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University of Vienna Selective Attention in Videos

Abstract

With the widespread use of mobile phones capable of producing short video clips 

and easy to use software to compose short films, more and more people create and share 

videos. A lot of research is done for features that capture the attention of viewers, but very 

few analyse attention after cinematic  cuts.  Two theories:  the top down, where known 

features guide attention, and the bottom up theory, seeing attention as stimulus-driven, are 

being challenged for interrelations.

In this paper two eye tracking experiments are conducted to analyse the horizontal 

fixations of viewers, the fixations'  latency periods as well as their duration during the 

presentation of short video clips of natural scenes. By using sequences of two clips each, 

separated by a short cut, three different conditions: same, novel and shifted content were 

designed to test for preferences of novel against already known content.

In the first experiment, preferences for already known content are found between 

251 and 1,500 ms in the clips after the cut (p < .01). Furthermore, significant reduced 

latency periods are found for fixations on known content. Since the task used for this 

experiment focuses on the relation of each two clips within a sequence, a modified task is 

used for the second experiment. The second experiment makes use of memorised clips 

that are to be searched for among the clips in each sequence. Slightly reversed effects are 

found here. Between 501 and 1,250 ms after the cut, preferences for novel content are 

seen (p < .01).

These results show a highly task specific attention process. Top down processes 

enable viewers to automatically focus on known as well as on novel content depending on 

their task. Usage of cuts and shifted conditions, as previously used in different settings, 

proved to be efficient for this research. Further research should focus more on varying 

tasks. Video makers have to take into account that the viewing experience can be, and 

sometimes  should  be,  guided by instructions  that  could  be  as  well  part  of  the  video 

themselves.
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I Introduction

Due to technical advances in mobile phones, video software and sharing platforms 

anybody can become a film maker.  While  there is  a lot  of research focused on what 

captures  the  attention  of  people  in  supermarkets,  advertising  (Higgins,  Leinenger,  & 

Rayner,  2014)  and  very  specific  search  tasks  in  laboratory  environments,  underlying 

processes of visual preferences in videos of natural environments get less attention. Such 

areas might get more and more into focus as technologies like head-mounted displays for 

virtual realities or other applications, or other attention-aware visual display technologies 

(Ferscha, Paradiso, & Whitaker, 2014) advance.

What captures our attention and why? Over the last years various theories to this 

question have been developed. Two of the most competitive seeming theories are the top-

down or goal-driven and the bottom-up or stimulus-driven theory. Research shows that 

those theories do not seem to be eliminating one another in every aspect. Furthermore, 

ways to combine both theories have been suggested by Carmi and Itti (2006) and others. 

Enns,  Los,  Olivers,  Schreij  and Theeuwes (2014) write  that  top-down and bottom-up 

influences can occur automatically, but instead of interactive relationships only additive 

ones  can  be  found.  This  suggests  that  both  forms  of  attention  capture  operate 

independently. Enns et al. (2014) show that reaction time results may disguise underlying 

interactions of both influences and propose that both types of capture influence a shared 

spatial orienting mechanism. Their results also show that bottom-up as well as top-down 

attention capture can take place on subsequent saccades, implying both bias and signal 

being present simultaneously.

Much of the current visual attention research tests the principle of image salience 

and  its  guiding  of  human  eye  movements.  The  usual  experiments  use  items  shown 

completely within the participant's visual field. In a search task the top-down knowledge 

can  guide  attention,  although,  sometimes  the  most  conspicuous  item  may  capture 

attention,  regardless  of  the  observer's  task.  Chapman,  Foulsham,  Kingstone  and 

Nasiopoulos (2014) argue that one way to bring visual search closer to real life is to 
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increase  the  complexity  of  both:  targets  and  presented  background.  A  dominant 

framework for modeling the selection of different items within a scene remains a feature-

based approach, which was exemplified by Itti and Koch's (2000) computational model of 

visual salience. Chen and Zelinsky showed (2006) that bottom-up visual saliency seems 

to have little predictive power in realistic search tasks. Top-down expectations seem to 

dominate in real-world scenes and it is criticized that static research does not represent the 

dynamic and task-driven nature of vision in the real world. A study of Chapman et al. 

(2014) aims to determine the extent to which the principle of feature-driven or bottom-up 

attentional  selection can be generalized to  gaze allocation in  a  real-world search task 

where the observer is free to move his or her head and body. Using a mobile eye tracker 

and participants sent to a room with mailboxes, they report that bottom-up salience of the 

target  envelope  had  no  effect  on  the  overall  time  taken  to  search  for  the  target. 

Nevertheless, the salient target was more likely to be fixated and found once it was within 

the central visual field. Top-down knowledge of the target appearance had a larger effect, 

reducing the need for multiple head or body movements resulting in earlier fixation of the 

target. Chapman et al. (2014) conclude that they are able to demonstrate that principles 

from visual search in the laboratory also work in tasks within natural environments. Their 

results show that apart from possible application to real-world scenarios, the actual search 

task can have a large impact on the observer's reaction time.

Many studies exist that use photographs of natural scenes and record human gaze 

behavior to understand where attention is directed. Participants fixate more and longer on 

single objects during a scene-memory task than during a visual search task (Castelhano & 

Henderson, 2009), suggesting a supportive role of fixations for memorisation of natural 

scenes.  Other  research shows that  humans are also able  to recognize scenes at  single 

glances or, on the other hand, are prone to dynamic overwriting of scenes (Simons & 

Rensink,  2005).  Ansorge,  Becker  and  Valuch  (2013)  show  that  particular  objects  or 

locations fixated during a learning period were repeatedly fixated during a recognition 

period  by  the  same  participant,  and  that  recognition  was  facilitated  by  looking  at 

previously fixed locations compared to a free-viewing condition.
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Valuch,  Ansorge,  Buchinger,  Patrone  and  Scherzer  (2014)  provide  further 

evidence that attention is more strongly attracted by repeated visual content than by novel 

or  surprising content  using within scene  and between scene  cuts  in  videos.  By using 

sports videos with deliberately inserted cuts, two conditions were created: between scene 

cuts with major visual changes and within scene cuts showing the same scene, action and 

actors. Two videos were presented at the same time on the screen. The target video was 

visually marked at  the beginning and the participants were instructed to relocate their 

gaze if the video switched location. By analysing the saccadic reaction times (Deubel & 

Schneider,  1996),  they  find  a  quicker  reorientation  of  attention  if  visual  content  is 

repeated after within scene cuts. Valuch et al. (2014) argue that this conflicts with the 

assumption that novel information is the best predictor of attention in videos as stated by 

Itti and Baldi (2009). Further, they remark that the advantage of a faster reorientation is 

only given at a short time frame following cuts where viewers search for familiar visual 

content.  Since  Itti  and  Baldi  (2009)  used  a  single  video  display,  a  recreation  of  the 

findings of Valuch et al. (2014) in a similar setting can be seen as a starting point for the 

experiments in this resarch paper.

Eye movements are described as being either saccades, where eyes are oriented 

towards regions of interest, or as stable fixations, during which the processing of visual 

information at that location takes place (Hoffman & Subramaniam, 1995). Even though 

acuity is highest at the central point of fixation, the fovea centralis, extrafoveal processing 

is used to process contextual information as well as to guide saccades to the next fixation. 

The importance of peripheral information processing is demonstrated by Castelhano and 

Henderson (2007). Hoffman and Subramaniam (1995) analyzed saccadic eye movements 

and concluded that saccades executed to peripheral locations in the visual field involve 

orienting of attention to these locations prior to the executions of the saccades. Together 

with similar  findings  for a  relationship between attention and pursuit  eye movements 

reported by Kowler  (1985) and the  inability to  orient  attention  to  one location  while 

simultaneously executing a saccade to another location,  they suggest that orienting of 

attention is an essential component for the preparation or the execution of saccades. This 

9



Selective Attention in Videos University of Vienna

suggests that fixations in between saccades, when the eye movement is  stopped for a 

period of time, can be used to determine what particular areas observers visually attend 

to.

There are limitations of the representational capacity of perception.  Attentional 

selection is therefore often described as an active process. Folk and Remington (1998) as 

well  as  others  demonstrated  that  distractors,  not  sharing  identifying  features  with the 

target being searched for, are ignored, while similar distractors capture attention. Thus, 

attentional capture is said to be contingent on whether a visual stimulus possesses a goal-

relevant feature. Various studies also show that this attentional selection can be restricted 

to different precise domains, enabling participants to efficiently select the targets. Moore 

and Weissman (2010) showed that, even in a demanding condition by using a rapid serial 

visual presentation task, selection is efficient. These findings were described as precise 

template hypothesis. Anderson (2014) on the other hand, shows that observers are unable 

to utilize a target template to efficiently discriminate the target from a nontarget feature 

when  presented  successively  in  time  and  argues  that  this  failure  to  select  the  target, 

otherwise highly effective, points to nontarget rejection as an explaining theory instead of 

target matching.

The present study takes a more similar approach to the experiment's setting of Itti 

and Baldi (2009) with a single video shown on screen, utilising novel, shifted and same 

conditions like shown by Ansorge et al. (2013) and cuts in short video clips (Valuch et al., 

2014) to examine known features and surprise as predictors for attention by tracking eye 

movements of participants with different tasks in two experiments.
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II Present Study

This study makes use of high definition video clips by dividing each clip into two 

smaller clips two-thirds in size. By showing these smaller clips fullscreen, it is possible to 

present a continued content on one half of the screen, by shifting either to the left or right 

side after a cut, while the other half  changes to novel content, thus utilising a simple 

aproach to novel versus known content presentation. Scenes in a natural environment are 

used  as  content  that  is  shown  in  a  fullscreen  computer  setting.  Two  eye  tracking 

experiments  with  differing  tasks  for  the  participants,  were  performed  to  test  for 

differences  and  to  show boundaries  in  known features  versus  novel  features  guiding 

attention in videos.

Figure 1 shows single frames as examples of the 240 video clips created and used 

for both experiments in this study. These frames are randomly selected and already cut to 

their final relative size.
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III Experiment 1

The first experiment was used to test against the hypothesis of novel or surprising 

influences as best or equally good predictors for attention, compared by known features, 

in short video clips of natural environment settings.

III.I Method

Participants. Eye movements of 24 naive observers were recorded. The additional 

data of one participant was excluded due to calibration problems. The participants were 

students, whose ages were between 18 and 23 years (average of 19.8 years). All stated 

normal  or  corrected-to-normal  vision.  Informed  consent  was  obtained  from  all 

participants prior to the experiments. Most students received test participation credits for 

University courses for their collaboration. Each subject watched 160 sequences of two 

short video clips each in one of the three main test conditions.

Figure 2 shows a single frame of source clip #3955 at the runtime of five seconds 

and the processed two target clips: left and right side with their overlapping halves.

Stimuli. The videos were cut to a duration of 10 seconds each. The motives were 

chosen to be at a wide angle with as little as possible artificial distractors like written 

advertisement signs or brand names. A tripod was used without any automatic or manual 

rotations or tilts to offer a steady picture. Further, most part of the pictures had to be in 

focus resulting in little blur within the videos. Movement in various areas of the picture 
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was anticipated like working people, moving cars or animals. The clips were created in 

and around the city of Vienna, Austria. From the high definition source videos with a size 

of 1,920 × 1,088 pixels parts to two-thirds with a size of 1,280 × 1,024 pixels (5:4 ratio) 

were shown from either the left or the right side of the picture. The output height was 

centered and cropped. 240 different videos were shot as source for the used 320 clips, 160 

of which were pre-cut and 160 post-cut, as well as additional demonstration clips.

Setup.  Eye movement data was recorded using an EyeLink Desktop Mount eye 

tracker (SR Research Ltd., Kanata, Ontario, Canada) at a sampling rate of 1000 Hz. The 

eye tracker was calibrated to each viewer's dominant eye using 9-point calibration. Every 

time the clips changed, the exact timestamp was saved to the eye tracking data file, which 

allowed  analysing  the  latency of  the  first  fixation  to  the  target  video  as  well  as  the 

following ones for each video separately with millisecond precision. Recalibration checks 

were made after every tenth sequence. The stimuli were displayed on a 19 inch color CRT 

monitor (38 cm width) with a resolution of 1,280 × 1,024 pixels and a refresh rate of 60 

Hz.  The experimental  procedure was implemented in  MATLAB (MathWorks,  Natick, 

MA, USA) using the Psychophysics toolbox and the Eyelink toolbox (Brainard, 1997; 

Pelli, 1997). Viewing distance to the monitor was 72 cm supported by chin and forehead 

rests.

Procedure and design. 160 sequences in random order with two clips each were 

presented  to  every  participant  after  a  demonstration  including  six  sequences.  The 

participants were instructed to watch and enjoy those impressions and that there are some 

questions  in between to keep their  attention.  Additionally,  it  was said that  it  is  not  a 

problem if they did not answer correctly.

Half (80) of the sequences included a completely novel second video clip, while 

the other half continued either with the whole clip or shifted, meaning the continuation of 

half of the clip on the other side of the clip that was presented before the cut. Within 

these, shifted clips were shifted either to the right (20) or to the left (20) and the last 40 
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showed the same content onward. Thus, in the second condition 50 percent of the clips 

content was presented a second time but without temporal repetition. The same condition 

basically  showed  one  video  cut  into  two  halves  in  time.  Following  40,  80  and  120 

sequences a break could be taken.

Figure 3 illustrates  the  process  of  one trial  and the  used sequence conditions: 

novel, shifted or same content video clips. Each clip is continued for 10 seconds (POST-

CUT clip) after showing a fixation cross (cut) for 0.5 seconds following the pre-cut clip 

(PRE-CUT clip).  Four  different  sets  were created,  as  the sequences  were randomised 

within each subject as well as balanced between the conditions resulting in pairs to six 

participants sharing sequences with clips in the same conditions.

After  every  clip  sequence,  a  question  was  asked  to  keep  the  attention  of  the 

observer. This question asked for key number 2 on a standard keyboard, if two clips with 

different  content  were  shown.  In  case  of  similar  content,  meaning  parts  of  the  clips 

showing the same content or both clips showing the same content, key number 8 had to be 

pressed. Therefore, the correct answers were balanced between the two keys. The original 

question can be found in the appendix. Feedback was only given for incorrect answers 

implicating a delay of 2 seconds. The completion of a single sequence took in average 25 
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seconds, the total test completion time being about 80 minutes.

Analysis. The  area  of  interest  (AOI)  in  this  experiment  was  the  video  clips 

overlapping parts, more to the point: the side on which fixations were made within the 

different conditions. Fixations within two degrees (Henderson, 2003) from the horizontal 

middle of the videoframes were ignored in both directions (to the left and to the right) for 

certain statistical analyses to account for possible calibration inaccuracies.

Figure 4. Subtracting 87 pixels as 2 degrees correction leaves a horizontal AOI of 

553 pixels. These defined the AOI side for left shifted clips on the right side (727 – 1,280 

pixels) and for right shifted clips on the left side (1 – 553 pixels). Therefore, 80 clips can 

be analysed on their right- and 80 on the left-hand side. See figure 2 for a right shifted 

example.

Fixations  were  extracted  using  the  edfImport  library  (Pastukhov,  2010).  Since 

movements  within  the  clips  questioned  the  use  of  fixations  as  appropriate  measure, 

preanalyses  with  all  tracked  data  coordinates  were  made  showing  insignificant 

differences. As time limit the first five seconds into the second clip were chosen. For the 

determination of the viewing direction prior to the cut, the last five seconds in the pre-cut 

clip were evaluated. Subsuming, eye movement data was preprocessed in MATLAB and 

statistical tests were run in R (Cabakoff, 2011). For all statistical tests, α was set at 0.01.

III.II Results

At first, the data was analysed for subject and trial related deviations. The mean 

for incorrect answers to the question following each of the 160 clip sequences was 1.46 

percent (sd=1.18). For all subjects the average response time was below 2.41 seconds. 

With one exception where an instructed pause was made, all slow response times were 
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below 7.95 seconds. The 16 clips that are going to be used for the memorising task in the 

second experiment were excluded to provide a better comparability. For details to these 

clips see experiment 2 and figure 8. All other trials were used for the following analyses 

when not stated differently.

III.II.I Fixation frequencies

Figure 5 shows heat maps for the fixations within the first 1,250 ms in the four test 

conditions. The heat maps use the same coordinates (1,280 x 1,024) as the presented clips. 

Fixation data  from the right shifted clips are  shown in the first  column, the left  AOI 

containing repeated content. In the other columns the clips cut on the left side are shown 
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in the conditions: same or continuous content, shifted left and novel content. The time 

segments are post-cut - after the cut. Deviations of a center bias, as seen in the same and 

novel conditions, can be seen in the rows three to five (from 501 to 1,250 ms) in both 

shift conditions.

Within  a  five  second  time  frame  the  participants  made  an  average  of  13.24 

fixations (sd=3.56). For the statistical analysis the first three seconds are split into 250 ms 

segments. Within 250 ms 0.68 fixations were made in average per participant depending 

on  the  time  past  after  the  cut.  In  the  first  250  ms  the  fewest  fixations  were  made 

(mean=0.37), followed by the 250 ms were the most fixations were made (mean=0.98). T 

tests with Holm-Bonferroni correction were used to calculate the statistical significances. 

Since each clip was only shown as either left shifted or right shifted, both conditions are 

compared  separately.  Means  for  the  horizontal  fixations  as  well  as  the  sum of  their 

durations for each condition and participant can be found in the appendix.

Table  1.  The  results  of  the  pairwise  comparison  using  T  tests  with  Holm-

Bonferroni  correction  show  that  average  fixations  on  the  horizontal  axis  differ 

significantly (* p < .01) for the shifted compared with both same and novel conditions in 

both right frame and left frame clips within a timespan of 251 to 1,500 ms after the cut. 

As it  can  be  seen  in  the  next  figure,  both  sets  of  clips  (right  and left)  show similar 

differences away from the center of the videoframes. Additionally, fixation means within 

2,750 to 3,000 ms show also significant (* p < .01) differences in the left frame clips 

when shift and same conditions are compared. Only half of the novel trials are used in 

these comparisons. This was to ensure the use of the same amount of data since these 

trials were doubled for the balancing of the correct answers to the trial questions.

17



Selective Attention in Videos University of Vienna

To  estimate  the  effect  sizes,  correlation  coefficients  were  calculated  for  the 

significant  conditions.  See the  appendix  for  the used calculation  method.  These were 

medium (r = 0.41 to 0.47) for fixations within 251 ms and 500 ms (Shift/Novel right) and 

1,251 ms to 1,500 ms (Shift/Same right) and large for the other significant time frames 

and conditions (r = 0.50 to 0.93). For mean values and deviations, see also appendix: 

Descriptive statistics experiment 1.

Figure 6 gives  insights  into the directions  of  the  participant's  mean horizontal 

fixations. The AOI on the right side attracted more fixations in the shifted left frame clips 

(blue line) - where the right side was presented a second time - in the time frame of 251 to 

1,500 ms. A similar increase in fixations is found in the left AOI when shifted right frame 

clips (red line) were shown. The fixations in the same and novel conditions are more 

consistent  within 2 degrees off  the clips centers in  both directions.  Like stated at  the 

statistical  comparison  before,  only  half  of  the  novel  trials  are  used  in  this  figure  to 

visualise the same amount of data as received for the other conditions.
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III.II.II Latency of first fixation

As second dependent variable the latency of the first fixation on either AOI was 

analysed. Since it took up to 4,997 ms for the longest fixation to reach a specific AOI,  

outliers  were removed using 1.5 times the  interquartile  range as  limit  one time only. 

Additionally,  values  of  sides  that  were  not  fixated  within  the  5  seconds  analysed  or 

happened within 2 degrees from the center were not used. As a result data from 9557 

fixations or 20.9 percent were excluded, taking participants on average 865 ms to attend 

to the AOI on each side at least once (sd=714).

Table 2 lists the comparisons of the average latencies until the first fixation into 

the left or right AOI was made. Significant differences were found for both shift to same 

comparisons as well as for shift to novel comparisons for the right target clips and the 

right AOI for the left frame clips (* p < .01). Although, the left AOI of the left target clips 

would also be significant for the shift and novel comparison at p < .05. Importantly, the 

latencies are shorter in the shift conditions only for the repeatedly shown side (**). In the 

right frame clips the repeatedly shown AOI was fixated in average at 617 ms and in the 

left frame clips at 600 ms. The mean latencies of the novel, thus not repeated, side in the 

shift conditions are among the highest values with 976 ms for the right side in the right 

shifted clips and 1088 ms for the left side in the left shifted clips.
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The  following  figure  visualises  the  compared  data  of  table  2  showing  the 

interactions of the three main conditions. Right and left frame target clips were separated 

to show distinct differences. 

In figure 7 the latencies to both sides of the AOI in the post-cut clip (Right AOI as 

solid line,  Left AOI as dashed line) are shown for the left frame and right frame clips 

separately. For the repeatedly shown side in both clip sets, e. g. the right AOI in the left  

frame clips and the left AOI in the right frame clips, lower latencies can be seen. The 

scale includes 0 to 2,500 ms.
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IV Experiment 2

The second experiment  tests  if  the results  of  the preceding experiment  can be 

replicated when the participant's search task is changed to a memory task over the whole 

duration of every testing. Instead of evaluating the post-cut clips in reference to the pre-

cut clips like in experiment 1, the used task is referring to pre-cut clips only secondarily 

together  with  the  post-cut  clips  in  reference  to  memorised  clips  at  the  start  of  every 

testing. The hypothesis is that, either the results can be replicated displaying an effect 

stronger than the influence of these tasks, or different results can be seen, suggesting that 

the actual task plays an even more important role.

Figure  8  displays  single  frames  of  the  16  randomly  selected  video  clips  for 

memorising. These clips were used for all participants but according to the conditions of 

each participant's clip set.

IV.I Method

Participants.  In the second experiment eye movements of 24 naive observers, 

none of which took part in the first experiment, were recorded. The additional data of 

eight participants was excluded: four due to calibration problems, the other four to retain 

balanced sets. The participants were students, whose ages were between 19 and 32 years 

(average  of  24.6  years).  As  in  the  first  experiment  the  participants  stated  normal  or 

corrected-to-normal vision, gave informed consent and received test participation credits 

for University courses. This time, each subject watched the 160 sequences of two short 

video clips each following 16 of those clips that were to be memorised in advance. The 

setup was the same as in the first experiment.
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Stimuli.  The same source video clips as in the first experiment were used. The 

duration  was  shortened  to  five  seconds  for  each clip  using  the  same parts  that  were 

analysed in the first experiment. Thus, the first five seconds of the post-cut clip were 

used, whereas the last five seconds of the pre-cut clip were used. The 16 clips used for the 

memorising task were chosen randomly but balanced over the conditions including the 

left and right shifted parts. Each of these clips was shown for five seconds and followed 

by a fixation cross for 1.5 seconds at the beginning of each testing.

Procedure  and  design. Following  a  demonstration  including  two  clips  to 

memorise and six example sequences, every participant was shown the same 16 clips to 

memorise,  followed  by  160  sequences  in  random  order  with  two  clips  each.  The 

participants were instructed to watch those impressions and that their task was to guess 

the question's answers after each pre-cut, post-cut sequence. Additionally, it was remarked 

that it is not a problem if incorrect answers were given.

Since the sequences stayed the same but the playback time was shortened, only 

one break could be taken, after half of the trials. Following every clip sequence up to two 

questions were asked to keep the attention of the observer. For the original questions see 

the section: Statistical evaluation details in the appendix. The first question was to press 

key 8 if there was a memorised clip among the shown sequence or key 2 if new clips were 

seen. Was there a memorised clip with a correct answer the second question followed. 

Key 8 had to be pressed if the first (pre-cut) clip, key 2 if the second (post-cut) clip was 

memorised and thus shown before. Were both clips seen before (same condition) both 

answers were correct. Due to the use of only 16 memory clips, the correct answers were 

not  balanced  between  the  two  keys.  Feedback  was  only given  for  incorrect  answers 

implicating a delay of 2 seconds. The completion of a single sequence took in average 14 

seconds, the total test completion time beeing around 60 minutes.

Analysis. The definition of AOIs and the main dependent variables are the same as 

in experiment 1. For the extraction of the fixations the same methods were used and for 
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all statistical tests α  was set at 0.01. The same time limit of five seconds was applied, 

matching the whole clips duration in this experiment.

Figure 9 illustrates the trial procedure used in the second experiment for a right 

shifted clip. The conditions: novel, shifted and same content video clips were reused in 

the same sets as in the first experiment with the difference that only 5 seconds prior to the 

cut and 5 seconds after the cut were used from the presentation of the clips.

IV.II Results

Trial and subject related deviations were analysed. The mean for incorrect answers 

to the first question following each of the 160 clip sequences was 13 percent (sd = 3.89). 

It should be noted that, to keep the amount of clips to exclude low, the correct answers 

were not balanced unlike in experiment 1. For all subjects the average response time was 

below 0.98 seconds. All response times were below 27.6 seconds. The 16 clips used for 

the memorising task were excluded while all  other  trials  were used for the following 

analyses.
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IV.II.I Fixation frequencies

The frequencies  of  the  fixations  were  analysed  in  the  fashion of  the  previous 

experiment. After a visualisation of the experiment's data and its statistical evaluation for 

significances,  experiment  data  from the  first  experiment  will  be  added  into  the  final 

analysis of both experiments.

Figure 10 visualises fixations within the first 1,250 ms of the post-cut clips, in the 

test conditions, as heat maps including matching coordinates (1,280 x 1,024 pixels) with 

the presented video clips. AOIs are marked in dashed blue rectangles. This figure can be 

compared to  figure 5 in the first  experiment since the same trial  data,  although from 

different subjects, is used.  The heat maps contain data from 20 trials, minus the ones 
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including the memory clips, from each participant in the conditions: shifted right, as well 

as same, shifted and novel of the shifted left clip set.

Within the five seconds time frame the participants made an average of 13.27 

fixations.  For  the  statistical  analysis  the  first  three  seconds  were  split  into  250  ms 

segments. Within 250 ms 0.7 fixations were made in average per participant depending on 

the time past, after the cut. Like in the first experiment, in the first 250 ms the fewest 

fixations were made (mean=0.45), followed by the 250 ms were the most fixations were 

made (mean=1.0). T tests with Holm-Bonferroni correction were used to calculate the 

statistical  significances.  Both  clip  sets,  left  and  right,  were  compared  separately.  All 

means for the horizontal fixations as well as the sum of their durations for each condition 

and participant can be found in the appendix at: Descriptive statistics experiment 2.

Table 3. The results of the tests show that fixations on the horizontal axis differ 

significantly (* p < .01) for shifted compared with novel conditions in the left frame clips  

within a time frame of 751 to 1,250 ms and for the right frame clips from 501 to 1,250 ms 

after the cut. In the next figure, the directions of the significant fixation mean values can 

be seen.

Next, effect sizes were calculated with correlation coefficients for the significant 

conditions. These were medium (r = 0.39 to 0.45) for fixations within 501 and 1,250 ms, 

exept for the results in the left shift to novel comparison from 751 to 1000 ms, which can 

be seen as a large effect (r = 0.53).
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Overall  latency data  did  not  show similar  differences  within  the  conditions  as 

calculated in experiment 1 and are therefore not reported here. The next comparison of 

interest were the shifted conditions in both experiments. To give a figurativ overview, the 

fixation data of the shift conditions of both experiments are represented in the next figure.

Figure 11 can be compared with figure 6 from the first experiment. The average 

horizontal fixations are drawn along the time frames from 1 ms to 3000 ms in 250 ms 

segments. Additionally to the conditions in both left and right clips, the fixations of the 

shifted conditions from the first experiment are shown (Ex 1 Shift left in lightblue color 

and Ex 1 Shift right in lightred). The tendency of the significances found in experiment 2 

are in the opposite direction compared with experiment 1. The means from the shifted 

right conditions are higher with 619, 650 and 676 px compared with 567, 575 and 593 px 

of the novel condition whereas the shifted left values are with 608 and 596 px lower than 

713 and 714 px in the novel condition. These values suggest a preference to the novel 

AOI instead of the already known, repeatedly shown AOI in this experiment.
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IV.II.II Comparison of the experiments shift conditions

The next part of this study was a comparison of both experiments data as they use 

the exact same stimuli and conditions but differ in the tasks the participants were given. 

This was to analyse the influence of the actual task for keeping the participant's attention 

and find out possible limitations. The following table lists the results of the statistical 

comparisons. As a mental anchor point for the descriptive data: at 640 pixels was the 

exact center of the horizontal axis used. This analysis complements the already found 

significant differences in fixation means in both experiments.

Table  4  lists  the  between  subject  comparisons  of  the  shift  conditions  in  both 

experiments using Wilcox tests. Insights into the direction of these differences can be also 

found in the previous chart (figure 11). Below the p-values, the mean values as well as the 

standard deviations are listed for each 250 ms segment. Significant results (p < .01) are 

listed in boldface in both, the comparison and the descriptive analysis data. The fixations 

in both shift conditions, left and right, differ significantly from 501 to 1500 ms post-cut.  

Additionally,  the left  shifted clips differ also from 251 to 500 ms post-cut.  The mean 

values in experiment 1 (Ex 1) show with 736 to 840 px as either higher (shift left) or with 

506 to 612 px lower values (shift right) than the frame center. This is in contrast to the 

values of experiment 2 (Ex 2), which are with 596 to 633 px (shift left) and with 619 to 

686 px much closer to the center of the video frames.
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IV.II.III Visualisation and influence of fixations in pre-cut clip

At last, further visualisations were made to show the interactions of the different 

main conditions (shift, same, novel) along the timeline. To take the last fixations on the 

first clip into account, 2,000 ms prior to the cut - the last fixations in the pre-cut clips - 

were analysed.  Only those trials  were taken into account,  where fixations were made 

counting to either the left AOI pre-cut, when more than 50 percent of the fixations were 

spent on this side, or to the right AOI pre-cut, if more than 50 percent of the fixations 

happened on the right AOI side of the pre-cut clip.

Figure 12 shows the first 1,000 ms in segments of 250 ms each. In the center 

columns  the  average  duration  spent  in  each  condition  can  be  found  for  the  first 

experiment  (Ex  1) and  the  second  experiment  (Ex  2).  Next  to  the  durations  are  the 

percentages of the trials included for each condition and time frame.
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Differences in the novel conditions as well  as the shift conditions can be seen 

between experiment 1 and 2, whereas similar results are found for the average duration of 

the fixations in the AOI, for the same condition. The following figure shows with 1,001 to 

2,000 ms the data for the next second in the post-clip data.

Figure 13. For additional labels: see previous figure. It is important to note that the 

other AOI side (dashed lines, Other side) in this and in figure 12 includes only data where 

the right AOI was watched in the right clips pre-cut, and then switched to the left AOI 

post-cut, or where the right AOI was watched post-cut, after looking at the left AOI in the 

pre-cut  clip  for  the  left  clips,  representing  continued  content  for  the  shift  conditions 

(SHIFT). All other durations in the shift condition count to the same AOI side (solid lines,  

Same side). For the novel and same conditions, only durations of fixations where the right 

AOI was focused in the pre-cut as well as the post-cut clip for left clips, and where the 
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left AOI was focused in the pre-cut and post-cut clip for right clips, belong to the same 

AOI category. Nevertheless, there is no continued content for the novel conditions. The 

rest of the novel and same condition durations count towards the other AOI side data. 

Thereby lies the focus for these figures on the same side (solid line) for the novel and 

same  conditions,  but  on  the  other  side  (dashed  line)  for  the  shift  conditions.  The 

percentages indicate that more trials fell in the other AOI side condition, which has to be 

noted for the shift condition.

Since these last visualisations include only a small percentage of all trial data, they 

are used for descriptive purposes and generation of further questions only. Removed trials 

include: trials with memory clips shown, trials where only center (not AOI) fixations in 

pre-clips happened up to 2,000 ms prior to the cut, as well as trials where only center 

fixations were recorded in the post-clips' 3,000 ms analysed.

30



University of Vienna Selective Attention in Videos

V General Discussion

In two experiments the horizontal fixations of participants, the fixations' latency 

periods as well as their duration were analysed during the presentation of short video clips 

shot in natural environments. Sequences of two clips each, separated by a short cut, were 

used in the three different conditions: same, novel and shifted content. By using short clip 

runtimes of 10 seconds in the first and five seconds in the second experiment for each 

pre-  and  post-cut  clip,  and  the  use  of  the  same clips  in  different  conditions,  further 

influences were tried to be kept under control.

In the first experiment significant differences for the average participant's fixations 

when  viewing  continued,  already known,  against  novel,  for  the  first  time  presented, 

content were found between 251 and 1,500 ms after the cut.  Both: known and novel 

content  were  shown  and  analysed  in  shifted  clips  where  half  of  the  clip  (one  side) 

included novel and the other half already seen content. Those differences were controlled 

by the same condition that showed similar differences to the shifted but no significant 

differences to the novel condition. By seeing effects within the first 1,500 ms using a 

within subject design for two different sets of videos (left and right shifted content), we 

can assume that attention was at first directed to known content, following a goal-driven 

approach. The preference for fixations at the shift conditions continued video parts (AOI) 

show  similar  results  as  already  shown  for  photographs  of  natural  scenes  (Ansorge, 

Becker, & Valuch, 2013).  Furthermore, the significant differences in the latencies of the 

first fixations support the findings of Valuch et al. (2014) who reported faster reaction 

times in within scene versus between scene cut video sequences. The results also support 

the findings of Carmi and Itti (2006) who showed that perceptual memory was utilized 

across 7 consecutive saccades within 2.5 seconds, even in the absence of visually guided 

actions. Certain influences, like surprise (Itti & Baldi, 2009) may be used to explain parts 

of the directed attention to novel content.

One open question was that of the influence of the used task which could be seen 

as  simple  search  task  within  each  sequence  by  the  question  used  for  keeping  the 
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participants' attention. Stark and Ellis (1981) showed that the same fixations on specific 

objects or locations made during a learning phase would be repeated during image or 

scene recognition. On the other hand, recognition might be accomplished with a single 

fixation (Helmholtz, 1867). Thus, for analysing the tasks influence, a second experiment 

was conducted. It was designed to ensure the comparability between the different clip 

sets, right and left as well as to find limitations for the used search task. To shorten the 

duration of the experiment, only the five seconds of each clip, that were to be analysed, 

were used. The task was changed to a search task where each clip had to be compared to 

memorised  clips  shown  at  the  beginning  of  the  experiment.  The  results  of  the  first 

experiment could not be found in the second experiment.  Unexpectedly,  even slightly 

reversed  effects  were  found.  Between  501  and  1,250  ms  after  the  cuts,  significant 

preferences for novel content can be seen. This shows a much higher influence of the 

nature of the task itself, that has to be done by the participants, then expected.

In a  more  detailed  analysis  including the  fixations  of  the  pre-cut  clip,  similar 

preferences to the same side, reported in other papers (Foulsham & Underwood, 2008; 

Noton  &  Stark,  1971),  were  found  in  the  same  versus  novel  condition  in  the  first 

experiment  (see  figure  12).  More  precisely,  when  continued  content  was  shown,  the 

attention was directed to the side showing that content again.  Contrary,  in the second 

experiment the side of the attention pre-cut was more likely predicting the side in both: 

novel and same condition.

For more insights into the interaction between such bottom up processes and this 

goal  directed approach,  further  analysis  is  needed.  Post  hoc tests  for between subject 

differences and differences between clips could lead to insights into what other aspects 

catch the viewers' attention. Two factors are imaginable in this scenario: an amount of 

surprise coming from the video clips content, and a specific state of awareness of the 

perceiving person. These are but two factors that could enable a more detailed prediction 

for the visual attention of viewers.
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At last, significant video differences could exist through their composition alone. 

Pereira and Castelhano (2014) analysed interactions of scene context and object contents 

in computer generated scenes finding differences for the amount of objects presented. 

Further analysis for two separate sets of videos, containing many or few objects could be 

done. Alternatively, the experiment could be repeated with left shifted changed to right 

shifted video sources and right shifted changed to left shifted output clips. This would not 

only lead to a higher sample size, but also make both shift conditions more comparable to 

each other.
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VI Conclusions

This study shows that viewing video clips can be a highly task specific process for 

attention even on a very low, seemingly automatic level. Further, the usage of cuts and 

shifted conditions proved to be efficient for this research. More experiments are needed to 

find out further details about the settings and tasks in which there are influences of known 

or similar content in videos and cuts within those. A free viewing condition in comparison 

could also contribute to the findings, albeit would be harder to hold valid. Memorising 

clips deserves also more attention and could be taken into account as second part to an 

experiment where clips were shown before in a free viewing condition or similar.

An example of a follow-up study could start by preselecting the clips used here for 

their averagely provoked fixations. Those with evenly distributed fixations on the left and 

right video side, could be used in both conditions to make the right and left shifted clips 

better comparable. Furthermore, a quarter of the clips could be used as memorised clips 

or already known content by splitting an experiment in two halves. This would lead to 

two different tasks within the same goup of participants and thus, a better comparison by 

another within subject analysis of two or more shifted conditions.

At last, video makers have to take into account that the viewing experience can be 

guided and influenced by instructions. Moreover, even though focusing attention at novel 

content might be seen as stimulus-driven, parts of it might be just one form of automatic 

goal-directed  attention  to  differences  like  also  shown  by  Chapman  et  al  (2014). 

Sometimes  guiding  attention  might  be  especially  necessary,  e.  g.  when  specific 

information is needed to get across to the viewer. Nevertheless, the instructions might be 

as  well  part  of  the  video  themselves.  Future  studies  are  to  be  expected  as  the 

entertainment and advertisement branches advance and video sharing platforms grow.
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A Appendix

A.I Statistical evaluation details

Outlier  calculation  method.  To  remove  outliers,  the  following  R  statistics 

method was used with a maximum of 1.5 times the interquartile range.

Correlation  coefficients  calculation  method. This  method  was  used  in  R 

statistics to calculate the correlation coefficients for estimating effect sizes. The variables 

d$avFix, d$cond, cond1, cond2 and len have to be set accordingly.
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Experiment recorded participant data. The following values were recorded for 

each participant before the experiment started.

subject_no the continuous participant id for anonymisation purposes

set_no set of clips to use (1-4) deciding the clip/condition combination

subject_age the participant's age in years

subject_gender the participants gender (1=male, 2=female)

subject_glasses if glasses were worn (1=no, 2=glasses, 3=contact lenses)

eyeTracked which eye was tracked (1=left, 2=right)

Experiment Questions. Stated are the directive used in experiment 1 after each 

clip sequence and the up to two questions following the sequences in experiment 2, as 

well as their possible answers. These questions are in german language.

Experiment 1 – Directive:

“Bitte drücken Sie die Taste 2 wenn es sich um verschiedene Clips handelt.”

“Drücken Sie die Taste 8, sollten die jeweiligen Clips gleich oder ähnlich sein.”

Experiment 2 – Questions:

“Befand sich ein eingeprägter Clip unter den beiden Clips?”

Taste 8 für JA

Taste 2 für NEIN

“Befand sich ein eingeprägter Clip unter den beiden Clips?”

Taste 8 für den ersten Clip

Taste 2 für den zweiten Clip
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Descriptive  statistics  experiment  1. These  tables  state  the  mean  horizontal 

fixation values in pixels (fix, m),  the standard deviations (sd) and the total of fixation 

duration in ms (dur) for the three conditions (same, novel, shift) in both, left and right 

frame, clips.

The last row averages over every condition. Data within the first 3,000 ms post-cut is 

included. The first table shows values for each of the 24 participants, the second for each 

of the 250 ms time frames, used and analysed of the first experiment.

40



University of Vienna Selective Attention in Videos

Descriptive statistics experiment 2. In the following table the mean horizontal 

fixation values in pixels (fix, m), the standard deviations (sd) and the total of fixation 

duration in ms (dur) for the three conditions (same, novel, shift) in both, left and right 

frame, clips.

The last row averages over every condition. In the first table, all data within the first 

3,000 ms post-cut is included. It shows values for each of the 24 participants, whereas the 

second table shows values for each of the 250 ms time frames of the second experiment.
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A.II Zusammenfassung

Mit  der  zunehmenden Verbreitung  von  Mobiltelefonen,  deren  Möglichkeiten 

Kurzvideos aufzunehmen und günstiger, sowie einfach bedienbarer Videoschnittsoftware, 

stieg die Zahl der Menschen die Videos erstellen und teilen stark an. Aktuelle Forschung 

bezieht sich häufig auf Eigenschaften und Merkmale die Aufmerksamkeit von Zusehern 

auf sich ziehen, selten jedoch auf die Analyse von Aufmerksamkeit nach Filmschnitten. 

Zwei Theorien werden aktuell auf deren Zusammenhänge geprüft: die Top-down Theorie, 

wo  angenommen  wird,  dass  bekannte  Merkmale  Aufmerksamkeit  lenken,  und  die 

Bottom-up Theorie, wo Aufmerksamkeit als Reiz getrieben verstanden wird.

In  dieser  Arbeit  werden  zwei  Eye-tracking  Experimente  vorgestellt.  Analysiert 

wurden neben den horizontalen Fixationen von Zusehern, die Latenzzeiten der Fixationen 

sowie deren Dauer während des Sehens von kurzen Videos aus natürlichen Umgebungen. 

Es  wurden  Sequenzen  zu  je  zwei  Videos,  getrennt  durch  einen  Schnitt,  in  den  drei 

Bedingungen: gleicher (same), neuer (novel), verschobener (shifted) Inhalt dargestellt, um 

auf Präferenzen von neuen versus bereits bekannten Inhalten zu prüfen.

Im ersten Experiment werden Präferenzen für bekannte Inhalte, zwischen 251 und 

1.500 ms nach dem Schnitt,  gefunden (p < .01). Weiters können signifikant verkürzte 

Latenzzeiten für bekannte Inhalte aufgezeigt werden. Nachdem die Aufgabe der Zuseher 

jeweils fokusiert auf die Beziehung zwischen den beiden Videos einer Sequenz waren, 

wurde  ein  zweites  Experiment  mit  einer  unterschiedlichen  Aufgabe  entwickelt.  Im 

zweiten Experiment wurden Videos in einem Memory Abschnitt vorab angesehen. Die 

Aufgabe bezog sich anschließend auf die Suche nach diesen Videos unter anderen Videos 

in  den  Sequenzen.  Hier  wurden,  im  Gegensatz  zum  vorigen  Experiment,  leicht 

gegensätzliche Effekte gefunden. Zwischen 501 und 1.250 ms nach dem Schnitt wurden 

Präferenzen für neue Inhalte gefunden (p < .01).

Diese Resultate  zeigen einen starken Einfluss  der  Aufgabe an der  eigentlichen 

Aufmerksamkeitssteuerung. Top-down Prozesse ermöglichen es Zusehern, aufgrund der 

gestellten  Aufgabe,  automatisch  auf  bereits  bekannten  wie  auch  auf  neue  Inhalte  zu 

42



University of Vienna Selective Attention in Videos

fokussieren.  Die  Verwendung von kurzen Videos,  Schnitten  und einer  Bedingung mit 

verschobenen Inhalt, erwies sich als effizient und passend für diese Analyse. Zukünftige 

Forschung könnte unter Anderem stärker unterschiedliche Aufgaben verwenden, in jedem 

Fall aber berücksichtigen. Die Produzenten von Videos sollten berücksichten, dass das 

Zuseherlebnis und die Aufmerksamkeit von Sehern, durch Instruktionen stark beeinflusst 

werden  kann  und  in  manchen  Fällen  dies  auch  sollte.  Diese  Instruktionen  könnten 

allerdings auch Teil des Videos selbst sein.
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