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Abstract 
Eye tracking is the process of tracking and measuring the motion of the eye movements relative 

to the head - i.e. where one is looking. It is a common technique used to objectively measure 

user’s attention and responses to information being presented to them. In particular, we 

believe that eye tracking can be used to gauge the effectiveness of different visualization styles 

that have been augmented to support analyst decision-making. However, assisting the analyst 

in making connections with augmented visualizations can be challenging if the information is 

not presented in a clear and concise way. An empirical study that seeks a correlation between 

visual augmentation style and decision effectiveness will produce insights into the factors that 

affect the task. These insights will lead to techniques that help analysts sift through vast 

amounts of information, making informed decisions on critical matters in a timely fashion. This 

study proposes to use eye tracking techniques to measure whether line thickness, as a visual 

cue, can increase the analyst’s situational awareness, and thus allow them to make decisions 

quicker. 

1. Introduction 
In high velocity information exchanges, such as hospital trauma rooms, stock exchanges or 

battlefield mission control, the process of determining useful information in an efficient 

manner is crucial. Often, valuable information can be overlooked by the sheer volume of data 

being presented to decision makers. In such situations, it is useful to understand the optimum 

levels of information that users can process without experiencing cognitive overload. This 

condition has been widely studied in the literature [1][2][3]. It refers to a state where the user 

is taking in more information than they can process efficiently [4]. To study this effect closer, 

the US Army Research Laboratory (ARL) has created a visual analytic tool for increasing 
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situational awareness. This visualization technique combines nodes with connecting links to 

create a network of associated nodes [5]. This visualization technique has been used in many 

different fields for investigation of criminal activity (fraud detection, counterterrorism, and 

intelligence), computer security analysis, search engine optimization, market research, medical 

research, and art [6]. Specifically, ARL is interested in its military use with intelligence analysts 

and its application as a social network analysis tool [7]. In the ARL version the links are 

overloaded to also convey the value of the information defining the link. The visual method of 

overloading is to vary the link thickness with value. In other words, the thicker the link the 

higher the value of the information from which the relationship was distilled. 

Value of Information 
Value of Information (VoI) is a metric that computes a likelihood of applicability based on 

metadata of recorded information. Specifically, the VoI metric combines source reliability, 

likelihood of data being true, and timeliness with respect to mission [8], [9].  

This study tests the perceived value of line thickness verses a non-enhanced link (control) 

within a link-node visualization framework, to quantitatively assess the performance gains 

when utilizing link-node density as an independent variable. If it is determined, that line 

thickness helps reduce the mental burden on analysts, then it is suitable to be used in VoI 

paradigms. 

Eye Tracking 

Eye tracking has been widely used in studies that analyze how humans process visual 

information displays [10]. Combined with software, a user’s attention and focus can be 

captured and quantified. This information can be used to gain understanding of user’s 

interaction and awareness of visual stimuli. Consequently, we can investigate about the 

parameters that drive their situational awareness. 

 

2. Methods 

 

Human Subjects 
This study falls under the U.S. Army Research Laboratory’s (ARL) internal review board (IRB) 

Exempt Research Determination for Protocol (ARL 18-014). This indicates that the research is 

exempt from regulations 32 CFR 219. The research is exempt because ARL is not engaged in this 

research protocol due to: 1) no identifiable information is being received or stored, 2) there is 

no interaction/ intervention with a human subject and 3) ARL is not providing provisional 

services and is not part of the research personnel. The analysis of the data gathered from 
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Towson University is considered not human subjects research because ARL did not receive any 

identifiable data and ARL did not intervene or interact with subjects. In addition, Towson 

University’s internal review board (IRB) found the research to be exempt (14-X145) from 

general Human Participants requirements according to 45 CFR 46.101(b)(2). 

Experimental Setup 
To investigate the effectiveness of the tool, researchers from ARL carried out a crowd-source 

experiment where participants were asked to identify the most important node in a link node 

diagram [11]. In this experiment, our collaborators from the Department of Computer and 

Information Science in public university in Baltimore, Maryland (Towson University) recruited 

17 computer science students to test our tool. Participants were recruited via online 

solicitation, word-of-mouth, as well as through flyers posted in common areas and distributed 

in approved classrooms (i.e., classrooms where a faculty member has approved distribution). 

All flyers were approved by IRB prior to posting. Participants were not compensated for their 

time. The data collection was carried out in a usability lab at a mutually agreed time between 

the data collectors and the participants. Upon volunteering to participate in the study, 

participants were informed of the study and its possible effects and were presented with the 

IRB. Upon consent, the participant was presented with a demographic survey to complete. The 

survey focused on the subjects Occupation, Age, Gender, Primary Language, Education Level, 

Hours spent on the computer daily, and Data Visualization Experience. Next the participant was 

directed to an Information Visualization Software where they will be required to calibrate the 

eye tracking device. During the calibration procedure the participant was asked to gaze at 

different points on the monitor. Upon calibration and familiarization with the interface, the 

participant was asked to use the software tool to answer a series of questions pertaining to the 

different link-node visualizations displayed in the interface from the website 

VolunteerScience.com. The participant carried out the exercises using the eye tracking 

instrument. After the experiment was complete, the participant was presented with a post-

experiment survey. User bias was minimized by only allowing each subject to participate in the 

study once. 

Once a subject was deemed qualified, they were presented with instructions and an example 

graph to practice on. The instructions stated that the subject was to imagine that they were an 

analyst studying a link-node diagram. Each link incident upon a node represents the metric to 

be maximized. The thickness of the link indicates greater value. The thicker the link the more 

relevant the node becomes (Figure 1). The subject was required to: 

1) Assess the diagram to discern the node with the greatest degree of centrality, which 

was modulated by line thickness in the VoI cases.  
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2) Select the node via mouse click, thus highlighting the node and indicating that a 

selection has been made. The selected node as also recorded in a list next to the 

diagram. If the subject was unhappy with their selection, they were able to press the 

Reset button in order to begin the selection process over. 

3) When the subject was happy with their choice they pressed the Submit button to record 

their answer. 

4) The subject was able to drag the nodes and manipulate the graph in order to optimally 

assess the degree centrality. 

 

Figure 1: Link-Node diagrams from experiment with VoI enhancement (Left to Right): 22%, 33%, & 66%. 

We hypothesized that there would be a significant difference between participants viewing the 

value overloaded diagrams over the participants viewing the normal diagram in terms of 

accuracy and decision time.  

Analysis of Eye Tracking Data 
Eye tracking data was collected using the Tobii Studio Software. The software collects a large 

number of attributes for an eye tracking experiment. The critical attributes of this data are x 

gaze position, y gaze position, and a time stamp. The software also classifies gaze points as a 

fixation, saccade, or unclassified. Fixations are areas in a scene in which gaze points are 

clustered in space and time. Saccades are gaze points that indicate movements between 

fixations. Fixations are classified using the I-VT (Velocity-Threshold identification fixation filter) 

[12]. The I-VT fixation filter uses the measure of angular velocity to classify fixations and 

saccades where gaze points below a certain angular velocity are classified as fixations and gaze 

points above a threshold are classified as saccades. In this experiment, an angular velocity 

threshold of 30 degrees/second was used.  

Fixation duration is a measure of the length of time that a subject spends fixated on a particular 

object and can indicate the amount of visual processing needed to process a scene.  For 

example, in this experiment, how long to participants typically spend looking at a particular 
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node or edge of the graph. The maximum fixation duration indicates the longest time period in 

which a participant spends looking at a region of the screen. This study explores a number of 

categorical variables as they relate to maximum fixation location. 

Saccadic amplitude measures the angular distance the eye travels during a saccadic eye 

movement. Intuitively, the smaller the saccadic amplitude, the less a user’s eye needs to move 

across a visual stimuli to make a decision. In this study, saccadic amplitude is used to gauge how 

much eye movement is needed for participants to select the correct node in the graph and thus 

we also explore saccadic amplitude as it relates to a number of categorical variables. 

Heat maps are a data visualization method used to evaluate salient regions in a visual scene. 

The heat map typically shows a color gradient from green to red where read indicates a region 

of the visual scene that has a higher concentration of gaze points. In this study, heat maps are 

also explored to determine the salient regions of the graph where participants focus their 

attention.   

Conditions 
In order to keep the experiment consistent across all conditions, the number of nodes (10) was 

kept constant with the number of links being varied by the graph density equation (see 

Equation 1). In this experiment, there were 6 conditions: 22%-VoI, 22%-Ctrl, 33%-VoI, 33%-Ctrl, 

and 66%-VoI, 66%-Ctrl.  

The graph density formula calculates the density of the graph given an amount of nodes and 

edges. The graph density formula is: 

Equation 1 

 

where D is the density of the graph, E is the edges in the graph, and N is the number of nodes in 

the graph (N = 10 for all graphs). In this experiment, the density was 22% (10 Edges), 33% (15 

Edges), and 66% (30 Edges). The initial density levels were determined by a perceived level of 

difficulty.  

3. Results 
In this section, the analysis of the eye tracking data is presented. In particular, boxplots are 

used to explore the statistical distribution of maximum fixation duration as it relates to a 

number of categorical variables including whether the participant selected the most important 

node in the graph, the graph itself, the participant, line thickness, and strategy. A number of 
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heat maps are also presented in this section to illustrate patterns of saliency for a number of 

graphs salient regions of the graphs 

Maximum Fixation Duration 
A boxplot showing distribution of maximum fixation duration as it relates to whether the 

participant selected the correct node is presented in Figure 2.1. This boxplot shows that the 

mean and median maximum fixation duration for participants who selected both the correct 

and incorrect node were similar. However, the maximum fixation duration for participants who 

selected the correct node is more variable than for those who did not select the correct node. 

Both distributions show a few outliers where participants had abnormally high maximum 

fixation durations.  

Figure 2.2 shows the boxplot for maximum fixation duration as it relates to the individual graph. 

This boxplot shows that the overall, the first and third graphs have the lowest maximum 

fixation rate across all participants. Graph 2 has a notably higher maximum fixation duration 

than graphs one and two with a median maximum fixation duration similar to graphs four, five, 

and six. Graphs two, four, and six have wider ranges of maximum fixation duration across all 

participants and all but graph two have outliers at higher levels. As it relates to the task, 

participants generally had lower dwell times on the most salient feature in graphs one and 

three.  

Figure 2.3 shows a boxplot the maximum fixation duration as it relates to each participant. This 

figure shows notable individual differences between maximum fixation duration for each 

participant. For example, participant number eight shows longer and more variable maximum 

fixation durations for each graph than the other participants. This shows that participant eight 

processed each graph very differently. Participant eight used the counting strategy, was given a 

line thickness of 4, and only was able to select the correct node in two of the six graphs.  This 

indicates that participant eight had difficulty with some of the tasks resulting in long maximum 

fixation durations. Conversely, participant sixteen had very low maximum fixation durations. 

This participant was able to select the correct node three out of six times. Even more 

confounding is the fact that participant seven and participant eleven have a somewhat similar 

maximum fixation duration distribution while participant seven was able to select the correct 

node six out of six times and participant eleven was not able to select the correct node in any 

game. 

Figure 2.4 shows a boxplot of maximum fixation duration and strategy. This figure shows some 

notable differences between each strategy where the maximum fixation duration for 

participants who use the best guess strategy varies much less than for those who count. 
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Participants who classified their strategy as other had much smaller maximum fixation 

durations than best guess and counting.  

Figure 2.5 shows a boxplot of maximum fixation duration and link-node density. This figure 

shows that the maximum fixation duration for link-node density is somewhat higher at 66%. 

This suggests that graphs with higher link-node densities require more time to visually process.  

The boxplot of VoI enhancement and maximum fixation duration is shown in Figure 2.6. This 

figure shows that VoI enhancement generally reduces maximum fixation duration. This shows 

that incorporating VoI in the graph can reduce the time that it takes for an analyst to select the 

most influential node. 
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Mean Saccadic Amplitude 

Boxplots of mean saccadic amplitude for each condition is shown in Figure 3. Figure 3.1 shows a 

box plot for mean saccadic amplitude for each correct and incorrect guess. There is a slight 

difference in the result here showing that participants who entered the correct node had 

slightly higher mean saccadic amplitudes and the distribution is positively skewed.  

Figure 3.2 shows the mean saccadic amplitude for each graph in the study. There are slight 

differences across the graphs where graph 1 has the highest variability in mean saccadic 

amplitude and the median value of graph two is slightly higher than the others but it also has 

the lowest variability. Overall the pattern of mean saccadic amplitude as it relates to the 

individual graph might be influenced by the physical layout of the graph and the distance 

between important nodes. 

The mean saccadic amplitude as it relates to each participant is shown in Figure 3.3. This figure 

shows notable individual differences in saccade amplitude. For example, participant 16 has 

wide range of mean saccadic amplitude across all tests with a median that is within the range of 

other participants. This indicates that participant 16 may have had some difficulty visually 

processing some of the graphs. Conversely, participant 14 has a consistently low mean saccadic 

amplitude. Overall, this boxplot highlights major differences between participants in how they 

visually process link-node diagrams. 

Figure 3.4 shows the boxplot of mean saccadic amplitude and strategy. Counting has a slightly 

lower mean saccadic amplitude than best guess and other. This could possibly indicate that 

participants who used the counting strategy had smaller eye movements because they most 

likely went from node to node to count how many edges go into each node. 

The boxplot of mean saccadic amplitude and link-node density is shown in Figure 3.5. This 

figure suggests that as the link-node density increases, the mean saccadic amplitude decreases. 

This an intuitive finding in that higher density graphs require smaller eye movements to 

investigate each node. 

Finally, the boxplot of mean saccadic amplitude and VoI enhancement is shown in Figure 3.6. 

This figure shows no clear difference between the two conditions. This indicates that VoI is less 

of a factor in saccadic movements. 
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4. Discussion 
The aim of this study was to use gaze data to identify parameters contributing to the findings 

from our previous crowd-sourced visual analytic experiment. In this experiment users were 

tasked to select the most important node in a link node diagram. Some users viewed a classic 

link node diagram, while others viewed a VoI enhanced link node diagram where the thickness 

of the links was varied to convey value. Ultimately, the aim is that the VoI enhanced link-node 

diagrams will significantly improve the analyst’s situational awareness, while also reducing their 

mental burden, allowing them to make the best decision in the least amount of time. 

While the experiment did bear out some notable differences, it was impossible to determine 

significance due to small sample size. In order to explore this phenomena further, ARL and 

Towson University collaborated to recreate the experiment with the caveat that participants 

would wear gaze tracking hardware. The hypothesis was that the gaze tracking results will 

reveal differences in focus and strategy that clarify the causation of the significant differences 

in results between the overloaded and normal diagram. 

The results of the gaze tracking study did not reveal any notable fixation differences when the 

graph attributes (density, normal or overloaded links) are modified. This result does not allow 

us to conclude any causation for the crowd-sourced results. On the contrary, there were 

notable differences in the fixation times per individual user (Figure 2.3). Combined with a low 

user count (17), the inconsistent performance of the users may have obscured notable 

differences due to modifying the graphs.  

In future studies, more emphasis will be allotted to training of the participants for the task to 

hopefully tighten the variance in their performance. This may reduce noise and allow more 

meaningful results. In addition, other visual representations will be considered to represent the 

value of information, such as color, type of line, or a combination of all of them.   
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