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Sammanfattning 
Finns det sätt att bedöma bildens objektiva värde? Genom att först bryta ner visuella komponenter och 

visuell struktur som används för bildskapande försöker denna rapport förutse hur en publik väljer att se 

en bild. 

Genom eye-tracking teknik tillsammans med en webbkamera för att spåra betraktarens ögonrörelse 

kommer dessa visuella komponenter att testas. Slutresultatet presenteras med värmekartor som 

illustrerar publikens uppmärksamhet. Resultatet jämförs sedan med en hypotes som sammanställdes 

inför undersökningen. 

Resultatet av undersökningen visar potentialen av att använda ögonspårning för analys, även om 

tekniken för att använda en webbkamera kanske inte är den mest optimala. 

Abstract 
Are there ways to assess the objective value of the image? By first breaking down visual components 

and visual structure that are commonly used in image construction, this report will try to predict how a 

audience chooses to view an image. 

Through eye-tracking technology using a webcam to track the subjects' eye movement, these visual 

components validation will be tested. The result is presented as heatmaps; which illustrate the point of 

attention of the audience. The result is then compared with a hypothesis that was compiled in 

preparation for the examination. 

The result of the survey shows that potential off using eye-tracking for analysis, though the technology 

of using a web camera might not be the most suitable.  
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1. Prelude 

 1.1. Introduction 

Finding methods that enables us to assess the objective quality of an image is important. This is 

important for artists at any given level. It gives them an enhanced insight into how the image 

created can affect the viewer in certain ways. It enables the artist to use the visual components, 

such as color and value, that are the best suitable in order to achieve a desirable result.  

This report will consist of a study in which the goal is to prove how the different visual 

components can consciously direct the viewer's eyes in a picture. What we can learn from this 

is how we can, in the best way possible, make our audience focus on the most important thing 

(or things) in an image. As a result, we will learn more about how to make the intended focal 

point of the image clearer.  

But how can we validate the effect of using the correct visual components for our image? Using 

gaze tracking technology in order to study the eye movement of our target audience is one of 

many ways. Eye-tracking enables us to observe eye activity in an easily and accessible way.  

If one could predict the result of using eye-tracking equipment beforehand, by applying our 

knowledge of visual components onto a selection of images, it would validate the 

trustworthiness of this method. It would also validate the pros of using these visual 

components in order to create an image, and it would validate the pros of using eye-tracking 

for analysis as well.  

In this paper, the goal is to do several tests in order to validate this specific method of analyzing 

images. First, a hypothesis will be constructed. The hypothesis will be done by first breaking 

down the visual components of the image material itself that is used for this study. The visual 

components´ effect on the result will also be briefly discussed. Finally, the hypothesis will be 

proven correct or incorrect with the use of the eye-tracking equipment. Each result of every 

test will be presented with heatmaps. Finally, this report will conclude with a discussion that 

summarizes this paper. It will also briefly discuss how our new knowledge by completing these 

tests can be applied and used in order to improve upon the image material used for this study.  
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1.1.1 What is eye-tracking? 

Eye-tracking, also known as gaze tracking, can be described as a method of measuring eye activity. 

Through the usage of eye tracking technology, we can observe different kinds of human behaviors. For 

example: we can analyze what attracts our eyes the most within an image and what does not. While the 

concept itself is quite basic, the methods used to calculate and record these activities can become quite 

complex. (EyeTracking, Inc., What is eye-tracking?, 2019) 

The process of collecting eye-tracking data is made possible with either a head-mounted or a remote 

eye-tracking device. The eye-tracking devices that are used in order to track the eye activity are 

connected to a computer. Generally, eye trackers are based on two different components. First, there is 

a light source. Secondly, there is a camera. The light source is directed toward the eye of the test 

subject, while the camera will track and record the reflections of the light hitting the surface of the eyes. 

During a recording session, the camera will take notice of the light and how it reflects upon the surface 

of the eye. The camera will also take note of different visible ocular features of the eye itself (such as the 

pupil). These are the features that are used by the tracking device in in order to calibrate and then 

determine the direction of the gaze of the test subject. (EyeTracking, Inc., What is eye-tracking?, 2019) 

As of now, the practical applications of using eye-tracking has a wide range. For starter, eye-tracking is 

commonly used for understanding different kinds human behavior. This in turn will help us get a better 

insight into people's attention and actions. Through this result, we can understand what drives different 

kinds of behaviors in everyday life. Using eye-tracking can also replace the need for input devices to our 

computers, such as a computer mouse.  (Tobii, This is eye tracking, 2019) 

1.1.2 What is visual structure? 

Every produced image has its inherent visual structure. The structure itself is a combination of many 

components. One of the keys to visual structure is the image composition. Composition is simply the 

way the image is arranged. It could also be described as the way the visual components in the image 

relates to one another and works either in harmony or in disharmony to one another. 

The rule of thirds is one method of staging your composition in your image to your liking. We create the 

grid for rule of third by dividing our image into nine identical pieces. The principle is in short that your 

points of interest within the image should be placed at the intersecting point of the lines that divides 

your image.  

Objects that lines up with the golden ratio will attract the gaze of the audience. Lining up your visuals 

this way will also lead the eye into the main point of interest within the image. (Wikipedia, Rule of 

Thirds, 2019-03-11) 

The fundamentals of the visual structure of the image are the visual components. The composition of 

your image is composed out of these components. These are the fundamentals that all images are built 

upon. The components will be discussed in further detail in this report.  
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1.2 Declaration of problem 

The questions that this paper intended to answer are: 

• How well can we predict the result of using eye-tracking by analyzing visual components and the 

visual structure of an image? What similarities can one observe between the hypothesis based 

on this theory and the result using the equipment? Are there any abnormalities?  

• Can eye tracking be used as a reliable method for analyzing images? What are the benefits of 

using eye-tracking, and are there any restrictions to be considered? 

• What affects the viewers´ point of attention the most within an image? Is there a connection 

between the behaviors visible in the heatmaps from the tests and the theory?  

1.3 Purpose 

The purpose of this study is to use eye-tracking in order to prove and validate how one can use visual 

components in order create an image, with intention to affect the audience in a certain way. For this 

study, the intention is to make the audience focus on certain key features of the image. Another 

purpose of this study is to test an objective method for assessing the image and see how reliable this 

method is. The technical equipment used in this paper will demonstrate and validate the credibility of 

using eye-tracking as well.  Also: eye-tracking technology has developed rapidly in a very short time. To 

learn more about how the technology works is one reason why I have chosen to write this report as 

well. 

1.4 Delimitations 

The survey for this paper will be based on a certain number of tests, which means that the conclusions 

that can be compiled from the result are limited.  The survey itself will only be based on one singular 

video as well. Although the method in this survey could be applied to multiple image examples, this will 

not be done for this paper. Thus, the conclusions at the end of the report will be limited in scope as a 

result. While visual components can also be used in order to create different kinds of moods in any 

given picture, this will not be discussed in this paper. 

For this paper, the group for the study will be limited to students on campus. This will also affect some 

of the assumptions we can make based on the result at the end of this study.  

Just like with how visual components can create moods in an image, this paper will not analyze the 

benefits of using visual structure for storytelling. The paper will simply analyze how visual components 

are used in practice with the intention of guiding the gaze of the audience.  

Finally; this paper will be heavily based on the theory based on the theory narrated in the book The 

Visual Story (2013) by Bruce Block. If there was more time available for this paper, more resources 

should have included and compared to the book by Bruce Block as well. 
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2. Theory 

In this section, we will start off by breaking down the visual components that are evident in all images. 

Then, a brief explication of the term continuum of movement will be presented. Finally, the concept of 

point of attention will be discussed and how it relates to visual components and continuum of 

movement.   

2.1 The Visual Components 

In total; there are six different kinds of basic visual components that we use in creating images. And 

these components are:  

• Space 

• Line 

• Shape 

• Tone 

• Color 

• Movement 

• Rhythm 

All of these components can be examined in every still and moving picture. They are used to 

communicate moods, emotions, ideas and to give visual structure to the picture. Each of these 

components can have what is called Contrast (difference) or Affinity (similarity). The greater the 

Contrast: the greater the visual intensity within the image. The greater the Affinity: the lesser the visual 

intensity within the image. One of the benefits of using contrast and affinity is that they can be either 

used to either attract or repel the point of attention of the audience. They both have their benefits of 

usages. (Block, Bruce (2013) The Visual Story, 2nd edition, page 2-12) 
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 2.1.1 Space 

One way of describing the visual component space is to think about it in three ways. First, we have the 

inherent space that the camera is occupying. Secondly, we have the space within the picture/image 

frame. Thirdly, we have the spatial size and shape of the image screen itself for the picture.  

Within the image itself: there are four different variants of space observable within our image. Which 

kind of space evident within the image will primarily affect if we will perceive depth or not in the image.   

The first variant of space within an image is called deep space. Deep space is created through the use of 

what is called depth cues. Depth cues are what gives images the illusions of depth. Though an image is a 

two-dimensional plane, by using depth cues we can create the impression of three-dimensionality. The 

depth cues are the following:  

• Perspective: The representation of three-dimensional space on a two-dimensional surface (the 

image itself). The most commonly known kinds of perspective are one-point, two-point or three-

point perspective. For a one-point perspective; all apparent lines appear to converge at a 

singular point called vanishing point. For two-point perspective; we have two vanishing points 

instead. Vanishing point can be either within or outside the picture frame.   

• Size difference: Objects relative to the position of the camera that we see inside the image can 

be divided into foreground, middle ground and background elements. Two similar objects can be 

placed at different locations within the image, and the resulting size difference between the 

similar objects will reinforce the impression of depth within the image.  

• Object movement: A objects movements within the frame, from the foreground to the 

background or vice versa, can reinforce the impression of depth on a two-dimensional surface.  

• Camera movement: A camera can move freely within our scene, which in turn will affect the 

image itself. A cameras movement that affects how we perceive objects will affect the depth of 

an image. 

• Textural/aerial diffusion: Objects that are far away from the camera will be affected by 

atmosphere and its surrounding. This will result in textural diffusion over distance. Objects 

closer to the camera has clearer visible details and a higher value range as well. 

• Tonal separation: Objects that is tonally separated from each other will naturally appear to be 

divided from each other. A lighter object will seem to be closer to the camera in contrast to a 

darker object. 

• Color separation: Just like with tonal separation, a color with a brighter inherent value will 

appear to be closer to the camera than a color with a darker inherent value. 

• Up/Down Position: Depending if the object is placed under or above the horizon line, the object 

will either appear closer or father away from the camera.  

• Overlap: Objects that appear to overlap each other will create depth, with the object overlapped 

being pushed further into the background of the image. 
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The second kind of space, and the opposite to deep space, is flat space. It is simply created through the 

removal of depth in an image. So instead of adding the depth cues, we will remove the usage of these 

cues. 

Thirdly we have limited space. Like deep space, limited space uses most of the depth cues. All except for 

perspective is used. Just like flat space, limited space has no apparent vanishing point within the image 

frame. There are also no evident lines that guide the viewers gaze to the vanishing point within an image 

that uses limited space as well. 

Finally, we have ambiguous space. It can simply be created by placing the camera that obscures the 

objects within the image. This is a simple way to create tension.  (Block, Bruce (2013) The Visual Story, 

2nd edition, page 14-86) 

2.1.2 Line 

In the real world, there are no actual physical lines existing. Lines are only perceived in the real world 

simply as the result of either contrast of value or through contrast in color within an image.  Without 

any visible contrast between different objects or surfaces within our image, we would not be able to 

perceive any lines. Lines can for example be recognized in the contours of different objects, the 

horizontal line that divides the ground plane and the sky, and through the intersection of two different 

surfaces. In conclusion: though we might perceive and read these visual details as line; there are no 

existing lines.  

As a visual component, the illusions of lines can most noteworthy be used purposefully in order to direct 

and guide the gaze of the viewer. Much like pointing arrows, they can be used to guide the viewers gaze 

to a certain area of interest. One can also note that lines and shapes are related to one another in that 

shapes seems to be constructed by multiple lines. Edges creates the boundaries for two-dimensional 

objects while contours are found in lines around the boarder of any three-dimensional objects. (Block, 

Bruce (2013) The Visual Story, 2nd edition, page 89) 

2.1.3 Shape 

All complex shapes within an image can be broken down into basic and simplified shapes. These 

basic elements are the circle, the square and the triangle. In a similar manner to how we tend 

to see lines in an image, shapes can also be observed not only in objects but also in the space 

dividing the objects. This is also called negative space.  

Shapes can be recognized as both two- and three-dimensional. The primary basic shapes will 

most likely attract the attention of the viewer, because they are so easily recognizable. 

Different shapes has different feelings connected and associated to them. However, this 

associations are not so much a rule, but rather something to keep in mind. (Block, Bruce (2013) 

The Visual Story, 2nd edition, page 109) 
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2.1.4 Tone 

Tone is the visual component that describes the brightness of an object in relation to the gray scale. This 

term should not be mixed up with the tone or mood of an image. Tones that are separated from each 

other will create contrast while tones that are close to each other will create opposite effects.  All colors 

have its own inherent value. Because the eye is commonly drawn to brightness, tone is a crucial visual 

component to consider in order to guide the viewer within an image.  Using tones can practically be 

used in order to either reveal or to conceal; to highlight or to deemphasize certain aspects of an image. 

(Block, Bruce (2013) The Visual Story, 2nd edition, page 120-133)                                        

2.1.5 Color 

Color as we know it consists of three sub-components:  

• Hue: The pigment of the color. Examples of hues are red, green and blue.  

• Saturation: The pureness or intensity of the color. A color that is completely desaturated lacks 

any hue and therefore is simply a tone in the range of black and white.  

• Value: Similar to tone; value describes the colors inherent brightness or darkness in the range 

between white and black. Warm colors have inherent brighter value than cold colors. For 

example; pure yellow has an inherent brighter value than a pure blue.  

Because colors have their own inherent values, some colors do attract the eye more than others. Colors 

usually have different associations connected to them as well. Therefore, they might attract the interest 

of the viewer simply through association. (Block, Bruce (2013) The Visual Story, 2nd edition, page 136-

166) 

2.1.6 Movement  

Normally when we think about movement, we associate the term solely to a moving object in 

the frame. However, that’s not all. In total, there are three ways we can observer movement:  

• The movement of the camera. 

• The movement of an object within the frame. 

• The movement of the viewer's gaze. 

Movement are one of the first things that catches the attention of the viewer. (Block, Bruce 

(2013) The Visual Story, 2nd edition, page 168-182) 
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2.1.7 Rhythm 

The term rhythm is usually primarily associated with music, but the term also exist in art. Repetition and 

variation in an image creates a certain kind of visual rhythm, like in music. Repetition of visual 

components in an image will create a certain constant rhythm (or affinity), while breaking up the 

repetition of visual components will result in a new kind, more uneven rhythm (contrast). Breaking up 

the rhythm by adding irregularities will contrast and thereby distract the viewer from the consistent 

rhythm of the image. This can be used in order to create focus on certain detail in a picture. As a result, 

the focal point will be shifted to a singular subject of the scene; rather than the whole image. 

Rhythm can be perceived in non-moving objects, moving objects and through editing. In other words: 

the term rhythm is not confined to a singular image. It can also be used to describe the progress of 

images from shot-to-shot. An image sequence can have an even or uneven rhythm. An image sequence 

consisting of many visually different images will create contrast and an off-beat rhythm.  An image 

sequence constating of many similar images will create opposite effect.  (Block, Bruce (2013) The Visual 

Story, 2nd edition, page 198-216) 
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 2.2 Continuum of movement 

According Block (2013, 183); the visual components that will attract the audience’s attention are: 

• Movement 

• The brightest object 

• The most saturated color 

• The actor’s eyes 

• The object with the most visual component contrast 

Continuum of movement is also connected to the term point of attention (which will be discussed 

further in this paper.) In order to visualize the area of the frame that the audience chooses to watch; a 

grid divided into nine areas can be created. (Block, Bruce (2013) The Visual Story, 2nd edition, page 183) 

And this is called a Continuum Grid.                                                                                                                                                          

The two concepts that Continuum of movement deals with are: 

• How the viewer´s point of attention moves within the shot. 

• How the viewer´s point of attention moves from shot to shot.  

For continuum within shot; our point of attention might move from one area to another. If we have an 

object that moves through the frame, our point of attention will move from one part of the frame to 

another. (Block, Bruce (2013) The Visual Story, 2nd edition, page 186 

For continuum from shot to shot, differences in shot composition and camera angles might result in that 

the point of attention moves from one area of the image to another. (Block, Bruce (2013) The Visual 

Story, 2nd edition, page 187) 
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2.3 Point of attention 

Point of attention is simply the focal point of a picture. The examples above shows three different kinds 

of contrasts that will affect the point of attention: 

• Contrast in color and shape: The red object is he only one surrounded by blue objects; which will 

result in that the viewer first pay attention to it. Also, because the red object is a circle, while 

the other blue objects are triangles, this effect is further enhanced.  

• Contrast in value: A white object surrounded by black objects will attract the viewer gaze due to 

contrast on value. 

• Contrast in movement: A movable object will attract the viewers gaze; even though the 

stationary objects has the same features, such as the same shape and color.  

One important detail to consider with point of attention is that the viewer's gaze can only focus 

on a limited amount of details at a time. (Block, Bruce (2013) The Visual Story, 2nd edition, page 175)  

Another aspect is that there is a hierarchy of what attracts our eyes the most. The first thing 

that affects the attention is movement. Then followed by brightness (or value). Then there is 

the saturation of color in the image. Finally, we have the object with the greatest visual contrast 

that affect point of attention.  

Other objects surrounding the point of attention can affect and enhance the image. For 

example; surface division as a result of contrast of color and/or value can frame the point of 

attention in a picture.  

Familiar objects, such as characters, will also attract the attention of the viewers. Vanishing point is also 

a way in order to attract the viewers' attention. However: the more the vanishing point is placed outside 

the frame; the less of an effect will it have to attract the attention of the viewers.  (Block, Bruce (2013) 

The Visual Story, 2nd edition, page 25-26, 71-72, 172, 175-177, 183-193) 
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2.4 Heatmaps 

A heatmap can best be described as a graphical representation of numbers and data, expressed using a 

color. Thanks to a system of color-coding, heatmap can represent different values with different 

corresponding color. Heatmaps can be used in various forms of analytics. Most noteworthy usage is to 

analyze different behaviors. Heatmaps can give a rather comprehensive overview of how users are really 

behaving in comparison to other numerical visualization methods (such as charts). They are also a lot 

more visual compared to other standard analytics reports, which in turn can make them a lot easier to 

analyze. It makes than a lot more accessible at a glance, especially for people who are not accustomed 

to a large amount of data.  (Orbussoftwaretv, What is a heat map?, 2017) 

Heatmaps can be used to summarize results in an effective way; as they summarize the stats to later 

present the result in a pictorial form. A large volume of data is allowed to be communicated much faster 

this way. Columns of numbers and values can be hard to read, while colors representing numbers can be 

a lot easier to make sense of. The ability to derive important information from this data can be very 

beneficial. Heatmaps used color scales in as representation for different values and numbers. For 

example; red color indicates larger values (or what area of the screen the subject is focus on the most). 

Green represent a lower point of interest. (Optimizley, Heatmap, 2019) 

One consideration for heatmaps are that they need a large amount of data before they can be 

accurately analyzed. And it is important to have enough of data at your disposal in order to ensure that 

any abnormalities do not affect the overall heatmap picture. One thing to consider with heatmaps is 

that they can illustrate what has happened, but not necessarily explain why something has happening. 

To explain the reason why we get a certain result; we need other methods to analyze the result. 

(Optimizley, Heatmap, 2019) 
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3. Method 

The survey done for this paper was done through multiple tests. A compiled video of material from a 

previous project work will be used for the tests. The video itself is about 30 seconds long, divided into 

three smaller sequences approximately 10 seconds each.   

Each person had to watch the clip individually. Eye-tracking equipment was used in order to record the 

people's eye movement. The result was to be presented in the form of a heatmaps that illustrates what 

the participants choose to focus on in the picture.  

Several tests would be done in order to compare the individual results, as well as all the results 

together. Finally, at the end of the project, the results would be compared to the hypothesis that I had 

constructed before the tests in the discussion at the end of this report.  

The preliminary purpose of the study was, with the aid of eye-tracking, to examine what affects the 

subjects to focus on certain aspects in an image. Another goal was to see how one can lead the viewers' 

eyes through the usage of visual principles.  

Heatmaps based on the results of the survey will show whether the hypothesis was correct or not. 

Either result will be discussed and reflected upon at the end of this paper.  

The result of this study will be made by dividing each test into three separate sections. Each heat map 

generated from the result will be combined into one single heatmap in order to illustrate eye activity 

throughout the complete survey.   

In total, 10 heatmaps per each divided sequence was used for this study. 
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3.1 Hypothesis 

Red represent point of interest within the image. Green represent objects which is in contrast, which in 

turn will attract interest. Blue represent perspective lines which guides the viewer towards the 

intersecting perspective point within the image.  

3.1.1 Sequence 1 

The primary focus will be in the center of the image. The perspective lines will guide the viewers eye to 

the center of the image. The piano is placed at the vanishing point in the image, which will result that it 

will attract attention. Like how Block (2013, 25) explains. Added movement with smoke behind the 

object will also attract attention. Some attention will also fall onto the windows to the left and right of 

the image. 

                                                         
Figure 3.1.1.1 Still image of Sequence 1.

 

Figure 3.1.1.2 Still image with predicted result for Sequence 1. 
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3.1.2 Sequence 2 

The window will attract the point of attention the most; as it the source of greatest contrast within the 

image. Later, the table will attract the point of attention, because it breaks the repetition in the image 

created by the walls and windows. The moving cloth hanging in the ceiling will also attract attention, but 

not as much as the windows. As one the vanishing point is placed outside the frame, it will not affect the 

point of interest unlike the other two sequences of the video.  

                                                 
Figure 3.1.2.1 Still image of Sequence 2. 

 

Figure 3.1.2.2 Still image with predicted result for Sequence 2. 
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3.1.3 Sequence 3 

Our point of attention will set primary far away in the center of the image and at the right side of the 

image, as there is some visible contrast to the pure white outside The piano is placed on one of the 

intersection points, accordingly to the rule of thirds. This should also attract the point of attention.

 

Figure 3.1.3.1 Still image of Sequence 3. 

 

Figure 3.1.3.2 Still image with predicted result for Sequence 3. 
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3.2 Equipment and tools used 

The hardware used for this study consisted of a: 

• Logitech C920 HD Pro Webcam. 

• Stationary computer. 

• 21" monitor screen. 

Software used for the study was: 

• SentiGaze 1.1 Algorithm Demo 

For the study; I choose to provide with my own material, created at LTU during an earlier part of the 

education.  

A few notable procedures in order to obtain good data using Sentigaze according to the developer 

Neurotechnology (2019) are the following:   

• Subject head should be steady. Circles are followed only with eyes and not by moving the 

head. 

• Light source should be constant. 

• Camera should be placed below the screen (monitor). 

• Minimal camera resolution should be 640 x 480 pixels. 

• Operating range from a subject to the screen is 45 cm – 80 cm (18" - 32"). Optimal ~ 60 cm 

(24"). 

• Tracking area at optimal 65 cm distance is 40 cm x 30 cm. 

• SentiGaze supports screens up to 61 cm (24"). 
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3.3 Preparation 

Before doing the actual test for the paper, testing of the equipment was done beforehand. This was to 

ensure that would be able to receive a result for this study at the end of the project. Trying to set up the 

camera equipment correctly before doing the test ahead of time was a priority in order to save time 

during the real tests. This was essential, as the lighting conditions might change slightly between 

recording sessions.  

Using a web camera for the study, it was important beforehand to test during what conditions the 

camera would work properly and during what conditions the calibration would work properly. Also, 

what kinds of limitations it has in comparison to other equipment alternatives.  

3.4 Procedure 

The method of collection data for the study was made by multiple test using the eye tracker on a 

singular subject at a time. In total, each test was estimated to take about 10 minutes per each session.  

The approach of each test step by step was: 

1. Calibration of the eye-tracking equipment. The gaze of the participant is correctly calibrated to 

the monitor using the web camera. (about 2-4 min, depending on the calibration) 

2. The video is showcased for the participant. The test is divided into 3 different showcases in 

order to isolate the 3 different results of the screening. (This heatmaps would later be combined 

into a single heatmap as well.) (about 2-4 minutes) 

3. Saving of the calibration profile: After the first test is completed; a calibration profile is saved. 

This is to save time. So instead of calibrating the gaze for the participants for each test, we can 

use one single calibration for all the three divided tests. This is also helpful if the program 

crashed. 

4. As a security measure, all data that has been recorded during the project is checked to insure 

that it is correctly saved. If everything is ok, the test is finished. If there are considerable visible 

problems, the video will be showcased once again. (about 2 min) 

In order to have as much of similar circumstances for all test for this paper: the format used for 

recording all the heat maps was “MJPG 1920x1080,30 FPS, 1:1” setting, and the number of calibration 

points was always set to 9. 
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3.5 Method critique 

One challenge of doing a study like this is to have the right number of participants in order to have any 

material suited for a discussion. Without that much data collected, any assumptions are hard to make. 

Making the study itself so dependent on the number of participants can be seen as an error source. 

The result for this study might not prove that this method is with certainty applicable on every material 

with good results. One way to reinforce the validity of this study would be to have multiple picture 

materials. The issues would then be time restrictions. Not only would you need to do many more test 

within the timeframe of the project, but you would also need to take time to compare the results of the 

different tests. 

Doing all the test at the same day would be the most optimal. Changing conditions for each participant 

will affect the result of each test.  

The technical equipment, and its limitation, will affect the type of measurement data that we can get 

from the various tests. This will also affect which conclusions can be compiled and thus which areas are 

relevant for continued discussion. 

In total; there was 10 tests done for each of the three sequences used for this study. Considering the 

importance of having a lot of data using heatmaps in order to draw any kind of conclusions for this 

study, having more participants for this study would have been beneficial. It would have made the result 

more reliable and trustworthy.  

The calibration quality for the equipment had some limitations. For the test, in order to obtain a result in 

which could be used for this paper, a value of not lower than 70% would not be used. Even with this 

value, there is still a lot of value that could be improved. A higher number of points could have been set 

for a more accurate calibration calculation for each test. During the earlier stages of this study; 

calibrating the camera to any point value higher than 9 resulted in a lower calibration quality. Thus, I 

choose to go with a lower number of calibration of points in order to increase the calibration quality. 

The calibration quality was sometime very unrealizable. Even with a very high calibration quality 

number, if the participant did not remain seated in the same way all through the test, the faithfulness of 

the result would be less certain.  

Having to summarize the heatmaps for each sequence using one singular image was not the most 

optimal way of illustrating the result. Using an image that represent the complete sequence is not that 

easy: especially if the shot changes drastically during its runtime. A better solution would have been to 

record the complete heatmap generation process during each session. By doing so, we would be able to 

see how the heatmaps would generate during the test a lot better.  However, due to limitations in the 

programs used, it was not possible to record the heatmap generation during each test without having it 

visible for the participants. And because the generated heatmaps starts to cover the monitor screen, it 

would interfere to much with the tests.  
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4.   Empirical facts 

Using real eye tracking equipment to do this test could have provided more exact calibrations for the 

tests. The equipment I used did not use infra-red in order to track the gaze for the participant. Instead, 

the web camera would simply track the gaze by locating eyes relative to the screen and the tracking 

points during calibration. This method is not as exact as using infrared, as infrared tracking would locate 

the pupils of the eyes much easier.    

Using a web camera in order to get reliable result requires correct conditions. The calibration quality of 

gaze tracking was very dependent on the lighting conditions during recording. If the lighting was bad 

during recording, the calculated calibration quality would end up being so bad that there was no idea to 

do use these tests. 

In order to get a faithful result for the test, the participant had to keep seated correctly for the entire 

test. Starting to move to much with the head and the calibration would not be correctly matched. This 

would render the result of the experiment unfaithful and not worth to base any conclusion out of.  
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5. Results 

Below show the combined results of all the obtained heatmaps; divided into three separated sequences. 

Red color represent higher point of interest, while green color represent lower point of interest.  

5.1 Sequence 1                                                          

  

Figure 5.1 Still image with result of Sequence 1. 
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5.2 Sequence 2                                                                   

  

Figure 5.2 Still image with result of Sequence 2. 
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5.3 Sequence 3                                                           

  

Figure 5.3 Still image with result of Sequence 3. 
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6. Discussion 

The purpose of this experiments was to finds a suitable way of analyzing an image in an objective 

manner. The result of the tests illustrates the area of interest accordingly to the hypothesis for each 

separated sequence. There are some deviations to the hypothesis. For example; the reason that the 

heatmaps does not show up at the windows for the result in the result of Sequence 1 could be explained 

as a result of the gaze of the viewer switching their point of interest ever so often. Accordingly, to the 

theory summarized from the text by Block (2013, 175), the eye can only focus at a limited amount of 

details at a time. With multiple points of interest; the viewer will have to choose which object to pay the 

most attention to. For one, this means that one part of the image will attract more than another. 

Secondly, it might create some confusion for the audience.    

These tests, and their respective result, proves that the method chosen for this study worked for this 

limited study. However, some of the limitations of the equipment makes this method not as suitable for 

a larger study. Having equipment that would enable us to receive a better calibration value at once 

would give us a more credible result and speed up this study’s test as well. If we also would be able to 

record and save individual heatmaps, not just for a complete sequence but also for each individual 

passing second, we would have more data to analyze. 

Some of the conclusions we can assume based on this study is limited as a result of the number of 

participants and number of heatmaps obtained from each test. In order to obtain a more reliable result, 

more participants should have been included in this study. While doing a study with the same video but 

with a larger number of people might not necessarily have a large impact on the result of this study; the 

result reliability would have been greater. In a larger group of participants, it is possible that 

abnormalities in the result would be spotted too.  

A larger number of participants would also consider the issue of people viewing images differently as a 

result of other factors than just visual components. For analyzing and doing a larger study of different 

kinds of behaviors, a larger amount of data would have been required.    

In summary: how well could this study predict the result of using eye-tracking by analyzing visual 

components and the visual structure in an image? The tools and equipment's impact on the results for 

all of the tests are somewhat noticeable. While the web camera used for the study provided with 

enough accuracy for us to obtain heatmaps from the participants, because that the calibration accuracy 

was never at a 100, we know for a fact that the result is not completely accurate.  

The result of this paper shows that the visual components can be used in order to create an image to 

our liking. Once again: the greatest fallback of the chosen method for this study has been the 

equipment, and some visible abnormalities between each test can be explained as the result of a 

calibration value lower than 100 percent. Another explanation for the abnormalities in the result is the 

number of calibration points used for the test during the gaze calibration at the beginning of each test. A 

larger amount of calibration points and a higher calibration value would result in a more reliable result.  
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Can eye-tracking be used as a reliable method of objective analysis of an image? What are the benefits, 

and are there any restrictions? In short: the equipment had some fallbacks when discussing its 

reliability. During many tests, the calibrations was to low that it could not be relied upon and used to 

draw a conclusion upon. While the equipment used for this study did give us a result, having more 

accurate equipment would probably have solved some issues. 

Finally: what did affect the viewers point of interest the most? How dose these behaviors illustrated in 

the result correspond with theory and hypothesis? By viewing the results for this study, the point of 

attention for the audience seems to have been affected the most by movement, contrast in value and 

contrast in color. This is accordingly to the theory. The result of this paper shows that how the audience 

choose to approach the images, and their point of attention.  

If one was to improve the compiled video used for this study, based on the heatmaps, it would have 

been to narrow the amount of moving and flickering objects in the scene. We know, based on theory by 

Block The Visual Story (2013, 175), that the human eye can only focus on one specific thing at the time. 

For example: if we compare the final heatmap to the hypothesis, we can see that the heatmaps cover up 

a very large area. This is partly due to, as mentioned earlier, the limitations of producing the heatmaps 

using the Sentigaze demo. However, it highly likely that the heatmaps are also a result of a conflict 

between different points of interests within the picture.  

The solution to this problem would have been, as stated earlier, to limit the amount of points of 

interests within the picture. The test could have used a material that was more deliberate in guiding the 

viewers gaze as well. With just one singular point of interest for each sequence, the result would have 

been different and the heatmaps might have been easier to read. As of now, while the hypothesis was 

mostly proven right based on the results, it did not truly validate the method´s and equipment’s´ 

credibility as good as some would have liked. However, the equipment was indeed calibrated at the 

start of the test. So, in the end, changing the material would have not changed the accuracy of the 

result. It the result is much more dependent on the technical equipment.   
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6.1 Sequence 1 

 

Figure 6.1 Still image with comparison of prediction and result of Sequence 1 

The result for sequence shows that the point of attention falls mostly in the center of the scenery. One 

of the reasons for the rather broad area of interest is because the sequence starts of at the front of the 

room and moves inward. Some of the smaller area of interest scattered around the center of the frame 

is probably due to other areas that affect the point of interest. For example: we have the flickering 

screen to the left of the frame. We also have some lights placed in the ceiling, which contrast to the rest 

of the room. 
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6.2 Sequence 2 

 

Figure 6.2 Still image with comparison of prediction and result of Sequence  

We can see that the area of interest is scattered quite freely in this image. However; there are a few 

reasons for this. The reason why we do not have the point of interest in a single area is because the 

camera is moving from right to left in this sequence. This results in that all the objects of the scenery 

enter the frame from left. Therefore, we have the highest values at the left side of the frame. And the 

reason why it is not sole placed at the left side of the frame is because the point of interest will shift 

every so slightly from left to right. For example: we have two windows at the same horizontal level of 

the frame They do look almost the same. This means that they should attract the same amount of 

interest. Like sequence 1, we also have some lights that is standing out from the wall (placed above the 

windows). It seems that they also attract some interest from the viewers. 
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 6.3 Sequence 3 

 

Figure 6.3 Still image with comparison of prediction and result of Sequence 3 

The result of sequence 3 shows that the largest area of interest is at the far end of the room and around 

the piano. The reason why a large amount of interest is placed at the far end of the room is due to value 

contrast. We also have all the perspective lines guiding the eye toward the scenery. The reason why we 

have a large area of interest on the piano is because it overlaps and contrast the bright area at the far 

end of the room. The one area that the prediction was wrong, accordingly to the result, is that the 

window to the right does not affect the point of interest as much I thought it would.   
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7. Conclusion 

In conclusion, based on the results of this paper, eye-tracking has many possibilities to be used further 

in the future. The biggest drawback for eye-tracking is that the results is heavily dependent on right 

equipment. Good equipment is a must in order to get credible and reliable result. 

In order to obtain a better displayed result, one should also make sure to have a good value scale for the 

heatmaps. This is especially important when combing multiple results of heatmaps to visualize the 

combined result of a completed study. As for this paper; the result obtained from a single heatmap is a 

lot more readable and intelligible at first sight. For a single heatmap, we can use a standard color scale 

for our heatmaps. It clearly works to indicates they low and high points of interest within the frame. 

However, when combining multiple heatmaps, the highest point of interest, represented by red color, 

will remain the same red as the result of one single heatmap if the value scale stays the same. If the 

value range for our heatmaps, we would be able to read our results a lot better.  

Finally; the prerequisites and circumstances for the equipment and tools to work properly is very 

important to consider. Not only is it important for the calibration of the gaze to be correct in order for 

us, but the light setup in preparation of the recording is also very important. Bad gaze calibration and 

bad lighting setup will give inaccurate results.  

For continued study using eye-tracking equipment in the future, one should consider having a larger 

number of participants for the study. This would increase the credibility of the study. It is also easier to 

spot abnormalities in results as well. Another thing would be to consider the equipment used. While 

using a web camera was enough to produce results for this paper, having a more accurate gaze tracking 

system would have been beneficial and preferable. Not only for credibility, but also for speeding up the 

process for each test. The calibration of the equipment was unnecessarily time consuming for this 

paper. Thirdly would have to set up the equipment at a place that would have enabled more people to 

participate in the study. For example, at the university.   

For a better insight, one should also try to record the result of the heatmaps for separate parts of the 

sequence as well. In order to do this, however, one need to have the right kind of equipment that makes 

it possible to save multiple separate heatmaps during a recording session. 

For us to truly understand how different kinds of objects within an image affects the audience, we 

would need to have multiple sources and studies to compare. That would require both more time and 

more resources then what was available during this project.  

Based on the result of the heatmaps, the video used for this study could have been improved upon by 

limit the amount of points of interest within the video. Having multiple points of interest in one single 

sequence of images might confuse the audience. And this can be seen in the result of this paper.  
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