increasingly significant changes that have occurred 
in the media field visual activity has passed largely unnoticed 
although readily accepted. In this paper, it will be shown why 
that increase can be problem at first. A lot of published papers 
on the effect of visual activities do not use quantitative measure 
as a categorization of visual activities and consequences such 
an exposure may have. 

In the following, number of results from already published 
papers about visual activity increasing will be shown and our 
approach  for visual activity and information density measuring 
will be explained. It will be suported in the form of a test on 30 
Music Television (MTV) Music Awards winner videos in the 
category Video of the Year.  

This paper is composed as follows. In section II, an 
overview of the literature about problem from child care 
perspective, average shot length and visual activity index is 
presented. Section III presents idea of how to measure visual 
activities with temporal median algorithm. In section IV, 
results of algorithm usage for visual activity measuring is 
presented. Conclusions are presented in section V. 

II. LITERATURE REVIEW 

One research that gained a lot of publicity in the media at 
the time was published in Pediatrics in 2011 [1]. The objective 
of that research was to study whether a fast-paced video clips 
influences children’s executive function. The research was 
made on three groups of 4-years old children. First group was 
instructed to do some drawings for nine minutes, a second 
group was exposed to watch an educational cartoon and a third 
group watched the fast-paced cartoon for a same period of 
time.  

Tested after for executive function tests that included 
working memory and self-regulation tests, the group that was 
exposed to watching the fast-paced cartoons performed 
significantly poorer compared with other two other groups. 
That research has generated a lot of reactions in various media 
as one can see it when try to search terms like “Spongebob” 
and “Lillard” with google.com search engine. 

I.L. Swing pointed out that not only the time subject is 
exposed to violent and fast-paced television, films, and video 
games are cause of worsening of the attention, but also the 
speed and violence ware causing attention problems. Research 
participants were 235 students [2]. 

Christakis in his paper discuss about the “overstimulation 
hypothesis” which is based on the theory that the unreal pacing 
and sequencing of some shows might tax parts of brain, leading 
to short or long term deficits [3]. Christakis's test on mouse 
proved that overstimulation with audio and visual effects for 
six hours per day over the period of 42 days caused significant 
decline in performance in fields of risk taking, short term 
memory and cognitive function. “These findings suggest that 
excessive non-normative stimulation during critical periods of 
brain development can have demonstrable untoward effects on 
subsequent neurocognitive function.”[4]. 

Nikkelen’s meta-analysis about usage of media and 
Attention Deficit and Hyperactivity Disorder (ADHD) related 
behaviors is published in Developmental Psychology in 2014 
[5]. Authors made meta-analysis of forty-five empirical studies 
about relationship between ADHD and usage of media. The 
conclusion indicates a significant relationship between ADHD 
and usage of media so Pearson’s r was 0.12, but they also 
concluded that more researches have to be made because the 
connection between structural and content features of media 
and one of ADHD-related behaviors is still unclear. They 
mentioned pace of video as structural feature. 

Over all there are more evidences about increasing visual 
activities in the media. In Bordwell’s paper “Intensified 
Continuity: Visual Style in Contemporary American Film” 
there are clear evidences that length of a specific shot in 
American movies is getting shorter and shorter. Author 
indicates that the length of average shots between the years 
1930 and the 1960 was 8 to 11 seconds. Between 1960s and 
1970's the length of similar shots declined to 6 to 8 seconds. By 
1980s it was 5 to 7 seconds, and by the end of the century 



average shot in a typical movie lasted only 3 to 6 seconds. 
Same rule applies to a television. [6].  

Barry Salts book “Moving Into Pictures” contains 
similar data as shown below in the graph by James 
Cutting's from Cornell University.  It was presented at The Art 
& Perception Conference in Brussels in 2010. The graph can 
be seen at figure 1 [7]. 

 

Fig. 1. – Average ASL in American films [7] 

It is clearly visible from above graph that an average shot 
during the silent movie era between 1915 to 1930 lasted 4 to 7 
seconds. Cutting also published paper on the same subject 
namely length of specific shots and visual activities. Cutting 
and a group of his colleagues introduced a new measure for 
visual activities in movies called simply - Visual Activity Index 
(VAI). This measure indicates the amount of movement and 
motion in movies and it is  calculated as follows, (1 – median 
r), where r is “correlation of pixels in pairs of near-adjacent 
frames measured along the entire length of a film or film 
sequence” [8]. Cutting and his colleagues analyzed about 150 
movies filmed between 1935. to 2005. and data show an 
increase in VAI as visible in figure 2. 

Cutting also analyzed 160 movies of the period from 1935 
to 2010, and found that length of each shot becoming shorter 
and shorter. He also found that shorter shots have more motion 
and movements then longer ones. He also noticed that in a term 
of color movies became darker [9]. 

 

Fig. 2. – VAI increasing in American movies [8] 

Previously authors have analyzed only video content but 
they have not included viewers. “Viewers” are included in The 
Limited Capacity Model of Motivated Mediated Message 
Processing (LC4MP) communication theory by Annie Lang. 
Lang states that humans have a limited capacity for processing 
information and if there are more information than cognitive 
resources, information overload will occur. Theory includes a 
lot of terms and relations, but the most interesting from 
perspective of visual activity, is that Lang indicates variable 
“information density” which can be used to define when 
information overload will occur. That variable consists of 
seven factors and they can be measured in a moment of film 
cut. Those factors are: 

a) Object change 
b) Novelty 
c) Relatedness 
d) Distance 
e) Perspective 
f) Emotion 
g) Form change 
 

Problem with those factors is that only trained coders can 
measure them and it could be very time consuming. However, 
it is a good method to predict information overload, which is 
partially caused by high visual activity. Lang has used several 
methods to measure information overload and proved that 
variable “information density” with seven factors is in 
accordance with theoretical concept. Figure 3 illustrates high 
“information density” that causes information overload, which 
is measured with method called Second Task Response Time 
(STRT). It can be seen on figure that STRT is lower when 
information overload occurred and it happens because brain 
“gives up” from first task as it has not enough resources for 
both tasks. On horizontal axis abbreviation “ii” means 
“information introduced” and it is a second name for 
information density [10]. 

 

 



 

Fig. 3. – Information overload measured with STRT [10] 

LC4MP communication theory is very important for this 
paper because it acts as a connection between fast-paced effect 
and overstimulation hypothesis on one side, and visual activity 
increase and VAI on the other side. 

III. DATA AND METHODOLOGY 

It is evident that social and human sciences have 
discovered problems with fast-pacing and overstimulation in 
media but an unresolved problem is how to measure visual 
activity and information density. VAI is the only presented 
method that can be used, but it is really utilized. Another 
solution can be found in the field of computer vision, 
specifically with algorithms for background subtraction. Those 
algorithms are used to detect moving objects from static 
cameras but new ones can also be used with dynamic cameras.  

Main objective of this paper is to use one of background 
subtraction algorithms to measure visual activity in video 
clips. To test this method data from Lang’s paper in which she 
measured Information Density in video clips are used. Lang’s 
LC4MP theory and data from her papers are crucial because 
suggested method can be tested without performing the 
psychological experiments with real people. Lang’s values as 
well as values from suggested method are compared to test 
validity of suggested approach. 

Sobral has categorized background subtraction algorithms 
in nine categories: 

a) Basic methods  
b) Fuzzy based methods  
c) Single Gaussian based methods  
d) Multiple Gaussians based methods  
e) Type-2 Fuzzy based methods  
f) Multiple features based methods  
g) Non-parametric methods  
h) Subspace-based methods  
i) Neural and neuro-fuzzy methods [11] 
Those algorithms can be used with video files or video 

streams and their output is black and white video file or 
stream. Foreground or moving objects are marked with white 
color and background is marked with black color. More visual 
activity in input video cause more white color in output video. 

If number of white pixels is divided with number of all pixels 
in the video like in formula listed below (1), we get a decimal 
number between 0 and 1 which then can be used to a measure 
of visual activities. This visual activity index which can also 
be expressed as a percentage, we named New Visual Activity 

Index (nVAI). In the formula below (1) nfg represents number 
of white pixels within one frame while nall represents number 
of all pixels. Those numbers have to be added for all the 
frames in the video which in a longer video could add up to 
billions or more. 

 nVAI = ∑ nfg  / ∑ nall (1) 

To prove the previous outlined idea one background 
subtraction algorithm was chosen. It was temporal median 
algorithm by authors Cucchiara et al. and Calderara et al. The 
algorithm first partitions the image into little blocks of 256 
pixels (16x16 pixels). Next task is to compare these blocks 
with blocks from the next frames and if difference threshold 
between blocks is not reached in 10 frames, blocks will be 
marked as a stable. When all blocks are marked as stable, 
background model is ready. For every pixel in a frame, k-sized 
buffer is used to collect last k values. Those values are position 
according the tone of the gray color and median of every buffer 
is used to assess the current background model. Foreground is 
extracted using the difference between the current image It and 
the background model BGt: 

��(�, �) =
���(�, �) − ���(�, �)� ∗ �

�

3
 (2) 

Mt(i,j) in formula (2) is foreground mask with gray level data 
of difference and this mask will be transformed in black and 
white frame according to two thresholds - Tlow and Thigh. First 
threshold will filter out noisy pixels and second will identify 
foreground. If Mt(i,j) is larger than Thigh, color of output pixel 
will be set to white, apropos marked as foreground. Algorithm 
also includes methods to calculate thresholds [12][13]. 

The next step is to compare Lang’s information density 
values and nVAI that can be calculated with temporal median 
algorithm as described. In this paper 135 videos were used 
along with data from Lang’s research “Cognition and Emotion 
in TV Message Processing: How Valence, Arousing Content, 
Structural Complexity, and Information Density Affect the 
Availability of Cognitive Resources”. Spearman’s correlation 
between seven factors from LC4MP model and new Visual 
Activity Indexes has been calculated. nVIAs were calculated 
for every of those 135 videos [10]. Results are in the next table 
and all values are statistically significant. 
  

 



TABLE I. - Spearman’s correlation between seven factors 
from LC4MP model and new Visual Activity Indexes 

Information 
density factor 

r Correlation category 

Emotion Change 0,203628 low  

New 0,352334 low  

Unrelated 0,371554 low  

Object Change 0,430922 moderate  

Closer 0,425086 moderate  

Perspective Change 0,520635 moderate  

Form Change 0,226527 low  

 
It is evident that there are moderate correlations between 

nVAI and three factors: Object change, Perspective Change 
and Closer. This indicates that submitted model can be used to 
predict some factors of information density but not all. Those 
three factors are quite connected with visual activity and next 
step is to test this algorithm with 30 MTV Music Awards 
winner videos in the category Video of the Year. All of them 
were downloaded from Youtube service. 

IV. RESULTS 

Temporal median algorithm was used as a library in 
OpenCV framework and demonstration program was compiled 
and linked with Microsoft Visual C++ 2010 Express which can 
be obtained free of charge from Microsoft.  

TABLE II. Video clips properties and nVAI as percentage 

Year 
Forground 

pixels 
All pixels 

Number 
of 

frames 
nVAI 

1984 71186844 312548544 5481 22.78% 

1985 132073441 786542592 8464 16.79% 

1986 388652645 1295654400 7498 30.00% 

1987 416741343 1196294400 6923 34.84% 

1988 78812306 689472000 3990 11.43% 

1989 440009077 1350432000 7815 32.58% 

1990 195950065 1360108800 7871 14.41% 

1991 504311721 1222560000 7075 41.25% 

1992 611384613 1780070400 7726 34.35% 

1993 557768663 1724198400 9978 32.35% 

1994 471007579 1374969600 7957 34.26% 

1995 1151106752 2171059200 9423 53.02% 

1996 296557674 1118707200 6474 26.51% 

1997 227394736 1633305600 7089 13.92% 

1998 650791648 1317427200 7624 49.40% 

1999 548548760 1632153600 7084 33.61% 

2000 587488775 1108512000 6415 53.00% 

2001 581695102 1133913600 6562 51.30% 

2002 584206693 1239494400 7173 47.13% 

2003 669320167 1278708480 6363 52.34% 

2004 737654461 1567468800 9071 47.06% 

2005 435548453 1191456000 6895 36.56% 

2006 365885677 768268800 4446 47.62% 

2007 437216438 1397145600 6064 31.29% 

2008 636591658 1054639360 4603 60.36% 

2009 365196836 1371801600 5954 26.62% 

2010 711776179 1699200000 7375 41.89% 

2011 223302928 1290470400 5601 17.30% 

2012 490465438 1586073600 6884 30.92% 

2013 418078564 2763648000 11995 15.13% 

 
 
 
 
 
 
 
 

Fig. 4. - nVAI for all processed videos 
 
 
 
 
 
 
 

Fig. 4. – nVIA on the time line with linear approximation 

nVai values and linear approximation can be seen on 
figure 4. Years are on horizontal axis. It can be seen trend line 
on graph rises. Function of linear trend is: 

y = 0,0039x + 0,2856 
This linear function shows that information density and visual 
activity have increased in last decades. 

V. CONCLUSION 

Social and human science researches pointed out the 
phenomenon with media today and the consequences of that 
phenomenon on viewers, especially children are not so clear. 
This paper attempts to express some ideas regarding visual 
activity and information density measuring problems. 
Scientists from the field of ICT can resolve and automate 
process of this measuring. In this paper Calderara’s and 
Cucchiara’s Temporal median algorithm is used, but there are 
many algorithms that can be also used. The proposed model 
shows that visual activity in the MTV Video Music Awards 
clips has increased in the last three decades. 

Future research will include comparison between VAI and 
nVAI indexes and analyses of other background subtraction 
algorithms, but main objective will be realized through 

 

y = 0,0039x + 0,2856
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connection with scientists who can test algorithms with human 
participants.  
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VII. APPENDIX 

TABLE III - MTV Video Music Awards clips data 

Y
E

A
R

 

VIDEO OF THE YEAR WINNER SONG HYPERLINK 

1984  The Cars  "You Might Think" http://www.youtube.com/watch?v=3dOx510kyOs 
1985  Don Henley  "The Boys of Summer" http://www.youtube.com/watch?v=qh4nVj8g4hg 
1986  Dire Straits  "Money for Nothing" http://www.youtube.com/watch?v=wTP2RUD_cL0 
1987  Peter Gabriel  "Sledgehammer" http://www.youtube.com/watch?v=NR6pyJy--MQ 
1988  INXS  "Need You Tonight/Mediate" http://www.youtube.com/watch?v=Mg9mlMnQAVM 
1989  Neil Young  "This Note's for You" http://www.youtube.com/watch?v=KSSvzCNBvlQ 
1990  Sinéad O'Connor  "Nothing Compares 2 U" http://www.youtube.com/watch?v=iUiTQvT0W_0 
1991  R.E.M.  "Losing My Religion" http://www.youtube.com/watch?v=xwtdhWltSIg 
1992  Van Halen  "Right Now" http://www.youtube.com/watch?v=YCcLNmOpN3A 
1993  Pearl Jam  "Jeremy" http://www.youtube.com/watch?v=MS91knuzoOA 
1994  Aerosmith  "Cryin'" http://www.youtube.com/watch?v=qfNmyxV2Ncw 
1995  TLC  "Waterfalls" http://www.youtube.com/watch?v=8WEtxJ4-sh4 
1996  The Smashing Pumpkins  "Tonight, Tonight" http://www.youtube.com/watch?v=NOG3eus4ZSo 
1997  Jamiroquai  "Virtual Insanity" http://www.youtube.com/watch?v=MEyXHTQ_xV8 
1998  Madonna  "Ray of Light" http://www.youtube.com/watch?v=fLkNJYG4b2Q 
1999  Lauryn Hill  "Doo Wop (That Thing)" http://www.youtube.com/watch?v=T6QKqFPRZSA 
2000  Eminem  "The Real Slim Shady" http://www.youtube.com/watch?v=FhdHQ1wGSas 
2001  Christina Aguilera, Lil' Kim, Mýa and Pink  "Lady Marmalade" http://www.youtube.com/watch?v=RQa7SvVCdZk 
2002  Eminem  "Without Me" http://www.youtube.com/watch?v=YVkUvmDQ3HY 
2003  Missy Elliott  "Work It" http://www.youtube.com/watch?v=VsrK3dhbpKw 
2004  OutKast  "Hey Ya!" http://www.youtube.com/watch?v=PWgvGjAhvIw 
2005  Green Day  "Boulevard of Broken Dreams" http://www.youtube.com/watch?v=Soa3gO7tL-c 
2006  Panic! at the Disco  "I Write Sins Not Tragedies" http://www.youtube.com/watch?v=vc6vs-l5dkc 
2007  Rihanna (featuring Jay-Z)  „Umbrella“ http://www.youtube.com/watch?v=CvBfHwUxHIk 
2008  Britney Spears  "Piece of Me" http://www.youtube.com/watch?v=KmN_NtMkBbg 
2009  Beyoncé  "Single Ladies (Put a Ring on It)" http://www.youtube.com/watch?v=4m1EFMoRFvY 
2010  Lady Gaga  "Bad Romance" http://www.youtube.com/watch?v=qrO4YZeyl0I 
2011  Katy Perry  "Firework" http://www.youtube.com/watch?v=QGJuMBdaqIw 
2012  Rihanna (featuring Calvin Harris)   „We Found Love“ http://www.youtube.com/watch?v=tg00YEETFzg 
2013  Justin Timberlake  "Mirrors" http://www.youtube.com/watch?v=uuZE_IRwLNI 

 


