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(ABSTRACT) 

Eye movements are thought to be representative of an observer's attention. 

Researchers have used eye movements to gain insight to the mental processes of observers 

while they view pictorial stimuli. The present research was conducted to determine if 

subjective reports of attention are representative of eye movements, and if there are 

differences in the subjective reports between novice picture-takers and expert judges. Two 

studies were performed to answer these questions. 

The Image Evaluation study employed 24 subjects to examine 20 soft-copy 

photographic images. The 24 subjects were divided into four nested combinations: 

Protocol and Group. Two types of protocol were used, concurrent and retrospective, and 

two expertise groups were used, novice picture-takers and expert judges. The subjects 

viewed and rated the quality of each image. Subjective reports of attention were then 

collected by using a mouse to click on the features that influenced the quality rating. 

The second study, the Eye Tracker study, used six subjects, all novices, to examine 

and rate each image while eye movements were recorded, after which their subjective 

reports of attention were collected. 



Measures of time, frequency, location, and the quality rating were collected for each 

subject on all images. These measures were then subjected to parametric and non

parametric statistical tests. The two groups, expert and novice, displayed a difference only 

when rating the quality of the image. The two protocols were not statistically different for 

any dependent measure, although for this task a retrospective protocol is recommended. 

The subjective reports of attention did not represent the eye movements. Questions 

concerning the method employed to collect the reports are addressed. 
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INTRODUCTION 

Infonnation gathered from experts can be used to predict how non-expert consumers 

react in similar situations. However, there is considerable evidence that experts, in any 

field, behave differently than novices. For the photographic community, the use of expert 

print judges is meaningful in some tasks; however, using those judges to predict how 

novice picture-takers judge prints is questionable. If eye movements are assumed to reflect 

the attention of the observer, then they can be taken from experts and novices and used to 

determine if the two groups rate the quality of prints differently. However, using an eye 

tracker can be difficult and data analysis cumbersome. 

The objectives of this research were: (1) to determine if eye movements can be 

represented by subjective reports of attention and (2) to determine if novice picture-takers 

attend to the same information as expert photographic print judges. These objectives were 

met by conducting the following two-part research plan. Part one of the plan entailed 

collecting eye movement data from novice picture-takers while they made subjective 

judgments of image quality of consumer-like scenes displayed on a CRT. Subjective 

reports of attention were also collected from the same subjects on the same stimuli. The 

subjective reports of attention were collected retrospectively by asking the subject to click, 

using a mouse, on the areas of the image that influenced their image quality rating. The eye 

movements and the mouse clicks were compared to determine any similarities. Variables 

(e.g., time, location~ and frequency) for the eye nlovements and the mouse clicks were 

examined through parametric and non-parametric statistical procedures to determine 

differences or similarities between the measures. 

In part two, subjective reports (mouse clicks) of what was attended to by novice 

picture-takers and expert photographic image judges as they made subjective quality 
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judgments were collected. Both concurrent and retrospective methods of protocol were 

employed. For the concurrent protocol procedure, subjects used a mouse to click areas of a 

scene on while they made quality ratings. The retrospective protocol procedure required 

that subjects make quality ratings first, followed by the identification of areas that 

influenced their rating. The frequency, time, and location of the mouse clicks and ratings 

from novices and experts were examined to determine differences among groups, 

protocols, and images. 

It was anticipated that areas identified by the mouse clicks would approximate the areas 

fixated by eye movements. If this hypothesis was to be validated, then mouse click data 

could be used as an approximation of eye movements, thus eliminating the difficulties 

associated with collecting eye movement data. If the hypothesis was not validated, then 

mouse clicks might be used to report what subjects base quality ratings on. Either result 

provides valuable insight to the process of image quality assessment. 

Regardless of the outcome of the initial hypothesis, a comparison is meaningful of the 

mouse clicks from the novice subjects to those made by judges trained to assess image 

qUality. These results are used to distinguish whether novices attend to different areas or 

objects of images than do judges. If the results show that no differences exist between 

groups, then one may assume that novices (i.e., photographic product consumers) click on 

the same objects in a scene as do experts. If the results show a difference, then specific 

aspects of the differences may be identified and aid in the training, or re-training, of judges, 

so that the judges will examine images as consumers do. 

A review of the literature pertaining to three categories -- eye movements, verbal 

protocol, and expertise -- follows in the next section. The literature review will give the 

reader background information on past research, as well as justify how the present research 

was carried out. 
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LITERATURE REVIEW 

Eye Movements 

There are five major categories of eye movements: drift, tremor, microsaccades, 

saccades, and fixations. Drifts are irregular movements of low velocity and low amplitude, 

made to keep the image of the object being fixated on the fovea. A drift will usually occur 

during an extended fixation. Accompanying drift is tremor, oscillatory movements of high 

frequency, but very low amplitude. Microsaccades (miniature saccades) arise when 

fixations exceed 0.3 to 0.5 second or when a drift moves the object of fixation too far from 

the center of the fovea. Saccades are sharp movements that move the eyes from one point 

to another. Saccades are of uniform amplitude with a high initial velocity that decreases 

toward the end of the movement. Saccades are usually between 0.01 and 0.07 second in 

duration. Both eyes move simultaneously during saccades. Researchers (Volkmann, 

1976; Young and Sheena, 1975) have reported that stimuli are not perceived just prior to or 

during the saccade due to an elevated visual threshold. 

Fixations are characterized by relatively stable positions of approximately 0.1 to 1.2 

seconds in duration (Ditchburn, 1973; Yarbus, 1967; Young and Sheena, 1975). The 

duration of fIxations will vary according to the task the observer is performing. Farley 

(1976; as cited by Rayner, 1978) found durations of 0.125 to 1.0 second for line 

drawings, with the majority of the fixations less than 0.333 second, whereas Just and 

Carpenter (1976) reported durations of 0.7 to 1.2 seconds for cognitive tasks. According 

to Yarbus (1967), when perceiving stationary objects, one's eyes may be in either the 

position of a fixation or changing to a new fIxation: a saccade. 

3 



Eye Movements and Pictures 

Eye movements present an unusual opportunity for finding out the reaction of 
viewers to a visual stimulus. They give information on where the subject is 
looking, how long he looks at a particular area, how often he looks at a particular 
object and the types of movements he makes .... This reaction is different from 
giving the subject a printed test or asking him in an interview what he has learned 
from the stimulus (Wolf, 1970, p. 13). 

Complexity. Wolf (1970) stated that con1plex stimuli attract more fIXations than do 

simple stimuli. However, if the stimulus is extremely complex, the observer will either 

avoid it or fixate centrally on it. Nesbit (1981) reported two basic factors that influence eye 

movements: intelligence of the observer and the nature of the stimuli. Intelligence of the 

observer is beyond the scope of this work and will not be addressed. Nesbit hypothesized 

that shaded line drawings would attract more fixations than either simple line drawings or 

realistic photographs. However, he found the type of image stimuli was not significant; 

therefore, the results contradict Wolfs assumption regarding complex stimuli. 

Zusne and Michels (1964) collected eye movements from 13 subjects on 42 line 

drawings of polygons. In the frrst part of the study, subjects were asked to determine the 

polygon's degree of symmetry. In second part, the subjects were asked to "explore the 

stimuli. II The results indicated that, for simple figures, the subject's fixations outlined the 

shapes. For complex stimuli, the fixations were clustered on the outlines and/or the 

intricate portions of the stimuli. 

Informativeness. When people examine pictures, they look at what will give them the 

most useful information (Yarbus, 1967). Groner and Menz (1981) believed novelty and 

informativeness are determining factors in the length and number of fixations. To 

investigate the effects of informativeness, Loftus and Mackworth (1978) created pairs of 

similar scenes, one called informative and the other non-informative. In an informative 

scene, one object was replaced with an inappropriate object, while the non-informative 

scenes remained unaltered. For example, the non-informative farm scene had a tractor, 
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wagon, barn, and house. In the informative scene, however, the tractor was replaced with 

an octopus, while the remainder of scene stayed the same. Loftus and Mackworth found 

subjects fixated on informative objects earlier than non-informative objects. All subjects 

averaged more fixations and had an increased fixation duration on informative objects. 

Mackworth and Bruner (1970) conducted a study that compared eye movements of 

children (aged six) and adults. Stimuli were three photographs of the same scene with 

three levels of blur: Very Blurry, Blurry, and Not Blurry. For the Very Blurry photograph 

the authors reported an increase in fixation durations and smaller areas of fixation 

concentration. The infonnative areas were fixated initially, while after repeated exposure 

less informative areas were fIxated and subjects scanned the picture more widely. Saccades 

greater than six degrees, or leaps, were uncommon initially, but increased with repeated 

exposure. 

Unusual, unfamiliar, or unpredictable aspects of a picture can provide the observer 

with more infonnation, thus yielding higher fixation rates (Yarbus, 1967). Initially, 

unexpected features take longer to recognize, leading to the assumption that the duration of 

the fIrst fixation reflects recognition time. Freidman and Liebelt (1981) found the 

difference in recognition times for expected and unexpected objects to be more than 300 

ms. 

Mackworth and Morandi (1967) collected eye movements on two pictures (the lie yes II 

and the "map") for 10 seconds each. The "eyes" picture was of a pair of eyes behind a 

crimson hood with an orange and yellow background. The "map" picture was a view from 

space of Baja California. The subjects were instructed to determine which picture they 

preferred. The pictures were then divided into an eight by eight matrix of one-inch 

squares. A second set of subjects rated each square in the matrix on a 10-point scale of 

infonnativeness. Infonnativeness was defined as how easy a square would be recognized 

on another occasion, independent of the remainder of the scene. The picture as a whole 
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was not presented before subjects made their ratings. The results indicated that the rated 

informativeness of squares was positively correlated with fixation percentage. For the 

"eyes" picture, two-thirds of all the fixations fell into one-tenth of the total area. The 

authors attributed this small area of fixation concentration to the ability of peripheral vision 

to select non-redundant stimuli. 

The results of Mackworth and Morandi (see Table 1) illustrate that non-redundant 

textures and contours have the highest fixation density. If all the fixations were distributed 

randomly over the 80 squares, the random number of fixations per square inch would be 

1.6. The non-redundant contours exceeded the random number of 1.6. A similar trend is 

noted in the informativeness ratings for textures only. All contours, regardless of 

predictability, were rated highly informative. Other researchers have also found contours 

to contain more information and therefore result in increased numbers of fixations (Gould, 

1976). 

When subjects are asked to view pictures of humans, the hands and the face (mainly 

the eyes, nose, and lips) have been found to be the dominant objects of fixation. Yarbus 

(1967) found when subjects viewed pictures of animals, namely gorillas and lions, the 

majority of fixations were also on the eyes, nose, and lips. This effect is anecdotally 

thought to be caused by the nature of the eyes, nose, and lips to furnish more information 

than other features of the face. Other objects have been found to attract eye movements, 

such as portrayed motion (Gould, 1976). Additionally, Yarbus (1967) found that lightness 

and darkness in a picture do not attract eye movements unless the light or dark areas contain 

relevant information. 
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TABLE 1. Density of Fixations and Informativeness Ratings (From N. H. Mackworth and 
A. J. Morandi, 1967). 

Density of fixations (Fixations per square inch) 
On Textures On Contours 

Redundant Non-Redundant Redundant Non-Redundant 
Sea 0.5 Land 1.4 Predictable 0.9 Unpredictable 2.8 

Coast Coast 
Clouds 4.7 

Mask 0.6 Nil Mask Edge l.0 Eyes 6.9 

Informativeness Ratings (Mean Scale Readings) 
On Textures On Contours 

Redundant Non-Redundant Redundant Non-Redundant 
Sea 0.8 land 2.3 Predictable 6.0 Unpredictable 5.9 

Coast Coast 
Clouds 7.2 

Mask 1.3 Nil Mask Edge 5.0 Eyes 8.4 

Instructions. Intention and motivation also govern the location of fIxations. Gould 

(1976) stated that when people look at pictures, they look for meaning and not for a 

specific target. Yarbus' (1967) work using Repin's An Unidentified Visitor is an excellent 

example of how an observer will fixate upon different objects depending upon the 

instructions given. Buswell (1935) also discovered that instructions had a profound effect 

on eye movements. Using a photograph of the Tribune Tower in Chicago, Buswell 

instructed one subject to look at the picture normally, while a second subject was instructed 

to search for people looking out the windows. The results, reported in Table 2, found that 

the subjects in the search task made more and longer flXations than the subjects asked to 

view the print normally. 
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TABLE 2. Eye Movements from Viewing the Tribune Tower (Adapted from G. T. 
Buswell, 1935). 

Instructions Number of Mean % Greater than % Less than 0.23 s 
Fixations Duration 0.67 s (based on 52 

lixationsl 
Nonnal 52 0.31 3.8 48.1 
Search 107 0.34 12.14 30.0 

Faw and Nunnally (1967) hypothesized that gross eye movements are based upon the 

stimuli's affective tone (pleasantness) and informational value. Eight different sets of 

affective tone stimuli were used: words, facial expressions, colored photographs of faces, 

girls, clothes, automobiles, money, and nude women. Each set depicted a continuum of 

emotional valence from positive to negative. Complexity and novelty were the two types of 

informational value stimuli employed. The complex stimuli were geometric figures with 4, 

12, or 24 sides. The novel stimuli were pairs of pictures where one was nonnal, and the 

novel stimulus had an incongruent relationship. For example, the non-novel stimulus was 

a rabbit and the novel stimulus was a rabbit's head with an automobile body. 

Three different types of instructions were given to subjects. Subjects in the preferred 

set were instructed, when the pairs of stimuli appeared, to look at the print they preferred 

In the disguised set, subjects were told their pupil diameter was being recorded and were 

instructed to look at anything on the screen. Subjects in the no-set were told to look at the 

screen. 

Differences for all instructional groups were found on all stimuli, except the complex 

set. Further analysis revealed a difference between the preferred-set and disguised-set 

groups, as well as between preferred-set and no-set groups. However, no difference was 

found between disguised-set and no-set groups. In the majority of comparisons, an 

increase in 3ffective tone or value was associated with an increase in fixation density. In no 

instance did negative or low value stimuli have fixation dominance over positive, neutral, 
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or higher affective value stimuli. For complex stimuli, no difference was found between 

figures with 12 and 24 sides; a difference was noted among the 4-sided compared to the 

12- and 24-sided figures. The results from novel stimuli varied according to instructional 

group. The no-set and disguised-set groups attended more to the novel stimuli, while the 

preferred-set subjects attended to the non-novel stimuli, or the stimuli they preferred. All 

subjects were asked to report which of the two pictures presented to them they thought they 

attended to more. The results of correlations between reported flXations and the actual 

fixations are provided in Table 3. 

TABLE 3. Correlations Between Reported Fixation Dominance and Actual Fixation 
Dominance (Adapted from Faw and Nunnally, 1967). 

Group 

Preference Set 
Disguised Set 

No Set 

Range 

0.72-1.00 
0.29-0.97 
0.26-0.93 

Mean tfJ 
0.81 
0.63 
0.60 

The authors suggest that lithe role of instruction set is that it influences the weighting of 

affective tone and information value in determining fixation density." From Table 3, the 

following conclusions may be drawn. The preferred-set group was instructed to look at the 

picture they preferred; thus, they were able to report reliably which picture had the majority 

of their fixations, whereas the other two groups, disguised-set and no-set, were instructed 

only to look at the screen, and therefore did not accurately recall which they looked at more 

frequently_ 

Search techniques or patterns. Groner and Menz (1981) found that individual 

subgroups of people tend to have different scanning patterns. Buswell (1935) attributed 

individual differences in picture viewing to differences in the way the individual looks at 

the picture rather than different objects being flXated. Gould (1976) found that people 

defined as "good searchers II made more fixations than "poor searchers" who had fewer, but 
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longer fixations. Schoonard, Gould, and Miller (1973) illustrated that the best trained 

visual inspectors of integrated circuits had "modal flXation durations of only 200 ms, which 

is brief compared to those found for less-well-trained subjects in similar tasks." 

When observers examine a picture for a few minutes an int~resting pattern develops. 

Initially they look at informative objects and repeatedly fixate on them. With repeated 

viewing of the same scene, the subject will not look at objects of secondary importance, but 

will continue to reexamine the most informative features. Yarbus (1967) suggested that the 

perception of pictures is composed of a series of similar cycles or patterns. Buswell (1935) 

identified two types of eye movement patterns. The first is a general survey pattern where 

the eye moves quickly with short pauses over the entire picture. In the second, a detailed 

pattern, examination is made up of long flXations in a small area of the picture. 

Antes (1974), in an effort to study how people look at pictures over time, ran a study 

with a methodology similar to that of Mackworth and Morandi (1967). However, Antes 

divided the stimuli into sections according to size, fixation density, and meaning rather than 

arbitrary squares like Mackworth and Morandi. The size of each section had to be larger 

than the maximum accuracy of the eye movement recorder, but small enough to allow 

complete processing in one flXation. Employing the results found in Antes and Edwards 

(1973), the area for peripheral processing was determined to be no larger than five degrees 

of subtended angle. Thus, each section was between one and five degrees in size. 

Fixation density was used to set boundaries such that each section had an approximately 

equal distribution of fixations. The final constraint was meaning; each section had to 

convey some meaning when viewed alone. A group of subjects rated each section, while 

viewing the entire print, for informativeness on a nine-point scale. Informativeness was 

defined as the informational contribution of the section to the total information conveyed by 

the picture. 
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The results of Antes (1974) indicate a strong relationship between fixation density and 

rated infonnativeness. The author reported a mean duration of the initial fixation to be 

approximately 215 InS, increasing to 310 ms toward the end of viewing. Thus, subjects 

made a quick assessment of the entire picture and then went back to examine detaiL Initial 

saccades were about 4.1 degrees in extent, while the fmal ones were 3.4 degrees, in which 

asymptote was reached late in each viewing. For all subjects and pictures combined, the 

areas that received the highest informativeness rating were viewed by the second fixation. 

Fixation order as a function of informativeness rating reached asymptote around the 

thirteenth fixation. A general scan pattern was noted by the author; initially one long 

saccade was made to a section with a high informativeness rating, followed by one or two 

short saccades to low information sections. The pattern was repeated; however, over time 

the number of fIXations on low infonnation sections increased, paired with fewer long 

saccades. 

Gould (1967) ran a series of studies on pattern recognition where targets were four by 

four matrices of asterisks. The patterns were presented in a three by three grid, with the 

target pattern in the center. The important fmdings, as stated by Gould, are listed below: 

1. Subjects fIXated on original target patterns longer than in subsequently 
recognizing other identical patterns. 

2. Increased sinrilarity between target and non-target patterns leads to more, and 
longer, fixations on both targets and non-targets. 

3. Increases in the number of target elements lead to more, and longer, fixations 
on target patterns only; the frequency and duration of fIXations on non-target 
patterns are independent of this. 

4. Fixations are longer on target patterns than on non-target patterns, regardless of 
sinrilarity or number of target elements. 

5. The number of targets present on a stimulus does not affect eye-movement 
parameters. 

6. In discriminating between two patterns, subjects do not look back and forth; 
refixations are relatively rare. 
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7. The number of filled elements that a fixated pattern has in conmlon with a 
memorized standard pattern, or the number of unique elements between these 
two, has little effect upon the duration of fixations. 

Gould's results, especially those relating to refixations, conflict directly with those of 

other researchers (Keith Karn, personal communication, November 20, 1992). Karn and 

his colleagues demonstrated that when a subject is constructing a pattern of colored blocks 

to match a given target pattern, the subject ftxates repeatedly on the target. Additionally, 

when the subject checks the correctness of the pattern he has constructed, he ref IX ate s on 

both his pattern and the target pattern repeatedly. 

Image quality. Gubnann (1981) collected eye movements during visual search tasks. 

The frrst experiment was a search task involving air-to-ground search during simulated 

flight: the dynamic experiment The second experiment involved searching for a 

designated letter or numeral in a televised image of randomly distributed letters and 

numbers: the static experiment. The qUality of the displayed image was varied over trials 

by introducing noise and by changing the display system. The results indicated that mean 

saccade duration was a less sensitive measure than mean fIXation duration. In the static 

experiment mean fIXation duration varied with main effects of Noise, System, and the 

interaction between Noise and System. However, in the dynamic experiment, system and 

noise levels had no effect on the fixation duration. Only the target size affected, positively, 

the mean fixation duration. Additionally, the correlation between image quality, the 

Modulation Transfer Function Area (MTFA), and the mean fIXation duration was 

significant in the negative direction. Mean fixation duration was also found to increase 

with search time in the static experiment and range in the dynamic experiment. 

Snyder and Taylor (1976) ran a search task of 12 to 192 nine-sided geometric fonns. 

The independent variables were nontarget density, target shape, and observer experience. 

The researchers concluded that nontarget density did not affect fixation duration. A 

negative relationship between mean interftxation distance and nontarget density was found. 
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A positive relationship between search time and number of fixations with nontarget density 

was also found. Although the statistical results were not significant, two trends were 

suggested. As subject experience increased, the fixation duration decreased and the mean 

interfixation distance increased. 

Subjective reports. Kaufman and Richards (1969) studied spontaneous eye fixations 

on simple geometric fonns. A Baidinger's brush, an afterimage technique, was employed 

to collect the eye movement data. When the brush is rotated, it becomes visible to the 

subject. The subject was instructed to ulook at the display" and when the brush was 

visible, the subject was asked to mark where the brush appeared. With repeated viewings 

and markings, the researchers constructed a diagram of "the most probable places of 

fixation. It However, no specific information is given about the accuracy or validity of this 

method of collecting eye movements. 

In one experiment, subjects were asked to describe where they thought they were 

looking (see Figure la). In Figure Ib the actual positions, as detennined by Haidinger's 

brush, are presented. The authors used these data to state that subjects cannot determine 

what they are fixating on or attending to. The authors cited Pritchard (1958) as determining 

that Itthe center of fixation does not generally correspond to the center of attention" 

(Kaufman and Richards, 1969, p. 86). While Pritchard did not specifically make this 

statement, he did imply that it is possible for a subject to fIXate on one object and attend to 

another. Kaufman and Richards state the difference between the actual fIXation and the 

reported fIXation "may differ, according to our data, by as much as 2 deg. lI (p. 86). To 

summarize, Kaufman and Richards said that the center of fIXation may not correspond to 

the center of attention, and that their difference may be as large as two degrees. They have 

used a 2.S-degree target to detennine that the subjective report of fixation and the actual 

point of fixation are different It seems that, in light of the target size and the accuracy of 

the data, no conclusions can be drawn. 
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Figure 1. Subjects' reports of eyefixations (a), actual eye fixations (b) (from Kaufman 

and Richards, 1969, p. 85). 

Just and Carpenter (1976) investigated eye movements in conjunction with cognitive 

tasks. Their results are somewhat contradictory to those reported by Kaufman and 

Richards and more similar to the results of Pritchard. Just and Carpenter reported that 

when the task is open to conscious introspection, or verbalization, the pattern of eye 

fixations will correlate with subjects' verbal reports. They reported that there is evidence 

that the locus of the eye fixation corresponds to the information being processed in tasks 

where subjects can verbalize what they are processing. However, the selection of the task 

is important when trying to correlate eye movements and subjective reports. They also 

found support for 'the assumption that the locus of the eye fixations reflects what is being 

processed; however, they reported that the locus of fixation is not always synonymous 

with the direction of attention. Subjects can be instructed to fixate a position and direct 

their attention elsewhere. Additionally, if the visual display is not relevant to the subject, 

their eyes may fixate on the display but their attention may be elsewhere. Just and 

Carpenter also suggested that instructions to "look at a picture ll allow the subject to 
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determine what type or depth of processing to use; thus, the relationship between fixation 

and attention may be difficult to ascertain. Therefore, task instructions should discourage 

the subject from using a general scanning pattern. 

Buswell (1935) stated that due to the unconscious nature of eye movements, it would 

be impossible for any person to describe their movements accurately, even if attention is 

given to them. Subjects reported the red flag on the mast of the large ship in Winslow 

Homer's Stowing the Sail was one of the most striking features of the picture. However, 

of the 2,989 fixations made by 63 subjects only 57, 1.9 percent, of the fixations were on 

the flag. Buswell did not take into account peripheral vision and assumed that the center of 

fixation was the center of attention. 

As indicated by the foregoing discussion, many factors have been identified to 

influence eye movements. The quality of the displayed image, the affective tone, 

complexity, and informativeness of the stimuli all increase the number of fixations as well 

as the duration of the fixations. The face and the hands of people, and animals, attract 

fixations. The instructions given to the observer can also influence the number, duration, 

and the sequence of the fixations. And of course, the number, duration, and pattern of eye 

movements vary greatly across individuals. 

Verbal Protocol 

When eye movements of photographs are collected and analyzed, they are treated as 

insight to the cognitive processes of the subject. What is and is not attended to, the 

duration of attention, and the number of times attention is directed at a specific object or 

area are the bases of many assumptions and theories of how people perceive visual stimuli. 

Asking people to describe their thoughts as they view photographs is another way to arrive 

at similar assumptions and theories of visual perception. The merit of verbalizations, or 

verbal protocol, has been under scrutiny for some time. With the rejection of 
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introspectionism and the advent of behavioristic psychology in the 1920s, verbal reports 

have been scoffed at as data (Ericsson and Simon, 1984). Baars (1986) stated 

!! ••• behaviorists came to deny the meaning to language, treating a 'verbal response' as 

nothing more than the sounds of the words. II However, after psychology's cognitive 

revolution of the 1970s, interest in verbal protocol began to grow. In the 1980s, with 

increased interest in usability testing, verbal reports as data were no longer questioned. 

Yet, what is questioned is the type of protocol to be used, and for what applications. 

There are two general types of verbal protocol: concurrent and retrospective. 

Verbalizations made at the time the subject is attending to or performing the task are 

considered concurrent verbalizations. Verbalizations made about the cognitive processes of 

a task previously performed are retrospective (Ericsson and Simon, 1980). 

The most common method of concurrent protocol is the "think aloud" paradigm. This 

approach requires subjects to report what they are thinking as they complete a task. The 

think aloud protocol has been used in usability testing, text understanding (Deffner, 1988), 

performance evaluation testing (Martin and Klimoski, 1990), and tests of clinical judgment 

(Johnson, Hassebrock, Duran, and Moller, 1982), to name a few applications. 

Russo, Johnson, and Stephens (1989) described three methods of soliciting 

retrospective reports: response-cued, stimulus-cued, and prompted. The response-cued 

verbal protocol uses the subjects' responses, how they solved the problem, to enhance the 

retrieval of information. The stimulus-cued method presents the subject with the original 

problem only. Subjects then provide verbal reports using the original problem to prompt 

their memory. The instructions to subjects for the two "-cued" methods are to report what 

they were thinking as they solved the problem. The prompted method portrays the original 

problem with the subject's eye movements superimposed on it. The instructions to 

subjects are to explain "why you looked where you looked and what you were 'thinking 

when you looked there." 
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Barnard, Wilson, and MacLean (1986) described a method similar to that of Russo et 

al. entitled Prompted Knowledge Elicitation (PKE). PKE is used to investigate the user's 

knowledge of a system. PKE works by showing the user pictures of the system in various 

states and asking the user to explain the system's state while the experimenter probes for 

knowledge of the task, the preconditions of the state, and the outcome of the state. The 

advantages of this protocol technique, as stated by the authors, are that cues assist in the 

retrieval of information, that it is focused on user knowledge and inferences are based upon 

the system's properties, and that all users are probed on the same set of system states 

which allows for cross comparison. Table 4 (Bowers, 1990) outlines the possible 

ad vantages and disadvantages of both types of protocol. 

TABLE 4. Advantages and Disadvantages of Concurrent and Retrospective Protocols 
(From Bowers, 1990). 

CONCURRENT PROTOCOL 
Possible Advantages Possible Disadvantages 

• Pinpoints problems as they occur 
• Addresses why the user has difficulty 
• Gathers information before the user 

adjusts to the interface 

• May interfere with time data 
• Traditional statistical analysis may be 

inappropriate 
• May interfere with cognitive processing 

which may cause efficiency degradation 
• May not generalize to situations in which 

a user does not think aloud 

RETROSPECTIVE PROTOCOL 
Possible Advantages Possible Disadvantages 

• Does not interfere with time data 
• Pinpoints problems as they occur 
• Does not interfere with cognitive 

processing 
• Addresses why the user has difficulty 

• Traditional statistical analysis may be 
inappropriate 

• Information may be unavailable to subject 

• More time consuming than concurrent 
verbal protocol 

Ericsson and Simon (1980) developed a model of verbal protocol based on information 

processing. Short-term memory (STM) contains newly acquired information that is 
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available for direct processing (e.g., verbal reports). Information in long-term memory 

(L TM) must be transferred to STM before it can be reported. Intermediate processing also 

occurs when the information to be verbalized is not verbally encoded To make non-verbal 

information available for verbal report, recoding of the information must take place. Due to 

the limited capacity of STM, only the most recently heeded information is directly 

accessible. 

According to Ericsson and Simon, there are three levels of verbal report. Each level is 

distinguished by the type of information processed. Levell, or direct, verbalizations are 

when the information is reproduced in the form in which it was processed. Level 2 

verbalizations require intermediate processing of non-verbal data into verbal code. Level 3 

verbalizations are classified into one of two categories: intermediate scanning or filtering 

processes, and intermediate inference or generative processes. Intermediate scanning is 

when the task requires verbalization of a select type of information. Intermediate inference 

is when the subject is asked to attend to information not normally heeded. Level 1 

verbalizations are thought to not interfere with concurrent verbal protocols (i.e., they will 

not increase response times or decrease accuracy). Due to the nature of the intermediating 

processes of Levels 2 and 3 verbalizations, interference may occur. With retrospective 

protocols, if the information is immediately gathered after task completion, some 

information will still be active in STM and will facilitate retrieval of L TM information. In 

factorial type designs, retrieval may be hampered by extensive interference; thus, the 

information may not be recalled. Additionally, the information recalled may be confused 

with information from a similar task, and therefore it may be inaccurate. 

Lewis, 1982, as cited by Bowers (1990), stated that one way to learn how the user 

feels about a system is by using a concurrent protocol. However, as stated pre\-riously, 

processing verbal data could interfere with the task at hand. Regarding retrospective 

protocol, Lewis stated that by the end of the task the subject may not remember the 
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problems or difficulties encountered during the task. Since the data are collected after the 

user adapts to the system, results from this technique may not be as accurate. 

Deffner (1988) found no difference in solution times between subjects solving text 

understanding problems using concurrent protocol versus no verbal reporting protocol. 

However, the verbalizing subjects did not discover the use of a nlore efficient strategy as 

quickly as the silent participants. 

Bowers (1990) found no difference in time or efficiency between concurrent and 

retrospective protocols for subjects completing computer software windowing tasks. No 

performance or time decrements were found for the concurrent group. However, a 

difference was noted in the types of verbalization made. The majority of verbalizations for 

the concurrent group tended to be procedural in nature, explanations of the steps necessary 

to complete the task. The retrospective subjects tt ••• can give their full attention to the 

verbalization and in doing so give richer infonnation It (p. 82). The author reported that the 

retrospective group did not have problems with the recall of reasoning or procedures 

previously performed. 

Wright and Converse (1992) conducted a software usability test employing one group 

of concurrent verbalizers and one silent group. Error rate, task completion time, and 

subjective workload were a few of the dependent measures. They found significant 

differences for verbalization method, concurrent or silent, for error rate, and for task 

completion time. The concurrent group made fewer errors and conlpleted tasks more 

quickly than did the silent group. No significant effect was found for verbalization method 

when subjective workload was the dependent variable. The authors concluded that 

verbalization insulated the subjects against the difficulty of the task and that this method 

potentiall y biases the results in usability testing. 

Russo et al. (1989) investigated the validity of concurrent and retrospective protocols 

using four different tasks: mental addition, anagrams, detennining probability of winning a 
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gamble, and a pictorial task. Two fonns of invalidity were investigated: reactivity and 

nonveridicality. Reactivity exists when the verbal protocol changes the primary process. 

Reactivity may alter the outcome of the task or increase the response time. Nonveridicality 

exists when the verbal report does not accurately reflect the underlying primary process. 

Nonveridicality is an act of either omission (failure to report) or commission (reporting 

events that did not occur). Alteration of the primary process and acts of commission are 

considered the most serious forms of inValidity. The results for reactivity when subjects 

used a concurrent protocol were as follows: 

• A significant increase in response time was found for the anagram and the 

gamble task. 

• The accuracy for the gamble task increased significantly, while the accuracy 

for the addition task decreased. 

• The pictorial task, which involved the recoding of visual information to 

verbal, showed no signs of reactivity. 

The results for veridicality are as follows: 

• The response-cued and stimulus-cued retrospective protocols shov.'ed a 

decrease in the number of verbalizations for the majority of all four tasks. 

• Prompted verbal protocol revealed an increase in the number of statements 

over concurrent protocol for all tasks, except the pictorial. 

Concurrent protocol yielded the highest number of verbalizations on the pictorial task 

and the highest number of verbalizations were categorized as "perception. ft The authors 

concluded that it is not possible to determine a priori what tasks will be susceptible to 

reactivity or nonveridicality. They suggested that the invalidity should be channeled into 

manageable areas by using the following two rules: (1) instruct subjects to sacrifice speed 

for completeness of reports, and (2) instruct subjects to preserve the naturalness over the 

completeness. Finally, the authors did not conclude that concurrent verbal protocols are 
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invalid, but rather that the risk of invalidity, the cost, must be traded for the benefits of the 

method. 

Expert vs. Novice Judgments 

Kolodner (1983) determined two attributes that distinguish the difference between 

novices and experts: experts are more knowledgeable about their domain and know how to 

apply the knowledge more effectively than does a novice. Chi, Glaser, and Farr (1988) 

listed seven attributes that experts possess: 

1. Experts excel mainly in their own domain. 

• They cannot transfer their skill in one domain to another. 

• The excellence of the expert is due to large amounts of domain knowledge. 

2. Experts perceive large meaningful patterns in their domain. 

• The ability to see the large pattern is not due to superior perceptual ability, but is 

due to the organization of the knowledge base. 

3 . Experts are fast; they are faster than novices at performing the skills of their 

domain, and they quickly solve problems with little error. 

• Overall, experts solve problems faster; however, they are initially slower than 

novices. 

• They are faster because their skills are automatic; therefore, their memory is free 

to process other aspects of the problem. An expert can arrive at a solution 

without extensive research. 

4. Experts have superior short-term and long-term memory. 

• An expert seems to have a greater STM recall ability that exceeds the normal 

limits. This is due to the automaticity of specific areas. 

• Long-term recall capacity also seems to be greater. 
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5. Experts see and represent a problem in their domain at a deeper (more principled) 

level than novices; novices tend to represent a problem at a superficial level. 

• Both novice and experts have conceptual categories; however, they are different. 

Novices make categorizations based on syntax and surface features of the 

problem. Experts use semantic- or principle-based categories. 

6. Experts spend a great deal of time analyzing a problem qualitatively. 

• Experts try to understand the problem before beginning, while a novice jumps 

in. The qualitative analysis involves building mental representations of the 

problem, determining the relationships in the problem, and adding constraints. 

7. Experts have strong self-monitoring skills. 

• Experts are more aware when they make errors, why they fail to comprehend, 

and when they need to check their solutions. 

Differences have been found between expert and novice judgments in a variety of 

areas. For example, Ste-Marie and Lee (1991) found differences between novice and 

expert gymnastic judges. All judges could recognize a perfect performance; however, the 

experts were better at identifying form errors. One could assume that the differences could 

be due to the difference in knowledge. 

Diamond and Carey (1986) wanted to determine if the inverted, upside down, face 

effect would carry over to other types of stimuli. The failure to recognize inverted 

photographs of familiar people is a well-known phenomenon. While the identity of the 

individual is usually still recognizable, the judgments of expression, age, mood, and 

attractiveness are all degraded by inversion. Diamond and Carey compared performance of 

experts to novices on righted and inverted profile photographs of dogs. In the ftrst study, 

the experts were dog show judges, breederslhandlers, and persons with a sustained interest 

in dogs. The stimuli were a set of faces and a set of profile photographs of Irish setters, 

Scottish terriers, and poodles. The authors hypothesized that the experts would show a 
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performance decrement not only to inverted faces, but to the inverted dogs, while the 

novices would only show a decrement to the faces. They anticipated that the three-way 

interaction among Group, Material, and Orientation would be significant. 

All subjects showed an inversion effect for faces, and the experts showed the largest 

inversion effect for dogs. These results were not quite as expected. The three-way 

interaction was not significant, and the inversion decrement for experts on the proftle of 

dogs was not as large as anticipated. An important fmding was that the dogs selected, Irish 

setters, Scottish terriers, and poodles, are judged in different groups; sporting, terriers, and 

non-sporting and toy, respectively. Normally, if an expert specializes in more than one 

dog it is within the same judging class. Additionally, the breeds employed were not 

matched to the expertise of the experts. Only 11 of the possible 48 combinations (3 breeds 

by 16 experts) were a match. 

The second study employed 16 sporting dog experts and 32 novices. The stimuli were 

of two sporting dogs: Irish setters and cocker spaniels. For all subjects the inverted face 

effect was evident, 88% correct for upright faces and 65% correct for inverted faces. The 

experts showed a marked inversion effect for dogs, 81 % upright and 59% inverted, while 

the novices scored 76% correct on both orientations. These conclusions indicate that 

experts process photographs of dogs in a manner similar to how faces are processed. 

Thus, the inversion creates a loss of detail for the experts. In a post-experiment interview, 

novices stated that they relied on pictorial cues (i.e., changes in hair and changes in pose) 

to detennine their responses. The judges, however, seemed to base their responses on a 

more holistic approach. The criteria set forth by Chi et al. support the findings of Diamond 

and Carey. 

Boster and Johnson (1989) conducted an extensive study of how expert and novice 

fishermen judge the similarities among fish. The reason for this study can best be 

described by the following quotation: "Ethnobiologists debate whether folk biological 
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classifiers are natural historians attending primarily to the morphology of organisms or are 

pragmatists concerned primarily with utility" (p. 866). The anthropologists and 

ethnobiologists wanted to know if the expert hunters, fishennen, bird-watchers, etc. 

categorize or classify the species they encounter by how they look or what they would use 

them for. Expert and novice fishennen were asked to place 43 line drawings of fish into 

piles, according to their similarities. The judgments of similarity and number of piles were 

not predetennined. The study found that experts grouped the fish by fonn (morphological 

criteria) and function (i.e., ease of catching, cleaning, cooking, and taste of the fish). 

Novices grouped the fish only on appearance, or morphology. The novice's judgments of 

similarities of fish are more closely related to the fish's true scientific classification. This 

finding lends support to Chi et al. (1988) fifth criterion of an expert The novices looked 

only at the surface features, while the experts used their knowledge and experience to make 

their judgments. Additionally, it was found that the experts varied more in their 

classifications than did the novices. This variation was due to the variance in the amount of 

form or function each subject employed to make the pile sort. 

Photographic quality. The photographic community has shown an interest in 

determining if expert and novice photographers judge the quality of images differently. 

Westerink (1989, 1991) investigated the difference between video experts, dermed as those 

who continuously work with monitors and information display, and non-expens when 

making preference judgments of digitally presented images. Each subject was shown an 

uncoded image paired with a coded image and was asked to report which image was 

preferred. Figure 2 is a set of threshold curves, in which the percentage, across all 

pictures, of preference for the uncoded image is a function of the bit rate at which the other 

image was coded. Westerink defined the 75% boundary as the threshold, with 100% as a 

clear difference and 50% as no preference. The expert group was broken into two groups, 

video experts with advance knowledge of the coding and video experts without advance 
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knowledge. The experts with advance knowledge had the highest preference ratings for the 

uncoded picture, followed by the experts without knowledge, and then the novices. The 

difference between the two expert groups shows that the coding errors are more noticeable 

when the observer has previous knowledge. The author stated that "This is probably due 

to the fact that experts-with-advance-knowledge know where to look in the picture, and 

what to look for" (1989, p. 125). The difference between all experts and the non-experts is 

attributed to the expert's expectations of soft-copy imagery. The experts' professional 

knowledge of coding effects and displays in general enables them to notice differences not 

conspicuous to non-experts. The author attributed the low preference rating for the novices 

to their inability to discriminate between monitor effects and coding artifacts. 
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Figure 2. Threshold curves (from \Vesterink, 1989). 

In 1978, Zwick conducted a preliminary study on the effect of observer expertise on 

picture quality judgments. The author reported a difference, albeit not statistical, between 

groups for the "Good" category only. In the discussion, Zwick stated 1I ••• disinterested and 
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photographically experienced observers use a different standard of picture quality for their 

judgments of prints than the amateur photographer users for his own prints" (p. 4). 

However, this study was methodologically unsound. The photographs were taken by the 

author's son, the judgments were made using the category sort method (Good, Acceptable, 

and Not Acceptable), and no statistical analyses were performed on the data. The reliability 

and the validity of these results are very suspect. 

Faulkner and Segur (1984), when comparing typical photographers with expert 

judges, found that they rated prints in a similar manner. Several studies have investigated 

the judging procedures employed by the expert judges (Miller and Segur, 1989; Miller, 

Segur, and Trojan, 1991). In the research of Miller and Segur, the subject's ratings of the 

stimuli were compared to the procedure used by experts. They found the six-point scale 

used by the subjects not to be an interval scale. The distance between numbers on the 

lower end of the scale was greater than on the higher end. The scale used by the experts is 

purported to be a ratio scale. In the Miller, Segur, and Trojan study participants were 

trained to use the ratio scale employed by the expert judges. They found that with minimal 

training, naive users could use the scale in a fashion that led to reliable and consistent 

results. 

Summary of Literature 

The sparse literature available on subjective reports of eye movements is contradictory. 

Kaufman and Richards (1969) used a questionable method of collecting eye movements in 

conjunction with the size of their target leaving their results highly suspect. Buswell 

(1935) also states that it is not probable that subjects can describe where they were looking, 

as illustrated in the flag example. The method of gathering the reports is not stated; 

therefore, the conclusions are also questionable. Just and Carpenter (1976) made an 

argument that with the correct task, protocol, and stimuli, verbal reports can and do reflect 
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eye movements. They suggested using a task that could be easily verbalized, an instructive 

protocol rather than general, and visual stimuli. Using those suggestions as a guideline, 

the experiment presented in the next section was conducted. 

The results of Snyder and Taylor (1976) described two trends relating to the 

experience of the observer: (1) as the experience of the observer increases the fixation 

duration decreases, and (2) as the experience of the observer increases, the mean 

interfixation distance increases. Gould (1976) made similar conclusions about "good" and 

"bad" searchers. The good searchers made more fixations than the bad, but the bad had a 

higher mean fixation duration. Based upon these findings, a hypothesis concerning the 

difference between the novice picture-takers and the expert image judges was formulated. 

The expert judges will make more clicks of a shorter duration and have a greater mean 

interclick distance than the novices. 

27 



METHOD 

The study was performed in two major portions, the Eye Tracker study and the Image 

Evaluation study. The Eye Tracker study entailed the collection of eye movement and 

mouse click data from six subjects. The Eye Tracker study was conducted in Blacksburg, 

V A. The Image Evaluation studies employed two groups of 12 subjects each, novices and 

expert image judges. Each group was further divided into two subgroups on the basis of 

protocol procedure, concurrent and retrospective. The novice judgment data were collected 

in Blacksburg, while expert judgment data were collected in Rochester, NY. 

Subjects 

Eye tracker study. Six Virginia Tech students participated in the Eye Tracker StUdy. 

They were monetarily compensated for their time at the rate of five dollars per hour. As 

novice picture-takers all subjects used fewer than six rolls of film per year, had limited 

knowledge of photography (e.g., did not read photography magazines, had never taken a 

class in photography, and did not take pictures as part of their job), and did not consider 

photography a hobby. The attributes used to identify novice picture-takers were 

determined through personal communication (May 25, 1993) with N. Weiman, an 

ergonomist with the Eastman Kodak Company. 

Additionally, each subject had to pass, sequentially, the following screening tests: 

1. A Medical History Questionnaire 

2. Visual acuity and color vision 

3. Dental questions 

4. Eye tracker performance test 

5. A brief bio-microscopic eye examination 

In order for the eye tracker to work properly, the subject's pupil diameter had to be at least 

five rom in diameter. However, the luminance of the display reduces the subject's pupil 
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size down to an unacceptable diameter. Therefore, pupil dilation was necessary. The 

following conditions are those that could interact with the dilation drugs; therefore, subjects 

with any of the following conditions were disqualified from participation. This information 

was obtained from the subject in the Medical History Questionnaire (see Appendix A). 

elderl y persons 

pregnant or nursing women 

high blood pressure 

heart disease 

diabetes 

traumatized, diseased, or post-surgical eyes 

suppressed lacrimation 

narrow angle glaucoma 

hypersensitivity to Neo-Synephrine 

taking the following medications: MAO inhibitors, tricyclic antidepressants, 

propanol, reserpine, guanethidine, methyldopa, atropine-like drugs. 

Subjects were screened for uncorrected 20/25 near and far visual acuity, no color 

vision deficiencies, and no dentures, retainers, braces, or similar dental appliances. Visual 

acuity was assessed by a Bausch and Lomb Orthorator. Color deficiencies were tested 

using Dvorine Pseudo-Isochromatic Plates. Subjects were questioned about their present 

dental work because a tight fitting dental mold was to be made. Dental apparatus, such as 

retainers, braces, or dentures, would have interfered with the fit of the mold. Therefore, 

subjects with any of the previously mentioned dental apparatus were disqualified. If the 

subject met the initial qualifications, an additional screening session, the pre-experimental 

session, was needed to determine if the eye tracker could maintain track lock over an area 

corresponding to the size of the image being viewed. 

In addition to all the attributes above, the average age of the subjects was 21.2 years; 

four males and two females. As a group, they used an average of 3.4 rolls of film in the 

last 12 months. All but one reported haven taken pictures in the last year. One reported 
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using a single-lens-reflex (SLR) camera, three reported using a non-SLR~ and two did not 

respond. 

Image evaluation study. Twelve novice subjects were solicited from Virginia Tech. 

As novices, they had to possess the following camera and flim habits: 

used fewer than six rolls of film per year 

did not read photography magazines 

have not taken a class in photography 

did not take pictures as part of their job 

did not consider photography a hobby 

All were required to have 20/25 near and far visual acuity, corrected or non-corrected, and 

no color vision deficiencies. The average age of the novice group was 25.4. Four 

participants were male and eight were female. Five subjects needed no corrective lenses, 

four wore glasses, and three wore contact lenses. As a group, they used an average of five 

rolls of film in the past 12 months. All but one had taken pictures in the last 12 months. 

Three subjects reported using an SLR camera only, five reported using a non-SLR only, 

two reported using both, and two did not respond. 

The expert image judges were defined as people who judge quality of photographic 

images as part of their job. Experts were selected from Kodak's Image Evaluation 

Program (IEP) judges, as well as from other areas of the Research Laboratories. Expert 

judges were not required, but rather volunteered, to participate. The expert judges were not 

monetaril y compensated for their time as they participated during normal work hours. 

Twelve expert judges participated; eight of the judges from the Imaging Research and 

Advanced Development's (IRAD) Human Factors group and the remaining four were from 

other groups in the Research Laboratories. The mean age of the Expert judges was 40.2 

years. Ten were women. The majority wore glasses, one had contacts, and four did not 

need any corrective lenses. The overall mean number of rolls of film used in the last 12 
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months was 19.2. Two reported use of an SLR camera only, four used only a non-SLR, 

and six reported using both. 

Apparatus 

The stimuli were viewed on a color, high resolution 19-inch RasterOps Model GDM-

1950 display, driven by a Macintosh lIft computer. The display luminance, measured at 

the beginning of the study, was 73.9 cd/m2. Theft had a traditional mouse that the 

subjects used and a trackball. The mouse was used by the subject to input responses. The 

mouse was located on a shelf just below the table top (see Figure 3). The trackball was 

used by the experimenter to start and modify the HyperCard stacks. The images were 

presented using HyperCard. The stacks were responsible for the randomization of images 

and the collection of time data, mouse clicks, and the subjective image quality rating. A 

headrest was used to maintain a viewing distance of 45.72 cm (18 inches). 

Eye tracker. In addition to the equipment stated above, an SRI International Dual 

Purkinje Image (DPI) Eye Tracker was used to obtain eye movement data for the Eye 

Tracker portion of the study. The DPI tracker utilizes the spatial position of two eye 

reflections, the flrst and fourth Purkinje images. 

When the eye is illuminated with a point source at optical inflnity, reflections, or 

Purkinje images, are created. The first Purkinje image is a virtual image formed by the 

front of the cornea. The fourth Purkinje is a real image formed by the back of the lens. 

The fourth Purkinje is in the same plane as the frrst When the eye translates, the frrst and 

fourth images move together. However, when the eye rotates the images move 

differentially. The resulting change in angular separation is a measure of pure eye rotation 

(Clark, 1975; Comsweet and Crane, 1973). 

The DPI tracker at Virginia Tech tracks only the right eye. As the subject rotates 

his/her eyes temporally, or to the right, the separation of the first and fourth Purkinjes 
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decreases to the point that the light from the first image floods the fourth and the tracker 

loses lock. When the subject rotates his/her eyes medially, or toward the left, the pupil will 

begin to occlude the fourth image and lock is lost. Given these conditions, the field of 

view is about ± 10 deg from the center (Clark, 1975; Com sweet and Crane, 1973) and it is 

accurate to one arcminute (Comsweet and Crane, 1973; Young and Sheena, 1975). 

According to Clark (1975) only chin and forehead rests are needed to stabilize the 

subject's head, as the eye tracker should be able to accommodate to a ± 0.5 cm shift in head 

position. However, previous researchers have employed the use of a bite bar and head rest 

combination (DeCicco, 1983; Gutmann, 1981; Gutmann, Snyder, Farley, and Evans, 

1979). For this study a bite bar was used to stabilize the subject's head The bite bar is a 

wax impression of the subject's teeth and is attached to the table the eye tracker sits on. 

Appendix F outlines the bite bar and tracker lock-on procedure used at Virginia Tech. 

An IBM PC/AT computer was used to collect the x andy coordinate positions and 

valid data/blink information every 2 ms. The valid data/blink information indicated when 

the subject blinked or the tracker lost lock. A +5 V signal was recorded to indicate when 

the eye tracker was not recording valid data. Figure 3 illustrates the experimental set-up. 

Stimuli 

Twenty images that were representative of consumer photography were used Optical 

prints of the images are in Appendix B. It was determined by Kodak that a set of 20 

images, selected on the basis of subject matter, lighting, orientation, etc., can be 

representative of consumer photography_ The images selected conform to those guidelines. 
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Figure 3. Experimental set-up. Note the mouse on the shelf below the table. 
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Prints, from 35 rnrn negatives only, were solicited from novice and advanced amateur 

photographers. Persons who participated in the gathering of stimuli were not allowed to 

participate in either the Eye Tracker or Image Evaluation studies. The photograph 

contributors were asked to supply the experimenter with prints and negatives, which were 

returned at a later date. From these prints, the experimenter selected a subset for inclusion 

on a PhotoCD TM. The stimuli were scanned at 2000 by 3000 pixels and stored on a 

PhotoCD TM. From the CD, the images were opened using Adobe PhotoS hop using a 

resolution of "base*4". They were then sized to be the equivalent of a 4R print (10.61 by 

15.24 cm or 4 by 6 inches) and oriented correctly. They were saved as PICf fIles and 

called into HyperCard for display. 

Experimental Design 

Eye tracker study. The Eye Tracker study involved two parts. Part one was the 

collection of eye movements as the subject judged the quality of the image (Eye 

Movement). Part two entailed collecting mouse clicks of the same subjects using an 

adapted retrospective protocol (Retrospective Eye Tracker). Figures 4 and 5 illustrate the 

experimental design for each part of the study. 

The independent variable investigated was the image. Data were collected from each 

subject on each image twice. The reasoning behind the repetition was simple. In two 

previous studies (DeCicco, 1983; Gutmann, 1981), run on a similar eye tracker system, 

unequal-n statistics had to be applied because of insufficient data in each cell of the 

ANOV A. To avoid this problem, eye movements were collected on each image in two 

separate trials. For cells that had data from both trials the mean of the trials was used. If 

data were not collected in both trials, the data from the "good" trial were used. In 99.9 

percent of all trials, data were collected. There were no cells where no data were collected 

in either trial (i.e., there were no empty cells). See Table 5 and 6 for lists and descriptions 
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of the dependent variables used in the Eye Movement and the Retrospective Eye Tracker 

analyses. 
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Figure 5. Retrospective Eye Tracker data experimental design. 
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TABLE 5. Eye Movement Dependent Variables and Definitions 

Full Name 

Mean of 
Fixation 
Durations 

Mean of the 
Mean Fixation 
Durations 

Mean 
Subjective 
Image Quality 
Rating 

Mean Fixation 
Number 

Mean of the 
Mean 
InterFixation 
Distance 

Abbreviated Name 
Fixation Duration (FD) 

Mean Fixation Duration 
(MFD) 

Rating or SIQ 

Fixation Number (FN) 

InterFixation Distance 
(ltD) 

Definition 
If data are available from both trials, then FD = (sum of 
trial 1 fIxation durations) + (sum of trial 2 fixation 
durations)] / 2. 
If data are available in only one trial, then those data are 
used. 
If data are available from both trials, then MFD = [(mean 
fIxation duration of trial I) + (mean fIxation duration of 
trial 2)] /2. 
If data are available in only one trial, then those data are 
used. 
[(trial 1 SIQ Rating) + (trial 2 SIQ Rating)] /2. 

If data are available from both trials. then FN = [(number of 
fIXations in trial 1) + (number of fIxations in trial 2)] /2. 
If data are available in only one trial, then those data are 
used. 
If data are available from both trials, then IfD = [(mean 
distance between each fixation in triall) + (mean distance 
between each fixation in trial 2)] /2. 
If data are available in only one trial, then those data are 
used. 

TABLE 6. Retrospective Eye Tracker Dependent Variables and Defmitions 

Full Name 
Total Click 
Time 
Mean Click 
Time 

Mean Viewing 
Time 

Number of 
Clicks 
Mean InterClick 
Distance 

Abbreviated Name 
TCT 

MCT 

Viewing Time (V1) 

NC 

InterClick Distance 
CIcD) 

Definition 
Total time spent clicking. 

Mean time between clicks. 

(trial 1 V1) + (trial 2 V1)] /2, where VT is the time from 
when the card was opened to the time the subject pressed 
SHOW RATING SCALE. 
Total number of clicks. 

Mean of the distances between clicks. 

Image evaluation study. As stated before, the Image Evaluation study had two levels 

of expertise or Groups (Novices and Expert Judges) and two different protocols 
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(Concurrent and Retrospective). These were the two independent variables investigated. 

Figure 6 is a pictorial representation of the experimental design. The dependent measures 

are listed and defined in Table 7. Viewing Time could not be collected for the concurrent 

protocol subjects due to a HyperCard programming oversight. 
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Figure 6. Experimental designfor the Image Evaluation study. 
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TABLE 7. Image Evaluation Study Dependent Variables and Definitions. 

Full Name 
Subjective 
Image Quality 
Rating 
Total Click 
Time 
Mean Click 
Time 
Viewing Time 

Number of 
Clicks 

Abbreviated Name 
Rating or SIQ 

TCT 

MCT 

Viewing Time (VT) 

NC 

Mean InterClick InterClick Distance 
Distance OeD) 

Procedure 

Definition 
The rating. 

Total time spent clicking. 

Mean time between clicks. 

The time from when the card was opened to the time the 
subject pressed SHOW RATING SCALE. This data was 
only collected for the Concurrent protocol subjects. 
Total number of clicks. 

Mean of the distances between clicks. 

Subjects were asked a set of questions to determine if they were suitable candidates for 

the study (see Appendix C). If the subject did not pass the telephone screening he or she 

was not invited to participate in any of the experiments. From the answers to the telephone 

screening, subjects were placed into one of two groups; Eye Tracker or Image Evaluation 

study. 

Upon arrival at the testing facility each subject was given a brief description of the 

research and asked to sign an infonned consent fonn (see Appendix D for the infonned 

consent fonns). Subjects were then screened and instructions given. Detailed procedures 

are stated separately for each portion of the study in the following sections. Following data 

collection, the subject was debriefed, paid (Expert Judges were not monetarily 

compensated), and dismissed. 

Subjective ratings of overall image quality were collected using a 20-point scale. The 

scale was anchored at 1, the "lowest imaginable image quality" or the "worst photograph 

you have ever seen" and 20, the "highest imaginable image quality" or the "best photograph 
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you have ever seen. If The definition of overall quality was defined for all subjects using 

whatever criteria they felt were appropriate. Copies of the instructions are in Appendices A 

andE. 

Eye Tracker study procedures. After the telephone screening, the subject was 

scheduled for the pre-experimental session. During the pre-experimental session, the bite 

bar was made and the subject was put on the eye tracker to determine if track lock could be 

achieved and maintained. The procedures for making the bite bar and attaining track lock 

are located in Appendix G. If track lock was acquired without any problems, the subject 

was invited to participate in the experimental study. 

Upon arrival at the experimental facility the subject was transported to the optometrist's 

office. The optometrist briefly examined the subject and administered the dilation drugs. 

Because a side-effect of Tropicamide is a temporary paralysis of accommodation 

(approximately 30 minutes), data collection was delayed for one half to one hour after the 

administration of the dilation drugs. 

After the waiting periocL the subject went through a tutorial to familiarize him or her 

with the task. Eye movements were not collected dUring the tutorial. The tutorial contained 

four practice images. The first image had specific step-by-step instructions to perform the 

task, then second and third images had a list of steps, and the fourth image had no 

instructions. After completion of the tutorial, the subject was put on the eye tracker and 

data collection for the experimental task began. After all 20 images were viewed the frrst 

time, a break was given. During the break the HyperCard stack was restarted and the 

images randomized for the second trial. After all 20 images were viewed the second time, 

another break was given. During this break the bite bar was removed and the eye tracker 

moved out of the way. A second tutorial was given to the subjects. This tutorial contained 

the same four tutorial images and two new screens. The new screens were practice for 

precise mouse clicking. The screen had a line with the coordinates of each end on it. The 
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subject was instructed to click on the end of the line until he or she could make the 

coordinates in the message window the same as those on the screen. After the mouse 

practice, the subject went through the practice images. The instructions were step-by-step 

for the first image and diminished to none by the fourth image. After they completed the 

tutorial and any questions were clarified, the stack was started and the images randomized. 

After completion of the task they were debriefed, paid, and dismissed. See the HyperCard 

Stacks section for more details about the implementation of the task. 

Image Evaluation study procedures. After the initial screening, each subject was 

randomly assigned to either the Concurrent or the Retrospective protocol groups. The 

subject began by completing a tutorial. Each tutorial contained two mouse practice cards 

and four practice images. The mouse cards and the practice images were the same as those 

in the Eye Tracker study. The Concurrent group was instructed to point to the areas they 

felt were important as they made their quality ratings. The fITst image of the tutorial had 

step-by-step instruction on how to make the clicks and the rating. The second and third 

cards contained a list of the steps, and the fourth had no instructions. The Retrospective 

group was instructed to rate each image for overall quality using the 20-point scale. Then, 

immediately after the qUality was rated the subjects were instructed to point to the areas that 

affected their ratings. Again the tutorial had diminishing instructions. After the tutorials 

were completed the experimental task was administered. After all tasks were completed the 

subjects were debriefed and dismissed. The HyperCard stack section below contains a 

detailed description of the sequence of the tasks. 

HyperCard Programs 

Photographs of the Initial, Target, and Image Cards are shown in Figures 7-9. 
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Figure 7. Initial Card. 

41 



Figure 8. Target Card. 
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Figure 9. Sample Image Card. 
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Eye tracker protocol--Rating of image quality collection. 

Initial Card: The initial card had a field for the subject code, a RANDOMIZE 

button, and a GO TO NEXT CARD button. The experimenter entered the subject code and 

pressed the RANDOMIZE button. These actions opened the ftle in which the collected data 

were stored and randomly assigned the presentation order of the images. When these steps 

were completed, the GO TO NEXT CARD button was pressed by the experimenter. 

Target Card: The target card had the calibration grid used for the eye tracker and a 

button called READY. If the eye tracker needed calibration, the subjects were instructed to 

look at the various points on the target grid. When the subject and the eye tracker were 

ready the subject pressed READY. The button advanced to the next card and reset the 

timer. 

Image Cards: One card was made for each of the 20 images. Upon opening, the 

card showed the image and a button called SHOW RATING SCALE. When the SHOW 

RATING SCALE button was pushed the computer beeped, the timer stopped, the 20-point 

rating scale appeared below the image, and the SHOW RATING SCALE button 

disappeared. Each number on the rating scale was a button. A rating was made by 

pressing the appropriate button. When a rating button was pushed the number was 

recorded, the card disappeared, and the Target card came up. 

When the card opened and the image was fmished drawing, the computer beeped and 

the timer started. The subject was instructed to assess the quality of the image. When the 

subject was finished assessing the quality of the image he or she pressed the SHOW 

RATING SCALE button to see the rating scale. The timer stopped when the SHOW 

RATING SCALE button was pressed. When subjects made their rating, the stack 

advanced to the Target card. After all images were viewed, the stack was restarted and the 

above procedures were repeated 
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Retrospective Eye Tracker protocoI--Mouse click collection. 

Initial Card: The initial card had a field for the subject code, a RANDOMIZE 

button, and a GO TO NEXT CARD button. The experimenter entered the subject code and 

pressed the RANDOMIZE button. These actions opened the file in which the collected data 

were stored and randomly assigned the presentation order of the images. When these steps 

were completed, the GO TO NEXT CARD button was pressed by the experimenter. 

Target Card: The target card had the calibration grid used for the eye tracker and a 

button called READY. When the subject was ready he or she pressed READY. The button 

advanced to the next card and reset the timer. 

Image Cards: One card was made for each of the 20 images. Upon opening, the 

card showed the image and a button called DONE. When DONE was pushed the timer 

stopped, the card disappeared, and the target card came up. 

When the card opened and the image was fmished drawing, the computer beeped and 

the timer started The subject was instructed to use the mouse to click on the objects in the 

image that influenced his or her previous ratings of the image. Each time the mouse button 

was pushed down the computer recorded the time and the location of the cursor. Mouse 

clicks were not recorded outside the boundaries of the image. When the cursor was on the 

image it was in the shape of an arrow; when it moved off the image it turned to a hand with 

the index finger extended. When the subject was finished clicking he or she pressed 

DONE and the stack advanced to the Target card. This procedure was repeated until all 

images had been presented. 

Concurrent protocol--lmage Evaluation Study. 

Initial Card: The initial card had a field for the subject code, a RANDOMIZE 

button, and a GO TO NEXT CARD button. The experimenter entered the subject code and 

pressed the RANDOMIZE button. These actions opened the file in which the collected data 

45 



were stored and randomly assigned the presentation order of the images. When these steps 

were completed, the GO TO NEXT CARD button was pressed by the experimenter. 

Target Card: The target card had the calibration grid used for the eye tracker and a 

button called READY. When the subject was ready he or she pressed READY. The button 

advanced to the next card and reset the timer. 

Image Cards: One card was made for each of the 20 images. Upon opening, the 

card showed the image and a button called SHOW RATING SCALE. When the SHOW 

RATING SCALE button was pushed the computer beeped, the timer stopped, the 20-point 

rating scale appeared below the image, and the SHOW RATING SCALE button 

disappeared. Each number on the rating scale was a button. A rating was made by 

pressing the appropriate button. When a rating button was pushed, the number was 

recorded and the card disappeared and the Target card came up. 

When the card opened and the image was fmished drawing, the computer beeped and 

the timer started. The subjects were instructed to assess the quality of the image. As they 

assessed the image they were asked to use the mouse to click on the objects in the image 

that influenced their assessment of the quality. Each time the mouse button was pushed 

down, the computer recorded the time and the location of the cursor. Mouse clicks were 

not recorded outside the boundaries of the image. When the cursor was on the image it 

was in the shape of an arrow; when it moved off the image it turned to a hand with the 

index ftnger extended. When the subject was fmished assessing the quality of the image 

and clicking he or she pressed the SHOW RATING SCALE button. When they made their 

rating, the stack advanced to the Target card. This process continued until all images were 

viewed. 

Retrospective protocol.-lmage EvalUlltion Study_ 

Initial Card: The initial card had a field for the subject code, a RANDOMIZE 

button, and a GO TO NEXT CARD button. The experimenter entered the subject code and 
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pressed the RANDOMIZE button. These actions opened the file in which the collected data 

were stored and randomly assigned the presentation order of the images. When these steps 

were completed, the GO TO NEXT CARD button was pressed by the experimenter. 

Target Card: The target card had the calibration grid used for the eye tracker and a 

button called READY. When the subject was ready he or she pressed READY. The button 

advanced to the next card and reset the timer. 

Image Cards: One card was made for each of the 20 images. Upon opening, the 

card showed the image and a button called SHOW RA TINO SCALE. When the SHOW 

RA TINO SCALE button was pushed, the computer beeped, the timer stopped, the 20-

point rating scale appeared below the image, and the SHOW RA TlNG SCALE button 

disappeared. Each number on the rating scale was a button. A rating was made by 

pressing the appropriate button. When a mouse click was made on the image a button, 

DONE, appeared where SHOW RA TINO SCALE was. Pressing DONE advanced the 

stack to the Target card. 

When the card opened and the image was fmished drawing, the computer beeped and 

the timer started. The subject was instructed to assess the quality of the image. When the 

subject was fmished assessing the quality of the image he or she pressed the SHOW 

RATING SCALE button to see the rating scale. The timer stopped when SHOW RATING 

SCALE was pressed. When a rating button was pushed it high lighted and remained high 

lighted until the card closed. The timer was reset again upon the pushing of a rating button. 

The subject was then instructed to use the mouse to click on the objects in the image that 

influenced his or her rating of the image. Each time the mouse button was pushed down 

the computer recorded the time and the location of the cursor. Mouse clicks were not 

recorded outside the boundaries of the image. When the cursor was on the image it was in 

the shape of an arrow; when it moved off the image it turned to a hand with the index finger 

extended. Upon the first mouse click on the image, a buttOll, DONE, appeared where the 
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SHOW RA TINO SCALE button was. When the subjects had made all their mouse clicks 

they pressed the DONE button and the stack advanced to the Target card. This process 

continued until all images were viewed. 
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DATA REDUCTION AND ANALYSIS 

Eye Movements 

The eye movements were classified using Eye Track Classification (ETC), a program 

written in the Displays and Controls Laboratory (DCL) based on the work of Evans and 

Gutmann (1978). ETC computed the velocity and acceleration for each pair of x and y 

data points and stored them in a buffer. A sliding average of seven of these values was 

calculated and compared to preset thresholds values and the prior classification. ETC then 

assigned a classification to each pair: fixation, saccade, or blink. More infonnation about 

ETC can be found in Appendix G. The classification scheme is presented below in Table 

8. For these data the velocity threshold was set at eight and the acceleration was set at four. 

Because the data were classified before they were converted to angular units, the threshold 

values are in arbitrary units. 

TABLE 8. Truth Table for ETC 

Previous 
Classification 

Saccade 
Saccade 
Saccade 
Saccade 
Fixation 
Fixation 
Fixation 
Fixation 

Velocity 
Threshold 

Above 
Above 
Below 
Below 
Above 
Above 
Below 
Below 

Acceleration 
Threshold 

Above 
Below 
Above 
Below 
Above 
Below 
Above 
Below 

New Classification 

Saccade 
Saccade 
Saccade 
Fixation 
Saccade 
Saccade 
Fixation 
Fixation 

After ETC, the data were analyzed by POSTETC, another C program written in the 

DCL. POSTETC summarized ETC's output. Fixations were numbered in chronological 

order, and duration and mean x, y position of the fixation were reported. Saccades were 
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also ordered, and the duration and x, y starting and ending positions were reported. For 

blinks, only order and duration were reported. It should be noted that when POSTETC 

sorts the classifications, that the first and last classifications of any file are deleted. This is 

done because data collection can begin or end in the middle of a fixation, saccade, or blink 

and the data for that classification will be truncated. 

Calibration files were collected to determine scaling constants. The calibration data 

consisted of the subject looking at the center of the target and at two off-center points. 

When the viewing distance and the distance from the center to each point are known, the 

data can be scaled using the following formulae: 

AngPTi = Ai( PTi) + Bi, and 

AngPTc = Ai(PTc) + Bi 

where Angp'Ti = angular distance from the center to PTi, in degrees, 

AngPTc = center, in degrees, normally equal to zero, 

PTi = off-center data point for i axis (i = x or y), 

PTc = center point for i axis, 

A 
AngPTi 

i= and 
/ PTi - PTc/' 
PTc* AngPTi 

Bi= . 
/PTi-PTc/ 

The angles PTi and PTe were calculated according to Figure 10 and the following 

formulae: 

0- _l(PTi PTc) 
\J - tan 0 PTc ' 
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where 8=AngO PTe, 

PTi :::: off-center data point for i axis, 

PTe :::: center point for i axis, 

o :::: observer's eye, 

PTi PTe:::: distance moved from center, and 

o PTe:::: viewing distance. 

The data were converted from arbitrary unit to angular unit with 0, 0 the center, 

positive directions were right and up, and negative directions were left and down. The 

advantage of scaling is that the fixation point is readily detennined, whereas unsealed data 

are in arbitrary units and the point of gaze cannot be easily determined. Due to an eye 

tracker malfunction, fIXations were also recorded when the eye tracker was not locked onto 

the subject's eye. To eliminate these data, any fixation with an x or y position greater than 

6.8 or 10 degrees, depending upon the orientation of the image, from the center was 

deleted. 

...... 
.. '" .... ..... 

","" .... .... 
..... 

.. 
""' ... "",' 

PTi 

Observer ~ ...... _ .. _ ... ________ --'_ 
"l PTe 

Figure 10. Points and angles used/or calculating the scaling constants. 
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RESULTS 

Eye Tracker Study -- Eye Movement Data 

Analysis of variance. Analyses of Variance (ANOVAs) were run on the Eye 

Movement data using the dependent variables listed in Table 9 (full definitions can be found 

in Table 5). No significant results were found when the Fixation Duration, Mean Fixation 

Duration, Fixation Number, and InterFixation Distance were used as dependent variables 

(see Tables 10-13), indicating that Image does not affect the aforementioned variables. 

However, for the SIQ dependent variable, Image was found to be significant (F (19,95) = 

39.4837, p = 0.0062; Table 14). These results indicate that the subjects saw differences in 

the quality among the images. 

TABLE 9. Eye Movement Dependent Variables and Definitions 

Abbreviated Name Initials Summarized Definition 

Fixation Duration FD Sum of all fixation durations. 

Mean Fixation Duration MFD Mean of the fixation durations. 

Subjective Image Quality Rating SIQ The rating. 

Fixation Number FN Number of fixations. 

InterFixation Distance ltD Sum of the distance between fixations. 

A Student-Newman-Keuls post hoc test was run to determine the differences among 

the images (see Table 15) for the dependent variable SIQ. It may be noted that the top four 

rated images were the landscape or "outdoor-no people" scenes (17, 18, 19, and 20). The 

lowest rated images (2, 10,6, and 3) all noticeable flaws .. 
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TABLE 10. ANOVA Summary Table for the Dependent Variable of Fixation Duration 

Source df SS MS F p 

Image (1) 19 35.4515 1.8659 1.18 0.2901 

Ss 5 142.712 

1*Ss 95 150.0959 1.5800 

Total 119 328.2594 

TABLE 11. ANOV A Summary Table for the Dependent Variable of Mean Fixation 
Duration 

Source 

Image <D 
Ss 

I*Ss 

Total 

df 

19 

5 

95 

119 

SS 

0.1261 

0.3591 

0.4921 

0.9773 

MS 

0.0066 

0.0051 

F p 

1.28 0.2144 

TABLE 12. ANOVA Summary Table for the Dependent Variable Fixation Number 

Source df SS MS F p 

Image (1) 19 883.7000 46.5105 1.31 0.1974 

Subjects (Ss) 5 5615.6417 

I*Ss 95 3380.0250 35.5792 

Total 119 9879.3667 
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TABLE 13. ANOV A Summary Table for the Dependent Variable InterFixation Distance 

Source df SS MS F p 

Image (I) 19 2.2595 0.1189 1.41 0.1416 

Subjects (Ss) 5 1.1492 

I*Ss 95 8.0222 0.0844 

Total 119 11.4309 

TABLE 14. ANOVA Summary Table for the Dependent Variable of SIQ Rating 

Source df SS MS F l!. l!. 

Image (I) 19 750.1896 39.4837 5.64 0.18 O.OO62t 

Subjects (Ss) 5 498.6604 

I*Ss 95 664.7979 6.9979 

Total 119 1913.6479 
t p-value corrected for sphericity (Greenhouse and Geisser, 1959). 
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TABLE 15. Student-Newman-Keuls Results for SIQ Across Image 

Image Name Image No. Mean Grouping 

Statue to Liberty 19 16.333 A 

Fall Colors 17 14.250 AB 

Old House 18 14.083 AB 

Sunset on a Beach 20 13.917 AB 

Man and Woman at Waterfall 13 13.833 AB 

Adult Birthday Party 5 12.250 ABC 

Child at Christmas 1 12.167 ABC 

Man and Child on the Beach 12 11.833 ABC 

Four Adults in the Snow 15 11.833 ABC 

Four People in a Restaurant 8 11.750 ABC 

Couple in Front of a Fireplace 4 11.083 BCD 

Group on the Beach 14 10.750 BCD 

Child 11 10.667 BCD 

Three People in Front of a House 16 9.750 BCD 

Two Men in a Mall 9 9.583 BCD 

Two Women in a Picnic Shelter 7 9.333 BCD 

Child's Birthday Party 2 9.000 BCD 

Wedding 10 8.000 CD 

People on Couch 6 7.083 D 

Women in Kitchen 3 6.417 D 

Means with the sanle letter are not significantly different, p > 0.05. 

Eye Tracker Study -- Retrospective Eye Tracker Data 

ANOV As were also run on the Retrospective Eye Tracker data using the dependent 

variables Number of Clicks, Total Click Time, Mean Click Time, Viewing Time, and 

InterClick Distance (see Table 16 for a brief definition and Table 6 for full defmitions). 
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The results are shown in Tables 17-21. In all the analyses, no variables were statistically 

significant. 

TABLE 16. Retrospective Eye Tracker Dependent Variables and Definitions 

Abbreviated Name Initials Definition 

Total Click Time TCf Total time spent clicking. 

Mean Click Time MCf Mean time between clicks. 

Viewing Time vr The time from when the card was 

opened to the time the subject pressed 

SHOW RA TINO SCALE. 

Number of Clicks NC Total number of clicks. 

InterClick Distance leD Mean of the distances between clicks. 

TABLE 17. ANOV A Summary Table for the Dependent Variable Number of Clicks 

Source df SS MS F p 

Image (I) 19 496.1583 26.1136 1.03 0.4331 

Subjects (Ss) 5 3950.7417 

1*Ss 95 2403.0917 25.2957 

Total 119 6849.9917 
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TABLE 18. ANOVA Summary Table for the Dependent Variable Total Click Time 

Source dl. SS MS F p 

Image (I) 19 740.5750 38.9776 1.39 0.1528 

Subjects (Ss) 5 5333.1732 

I*Ss 95 2672.2789 28.1288 

Total 119 8746.0271 

TABLE 19. ANOVA Summary Table for the Dependent Variable Mean Click TllTIe 

Source df SS MS F p 

Image (I) 19 31.6899 1.6679 1.28 0.2141 

Subjects (Ss) 5 223.5340 

I*Ss 95 123.6369 1.3014 

Total 119 378.8608 

TABLE 20. ANOVA Summary Table for the Dependent Variable Viewing Time 

Source df SS MS F P.. 

Image (n 19 129.0420 6.7917 1.01 0.4608 

Subjects (Ss) 5 2111.6842 

I*Ss 95 640.8363 6.7456 

Total 119 2881.5625 
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TABLE 21. ANOVA Summary Table for the Dependent Variable InterClick Distance 

Source df SS MS F I!. 

Image (I) 19 25.6529 1.3501 1.33 0.1842 

Subjects (Ss) 5 46.4440 

I*Ss 95 96.5319 1.0161 

Total 119 168.6289 

Correlation analyses. For the Eye Movement data, correlations among Fixation 

Duration (FD), Mean Fixation Duration (MFD), Fixation Number (FN), InterFixation 

Distance (If D), and Rating (SIQ) were computed (see Table 22). Each correlation was 

based on 120 data points, 20 images by 6 subjects. A significant positive correlation was 

found between FN and FD (r = 0.8645, r2 = 0.7474, P = 0.0001). The correlational 

analyses indicate that the Fixation Number increases as the Fixation Duration increases. 

This result was expected, as each fixation is of a fmite time; therefore, the more fixations, 

the longer the total duration. Negative correlations between FN and MFD (r = -0.3068, r2 

= 0.0941,p = 0.0(07), FN and SIQ (r = -0.4051,,2 = 0.1641,p = 0.0001), and SIQ and 

FD (r = -0.2795, r2 = 0.0781, p = 0.(02) were also found. The Fixation Number was 

inversely correlated with the Mean Fixation Duration, indicating that as the number of 

fixations increased, they were made more quickly. The Fixation Number was also 

inversely correlated with the Rating. This indicates that as the quality of the stimulus 

decreases, more flXations are made. This relationship was also exhibited for the correlation 

between Fixation Duration and Rating. As the quality of the image decreased, the sum of 

fixation durations increased. These results support the work of Mackworth and Bruner 

(1970) and Gutmann (1981). Mackworth and Bruner found that for the Very Blurry 

stimuli the duration of the fixations increased. Gutmann found a negative correlation 
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between MTFA (image quality) and the duration of fixations. See Table 22 for r, p, and r2 

values for all correlations. 

TABLE 22. Correlation Matrix for Eye Movement Data, n = 120 

r Mean Fixation Inter- Subjective 

p Fixation Number Fixation Image 

~ Duration Distance Quality 

Fixation 0.1144 0.8645 0.0338 -0.4051 

Duration 0.2134 0.0001 0.7140 0.0001 

0.0131 0.7474 0.0011 0.1641 

Mean -0.3068 -0.0935 -0.1460 

Fixation 0.0007 0.3097 0.1115 

Duration 0.0941 0.0087 0.0213 

Fixation 0.0753 -0.2795 

Number 0.4136 0.0020 

0.0057 0.0781 

Inter .. -0.0938 

Fixation 0.3084 

Distance 0.0088 

For the Retrospective Eye Tracker data, correlations were performed among Viewing 

Time (VT), Total Click Time (TCT), Mean Click Time (MCT), InterClick Distance (leD), 

Number of Clicks (NC), and Rating (SIQ) (see Table 23). Significant positive correlations 

were found between NC and TCT (r = 0.6201, r2 = 0.3845,p = 0.0001), TCT and MCT 

(r = 0.184, r2 = 0.0339, p = 0.0443), and between MCT and leD (r = 0.4502, r2 = 

0.2027,p = 0.0001). Again, the correlation between NC and TCT was expected, as each 

click requires a finite amount of time to be performed. As the number of these fmite clicks 

increases, the total time spent clicking must also increase. Another anticipated results was 

the positive correlations ofTCT and MCf; as the mean click time increases, logically the 
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total time should also increase. Additionally, as the distance between clicks increase, the 

time needed to make those clicks increases, thus the increase in MCT as lcD increases. 

Significant negative correlations were found between VT and Rating (r = -0.4425, r2 = 

0.1958 P = 0.0001), Rating and TCT (r = -0.2067, r2 = 0.0427,p = 0.0235), Rating and 

MCT (r = -0.283, r2 = 0.0801, p = 0.0017), NC and MCT (r = -0.4286, r2 = 0.1837, p = 

0.0001), VT and IcD (r = -0.1967, r2 = 0.0387, p = 0.0313), TCf and IcD (r = -0.2041, 

r2 = 0.0417, p = 0.0254), and NC and leD (r = -0.4171, r2 = 0.1740, p = 0.0001). The 

inverse relationship between Viewing Time, Total Click Time, and the Mean Click Time 

with the quality of the image indicates that as the quality degrades the amount of time spent 

looking and clicking increased. More time is spent clicking on a poor quality image than on 

a high quality image. Although there are no studies that can directly support this finding, 

the results of Mackworth and Bruner (1970) and Gutmann (1981) using fixation duration 

are similar to the results indicated here. 

The Number of Clicks and the Mean Click Time are inversely correlated, indicating 

that as the number of clicks increase the time between 'the clicks decreases (i.e., the more 

clicks that are made, the faster they are made). The Interclick Distance was inversely 

related to VT, TCT, and NC, indicating that a longer InterClick Distance yields fewer 

clicks, shorter initial examination period, and a shorter time spent clicking. 
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TABLE 23. Correlation Matrix for the Retrospective Eye Tracker Data, n = 120 

r Total Mean InterClick Number of Su bjective 

p Click Click Distance Clicks Image 

r Time Time Quality 

Viewing 0.175 0.0695 -0.1967 -0.0751 -0.4425 

Time 0.0559 0.4509 0.0313 0.4150 0.0001 

0.0306 0.0048 0.0387 0.0056 0.1958 

Total Click - 0.184 -0.2041 0.6201 -0.2067 

Time 0.0443 0.0254 0.0001 0.0235 

0.0339 0.0417 0.3845 0.0427 

Mean Click - 0.4502 -0.4286 -0.283 

Time 0.0001 0.0001 0.0017 

0.2027 0.1837 0.0801 

InterClick -0.4171 -0.0704 

Distance 0.0001 0.4450 

0.1740 0.0050 

Number of 0.1267 

Clicks 0.1678 

0.0161 

Correlation analyses were also perfonned between all the variables from the Eye 

Movement and Retrospective Eye Tracker data (see Table 24). A high, positive correlation 

was found between FD and VT (r = 0.7522, r = 0.5658, p = 0.0001), and between FN 

and VT (r = 0.6665, r2 = 0.4442, P = 0.0001). This is not surprising, as the eye 

movements were recorded during the Viewing Time. The high positive correlation between 

FD and VT was expected, as each FD time should be equal to the VT minus the saccade, 

blink, and invalid data times. Each flxation occupies a unit of time. As one increa..,~s the 

number of fixations, it follows that the VT should also increase. 
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The remaining significant correlations in Table 24 are all rather small. The correlation 

between FD and MCf (r = 0.2052) was significant at 0.0246; however, the predicted 

variance is only four percent. Similar results were found for the FN and NC (r = -0.1885, 

r2 = 0.0355, p = 0.0392), ltD and TCf (r = 0.22, r2 = 0.0484, P = 0.0158), and the IfD 

and NC (r = 0.2017, r2 = 0.0407, p = 0.0272). Table 24 lists the full correlation matrix. 

TABLE 24. Correlational Matrix Between Eye Movements and Retrospective Eye Tracker 
Data 

r Fixation Mean Fixation Inter-

p Duration Fixation Number Fixation 
,.2 Duration Distance 

Viewing 0.7522 0.0187 0.6665 0.0462 

Time 0.0001 0.8390 0.0001 0.6163 

0.5658 0.0003 0.4442 0.0021 

Total Click 0.1127 0.1381 -0.001 0.2200 

Time 0.2202 0.1325 0.9918 0.0158 

0.0127 0.0191 1 x 10-6 0.0484 

Mean Click 0.2052 0.0122 0.1492 0.0393 

Time 0.0246 0.8944 0.1039 0.6703 

0.0421 0.0001 0.0223 0.0015 

InterCIick -0.0448 -0.1451 0.0050 -0.0530 

Distance 0.6269 0.1138 0.9576 0.5657 

0.0020 0.0211 2.5 x 10-5 0.0028 

Number of -0.1709 0.0095 -0.1885 0.2017 

Clicks 0.0620 0.9178 0.0392 0.0272 

0.0292 0.0001 0.0355 0.0407 
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Image Evaluation Study 

Analysis of variance. The dependent variables, SIQ, TCf, MCf, VT, NC, and leD 

from the Image Evaluation study were evaluated using Analysis of Variance. Table 25 lists 

and defines each of these variables (see Table 7 for full definitions of each variable). 

TABLE 25. Image Evaluation Study Dependent Variables and Definitions. 

Abbreviated Name Initials Definition 

Subjective Image Quality Rating SIQ The rating. 

Total Click Tune TCT Total time spent clicking. 

Mean Click Time MCf Mean time between clicks. 

Viewing Time vr The time from when the card was 

opened to the time the subject pressed 

SHOW RATING SCALE. 

Number of Clicks NC Total number of clicks. 

InterClick Distance leD Mean of the distances between clicks. 

The Subjective Image Quality rating was evaluated by an ANOV A (see Table 26). Of 

the three main effects, Group (F (1, 20) = 4.70,p = 0.0424) and Image (F (19, 380) = 

18.57, P < 0.000 1) were found to be significant. The Novice group (mean rating = 11.79) 

was found to rate images higher than the Expert Judge group (mean rating = 9.79). The 

significant Image factor indicates that the subjects were able to determine differences among 

the quality of the stimuli. 

A Student-Newman-Keuls post hoc analysis (Table 27) revealed seven groups. There 

was appreciable overlap among the groupings. Note that of the top five images, four were 

the "outdoor-no people" scenes (17, 18, 19, and 20). The bottom rated images (6, 10, and 

3) all had noticeable flaws (too dark, lens flare or reflection, focus problems). 
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TABLE 26. ANOVA Summary Table Using Subjective Image Quality as the Dependent 
Variable 

Source 4/ SS MS F P 

Protocol (P) 1 192.5333 192.5333 1.88 0.1850 

Group (G) 1 480.0000 480.0000 4.70 0.0424 

P*G 1 0.0083 0.0083 0.00 0.9929 

Subjects (Ss/P,G) 20 2042.8833 102.1442 

Image (I) 19 2923.5750 153.8724 18.57 0.32 0.0001t 

P*I 19 231.7167 12.1956 1.47 0.0917 

G*I 19 212.9167 11.2061 1.35 0.1472 

P*G*I 19 172.5750 9.0893 1.10 0.3519 

P*G*I*Ss/G,P 380 3148.1167 8.2845 

Total 479 9404.3250 
t p-value corrected for sphericity (Greenhouse and Geisser, 1959). 
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TABLE 27. Student-Newman-Keuls Results for SIQ across Image 

Image Name Image No. Mean Grou~ing 

Man and Woman at Waterfall 13 14.3333 A 

Fall Colors 17 14.2917 A 

Old House 18 13.7500 A 

Statue to Libe~ 19 13.5000 A 

Sunset on a Beach 20 13.1250 A 

Child at Christmas 1 12.7083 AB 

Two Men in a Mall 9 12.2083 ABC 

Four Adults in the Snow 15 12.1667 ABC 

Adult Birthday P~ 5 12.0000 ABC 

Cou12le in Front of a Fire121ace 4 11.7500 ABC 

Two Women in a Picnic Shelter 7 10.4583 BCD 

Four Peo121e in a Restaurant 8 10.0833 BCD 

Child 11 9.4533 DE 

Man and Child on the Beach 12 9.3333 DE 

Three PeoQle in Front of a House 16 9.0833 DE 

Child's Birthday Party 2 8.7083 DE 

GrouJ2 on the Beach 14 8.2917 DEF 

Peo121e on Couch 6 7.3750 DEFG 

Wedding 10 6.7500 FG 

Women in Kitchen 3 6.3750 G 

Means with the same letter are not significantly different, p >0.05. 

The measure of Total Click Time was also evaluated using an ANOV A (see Table 28). 

Again, Image was found to be significant (F (19, 380) = 3.80, p = 0.0003). This 

indicates that the amount of time spent clicking changes as a function of the image being 

viewed. Table 29 reports the mean Total Click Time by image as well as the Student

Newman-Keuls (SNK) grouping. The means of the Total Click Times ranged from 
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25.862 (Image 3) to 13.435 (Image 11) seconds. The SNK groups overlapped 

considerably. Three of the four "outdoor-no people" images fall into the lowest quarter of 

all images, whereas those images rated most poorly (3, 10, 6, and 14) are in the top half. 

Thus, more time is spent clicking on images with low subjective image qUality. 

TABLE 28. ANOVA Summary Table Using Total Click Time as the Dependent Variable 

Source df SS MS F p 

Protocol (P) 1 549.0886 549.0886 0.18 0.6748 

Group (G) 1 4412.7928 4412.7928 1.46 0.2415 

P*G 1 98.2075 98.2075 0.03 0.8589 

Subjects (Ss/P,G) 20 60569.9080 3028.1950 

Image (n 19 4367.1860 229.8520 3.80 0.45 0.OOO3t 

P*I 19 1073.9880 56.5260 0.93 0.5398 

G*I 19 1092.1640 57.4820 0.95 0.5201 

P*G*I 19 1960.4100 103.1790 1.71 0.45 0.0946t 

P*G*I*Ss/G,P 380 22981.1470 60.4770 

Total 479 97098.892 
t p-value corrected for sphericity (Greenhouse and Geisser, 1959). 
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TABLE 29. Student-N ewman-Keuls Results for TCf across Image 

Image Name Image No. Mean Grouping 

Women in Kitchen 3 25.862 AB 

Child's Birthday Party 2 24.519 AB 

Adult Birthday Party 5 22.390 ABC 

Four Adults in the Snow 15 21.788 ABC 

Three People in Front of a House 16 21.528 ABC 

Four People in a Restaurant 8 21.397 ABC 

People on Couch 6 20.692 ABCD 

Wedding 10 20.263 ABCD 

Statue to Liberty 19 20.176 ABCD 

Group on the Beach 14 20.115 ABCD 

Man and Woman at Waterfall 13 19.142 ABCD 

Two Men in a Mall 9 18.933 ABCD 

Child at Christmas 1 17.898 BCD 

Couple in Front of a Fireplace 4 17.797 BCD 

Man and Child on the Beach 12 17.269 BCD 

Old House 18 17.023 BCD 

Fall Colors 17 16.069 CD 

Two Women in a Picnic Shelter 7 15.851 CD 

Sunset on a Beach 20 15.804 CD 

Child 11 13.435 D 

Means with the same letter are not significantly different, p >0.05. 

The results from the ANOV A used to analyze the dependent variable Viewing Time are 

illustrated in Table 30. There was no Viewing Time associated with the Concurrent 

protocol; therefore, Protocol has been removed from the analysis. No effects were found 

to be statistically significant. 
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TABLE 30. ANOVA Summary Table Using Viewing Time as the Dependent Variable 

Source df SS MS F p 

Group (G) 1 40.9588 40.9588 0.07 0.7992 

Subject (Ss/G) 10 5999.3000 599.9300 

Image (I) 19 874.8081 46.0452 1.81 0.25 0.1332t 

G*1 19 586.6887 30.8784 1.21 0.2529 

I*Ss/G 190 4832.8059 25.4358 

Total 239 12334.562 
t p-value corrected for sphericity (Greenhouse and Geisser, 1959). 

TABLE 31. ANOV A Summary Table Using Mean Click Time as the Dependent Variable 

Source df SS MS F p 

Protocol (P) 1 181.1312 181.1312 2.81 0.1950 

Group (G) 1 0.2370 0.2370 0.00 0.9523 

P*G 1 257.9398 257.9398 4.00 0.0594 

Subjects (Ss/P,G) 20 1290.2958 64.5448 

Image (1) 19 136.1293 7.1647 1.08 0.3683 

P*I 19 185.6778 9.7725 1.47 0.0909 

G*I 19 145.3171 7.6483 1.15 0.2951 

P*G*I 19 138.1583 7.2715 1.10 0.3513 

P*G*I*Ss/G,P 380 2518.9507 6.6288 

Total 479 4854.4370 

The analysis for Mean Click Time (fable 31) also indicated no significant differences 

for any of the factors. 
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However, the Number of Clicks made by each subject for each image was found to be 

significant for the factor of Image (F (19, 380) = 3.93, p = 0.0011; see Table 32). This 

result indicates that the number of clicks made differed for each image. A Student

Newman-Keuis post hoc analyses was performed. The SNK indicated four groups of 

substantial overlap (see Table 33). The image that had the lowest SIQ (Image 3, SIQ = 

6.3750) had the greatest number of clicks (NC = 7.3333). 

TABLE 32. ANOVA Summary Table Using Number of Clicks as the Dependent Variable 

Source dl SS MS F p 

Protocol (P) 1 40.2521 40.2521 0.37 0.5486 

Group (G) 1 233.8021 233.8021 2.16 0.1569 

P*G 1 174.0021 174.0021 1.61 0.2191 

Subjects (Ss/P ,G) 20 2161.9417 108.0971 

Image (1) 19 432.8562 22.7819 3.93 0.33 0.0011 t 

P*I 19 69.4563 3.6556 0.63 0.8832 

G*I 19 92.5729 4.8723 0.84 0.6581 

P*G*I 19 99.0396 5.2126 0.90 0.5845 

P*G*I*Ss/G,P 380 2203.2250 5.7980 

Total 479 5507.1479 
t p-value corrected for sphericity (Greenhouse and Geisser, 1959). 
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TABLE 33. Student-Newman-Keuls Results for NC Across Image 

Image Name Image No. Mean Grouping 

Women in Kitchen 3 7.333 A 

Wedding 10 6.7083 AB 

Four People in a Restaurant 8 6.5000 ABC 

People on Couch 6 5.9167 ABCD 

Three People in Front of a House 16 5.8333 ABCD 

Child's Birthday Party 2 5.7917 ABCD 

Four Adults in the Snow 15 5.7500 ABCD 

Adult Birthday Party 5 5.7083 ABCD 

Group on the Beach 14 5.4167 ABCD 

S tattle to Liberty 19 5.2500 ABCD 

Sunset on a Beach 20 5.1250 ABCD 

Man and Woman at Waterfall 13 4.7917 BCD 

Two Women in a Picnic Shelter 7 4.7500 BCD 

Two Men in a Mall 9 4.7083 BCD 

Child at Christmas 1 4.3333 CD 

Old House 18 4.3333 CD 

Couple in Front of a Fireplace 4 4.2917 CD 

Fall Colors 17 4.2083 CD 

Man and Child on the Beach 12 4.0833 CD 

Child 11 3.6250 D 

Means with the same letter are not significantly different, p > 0.05. 

The analysis of variance computed for the Mean InterClick Distance (see Table 34) 

showed a significant factor of Image (F (19, 380) = 4.91, P = 0.0001). This result 

indicates that the mean distance between clicks changed as the image changed The 

distance ranged from 6.5471 cm (2.5776 inches) for Image 3 to 2.855 cm (1.124 inches) 

for Image 20. A Student-Newman-Keuls post hoc test was run to determine the source of 
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the difference. The SNK grouped the images into five groups (see Table 35). Again, 

Image 3, the lowest quality image, had the highest leD (2.5776 inches). 

TABLE 34. ANOV A Sunnnary Table Using Mean InterClick Distance as the Dependent 
Variable 

Source df SS MS F e. 
Protocol (P) 1 0.5355 0.5355 0.23 0.6354 

Group (G) 1 4.2070 4.2070 1.82 0.1923 

P*G 1 0.2533 0.2533 0.11 0.7440 

Subjects (Ss/P,G) 20 46.2051 2.3103 

Image (I) 19 56.1936 2.9576 4.91 0.39 O.OOOlt 

P*I 19 16.8604 0.8874 1.47 0.0916 

G*I 19 10.1895 0.5363 0.89 0.5960 

P*G*I 19 9.6133 0.5060 0.84 0.6591 

P*G*I*Ss/G,P 380 229.0177 0.6027 

Total 479 373.0752 
t p-value corrected for sphericity (Greenhouse and Geisser, 1959). 
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TABLE 35. Student-Newman-Keuls Results for leD Across Image 

Image Name Image No. Mean (inches) Grouping 

Women in Kitchen 3 2.5776 A 

People on Couch 6 2.2262 AB 

Statue to Liberty 19 1.9733 ABC 

Man and Child on the Beach 12 1.9245 BCD 

Two Women in a Picnic Shelter 7 1.9094 BCD 

Child's Birthday Party 2 1.8745 BCDE 

Fall Colors 17 1.8464 BCDE 

Adult Birthday Party 5 1.8071 BCDE 

\Vedding 10 1.6964 BCDE 

Child 11 1.6761 BCDE 

Two Men in a Mall 9 1.6599 BCDE 

Couple in Front of a Fireplace 4 1.6358 BCDE 

Three People in Front of a House 16 1.6298 BCDE 

Old House 18 1.5853 BCDE 

Four People in a Restaurant 8 1.4564 CDE 

Child at Christmas 1 1.4473 CDE 

Four Adults in the Snow 15 1.4424 CDE 

Group on the Beach 14 1.2282 CDE 

Man and Woman at Waterfall 13 1.1572 DE 

Sunset on a Beach 20 1.1240 E 

Means with the same letter are not significantly different, p >0.05. 

Correlational analyses. Pearson product-mon1ent correlations among Vie\vmg Time 

(VT), Rating (SIQ), Total Click Time (TCT), Mean Click Time (MeT), K umber of Clicks 

(NC), and InterClick Distance (leD) were performed (see Table 36 for the matrix). Each 

correlation was based on 480 observations, with the exception of Viewing Time, which 

only had 240 observations. Significant positive results were found between Tef and leD 

72 



(r = 0.1779, r2 = 0.0316, p < 0.0001, n = 480) TCT and NC (r = 0.5359, r2 = 0.2872, p 

< 0.0001, n = 480), TCT and VT (r = 0.2056, r2 = 0.0423, P = 0.0014, n = 240), TCT 

and MCT (r = 0.4617, r2 = 0.2132, p < 0.0001, n = 480), and MCT and VT (r = 0.1861, 

r2 = 0.0346, p = 0.0038, n = 240). The amount of time spent up front (VT) has a positive 

relationship with the total time spent clicking, as well as the mean click duration. The total 

time is also positively related to the number of clicks made. This is because each click 

occupies a fmite span of time; therefore, an increase in the number of clicks will increase 

the total time spent clicking. Additionally, the greater the distance between clicks results in 

a longer click time. Significant negative results were found between SIQ and TCf (r = 

-0.2293, r2 = 0.0526, p < 0.0001 n = 480), SIQ and leD (r = -0.1066, r2 = 0.0114, p = 

0.00195, n = 480), SIQ and NC (r = -0.2422, r2 = 0.0587, p < 0.0001, n = 480), and 

between MCT and NC (r = -0.3058, r2 = 0.0935, p < 0.0001, n = 480). The correlational 

analyses indicate that quality is inversely related to the total amount of time spent clicking 

and the number of clicks. As stated for the Eye Tracker study, the duration results are 

similar to those of Gutmann (1981) and Mackworth and Bruner (1970). They are also 

similar to those found in the Eye Movement and Retrospective Eye Tracker data. 
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TABLE 36. Correlational Matrix for Image Evaluation Study 

r Subjective Total Mean Number of InterCIick 

p Image Click Click Clicks Distance 

T2 Quality Time Time 

n 

Viewing 0.0589 0.2056 0.1861 -0.0137 0.0856 

Time 0.3639 0.0014 0.0038 0.8328 0.1861 

0.0035 0.0423 0.0346 0.0002 0.0073 

240 240 240 240 240 

Su bjectiveI - -0.2293 0.0526 -0.2422 -0.1066 

mage 0.0001 0.2503 0.0001 0.0195 

Quality 0.0526 0.0028 0.0587 0.0114 

480 480 480 480 

Total Click - 0.4617 0.5359 0.1779 

Time 0.0001 0.0001 0.0001 

0.2132 0.2872 0.0316 

480 480 480 

Mean Click - -0.3058 -0.0517 

Time 0.0001 0.2583 

0.0935 0.0027 

480 480 

Number of 0.08840 

Clicks 0.0529 

0.0078 

480 

Regression Analyses. A regression analysis was perfonned between the ~ovice and 

Expert Judges' SIQ (see Figure 11 for a graphical representation of the data). The 

correlation coefficient (r = 0.8644) was significant (p = 0.(005). The intercept was 3.48 

and the slope 0.85. 
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Figure 11. Novice versus Expert Judges' ratings of subjective image quality. 

Regressions were also performed to predict Novice judges' ratings of image quality 

from the Experts' rating. The analyses were done using the data from both the Image 

Evaluation study (IES) and from Joma's (1993) dissertation (see Table 37). Before the 

analyses were calculated, all scores from both data sets were normalized using the 

following formula: 

z=(x-x)/S. (4) 

The standard error of estimate for predicting Novice (Y) scores from Experts (X) was 

calculated separately for Jorna's data and the IES data using the following standard score 

formula: 

For the Image Evaluation study, all of Joma's prediction equations (fable 37) were 

applied to the IES data. None of the equations resulted in statistically different standard 
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errors (Table 38). For Jorna's data, the Image Evaluation equation was used to predict the 

Novice ratings from the Expert ratings. Again, no difference ( p > 0.05) between the 

equations derived from lorna's and from the Image Evaluation study were found. In fact, 

the equations from Jorna's Text scene and the IES resulted in the same standard error. 

TABLE 37. Regression Coefficients and Equations Predicting Novice Ratings from Expert 
Ratings for the Image Evaluation Study and Jorna's (1993) study 

DataSet r Intercept Slope n 

IES 0.8644 -8.157 X 10-16 0.8644 20 

Jorna Family 0.9759 -4.077 X 10-16 0.9759 21 

Forest 0.9473 -2.524 X 10-10 0.9473 21 

Picnic 0.9598 3.535 X 10-09 0.9598 21 

Text 0.8642 4.737 X 10- 16 0.8642 21 

TABLE 38. Standard Error of Estirnate Matrix 

Jorna IES 

Family Forest Picnic Text 

Jorna Family 0.2184 0.2452 

Forest 0.3203 0.3309 

Picnic 0.2807 0.2965 

Text 0.5031 0.5031 

IES 0.5020 0.4967 0.4989 0.4901 0.4901 
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Frequency Analysis of Click and Fixation Locations 

For each image the clicks/fixations were plotted on an x, y grid (see Figure 12). An 

outline of the image was then laid on the x, y grid (see Figure 13). The frequency of 

clicks/fixations was calculated for each area of the image. On the first try, the image was 

divided into separate, distinct areas and the frequencies were tabulated. However, when 

the Chi-square analyses were perfonned, more than 20 percent of the expected cell 

frequencies were less than 5, thus violating an assumption of the Chi-square test. 

Therefore, areas were combined. If a larger sample size had been obtained, this problem 

may have been alleviated . 

• 

• • • • • • • • .. . • • 
• • •• • 

• 
• • j. 

• • • • 
• • • • 

Figure 12. Clicks/Fixations plotted on an x, y grid. 
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Figure 13. Outline of the image and the x, y grid. 

A Chi-square test was used to test all the main effects: Protocol, Group, and Object for 

the Image Evaluation study, and Measure and Object for the Eye Tracker study. Protocol 

and Group both have two levels; Concurrent and Retrospective, and Novice and Expert 

Judge, respectively. The levels of Object varied across Images, with a range of four to 

eight objects. Measure had two levels. Level one was the number of flxations collected 

during the Eye Movement task and two was the number of clicks collected during the 

Retrospective Eye Tracker task. 

Protocol and Group were of the greatest interest for the Image Evaluation study_ A 

signiflcant Protocol effect would indicate that the number of clicks changed over the two 

types of protocol. This could answer the question "Do the two types of protocol yield 
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similar data?" A significant Group effect would indicate a difference between groups based 

on the number of clicks made, which could indicate differences in behavior between the 

groups. The Object effect was expected to be significant, as different areas or objects 

would facilitate different click/fixation frequencies. The Measure effect, in the Eye Tracker 

study, was also expected to be significant, as the eye can make many more fixations than 

the hand can make clicks in a given period of time. 

Each interaction (Protocol by Group, Protocol by Object, Group by Object, Protocol 

by Group by Object, and Measure by Object) was calculated by collapsing over variables 

and running the Chi-square on the compacted contingency table. The Protocol by Group 

by Object interaction was troublesome because, for the majority of images, the percentage 

of expected cell frequencies less than five was greater than 20 percent. Therefore, the Chi

square p-value is not reported for the three-way interaction. 

The interaction of greatest interest was that between Measure and Object. A significant 

result for this effect indicates that the frequency of clicks/fixations on each object changed 

as a function of the method of data collection. If this interaction is significant, it indicates 

that the fixations and clicks were not made in the same proportions for each object; thus, 

the eye movements are not representative of mouse clicks and vice versa. 

The remaining interactions are not quite as important. A significant Protocol by Group 

interaction indicated that the number of clicks made for each protocol varied as the group 

changed. This effect could indicate a group's sensitivity to a protocol. A significant 

Protocol by Object interaction indicates that the frequency of clicks on specific objects 

varied as a result of the different protocols, which could indicate a protocol's sensitivity to 

specific objects. A significant Group by Object interaction is explained similarly to that of 

the PxO. This indicates a propensity of a group to attend more to specific objects. 

Full color photographs for each image can be found in Appendix B. All chi-square 

tables are in Appendix F. 
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Image 1. Image 1, Child at Christmas, was divided into five main objects. Object A, 

as illustrated in Figure 14 was the background, Object B was the child's body, C was the 

child's face, D the television set, and E the Christmas tree. 

Figure 14. Image 1 object areas. 

From the Chi-square analysis for the Image Evaluation study, the only significant 

effect was Object (X2 == 16.6731, df== 4,p < 0.01). For a complete table of the chi-square 

results see Table 42. The object with the heaviest click density was the background (30 

clicks), followed by the child's face (27), the child's body (24), the Christmas tree (16), 

and the area of lightest density was the television (7). Frequency counts for all objects are 

listed in Table 43. 
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For the Eye Tracker study, the Measure effect was significant (X2 = 62.72, df = 1, P 

< 0.001). Table 44 lists all the Chi-square results. The Retrospective Eye Tracker data 

yielded 44 clicks, while the Eye Movements yielded 156 fixations. The frequency of the 

position of these clicks/fixations was significant (X2 = 142.15, df= 4,p < 0.001). Table 

43 lists the objects and their respective click/fixation frequency. The area of highest 

click/fixation concentration was the Christmas tree (105), followed by the child's face (36), 

child's body (26), background (25), and lastly the television (8). 

Image 2. The second image, Child's Birthday Party, was divided into seven objects 

(see figure 14). Object A was woman one or the woman pointing, B was woman two or 

the woman behind woman one, C was person three or the person on the far left, D was 

child one or the child opening the presents, E was child two or the child holding a present, 

F was the reflection of the flash in the window, and G was the background, including the 

presents, the stool, wrapping paper, and the object on the right. 

For the Image Evaluation study, the number of clicks varied between groups (X2 = 

3.8613, df = 1, p < 0.05). The Novice group made fewer clicks (n = 57) than the Expert 

Judges (n = 80). The remaining effects were not statistically significant (see Table 45). 

For the Eye Tracker study Chi-square analysis of Image 2, all effects were significant. 

With 38 clicks made in the Retrospective Eye Tracker task and 178 fixations made in the 

Eye Movement task, Measure was significant (X2 = 90.7407, df= 1,p < O'(XH). The 

objects clicked/fixated also differed (X2 = 19.9702, df= 6,p < 0.01). Table 46 illustrates 

the differences among the objects. The areas of highest concentration was the background 

(57), followed by woman one (44), child one and flash reflection (both 31), then child two 

(21), person three (17). Woman two had the lowest number of clicks/fixations (15). The 

MxO interaction (X2 = 15.772, df = 6, p < 0.02), also was significant. The areas of 
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largest difference fall into the object areas background and woman one, the two highest 

areas of click/fixation density, with the number of fixations greater than clicks. 

G 

G 

G 

Figure 15. Image 2 object areas. 

Image 3. Image 3, Women in Kitchen, was divided into eight major object areas. 

Object A was the shoulder of person one on the far left, B was woman one or the woman 

closest to the camera, C was woman two or the woman farthest from the camera, D was 

child, E was the pots and pans, the stove hood, and the fly swatters, F was the clock, G 

was the background, including the door, cabinets, and floor, and H was the halo formed 

by lens flare. Each of these objects is illustrated and marked in Figure 16. 
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Figure 16. Image 3 object areas. 

In the Image Evaluation study the number of clicks was found to vary between groups 

(X2 = 5.2326, df= 1,p < 0.05). The Novice group made 71 clicks, while the Expert 

Judge group made 101. 

For the Eye Tracker Study, Measure was found to be significant (X2 = 27.2842, df = 

1, p < 0.001) with 59 clicks and 131 fixations. The number of clicks/fixations also varied 

among objects (X2 = 38.3053, df= 7,p < 0.001; see Table 49 The lens flare had the 

largest number of clicks/fIXations (50), followed by woman one (34), background (31), 

and woman two (30). The clock and the child both had 18, the pots received 8, and person 

one only got 1. The interaction benveen Measure and Object was also significant (X2 = 

64.715, df= 7,p < 0.001) and is graphed in Figure 17. The largest differences were 

found between background, woman one, and woman two, three of the four highest density 
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objects. In all three areas the number of fixations were greater than the number of clicks. 

It is also interesting to note that for objects clock and lens flare there were more clicks than 

fixations. 
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Figure 17. Measure by Object interaction/or Image 3. 
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Image 4. Image 4, Couple in Front 0/ a Fireplace, was divided into six objects. 

Object A was the man's face, B the man's body, C the woman's face, D the woman's 

body, E the walls (including the ceiling, frreplace, gloves, utensils, and the \\'ood rack), 

and F the background (including the floor and rug). These areas are illustrated in Figure 

18. 
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Figure 18. Image 4 object areas. 

No significant differences were found for Image 4 in the Image Evaluation study. For 

the Eye Tracker study Measure was significant (X2 = 136.0661, df = 1, p < 0.001; see 

Table 53). The number of clicks was 35 compared to 222 fixations. The interaction 

between Object and Measure was also significant (X2 = 19.568, df = 5,p < 0.01). The 
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only similar frequency count was on the object background. The largest difference was 

found in the walls, followed by the people's bodies, and then the people's faces. 

Image 5. For Image 5, Adult's Birthday Party, the scene was divided into seven 

objects. Object A was man one or the man on the far right, B was man two or the man in 

the center, Object C was man three or the man on the far left, D was the two women with 

their backs to the camera, E was the cake in front of man two, F was the table, except the 

cake, and the chairs, and G was the background (including the walls, pictures, lights, 

balloon, and bookcases). Figure 19 illustrates these areas. 

Figure 19. Image 5 object areas. 
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For Image 5 in the Image Evaluation Study the number of clicks on each object was 

significant (X2 = 43.3803, df = 6, p < 0.001). The largest number of clicks were made on 

the background (34), followed by the women (24), man two (21), man three (19), man one 

(16), the table stuff (12), and then the cake (10). Table 55 lists the objects and the 

corresponding click numbers. 

For the Eye Tracker study the effect Measure was significant (X2 = 88, df = 1, p < 

0.001). Thirty-three clicks and 165 fixations were made. There was also a difference 

among objects (X2 = 26.8485, df = 6, p < 0.02; see Table 56). The women had the 

highest click/fixation number (41), closely followed by man two (40) and man three (37). 

The background had a total of 26, the cake had 23, man one had 19, and the table stuff 

only had 12. 

Image 6. Image 6, People on a Couch, was partitioned into five areas, as illustrated in 

Figure 20. Object A was the man on the right, object B was woman one or the woman on 

the right, C was woman two or the woman on the left, D was the stuff on the table 

(including the bottle and cat planter), and E was the background (including the couch, 

picture, plant, and window). 

No statistically significant results were found for this image in the Image Evaluation 

Study (see Table 57). For the Eye Tracker study all effects were found significant (X2M = 

60.9116, df = 1, p < 0.001, X20 = 19.905, df = 4, P < 0.001, and X2 MxO = 12.165, df 

= 4, P < 0.02) For Measure there were 38 clicks to 143 fixations. Table 58 lists the 

differences between Objects. The background received the most clicks/fixations (63), 

followed by man one with 45, woman two with 35, woman one with 24, and lastly table 

stuff with 14. For the interaction the majority of the difference can be found in the 

background, followed by woman two, man one, and woman one. Table stuff received the 

same number of clicks as fixations. 
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Figure 20. Image 6 object areas. 

Image 7. Image 7, Two Women in a Picnic Shelter, was broken into six objects. 

Object A was woman one's face or the face of the woman on the right, object B was 

woman one's body or the body of the woman on the right, C was woman two's face or the 

face of the woman on the left D was woman two's body, or the body of the woman on the 

right, E was woman three or the woman on the far left, and F was the background, 

including the shrubs, tables, and ceiling. 
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Figure 21. Image 7 object areas. 

There was a difference between groups for the Image Evaluation study (X2 = 5.31, df 

= 1, P < 0.05) (see Table 60). The novices made 44 clicks while the expert judges made 

69. A difference was also found among objects (X2 = 11.2979, df = 5, p < 0.05). 

Background (28), woman two's face (28), and woman one's face (23) were all high click 

objects, while woman two's body (15), woman one's body (10), and woman three (9) 

were all low click objects. 

For the Eye Tracker study Measure was significant (X2 = 56.3333, df = 1, P < 

0.001), with 44 clicks and 148 fixations. Object was also significant (X2 = 24.2813, df= 

5, p < 0.001). The woman two's face (55), woman one's face (38), and background (36) 

were all high frequency areas, while woman two's body (28), woman three (18), and 

woman one's body (17) were all low frequency objects. 
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Image 8. Image 8, Four People in a Restaurant, was divided into eight areas. Object 

A was man one or the man on the far right, B was man two or the man on the left, C was 

woman one or the woman on the right, D was woman two's face or the face of the woman 

on the left, E was woman two's booy or the body of the woman on the left, F was the 

flowers, G was the stuff on the table (excluding the flowers), and H was the background, 

(including the walls, picture, and reflection of woman two's face in the mirror). 

H 

H 

Figure 22. Image 8 object areas. 

In Image 8 the object click frequencies varied significantly for (X2 = 26.1081, df= 7, 

P < 0.00 1). The table stuff was the highest click frequency (37), followed by the 

background (22), man 2 (21), woman two's face (20), woman one (18), man one (16), the 
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flowers (15), and woman two's body (6). The interaction between Protocol and Group 

was also significant (X2 = 6.973, df= 1, P < 0.01). The novices made fewer clicks 

during the concurrent protocol than during the retrospective. 

For the Eye Tracker study the difference between measures was significant (X2 = 

88.5827, df= 1,p < 0.001; clicks = 52, fixations = 202). Object was also significant (X2 

= 62.878, df= 7,p < 0.001). The most clicked/fixated object was the table stuff (67), 

followed by woman one (45), then man one (40), woman two's face (30), background 

(27), and man two (23). The lowest was a tie between the flowers and woman two's 

body, both with 11. 

Image 9. Image 9, Two Men in a Mall, was divided into five sections. Object A was 

man one or the man on the left, B was man two or the man on the right, C was the 

benches, including the roll of film, D was the foreground, floor, and trash can, and E was 

the background, shrubs, and shops. The objects are marked in Figure 23. 

In the Image Evaluation study Protocol was found to have a statistically significant 

difference in the number of clicks made during each protocol (X2 = 10.9466, df = 1, P < 

0.001). The concurrent protocol yielded 51 clicks, while the retrospective had 62. Object 

was also significant (X2 = 18.9416, df= 4,p < 0.001). Man two was the most clicked 

object (39), followed by the foreground (23), man one (22), then benches (19), and least 

clicked was the background (10). 

For the Eye Tracker study Measure was, again, significant (X2 = 111.4464, df = 1, P 

< 0.001). The Retrospective Eye Tracker task created 33 clicks and the Eye Movement 

task yielded 191 fixations. Object was also significant (X2 = 49.0696, df = 4, P < 0.001). 
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The background had the highest click frequency (79), closely followed by man two (75). 

Man one had 34 clicks, benches had 29, and the foreground had only 7. 

c 

D D 
D D 

Figure 23. Image 9 object areas. 

Image 10. Image 10, Wedding, was divided into six areas. Object A was the bride, B 

was the groom or the man on the right, C was the child in front, D was the man on the left, 

E was the woman and lens of the camera on the far right, and F was the background, 

including the pews, flowers, candles, picture, and speakers. These areas are illustrated in 

Figure 24. 

In the Image Evaluation study no significant results were obtained (see Table 69). In 

the Eye Tracker study only Measure was found to be significant (X2 == 15.0602, df == 1, P 

< 0.001) with 58 clicks and 108 fixations. 
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Figure 24. Image 10 object areas. 

Image 11. Image 11, Child, was divided into five objects. Object A was the child's 

face, B was the child's body and neck including the toy, C was the swing, D was swing 

ropes, and E was the background. 

For the Image Evaluation study, Protocol was significant (X2 = 13.0962, df = 1, p < 

0.001). The concurrent protocol yielded only 39 clicks, while the retrospective had 47. 

The remainder of the effects were not significant (see Table 71). 

In the Eye Tracker study Measure was significant (X2 = 48.7838, df = 1, P < 0.001) 

with 45 clicks to 140 fixations. Object and the interaction were also significant (X20 = 

29.2432, df.= 4, P < 0.001; X2MxO = 106.529, df = 4, p < 0.001). The child's face had 

the highest clide/fixation frequency (61), followed by the swing (40), the background (35), 

93 



and the child's body (34). The rope had the lowest frequency (15). For the interaction the 

object of largest difference was the child's face, followed by the background, the swing, 

child's body, and then the swing ropes. 

E 

Figure 25. Image 11 object areas. 

Image 12. Image 12, Man and Child on Beach, the image was divided into four 

objects. Object A, as illustrated in Figure 26, was the child, B was the man, C was the 

houses and sky, and D was the beach, water, and people. 
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Figure 26. Image 12 object areas. 

In the Image Evaluation study, no effects were significant (see Table 74). In the Eye 

Tracker study Measure was significant (X2 = 81.7871, df= 1,p < 0.001) with 32 clicks 

and 156 fixations (see Table 76). Object was also significant (X2 = 9.4681, df= 3,p < 

0.05). The highest clicked/fixated objects were the beach (69) and the house and sky (58). 

The lowest objects were the child (32), followed by the man (29). The interaction between 
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Object and Measure was also significant (X2 = 7.954, df = 3, p < 0.05; Figure 27). The 

areas of greatest difference are the beach and the house and sky, which are the two highest 

areas of click/fixation. The number of fixations for all objects is greater than the number of 

clicks. 
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Figure 27. Measure by Object interaction/or Image 12. 

Image 13. There were five objects in Image 13, Man and Woman at a Waterfall. 

Object A was the woman, B was the man, C was four people in the background, D was 

greenery on both sides of the waterfalt and E was the waterfall and the surrounding water. 
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Figure 28. Image 13 object areas. 

In the Image Evaluation study no effects were found to be statistically significant. For 

the Eye Tracker study all effects were significant. For Measure (X2 = 15.0214, df = 1, p 

< 0.(01) there were 67 clicks to 120 fixations. Table 78 lists the differences among Object 

(X2 = 14.1198, df = 4, p < 0.001) and Figure 29 illustrates the interaction (X2 = 11.645, 

df = 4, p < 0.02). The frequency count for each object follows in descending order: water 

(63), man (44), greenery (35), woman (27), and people (18). For the interaction the 

majority of the difference can be found in the object man. Additionally, for the object 

water, the number of clicks is slightly greater than the fixations. 
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Image 14. Image 14, Group on Beach, the image is divided into five areas or objects. 

Object A was Man one and man two or the people on the right, B was woman one and man 

three or the people on the left, C was the people on the beach, including the pink: umbrella, 

D was lifeguard station and trash can, and E was the background, including the sky, water, 

beach, and trees. 

For the Image Evaluation Study a difference was found in the number of clicks on the 

objects (X2 = 22.0945, df= 4,p < 0.001; see Table 81). The areas of heaviest clicks were 

the background (43), followed by woman one and man three (28), man one and two (27), 

the lifeguard station (16), and then people (13). The interaction between Protocol and 

Group was also significant (X2 = 4.451, df= 1,p < 0.05). This relationship indicates that 

the novice subjects made fewer clicks during the concurrent protocol than during the 
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retrospective protocol. They, the novices, also made fewer clicks during the concurrent 

protocol than the expert judges did. 

E 

E 

Figure 30. Image 14 object areas. 

In the Eye Tracker study, Measure was significant (X2 = 89.7919, df = 1, p < 0.001) 

with 32 clicks and 165 fixations. Object was also significant (X2 = 98.8122, df = 4, p < 

0.001; see Table 81). The background (94) had the highest click/fixation frequency 

followed by woman one and man three (32), the lifeguard station (29), man one and man 

two (27). People had the lowest (15). 

Image 15. There were seven objects in Image 15, Four Adults in the Snow. Object A 

was woman one or the woman on the far left, B was Woman two or the woman on the left, 
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C was Man one or the man on the right, D was Man two or the man on the far right, E was 

the right side of the image (including the house, car, and trees), F was sky, horizon, light 

post, and shrubs, and G was snow sculpture in front of the people. 

Figure 31. Image 15 object areas. 

For the Image Evaluation study nothing was significant. In the Eye Tracker study 

Measure was significant (X2 == 145.2, df == 1, p < 0.001) with 36 clicks and 234 fixations. 

Object was also significant (X2 == 14.4688, df == 6, p < 0.05; see Table 84). The highest 

click/fixation area was the sky (57), followed by the right side of the image (54), man one 

(43), man two and woman two (both with 37), the snow sculpture (27), and then woman 

one with 15. 
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Image 16. Image 16, Three People in Front of a House, was divided into five areas. 

Object A was man one or the man on the left, B was man two or the man on the right, C 

was the woman, D was house (including the shrubs, trees, sky, and power line), and E 

was foreground, including the chair and the car. 

D 

E 

Figure 33. Image 16 object areas. 

For the Image Evaluation study the effects Protocol and Group were statistically 

significant (X2 = 5.7647, df = 1, P < 0.02; X2 = 5.7647, df = 1, P < 0.02, respectively). 

The concurrent protocol had 54 clicks, while the retrospective group had 82. The novice 

groups also had 54 clicks and the expert judges had 82. The Protocol by Object interaction 

was also significant (X2 = 21.929, df = 4, P < 0.001). The two protocols have similar 
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click frequencies for man one, man two, and woman. They begin to diverge with the 

object house, and foreground has the largest difference. 

Only Measure was found significant for Eye Tracker Study (X2 = 77.7363, df = 1, p 

< 0.001; click = 38, fixation = 163). 

Image 17. There were four object areas in Image 17, Fall Colors. Object A was the 

trees on the right, B was the trees on the left, C was the sky, horizon, and road, D was the 

foreground. 

Figure 34. Image 17 object areas. 
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In the Image Evaluation study the only significant effect was the Protocol by Object 

interaction (X2 = 9.577, df = 3, p < 0.05). Figure 34 illustrates this relationship. The 

largest differences seem to be in the objects sky and the trees on the right. For the object 

sky the concurrent protocol yielded a smaller number of clicks, while for the object trees on 

the right, it yielded a higher number. 
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Figure 34. Protocol by Object interaction for Image 17. 

For the Eye Tracker study all effects were significant. For Measure there were 39 

clicks to 154 fixations (X2 = 68.5233, df = 1, P < 0.001). Table 89 lists the differences 

among Object (X2 = 29.0725, df = 3, p < 0.001) and the interaction (X2MxO = 14.696, 

df = 3, p < 0.01). The object of the greatest click/fIXation density was the trees on the right 

(68), closely followed by the trees on the left (63). The sky had 41 clicks/fixations and the 
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foreground had 21. For the interaction the majority of the difference can be found in the 

objects trees left and right 

Image 18. Image 18, 'Old House, was divided into four objects. Object A was the 

sky, the trees, and the power pole, B was house, C was sign on the house, and D was 

foreground. 

D 

Figure 35. Image 18 object areas. 

In the Image Evaluation study the frequency of clicks changed only over objects (X2 = 

37.6923, df= 3,p < 0.001; see Table 92). The majority of the clicks were made in the 

house (43) and the sky (39) areas, followed by the sign (17) and the foreground (5). 
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In the Eye Tracker study the Chi-square for Measure was significant (X2 = 107.5668, 

df = 1, P < 0.001; see Table 93). The Retrospective Eye Tracker data yielded 42 clicks, 

while the Eye Movements yielded 205 fixations. Object was also significant (X2 = 

302.5870, df = 3, p < 0.001), Table 92 lists the objects and their respective click/fixation 

frequency. The area of highest click/flXation concentration was the house with 178 

clicks/fixations, followed by the Sky with 44. The area of the sparsest concentration was 

the foreground (14) and the sign (11). 

E 

o o 

Figure 36. Image 19 object areas. 

Image 19. The image, Statue of Liberty, Image 19, was divided into five areas. 

Object A was the statue of liberty, B was the pedestal or base of the statue, C was the 

buildings on the horizon, D was the water, and E was the sky. 
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In the Image Evaluation study only the number of clicks on each Object was significant 

(X2 = 30.9048, df= 4,p < 0.001). Table 95 lists the objects and the corresponding click 

number. The area of highest click frequency was the buildings (47), followed by the 

pedestal and the statue (both had 24), and the sky (23). The lowest object frequency was 

the water (8). 

For the Eye Tracker study all effects were significant Measure was significant (X2 = 

27.3504, df = 1, p < 0.001) with 77 clicks and 157 fixations. The objects clicked/fixated 

also differed (X20 = 57.7607, df = 4, p < 0.(01). Table 95 illustrates the differences 

among the objects. The area of highest concentration was the sky with 86 clicks\fixations, 

followed by the buildings (58), and the pedestal (36), while the water and the statue had the 

lowest number of clicks/fixations (27). The interaction between measure and object is 

shown in Figure 36 (X2MxO = 21.663, df= 4,p < 0.001). The area of largest difference 

was the sky. 
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Figure 37. Measure by Object interactionfor Image 19. 

Image 20. Image 20, Sunset on a Beach, was divided into four object areas. Object A 

was the people on the beach, B was the beach, C was the water, and D was the sky. 

For the Image Evaluation study Group was significant (X2 = 16.4634, df = ,1 P < 

0.001). The Novices made 39 clicks while the Expert Judges made 84. Object was also 

significant (X2 = 8.0894, df = 3, p < 0.05; see Table 98). The areas of highest click 

concentration was the water (43) followed by the sky (30) and the beach (29). The lowest 

concentration was on the people (21). The three interactions, Group by Object, Protocol 

by Object, and Protocol by Group, were all significant (X2 = 11.057, df = 3, p < 0.02, X2 

= 13.322, df = 1, p < 0.01, X2 = 8.936, df = 3, p < 0.01, respectively). Graphs of the 

GXO and the PXO interactions can be found in Figures 46 and 47. 
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Figure 38. Image 20 object areas. 

In the Eye Tracker Study all effects were significant. The measures differed 

significantly (X2 = 34.3806, df = 1, p < 0.01; clicks = 41, fixations = 114). The objects 

clicked/fixated also differed (X2 = 28.6645, df = 3, p < 0.(01). Table 98 illustrates the 

differences among the objects. The areas of highest concentration was the water (61), then 

sky (46), beach (32), and lowest people (16). The interaction between measure and object 

was also significant (X2 = 7.95, df = 3, p < 0.05). The areas of largest difference fall into 

the object area water. 
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Figure 39. Group by Object interactionfor Image 20. 
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Figure 40. Protocol by Object interaction/or Image 20. 
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Correlation analyses. The frequencies of clicks and fixations were correlated across 

objects within each image (see Table 39). Due to the small sample size, none of the 

correlations are statistically significant. Thus, it is inappropriate to predict the fixation 

number when the click number is known. This result was expected, as the Chi-square 

results indicated that there were differing numbers of clicks and flXations made for each 

object within an image. 

TABLE 39. Correlation coefficients andp-values for analyses between frequency of 
clicks and fixations. 

Image r p 
1 0.46 >0.05 

2 0.31 >0.05 

3 0.03 >0.05 

4 0.14 >0.05 

5 0.57 >0.05 

6 0.37 >0.05 

7 0.43 >0.05 

8 0.47 >0.05 

9 0.12 >0.05 

10 0.04 >0.05 

11 0.06 >0.05 

12 0.48 >0.05 

13 0.19 >0.05 

14 0.80 >0.05 

15 0.58 >0.05 

16 0.11 >0.05 

17 0.17 >0.05 

18 0.08 >0.05 

19 0.46 >0.05 

20 0.55 >0.05 
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DISCUSSION 

Eye Tracker Study 

For the Eye Tracker study, the measures of time, frequency, and distance were not 

sensitive to changes in Image. However, the ratings did reflect a difference in perceived 

quality among the images. These results indicate that each image was examined in a similar 

manner. The total time, the fIxation durations, the number of fIxations, and the distance 

between fIxations did not differ among images. This result was unexpected, but can be 

explained. The work ofYarbus (1967), Buswell (1935), and Antes (1974) employed 

paintings as stimuli. Controls were not taken to ensure that the paintings had never been 

viewed by the observers. Mackworth and Bruner (1970) used the same scene with three 

varying levels of focus. Gutmann (1981) used a similar task for all trials. Snyder and 

Taylor (1976) and Zusne and Michels (1964) used polygons as stimuli. In these studies 

the stimuli, as a group, were not necessarily novel. The paintings may have been viewed 

previously, the search task of Gutmann's would not be novel after the observer became 

accustomed to the type of task he was performing, and polygons are part of everyday life. 

Therefore, these stimuli were not novel. 

Each of the stimuli employed in this study can be considered equally novel. The 

majority of the images were of people the observer did not know, or of places they had not 

been. The photographers, their family, or close friends were not allowed to participate. Of 

the 30 subjects used, only 2 stated that they recognized acquaintances in the images. Many 

researchers state that novelty and informativeness of the stimuli are determining factors in 

the duration and number of fixations (Faw and Nunnally, 1967; Groner and Menz, 1981; 

Loftus and Mackwonh, 1978; and Yarbus, 1967, to name a few). Following that logic, 
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then the measures collected would not reveal a significant difference. Perhaps allowing the 

subjects to see all images before starting the task may have eliminated or reduced the 

novelty of each stimulus. 

Additionally, it is not possible to quantify the differences in the image quality except by 

using the opinions of the expert judges. Since judges participated in the study, it would not 

be appropriate to solicit their opinion. The film type was not controlled for, the camera 

system was unknown, and no standard targets were included in the images, thus leaving all 

the image quality metrics unusable. However, even if the quality could be measured, only 

physical attributes, such as density, grain, and sharpness could be measured. Weiman, 

Sayer, and Brunetti (1993) indicated that the aesthetic portion of an image contributes 

significantly to the observer's judgment of overall image quality. Therefore, a physical or 

technical value of quality may not be fully representative of the observer's opinion. 

Other techniques, such as that used by Mackworth and Morandi (1967), that rate each 

section of the image on informativeness and then correlate the informativeness with the eye 

movements would have been a possible method to gain further insight into the behavior of 

the eye tracker subjects. 

The correlations among the Eye Movement dependent variables and the Retrospective 

Eye Tracker dependent variables were disappointing, as many were not significant. Of 

those that were significant, the r2 values were low, but they do account for a small portion 

of the variance. Ignoring the low ,2 values, they indicate that the dependent variables 

associated with mouse clicks behave similarly to eye movements. The Total Click Time, 

Mean Click Time, Number of Clicks, and the InterClick Distance seem to reflect the 

Fixation Duration, Mean Fixation Duration, Fixation Number, and the InterFixation 

Distance. Future research should continue to explore the relationship between eye 

movements and verbal protocol. Perhaps soliciting verbal responses by using a think-
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aloud protocol would be more appropriate. However, the qualitative nature of the data will 

create difficulties for data analysis. 

The collection of eye movements during photographic image evaluation is an important 

part of understanding how photographs are perceived. However, the practical application 

of the results may be difficult in all situations. U sing eye movements to compare groups, 

sets of stimuli, or instructions should continue. 

Image Evaluation Study 

For all dependent variables, Protocol was found to be not significant. This result was 

expected and encouraging. It implies that each of the protocols results in similar data. For 

the concurrent protocol Bowers (1990) stated two major disadvantages: (1) the interference 

of the verbal reports with time data and (2) interference with cognitive processes. Two 

particular disadvantages of the retrospective protocol were (1) forgetting or unavailability of 

information to the subject and (2) time consuming. In light of the stated disadvantages, the 

present data did not exhibit these problems and would concur with the fmdings of Bowers 

(1990) and Deffner (1988), that no difference exists between the protocols. 

Although no statistical difference was found between the two protocols, the author has 

a preference for the retrospective approach. The task was more easily explained to the 

subjects under the retrospective paradigm. Additionally, the second time measure, Viewing 

Time, was made available by the use of the retrospective protocol. 

The second independent variable investigated was Group. The groups differed only 

on the rated quality of the images, with the novices more lenient (giving higher ratings) 

than the expert judges. However, what was surprising was the failure of the remaining 

dependent variables to evoke a difference between the two groups. As stated in the 

literature review, two hypotheses were formulated: (1) the expert judges would make 

"fixations" (mouse clicks) of a shorter duration, and (2) the mean distance between 
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"fixations" would be greater for the expert judges. Neither of these hypotheses proved to 

be tenable. It would be wise to note two things: (1) the hypotheses were formulated from 

the knowledge of eye movements, not mouse clicks, and (2) the failure to elicit a response 

may be due to the measures taken. The reader should be aware that, although no 

differences were found for most dependent variables and the Novice rating can be predicted 

from the Expert Judges, the underlying cause of the difference is still unknown. The 

opinions of expert judges should be suspect of not accurately representing consumers. 

Research should continue to detennine what causes the difference in quality ratings. 

The regression analyses performed indicate that the regression equations can be 

interchanged from Jorna's (1993) and the Image Evaluation study without any statistical 

difference. This means that, for the two data sets employed, Expert Judges' scores can be 

used to reliably predict the Novice Judges' scores. And, further, that with a slope of near 

one for the Image Evaluation study, the Novice's ratings appear to be similar to the Expert 

Judges', except with an offset (intercept = 3.48). 

The last and certainly the least surprising result was that of Image. In research 

involving more than one scene, the Image variable almost always results in significance due 

solely to the fact that the images are different. 

The results of the Retrospective Eye Tracker task and the Image Evaluation study for 

each dependent variable were not the same, as one would expect. Three possible reasons 

for the difference have been detennined. One, it could be a training effect. The 

Retrospective Eye Tracker subjects had already seen each image twice and had eye 

movements recorded while they examined the images. Two, the methodology was slightly 

different. For the Image Evaluation subjects, the mouse clicks were made either 

simultaneously or immediately after they rated the quality of the image. The Retrospective 

Eye Tracker subjects made their clicks after they had seen and rated each image twice. 

Additionally, when they made their clicks their rating was not available to them. This also 
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raises the question does the eye tracker affect their behavior? Three, could the smaller 

number of subjects have played a role in the nonsignificance of the Retrospective Eye 

Tracker data? The Eye Tracker study employed 6 subjects while the Image Evaluation 

study used 24. In future research care should be taken to ensure the numbers of subjects 

and the experimental protocol are more alike. 

Frequency Analysis 

It is important to note that these results would change dramatically if the object areas 

were either changed or re-drawn. This analysis is contingent upon the division of each 

image set forth in the Results section. 

In the Image Evaluation study almost half the images (9/20) showed a significant Chi

square for Object (see Table 40 for a summary of the Chi-square results). For the 

significant images (1,5, 7, 8, 9, 14, 18, 19, and 20) the subjects tended to click more on 

the large background areas, followed by people. 

In one quarter of the images, the two groups made significantly different numbers of 

clicks. The group of Expert Judges made more clicks than did the Novices. In 3 of the 20 

images (9, 11, and 16) Protocol was significant. The Retrospective group made more 

clicks than the Concurrent group. In three of the images the interactions between Protocol 

and Object (16, 17, and 20) and Group and Protocol (8, 14, and 20) were significant. For 

the Protocol by Group interaction the novices made fewer clicks during the concurrent 

protocol. In only one image (20) was the Group by Object interaction significant. This last 

result is encouraging, as it indicates that between the two groups, the frequency of clicks 

on objects did not vary. 
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TABLE 40. Summary of Frequency Analysis Results for the Image Evaluation Sq.ldy 

Image SIQ Proto (P) Group Object GxO PxO PxG 

(G) (0) 

1 12.7083 * 
2 8.7083 * 
3 6.3750 * 
4 11.7500 

5 12.0000 * 
6 7.3750 

7 10.4583 * * 
8 10.0833 * * 
9 12.2083 * * 
10 6.7500 

11 9.4533 * 
12 9.3333 

13 14.3333 

14 8.2917 * * 
15 12.1667 

J 

16 9.0833 * * I * 
17 14.2917 I. * 
18 13.7500 * I 
19 13.5000 * I 
20 13.1250 * * * i * * 

In the Eye Tracker Study the effect Measure was significant for all images (see Table 

41 for summary). This was not surprising, but rather anticipate<L as there were more 

fixations than mouse clicks. For the majority of images (17 out of 20) the number of 

clicks/fixations differed over Object. In Images 4, 10, and 16, Object was not significant. 

The objects of the highest click/fixation numbers tended to be people, followed by large 

background areas (e.g. sky, water, background). For half the images the measures 
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produced different click and fIxation frequencies for the objects. The signiflcant images 

can be labeled as two separate categories: close-ups of people and landscapes. For some 

reason, these types of images produced the difference. The high number (50 percent) of 

signiflcant Measure by Object interactions implies that the mouse clicks did not reflect the 

position and frequency of the eye movements. 

TABLE 41. Summary of Frequency Analysis Results for the Eye Tracker Study 

Image SIQ Measure (M) Object (0) MxO 

1 12.167 * * 
2 9.000 * * * 
3 6.417 * * * 
4 11.083 * * 
5 12.250 * * 
6 7.083 * * * 
7 9.333 * * 
8 11.750 * * 
9 9.583 * * 
10 8.000 * 
11 10.667 * * * 
12 11.833 * * * 
13 13.833 * * * 
14 10.750 * * 
15 11.833 * * 
16 9.750 * 
17 14.250 * * * 
18 14.083 * * 
19 16.333 * * * 
20 13.917 * * * 
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CONCLUSIONS 

The objectives of this research were to (1) detennine if eye movements could be 

represented by subjective reports, and (2) detennine if novice subjects attended to the same 

information as expert judges. 

Addressing objective one, this research did not provide a clear answer to the question. 

The method of using mouse clicks to simulate eye movements is not valid. The flaw in the 

methodology was the lack of association between verbal reports and mouse clicks. There 

were no data to support the hypothesis that a motor task guided by cognitive processes 

would yield the same infonnation as traditional verbal reports. The use of the eye tracker 

during image evaluation is to gain insight to the cognitive processes taking place during 

examination. A method that can quantitatively measure these processes would be 

invaluable; however, mouse clicks are not it. 

Addressing objective two, this research did not provide any indication, other than 

subjective image quality, that novice picture-takers behave differently than expert judges. 

However, this result is based upon the dependent measures employed and is not 

exhaustive. Differences may be found in other measures such as technical quality and 

affective tone ratings. 

Although the main objectives of this research were not totally realized, other important 

results were found. The inverse relationship between image quality and the number and 

durations of fIxations was confmned. This relationship was also found in the mouse click 

equivalents. That is, Viewing Time, Mean Click Time, Total Click Time, Number of 

Clicks, and InterClick Distance were all inversely correlated with Subjective Image Quality. 

This research also confirmed that no difference exists between concurrent and retrospective 
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verbal protocols. And lastly, a method of presenting soft-copy images and collecting time 

and rating data was developed. This tool can easily be adapted for other research purposes. 

From this point in time, two key areas of research can be identified. The first is the 

search for a way to better understand how and why subjects rate the quality of images. 

This is a fertile area for research, spanning from a representative way to collect the 

equivalent of eye movements to how novelty and familiarity affect the subjective quality 

ratings. 

The second key area would be to investigate why there are differences between novices 

and experts. Are the experts using a different criterion to evaluate the qUality? Do they 

really see a physical difference in the images? Or, because they are deemed experts, are 

they more critical? Answers to these questions would have a great impact in all areas that 

rely on expert judgment, not just photographic quality judgment. 
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APPENDIX A: EYE TRACKER INSTRUCTIONS 



Initial Screening 

Thank you for volunteering to be screened for possible participation this study 
concerning eye movements. The study will employ an eye tracker that will show me what 
you are looking at as you examine images. For this eye tracker, pupil dilation is necessary. 

Before we begin the screening tests I need ask you for your consent to participate in 
the screening and testing procedures. This is an informed consent form. It explains the 
purpose of the study, how subject selection is made, information about the dilation drugs, 
the risks involved in the study, contact names and phone numbers, and your rights as a 
subject By signing this form you agree that you understand the purpose of the experiment 
and your rights as a subject. Also, you agree not to operate a motor vehicle or ride a 
bicycle for four hours following the administration of the dilation drug. Please read it 
carefully; if you do not have any questions and if you give your consent, please sign and 
date both copies of the form. One copy is for my records; the other copy is for yours. 

[Stop to read and sign informed consent. Continue only if the form has been signed.] 

To participate in this study you will be required to make an impression of your teeth, 
or a bite bar. The bite bar will be used to stabilize your head during the experiment. You 
may have the bite bar in your mouth for up to 30 minutes. If you foresee any concerns or 
feel you cannot participate because of the bite bar, please let me know now. 

The purpose of this screening is to detennine if you meet the stringent criteria and 
physical requirements established for this study. First, you will be given a questionnaire 
about your physical health. We need this information to help ensure we have safeguarded 
you against complications with the drugs to be used to dilate your pupils. This information 
will be kept confidential. Only the experimenter and the optometrist will see the 
information. Please answer the questions as completely and honestly as you can. If you 
meet the initial criteria, you will then have your visual acuity and color vision tested. The 
experimenter will also ask you some questions about dental work. 

[Stop to fill out Medical History Questionnaire. If okay, then continue.] 

I am going to test your visual acuity and color vision. This is not a medical 
examination. This screening is being conducted solely to determine whether you qualify 
for participation in a study to be conducted later. Failure to meet our criteria in no way 
determines, or suggests, any visual abnormalities. Failure to meet our stringent criteria 
simply means you do not possess the desired characteristics to become a participant in this 
study. Please listen to, and follow closely, all instructions provided to you by the 
experimenter. Feel free to ask any questions you may have. 

[Stop to test acuity and color vision. If okay, then continue.} 

Before we continue, I would like to have you fill out a Camera Profile Form. I will be 
using this information to determine your expertise as a photographer and to understand 
how much fum you use in a year. 

[Stop to fill out profile. ] 
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Pre-Experimental Session 

You have passed the initial screening, and I now want to make sure the eye tracker can 
successfully follow your gaze. First we are going to make a bite bar, which is simply an 
impression of your teeth. I will heat aU-shaped bar, covered in dental wax, until it is soft. 
It may feel wann inside your mouth, but I can assure you it will not bum. I will ask you to 
open your mouth while I insert the bite bar. When it is properly positioned, I will ask you 
to gently close your mouth. The bite bar needs to stay in your mouth until it feels cool to 
the touch and has hardened. If you feel you need to remove it sooner, please do so, but we 
will have to start over. I will sterilize the bite bar before and after each use. I will always 
wear latex gloves when I handle your bite bar. Do you have any questions? 

[Stop to make bite bar.] 

Next I will attach your bite bar to the table. I will ask you adjust your chair so your 
mouth is in line with the bite bar. Next, you will gently insert the bite bar into your mouth. 
You may adjust your chair to the most comfortable position, but do not do so while the bite 
bar is in your mouth. Once comfortable in your chair, I will adjust the headrest so it just 
touches your forehead. I will then ask you to look directly at the center of the target you 
will see in front of you. You need to try as hard as you can to stare directly at the center of 
the target. Try not to move your eyes. I will then adjust the eye tracker to its proper 
position. Once the eye tracker is in the correct position, I will turn it on. While the eye 
tracker is on you will hear a number of clicks. Please try to not let them distract you. I will 
then ask you to look over the target If the eye tracker can follow your eyes as you look 
over the target, you will be invited to participate in the larger study. If the eye tracker 
cannot follow your eyes, you will be dismissed. 

Experimental Session 

Thank you for volunteering to participate in this study. You have been selected to 
participate in this study based upon the screening tests and the ability of the eye tracker to 
successfully track your gaze. Please listen carefully to all instructions, and please ask 
questions if you do not understand any instructions. 

The first thing we are going to do is have your pupils dilated. Dr. Steven Jacobs, an 
optometrist, will administer drops in your eyes that will make your pupils larger. I will 
drive you to his office. Dr. Jacobs will inspect your Medical History Questionnaire and 
may ask you some questions. The doctor will then use a bio-microscope (slit lamp) to 
evaluate your cornea. If he feels you are an appropriate subject, he will administer the 
drops into both of your eyes. I will then drive you back here. 

[Stop to have pupils dilated] 

The goal of this study is to investigate your opinion of the quality of the images. 
Please keep in mind there are no right or wrong answers to this task. You will be 
presented a series of images in random order. Your task is to assess the quality of each 
image. I want you to rate each image on a scale of 1 to 20, where 1 is the worst imaginable 
overall quality (the worst photograph you have ever seen) and 20 is the best imaginable 
overall quality (the best photograph you have ever seen). 
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You are now going to go through a tutorial that will familiarize you with the task. 
Please read the instructions on the screen, if you have any questions, please ask. After you 
have completed the tutorial please let me know. You may request a break at any time. 

The instructions are the same as you received in the pre-experimental session. I will 
attach your bite bar to the table. I will ask you adjust your chair so your mouth is in line 
with the bite bar. Next, you will gently insert the bite bar into your mouth. You may 
adjust your chair to the most comfortable position, but do not do so while the bite bar is in 
your mouth. Once comfortable in your chair, I will adjust the headrest so it just touches 
your forehead. I will then ask you to look directly at the center of the target you will see in 
front you. You need to try as hard as you can to stare directly at the center of the target. 
Try not to move your eyes around. I will then fine tune the eye tracker to the proper 
position. I will then ask you to look over the target. When I give you the signal, you may 
start the task. You may request a break at anytime. 

[Collect data for triall.] 

You are now going to repeat the task. When I give you the signal, you may start. 

[Collect data for trial 2.] 

You are finished with the eye movement portion of the study. I am going to remove 
the bite bar and move the eye tracker out of the way. What I want you to do now is, using 
the mouse, click on the features in the image that influenced your rating of the quality of the 
image. Please be sure to click on the feature. 

You are now going to go through a tutorial that will familiarize you with the task. 
Please read the instructions on the screen, if you have any questions, please ask. After you 
have completed the tutorial you will continue with the experimental task. You may request 
a break at any time. 

[Collect mouse clicks. After all images have been rated, skip to Debriefing section.] 

Debriefing 

I want to thank you for participating in this study. Please do not discuss this study 
with anyone who might potentially participate until it is completed. You must wait at least 
4 hours from the initial administration of the dilating drops before driving a vehicle or 
riding a bicycle. The reason for this is that when your pupils are dilated you will be more 
sensitive to bright light and may experience difficulty in focusing, particularly at near 
objects. This perceptual disturbance may interfere directly or indirectly with your normal 
functioning when operating a vehicle or bicycle. Most people find that their vision returns 
to its normal state within four to six hours. Some individuals may feel that this occurs in a 
shorter period. However, others may not feel totally at ease for the remainder of the day. 
Therefore, after the minimum four-hour period, please use your judgment and do not drive 
or ride if you feel at all hesitant. I will also give you a fact sheet about the drugs used. The 
fact sheet has the name of the drugs, how they work, what you need to do, and phone 
numbers you may call in case of questions or emergencies. We ask that you keep this sheet 
with you for the remainder of the day. 
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MEDICAL HISTORY QUESTIONNAIRE 

The following questions will help ensure we have safeguarded you against 
complications with drugs we will use to dilate your pupil. It is of the utmost importance 
that you answer all the questions as completely as possible. All information will be kept 
confidentiaL 

1. 
2. 

Name: _____________________________ SSN: ______________________ __ 
Address: __________________________ _ 
Home Phone: _____________________ Work Phone: _______ _ 
Age: __ Gender: ____ Emergency Contact: _____________ __ 

Are you pregnant or nursing? Yes No 
When was your last complete eye exam? ________ Please explain any 
problems found. 

3. Have you had any type surgery, disease, or trauma associated with either of your 
eyes within the last year? 

4. Have you ever been treated for insufficient tears? 

5. Have been tested for glaucoma recently? Yes No If yes, what were the 
results? 

6. Do you have or are you being treated for high blood pressure? Yes No 

7. Do you have or are you being treated for heart disease? Yes No 

8. Are you diabetic? Yes No 

9. Are you sensitive or allergic to Neo-Synephrine? Yes No 

10. Are you taking any of the following drugs: 
MAO inhibitors? 
tricyclic antidepressants (e.g., Pamelor, Prozac, Ludiomil, etc.)? 
propanol (e.g., Inderal, Inderide)? 
reserpine? 
guanethidine (e.g., Ismelin)? 
methyldopa (e.g., Aldomet)? 
atropine-like drugs? 

11. Please list any other medications, prescription or over-the-counter, you take. 

By signing below, I agree that the above information I have provided is as complete 
and accurate as possible given my present knowledge of my health. 

Signature Date 
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FACT SHEET 
Name: ___________ Date: _____________ _ 
Address: __________________________ _ 
Home Phone: _________ Work Phone: __________ _ 
Emergency Contact:'-________________________ _ 

What drug was used? 

How does it work? 

How long will it last? 

What can I expect? 

What do I need to do? 

Who can I call? 

Phenylephrine 2.5% (this is the same drug found in Neo
Synephrine) and Tropicamide. 

The Phenylephrine constricts ophthalmic blood vessels and the 
iris dilator muscle of the eye; thus, dilating (i.e., enlarging) the 
pupil. Tropicamide decreases nerve activity to the sphincter 
muscle of the eye, allowing the pupil to enlarge. Tropicamide 
also affect the ciliary muscles; thus, causing cycoplegia, or a 
paralysis of accommodation. 

Dilation occurs within 15 to 60 minutes. The cycoplegic affect 
will diminish after 30 minutes. The pupil will return to normal 
in about four to six hours. 

1. Possible initial stinging (for about 15 to 30 seconds) when 
drops are administered. 

2. Gradual enlargement of the pupil. 
3. Difficulty focusing, particularly for close objects, for 

approximately 30 minutes. 
4. Increased sensitivity to bright or glaring light since the pupil 

will not constrict to block out this light. 
5. Possible headache, dizziness, or feeling of eye strain if 

attempting to do close work while drug is still active. 

1. Do not drive until you have fully recovered. 
2. Wear sunglasses in bright environments. 
3. Keep this sheet with you for the remainder of the 
day. 

Tina Brunetti, Graduate Research Assistant, 231-9092 or 552-
4103 
Dr. Steven Jacobs, Optometrist, Office 953-0136 
Dr. H. L. Snyder, Faculty Research Advisor, 231-7527 
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APPENDIX B: COLOR PHOTOGRAPHS OF STIMULI 



Figure 41. Image 1 Child at Christmas. 
Child, a girl, standing in front of a Christmas tree. Behind her is a television, on, and 
coats hanging on a wall. The tree is on the right. The bottom of the tree is visible, but the 
top has been cut off. The girl's legs have also been cut off and she has red eye. 
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Figure 42. Image 2 Child's Binhday Party 
A young female child is opening a present while sitting in a woman's lap. The woman is 
laughing and pointing to the girl. Two other women are present in the background, as are 
two other children. There is a large flash reflection off a window. 
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APPENDIX C: TELEPHONE SCREENING QUESTIONS 



Figure 44. Image 4 Couple in Front of a Fireplace. 
Image four is a vertical photograph of a man and a woman standing in front of fireplace. 
The woman has red-eye and is wearing white shirt that blends into the white wall behind 
her. On the right side are fireplace utensils, a pair of gloves, and a wood rack. The 
foreground is dominated by the floor and an area rug. The left side shows a window in 
another room. The ceiling is also visible. 
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Figure 45. Image 5 Adult Binhday Party. 
Five people, two women and three men, are seated at a dining room table for a birthday 
party. The two women have their backs to the camera, although the profile of the woman 
on the left is visible. The profile and upper body of the man furthermost right is visible. 
The man in the middle is blowing out candles on a cake. This man has large triangular 
shiny spot on his forehead. The man on the left is looking at the cake. His head is resting 
on his right hand. This man also has a shiny spot. The table is cluttered with napkins, 
wine glasses, plates, and a center piece. In the background bookcases, wall hangings, 
pictures, and a window are visible. At the top of the picture a lamp with three light bulbs is 
visible. The bulbs' reflection is visible in the window. To the right of the lights, the 
bottom of mylar balloons are visible. The balloon strings hang just to the right of the man 
in middle. 
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Figure 46. Image 6 People on a Couch 
Three people, two women and one man, are seated on a couch. The woman on the left is 
wearing glasses and looks out of focus. The woman in the middle is also wearing glasses 
and is holding a pop can. The man on the right is holding a dark brown bottle. Behind the 
couch a picture, a large plant, and a window are visible. Additionally, a light source, 
tungsten, is creating a white spot on the wall and harsh shadows. The picture has an 
overall yellowish look due to the tungsten light source. In the foreground, a bottle and a 
planter on a table are very blurry. 
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Figure 47. Image 7 Two Women in a Picnic Shelter. 
The woman on far right is wearing mirrored sunglasses and looking toward the camera. 
The woman on the left is out of focus, and looking downward at a piece of paper in her 
hands. The proflle of a third woman is also visible on the extreme left. The roof of the 
shelter is visible at the top of the image. The background, particularly on the right, is 
dominated by green foliage. The foliage is out of focus and overexposed. 

l39 



Figure 48. Image 8 Four People in a Restaurant. 
Four people, two women and two men, are seated at a long table in a restaurant. The man 
on the far right is slightly out of focus. Both women are also out of focus. The man on the 
left is in a dark spot and is very blurry. The foreground, which part is in focus, is cluttered 
with glasses, flatware, and other dining utensils. The background on the left shows a 
picture, the wallpaper, and paneling. The paneling is reflecting part of the flash. The 
background on the right is a mirror, in which the reflection of the woman on the left is 
depicted. 
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Figure 49. Image 9 Two Men in a Mall. 
Two men are sitting on a bench in a mall. The man on the left is looking at the man on the 
right. The man on the left is holding a sandwich in his hands. He has a drink on the bench 
to his right. The man on the right is holding a drink in his left hand and is looking at the 
camera. His shirt is dirty and he has white dust on his knees. A roll of Kodak film is 
sitting on the bench between them. The right side of the photograph is a trash can and 
another bench. The background it out of focus. There are trees and shrubs, and shops in 
the background. The walls, white, are washed out due to excessive light. 
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Figure 50. Image 10 Wedding. 
In front of an alter are the bride, groom, flower girl, and a man. In the right side 
background there is a woman. The hands and a camera lens of another person are visible 
on the right side. In the background a plant, a speaker, a painting of the Last Supper, 
candelabras, and pews are visible. 
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Figure 51. Image 11 Child. 
A female child is standing in front of a swing. The child is holding something in her right 
hand. The swing is out of focus and the ropes are obscuring part of her face. In the 
background, a door and steps are visible. 
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Figure 52. Image 12 Man and Child on the Beach. 
This vertical format photo is of man standing in the surf and a child squatting down on the 
beach. The picture is back lighted, and the faces of the people are very dark. In the 
background there are other people on the beach and the horizon contains beach houses. 
The sky is a light blue with a thin cloud cover. 
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Figure 53. Image 13 Man and Woman at Waterfall. 
A man, in a red shirt, and a woman, in purple, are standing in front of a waterfall. Their 
legs have been cut off. The top of the waterfall has also been cut off. Other people are 
visible in the background. Of particular interest, one person in the background is wearing 
red. From the angle of the photograph, it appears as if this person is standing on the man's 
shoulder. 
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Figure 54. Image 14 Group on the Beach. 
The primary subject matter is a group of four people standing on the beach waving to the camera. However, a large section of beach is visible in the foreground and the background is cluttered with trees, people, an umbrella, a lifeguard station, and a trash can. The sky is gray, and the light is from the side, causing long shadows. 
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Figure 55. Image 15 Four Adults in the Snow. 
Two females and two males are posed outdoors in the snow. In the foreground is a snow 
sculpture resembling a slug with a hom on it's head. In the background a car, a house, 
shrubs, trees and a power pole and lines are visible. The sky is blue and all the people are 
squinting. There was din on the negative when printed and when scanned, thus white 
spots in the sky and on the left man's pants. 
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Figure 56. Image 16 Three People in Front of a House. 
There are two men standing and one female sitting in front of a house. The two men appear to be talking. The woman is removed from their conversation. In the background is a brick house, shrubs, a power line, a car, and an unoccupied chair. The sky is gray and the lighting is diffuse. 
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Figure 57. Image 17 Fall Colors. 
Landscape of the changing leaves. The lighting appears to be frontal. A town is visible on 
the horizon, and a road is also visible. The sky is blue with a few clouds. 
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Figure 58. Image 18 Old House. 
An old house. There is a red and blue sign on the barn. The grass surrounding it is brown. There are pine trees in the background, as well as a power pole and line. The sky is blue with very few clouds. The lighting is from the side. 
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Figure 59. Image 19 Statue of Liberty. 
The Statue of Liberty is on the left side of the image with the New York City sky line in the background. The sky is gray with a lot of puffy clouds. 
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Figure 60. Image 20 Sunset on a Beach. 
Sunset on a beach. Two people are silhouetted on the beach. Half the sun is visible on the 
horizon. The sky is a mixture of reds, yellows, and gray. The focus is soft. 
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APPENDIX C: TELEPHONE SCREENING QUESTIONS 



Phone Screening for Novice Subjects 

Only BOLD answers are acceptable 

Name: _____________ _ Phone: ________ _ 

1. How many rolls of film would you estimate that you use in a year? 

_more than 6 rolls __ .LESS THAN 6 ROLLS 

2. Would you consider photography one of your hobbies? 

_Yes __ NO 

3. How often do you read photography magazines? 

___ Several times a year 

__ < ONCE A YEAR 

__ ...... > once a year 

NEVER 

4. Have you ever taken a class in photography? 

_Yes ___ NO 

5. Are you required to take photographs as part of your job? 

_Yes NO 

6. Would you consider yourself to have 20/20 vision? 

No - YES 

7. Do you wear glasses or contacts? 

_GLASSES CONTACTS 

8. Do you have nonnal color vision? 

_No YES 

154 

NONE 



APPENDIX D: INFORMED CONSENT 



PARTICIPANT'S INFORMED CONSENT 
VIRGINIA POLYTECHNIC INSTITUTE AND STATE UNIVERSITY 

Title or study: Image Evaluation and Verbal Protocol 

Researcher: Dr. H. L. Snyder, Tina M. Brunetti 

Brief Description 
The objective of this research is to determine what you attend to while making judgments of 

subjective image quality. Subjective reports of attention as you make subjective quality judgments of 
consumer-like images displayed on a CRT will be collected. 

Before you are permitted to participate in the study ~ you will be required to take part in screening tests 
for visual acuity and color vision. These tests require specific visual capabilities, and you maybe excused 
from the study by the experimenter after completing these tests. If you are excused from the experiment, 
you will be paid for your time. If you are not excused, you will be invited to participate in the study. You 
will be monetarily compensated for your time. 

Each session will be recorded on videotape. The tapes will be viewed only by the experimenter and the 
faculty advisor, Dr. H. L. Snyder. The tapes will be erased after the completion of the data analysis, 
approximately four months from today. 

There are no risks from participating in this study. 

Consent 
You have now read a brief description of this experiment and understand that its purpose is to study 

your subjective response to the quality of the photographs. 

If you have any questions regarding this experiment you may contact the researcher at 231-9092. You 
may also contact the Faculty Research Advisor for this project, Dr. H. L. Snyder. at 231-7257, or the 
University Institutional Review Board Chairman, Dr. Janet Johnson at 231-0077 . 

. As a participant in this experiment, you have certain rights, as listed below. You should read and 
understand these rights prior to your consenting to participate in this study. 

1. You have the right to stop participating in this experiment at any time. 
2. You have the right to withdraw your data from the experiment. All data are treated 

anonymously. Therefore, if you wish to withdraw your data, you must indicate so before 
leaving the session. 

3. You have the right to be informed of the overall results of this experiment. If you wish to 
receive information about the results, please include your address with your signature below. 
If you do so, a summary will be sent to you approximately three months after completion of 
the study. For further information you may contact the Displays and Controls Laboratory in 
the Industrial and Systems Engineering Department 

Your signature below indicates that you understand what is expected of you in this study, and that you 
have read the above stated rights and consent to participate. 

Printed Name Signature Date 
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VIRGINIA POLYTECHNIC INSTITUTE AND STATE UNIVERSITY 
OFF-SITE INFORMED CONSENT 

Title of study: Image E,'aluation and Verbal Protocol 

Researcher: Dr. H. L. Snyder, Tina M. Brunetti 

Brief Description 
The objective of this research is to detennine what you attend to while making judgments of 

subjective image quality. Subjective reports of attention as you make subjective quality judgments of 
consumer-like images displayed on a CRT will be collected. 

Before you are pennitted to participate in the study, you will be required to take part in screening tests 
for visual acuity and color vision. These tests require specific visual capabilities, and you maybe excused 
from the study by the experimenter after completing these tests. 

Each session will be recorded on videotape. The tapes will be viewed only by the experimenter and the 
faculty advisor. Dr. H. L. Snyder. The tapes will be erased after the completion of the data analysis, 
approximately four months from today. 

There are no risks from participating in this study. 

Consent 
You have now read a brief description of this experiment and understand that its purpose is to study 

your subjective response to the quality of the photographs. 

If you have any questions regarding this experiment you may contact the researcher at (703) 231-9092. 
You may also contact the Faculty Research Advisor for this project, Dr. H. L. Snyder, at (703) 231-7257, 
or the University Institutional Review Board Chairman, Dr. Janet Johnson at (703) 231-6077. 

As a participant in this experiment, you have certain rights. as listed below. You should read and 
understand these rights prior to your consenting to participate in this study. 

1. You have the right to stop participating in this experiment at any time. 
2. You have the right to withdraw your data from the experiment. All data are treated 

anonymously. Therefore, if you wish to withdraw your data, you must indicate so before 
leaving the session. 

3. You have the right to be infonned of the overall results of this experiment If you wish to 
receive infonnation about the results, please include your address with your signature below. 
If you do so, a summary will be sent to you approximately three months after completion of 
the study. For further infonnation you may contact the Displays and Controls Laboratory in 
the Industrial and Systems Engineering Department of Virginia Tech at (703) 231-9092 or 
(703) 231-7257. 

Your signature below indicates that you understand what is expected of you in this study, and that you 
have read the above stated rights and consent to participate. 

Printed Name Signature Date 
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PARTICIPANT'S INFORMED CONSENT 

Title of study: Print Evaluation and Eye Tracking 

Researcher: Harry L. Snyder, Tina Brunetti 

Brief Description 
The experiment you are about to participate in requires you to view photographic prints with the 

use of an eye tracker. Your subjective opinion of the quality of the prints will be solicited. The purpose of 
this study is to determine how people look at photographs and what their subjective judgments of image 
quality are. Dilation of your pupils will be necessary for the eye tracker to work properly. 

Before you are permitted to participate in the study, you must pass a series of screening tests, 
listed in the following order: 

1. Medical History Questionnaire 
2. Visual acuity, color vision, and dental questions 
3. Eye tracker performance test 
4. Brief bio-microscopic eye examination 

These tests require specific attributes; you may be excused from the study by the experimenter after 
completing anyone of these tests. If at any time you are excused from the experiment, you will be paid for 
your time. If you are not excused, you will be invited to participate in the study. You will be monetarily 
compensated for your time. 

Before participating in the experimental session you will have your pupils dilated by an 
optometrist, Dr. Steven Jacobs. Dr. Jacobs will review your medical history and briefly examine your 
eyes. If he determines your pupils may be dilated with minimal risk. he will administer Phenylephrine 
2.5 % and Tropicamide in both your eyes. After your pupils dilate to an appropriate diameter the 
experimental session will begin. After the experimental session. you will not be allowed to drive or ride a 
bicycle for at least four hours from the initial administration of the dilation drugs. 

The information you provide on the Medical History Questionnaire will be used to screen out 
potential subjects that may have difficulties from administration of the drug. If you are chosen to 
participate, the risks associated with dilating your pupils with Phenylephrine 2.5% and Tropicamide are 
minimal. Upon administration of the drops you may feel a stinging sensation for approximately 15 to 30 
seconds. After the drug has taken effect, you will be sensitive to bright light. You may also have 
difficulty focusing, especially on close objects. You may experience a headache, dizziness or eye strain if 
attempting to do close work while the drug is still active. During the experiment you may experience a 
slight, temporary drying of your eyes and perhaps postural discomfort from sitting in a relatively still 
position. Breaks will be given at least every 30 minutes, more often if you feel you need them. 

Consent 
You have now read a brief description of this experiment and understand that its purpose is to study 

your subjective response to the quality of the photographs and how your eyes move as you look at them. 

If you have any questions regarding this experiment you may contact the researcher at 231-9092. 
You may also contact the Faculty Research Advisor for this project, Dr. H. L. Snyder, at 231-7527, or the 
University Institutional Review Board Chainnan, Dr. Janet Johnson, at 231-6077. 

As a participant in this experiment, you have certain rights, as listed below. You should read and 
understand these rights prior to your consenting to participate in this study. 

1. You have the right to stop participating in this experiment at any time. 
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2. You have the right to withdraw your data from the experiment. All data are treated anonymously. 
Therefore, if you wish to withdraw your data, you must indicate so before leaving the session. 

3. You have the right to be informed of the general results of this experiment. If you wish to receive 
information about the results, please include your address with your signature below. If you do so, a 
summary will be sent to you approximately three months after completion of the study. For further 
information you may contact the Displays and Controls Laboratory in the Industrial and Systems 
Engineering Department 
4. The potential risks of participating are minimal. 

5. Although the risks associated with the use of the mouth piece (bite bar) are minimal. the bite bar will 
be sterilized before and after each use. The experimenter will use latex gloves whenever the bite bar is 
handled. 

Your signature below indicates that you understand what is expected of you in this study. and that 
you have read the above stated rights and consent to participate. Additionally. by signing this form you 
agree NOT to operate a motor vehicle or bicycle for a period not less than four hours after the initial 
administration of the dilation drugs. 

Printed Name Signature Date 
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APPENDIX E: IMAGE EV ALUA TION INSTRUCTIONS 



INSTRUCTIONS 

Initial Screening 

Thank you for volunteering to be screened for possible participation in a study 
concerning subjective image quality and subjective reports of attention. Before we begin 
the screening tests, I need to ask for your consent to participate in the screening and testing 
procedures. This form is an informed consent. It outlines the purpose of the study, the 
monetary payment schedule, contact phone numbers, and your rights as a subject. Please 
read it carefully; if you do not have any questions and if you give your consent, please sign 
and date both copies of the form. One copy is for my records; the other copy is for yours. 

[Stop for informed consent. If signed, continue. If not signed, pay and dismiss.] 

The purpose of this screening is to determine if you can meet the stringent criteria 
established for this study. Your visual acuity and color vision will be tested. If you meet 
the initial criteria, you will then be invited to participate in the study. 

This is not a medical examination. This screening is being conducted solely to 
determine whether you qualify for participation in the study_ Failure to meet our criteria in 
no way determines, or suggests, any visual abnormalities. Failure to meet our stringent 
criteria simply means you do not possess the desired characteristics to become a participant 
for the study. 

Please listen to, and follow closely, all instructions provided to you by the 
experim~nter. Feel free to ask any questions you may have. 

[Stop to test acuity and color vision. If, okay continue. If not okay, debrief, pay, and dismiss.] 

Before we start the experiment, I would like to have you fill out a Camera Profile 
Form. I will be using this information to determine your expertise as a photographer and to 
understand how much film you use in a year. 

[Stop to fill out profile. Continue with the appropriate section: Concurrent or Retrospective 
Experimental Session.] 

Concurrent Experimental Session 

Thank you for volunteering to participate in this study. You have been selected to 
participate in this study based upon the screening tests. Please listen carefully to all 
instructions and ask questions if you do not understand any instructions. 

The goal of this study is to investigate your opinion of the quality of the photographs 
and the areas you think are important in forming your opinion. Please keep in mind there 
are no right or wrong answers to this task. You will be presented a series of images in 
random order. Your task is to assess the quality of each image. I want you to rate each 
image on a scale of 1 to 20, where 1 is the worst imaginable overall quality (the worst 
photograph you have ever seen) and 20 is the best imaginable overall quality (the best 
photograph you have ever seen), As you determine your quality rating, I want you to point 
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and click on the features in the image you are using to make your assessment. Please be 
sure to click the mouse on the feature. 

I will ask you to adjust your chair so that your forehead is centered on the headrest. 
Please keep your head in contact with the headrest throughout the experiment. I will then 
adjust the video camera. It will be pointing over your shoulder. The only thing I will be 
recording is the display; the only part of your body that may be recorded is part of your 
shoulder and perhaps your hands. 

[Stop to adjust chair and camera.] 

You are now going to go through a tutorial that will familiarize you with the task. 
Please read the instructions on the screen, if you have any questions, please ask. After you 
have completed the tutorial you will continue with the experimental task. You may request 
a break at any time. 

[Stop to assess image quality and collect mouse clicks. After all images have been rated, Skip to 
Debriefing section.] 

Retrospective Experimental Session 

Thank you for volunteering to participate in this study. You have been selected to 
participate in this study based upon the screening tests. Please listen carefully to all 
instructions and ask questions if you do not understand any instructions. 

The goal of this study is to investigate your opinion of the quality of the photographs 
and the areas you think are important in forming your opinion. Please keep in mind there 
are no right or wrong answers to this task. You will be presented a series of images in 
random order. Your task is to assess the quality of each image. I want you to rate each 
image on a scale of 1 to 20, where 1 is the worst imaginable overall quality (the worst 
photograph you have ever seen) and 20 is the best imaginable overall quality (the best 
photograph you have ever seen). After you assess the quality, I want you to point and 
click on the features in the image you used to make your assessment. Please be sure to 
click the mouse on the feature. 

I will ask you to adjust your chair so that your forehead is centered on the headrest. 
Please keep your head in contact with the headrest throughout the experiment I \vill then 
adjust the video camera. It will be pointing over your shoulder. The only thing I will be 
recording is the display; the only part of your body that may be recorded is part of your 
shoulder and perhaps your hands. 

[Stop to adjust chair and camera.] 

You are now going to go through a tutorial that will familiarize you with the task. 
Please read the instructions on the screen, if you have any questions, please ask. After you 
have completed the tutorial you will continue with the experimental task. You may request 
a break at any time. 

[Stop to assess image quality collect mouse clicks. After all images have been rated, Skip to 
Debriefing section.} 
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Debriefing 

I want to thank you for participating in this study. Please do not discuss this study 
with anyone who might potentially participate until it is completed. 
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APPENDIX F: PROCEDURE FOR ATTAINING TRACK LOCK 



INTRODUCfION 
The purpose of this document is to describe the operating procedures for Virginia 

Tech's third generation SRI DPI eye tracker. This procedure is a revised version of that in 
Gutmann, Snyder, Farley, and Evans (1979). The current configuration of the tracker is 
such that the tracker has been placed on a moclified machinist's stage and a laboratory jack. 
The stage controls the x and z axes, will the jack controls the y axis. This modification was 
made to keep the subject stationary throughout the alignment process and to move the 
tracker to the subject 

Terminology used in the procedure is described below. The "input optics" refer to the 
collection of lenses and mirrors which define the optical path between the light source and 
the dichroic mirror. The "receiving optics" are the collection of lenses, mirrors, 
beamsplitters, and detectors which defme the optical path between the dichroic mirror and 
the photodetectors for the first and fourth Purkinje images. 

The input optics contain two light sources: the "visible source" and the "infrared (IR) 
source". The "iris" refers to the iris located between the source and the mirrors driven by 
the first Purkinje servo. This iris is used for varying the size of the source beam. The 
"centering light" is a source of visible illumination located below the dichroic mirror. 

In the receiving optics, "MI3" refers to the adjustable mirror used to control the 
position of the fourth Purkinje on the fourth Purkinje photodetector. The "fourth detector 
lever" refers to that lever which allows the operator to slide the fourth Purkinje detector into 
the receiving optical path. The "IR viewer" refers to the infrared scope placed behind the 
fourth Purkinje detectors. Stable tracking of eye rotations is referred to as "track lock", 

BITE BAR FITTING 
The bite bar, used to stabilize the subject's head, was a U-shaped aluminum plate. It 

was 3 mm thick, and the "U" shaped part was 49 mm by 52 mm. Each prong of the U was 
10 mm across and 20 nun long. The aluminum plate was covered with approximately 12 to 
15 mm of Kerr red impression compound The bite bar will be heated to approximately 
132°F (the working temperature of the compound). Once pliable, the bite bar was placed in 
the subject's mouth and the subject instructed to close his/her jaw. When the wax cooled 
and hardened ( approximately 1 to 2 minutes), the bite bar was removed and a name label 
applied. The bite bar was rinsed in clean water, sterilized in anhydrous, 190-proof ethyl 
alcohol, and rinsed with clean water prior to storage or usage. Latex gloves were worn by 
the experimenter whenever the bite bar was handled. 

When the bite bar was cool and cleaned it was attached to a 203 mm shaft that was 
attached to the table. An adjustable height chair was used to accommodate subjects of 
different stature. After the subject adjusted the chair to the most comfortable position, the 
bite bar was inserted into his/her mouth and the head rest was adjusted. 

INITIAL ALIGNMENT 
The initial alignment of the tracker to the subject was achieved using visible light 

provided from two sources. One source, the visible source, is located in the same plane as 
the IR source and follows a path through the dovetail mirror assembly, to the dichroic 
mirror, and onto the subject's eye. The image from the visible source forms a reddish spot 
the subject's eyelid. This light is used to align the subject in the x and y planes. The 
second source, the centering light, projects an elliptically shaped white spot of light onto 
the subject's eyelid. The centering light is used to align the subject in the z plane. 

The image from the visible source and the centering light come closest to intersecting at 
one point in the x, y, and z planes. This can be seen by placing a sheet of paper 15 cm 
behind the dichroic mirror. The point at which the three images, two from the visible 
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source and one from the centering light, come closest to intersecting is the desired location 
of the subject's eye. 

The initial alignment is made with the subject's eyes closed. 
1. Activate the visible source and the centering light. Open the iris to it's maximum 

aperture 
2. Move the tracker in x and y until the light from the visible source appear in the 

center of the subject's eyelid. 
3. Adjust the tracker in all directions so the image from the centering light falls in 

the center of the light from the visible source. This completes the initial 
alignment. 

It is important to note that even if the tracker is properly aligned at this stage, small 
changes in x, y, and z will be necessary as the procedure is continued. 

OPTICAL ALIGNMENT 
The purpose of the optical alignment procedure is to refine the alignment made during 

the initial alignment. This procedure involves trimming the IR source beam and positioning 
the tracker's IR beam is aligned with respect to the subject. 

1. Turn off the visible source and the centering light. Move the fourth detector 
lever so that the fourth Purldnje image photodetectors are out of the receiving 
optical path. 

2. Move the tracker in the z axis in order to focus the Purkinje images. The images 
are in focus when, looking through the IR viewer, the pupil boundary is 
sharpest and the brighter of the two spots within the pupil (the first Purkinje) is 
sharpest, brightest, and best defined. 

3. With the subject looking at the center of the display, reduce the size of the iris 
until only the pupil is visible This adjustment is made while the experimenter is 
looking through the IR viewer. If the smallest aperture setting yields a beam 
larger than the subject's pupil, return to step 2. If during the next setting the 
smallest iris diaphragm is again larger than the pupil, dismiss the subject. If the 
pupil is too small, the tracker will not be able to maintain track lock. 

ALIGNMENT FOR CAPTURE 
This procedure entails making additional small adjustments in the location of the 

tracker to facilitate the acquisition of track lock. In order to complete this part of the 
procedure, the operator will have to be able to differentiate between the first and fourth 
Purkinjes as they appear in the IR viewer. The ftrst Purkinje appears as a bright dot on the 
right side of the image of the pupil and the fourth is a much dimmer and smaller dot to the 
left of the first image. 

1. Turn the light level potentiometer to the maximum. 
2. While observing the first Purkinje light meter, make small adjustments in the x, 

y, and z planes in order to maximize the light output and make the focus light 
come on. Focus adjustments are made in the z plane. It is important to note 
that at this stage only small changes in x, y, and z are required. If the operator 
feels that they have move the tracker too far, verification may be obtained by 
looking through the IR viewer. If the IR beam and the pupil are not coincident, 
then the tracker has been moved too far and the procedure should be repeated 
from the previous section. If the tracker is moved too far out of position, the 
subject's iris and sclera will come into view and will reflect infrared energy. 
This reflection may cause abnormally high first Purkinje light level. The 
operator should be careful not to try to establish track lock in this condition. 
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3. Once the fIrst Purkinje image light level has been maximized and the focus servo 
light is on, small changes in x, y, and z are needed to zero the horizontal and 
vertical error meters for the fIrst Purkinje. Adjust the light level potentiometer 
until the return signal meter reads between 0.4 and 0.6. When the error meters 
are zeroed and the light level is between 0.4 and 0.6, the HI LOCK and the VI 
LOCK lights will be lit. Tum on the servos and push SEARCH START. Ask 
the subject to blink. The tracker should make a soft clicking noise as the subject 
closes and opens hislher eyes. The noise is from the servos going into and 
coming out the search pattern. If the tracker is making a lot of noise, tum the 
servos off and start over with the initial alignment. 

4. Adjust the thumb screws on M13 so the fourth Purkinje is centered in the cross 
hairs in the IR viewer. Slide the fourth photodetectors into the optical path. 
Zero the error meters by adjusting the M13 thumb screws slightly. Adjust the 
light level potentiometer until the fourth return signal meter reads between 0.4 
and 0.6. Engage the H4 and V4 servos. 

STABILITY CHECK 
Once the eye tracker has been successfully adjusted the subject will be asked to glance 

at the target. If the eye tracker cannot maintain track lock, the subject will be dismissed. If 
track lock can be maintained over the entire target the subject will be invited to participate in 
the study. 

RECORD TRACK rosmoN 
Record the x, y, and z of the tracker, as well as the diameter of the iris and the fIrst and 

fourth light level potentiometer settings. This will allow the operator to skip the initial and 
optical alignment when the subject is put on the tracker again. 
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APPENDIX G: EYE TRACK CLASSIFICATION 



ETC is best described in the words of the original developers: 

As described in Evans and Gutmann (1978), the first step in 

the eye movement data reduction process consisted of estimating 

the instantaneous velocity and acceleration in the vertical (Y) and 

horizontal (X) dimensions. Derivatives of eye position were 

obtained using a derivative calculation technique which convolves 

an integer list with a vector of raw data. The resulting derivative 

estimate is the least-squares fit for the polynomial chosen .... By 

using a sliding vector of raw data points, derivative estimates may 

calculated for each data point rather than only at the center points 

of vectors that are disjoint in time. another advantage is that the 

derivative estimates produce little noise as compared to difference 

calculations. 

The magnitude of the velocity vector, (X2 + y2 )112 , and the 

magnitude of the acceleration vector, (X2 + y2 )112 , were 

calculated for each data point and stored in a ring buffer. The sum 

of the velocity and acceleration magnitudes stored in each sliding 

vector served as the basis of classification. If the velocity and 

acceleration sums each exceed specified threshold values, then a 

classification of saccade was made for the original X and Y data 

points associated with the midpoint of the velocity and acceleration 

sliding vector. If either of the sums was less than its respective 

threshold value, than a classification of fIxation was made. Thus, 

high velocity and acceleration eye movements resulted in a 

classification of saccade, while lower velocity and acceleration 

movements resulted in a classification of fixation. (Gutmann, 

Snyder, Farley, and Evans, 1979, pp. 35-37) 
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APPENDIX H: CHI-SQUARE TABLES 



TABLE 42. Chi Square Results for the Image Evaluation Study, Image 1 

Source df X2 P 

Protocol (P) 1 0.1539 >0.05 

Group (G) 1 0.9615 >0.05 

Object (0) 4 16.6731 <0.01 

G*O 4 5.6600 >0.05 

P*O 4 1.1710 >0.05 

P*G 1 2.0110 >0.05 

P*G*O 4 12.861 ** 

Total 19 39.4915 
** 50 percent of the cells have expected frequencies less than five. Chi-square may not be 
a valid test; therefore, the p-value is not listed. 
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TABLE 43. Image 1 Frequency ofClickslFixations for Each Object 

Object Frequency 

Image Evaluation Eye Tracker Total 
(Clicks) (Clicks + Fixations) 

Background (A) 30 25 55 

Child's Body (B) 24 26 50 

Child's Face (C) 27 36 63 

Television (D) 7 8 15 

Christmas Tree (E) 16 105 121 

Total 104 200 304 

TABLE 44. Chi Square Results for the Eye Tracker Study, Image 1 

Source df X2 p 

Measure (M) 1 62.7200 <0.001 

Object (0) 4 142.1500 <0.001 

M*O 4 4.425 >0.05 

Total 9 209.2950 
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TABLE 45. Chi Square Results for the Image Evaluation Study, Image 2 

Source df X2 p 

Protocol (P) 1 0.0658 >0.05 

Group (G) 1 3.8613 <0.05 

Object (0) 6 4.2054 >0.05 

G*O 6 5.528 >0.05 

p*o 6 1.6333 >0.05 

P*G 1 0.002 >0.05 

P*G*O 6 8.579 ** 

Total 27 23.8748 
** 61 percent of the cells have expected frequencies less than five. Chi-square may not be 
a valid test; therefore, the p-value is not listed. 
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TABLE 46. Image 2 Frequency of ClickslFixations for Each Object 

Object Frequency 

Image Evaluation Eye Tracker Total 
(Clicks) (Clicks + Fixations) 

Woman 1 (A) 20 44 64 

Woman 2 (B) 11 15 26 

Person 3 (C) 21 17 38 

Child 1 (D) 20 31 51 

Child 2 (E) 15 21 36 

Flash Reflection (F) 17 31 48 

Background (0) 33 57 60 

Total 137 216 353 

TABLE 47. Chi Square Results for the Eye Tracker Study, Image 2 

Source df X2 p 

Measure (M) 1 90.7407 <0.001 

Object (0) 6 19.9702 <0.01 

M*O 6 15.772 <0.02 

Total 13 126.4829 
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TABLE 48. Chi Square Results for the Image Evaluation Study, In1age 3 

Source df X2 P 

Protocol (P) 1 0.000 >0.05 

Group (G) 1 5.2326 <0.05 

Object (0) 7 10.2791 >0.05 

G*O 7 4.865 >0.05 

p*o 7 2.541 >0.05 

P*G 1 0.600 >0.05 

P*G*O 7 23.2060 ** 

Total 31 46.7237 
** 75 percent of the cells have expected frequencies less than five. Chi-square may not be 
a valid test; therefore, the p-value is not listed. 
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TABLE 49. Image 3 Frequency of ClickslFixations for Each Object 

Object Frequency 

Image Evaluation Eye Tracker Total 
(Clicks) (Clicks + Fixations) 

Person 1 (A) 18 1 19 

Woman 1 (B) 15 34 49 

Woman 2 (C) 14 30 44 

Child (D) 15 18 33 

Pots (E) 11 8 19 

Clock (F) 15 18 33 

Background (0) 18 31 49 

Lens Flare (H) 66 50 116 

Total 172 190 362 

TABLE 50. Chi Square Results for the Eye Tracker Study, Image 3 

Source df X2 P 

Measure(M) 1 27.2842 <0.001 

Object (0) 7 38.3053 <0.001 

M*O 7 64.715 <0.001 

Total 15 130.3045 
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TABLE 51. Chi Square Results for the Image Evaluation Study, Image 4 

Source df X2 p 

Protocol (P) 1 0.0392 >0.05 

GrouE (G) 1 0.9804 >0.05 

Object (0) 5 4.6471 >0.05 

G*O 5 4.464 >0.05 

P*O 5 60.9300 >0.05 

P*G 1 3.139 >0.05 

P*G*O 5 12.783 ** 

Total 23 87.1587 
** 71 percent of the cells have expected frequencies less than five. Chi-square may not be 
a valid test; therefore, the p-value is not listed. 
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TABLE 52. Image 4 Frequency of Clicks/Fixations for Each Object 

Object Frequency 

Image Evaluation Eye Tracker Total 
(Clicks) (Clicks + Fixations) 

Man's Face (A) 18 44 62 

Man's Body (B) 10 46 56 

Woman's Face (C) 12 45 57 

Woman's Body (D) 19 44 63 

Walls (E) 17 57 74 

Background (F) 26 21 47 

Total 102 257 359 

TABLE 53. Chi Square Results for the Eye Tracker Study, Image 4 

Source df X2 p 

Measure (M) 1 136.0661 <0.001 

Object (0) 5 5.0927 >0.05 

M*O 5 19.568 <0.01 

Total 11 160.7308 
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TABLE 54. Chi Square Results for the Image Evaluation Study~ Image 5 

Source df X2 p 

Protocol (P) 1 0.1177 >0.05 

GrouE (G) 1 0.4706 >0.05 

Object (0) 6 43.3803 <0.001 

0*0 6 6.718 >0.05 

p*o 6 3.868 >0.05 

p*o 1 3.024 >0.05 

p*O*O 6 12.850 ** 

Total 27 70.4286 
** 61 percent of the cells have expected frequencies less than five. Chi-square may not be 
a valid test; therefore~ the p-value is not listed. 
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TABLE 55. Image 5 Frequency of ClickslFixations for Each Object 

Object Frequency 

Image Evaluation Eye Tracker Total 
(Clicks) (Clicks + Fixations) 

Man 1 (A) 16 19 35 

Man 2 (B) 21 40 61 

Man 3 (C) 19 37 56 

Women (D) 24 41 65 

Cake (E) 10 23 33 

Table Stuff (F) 12 12 24 

Background (0) 34 26 60 

Total 136 198 334 

TABLE 56. Chi Square Results for the Eye Tracker Study, Image 5 

Source df X2 P 

Measure (M) 1 88.0000 <0.001 

Object (0) 6 26.8485 <0.02 

M*O 6 0.432 >0.05 

Total 13 115.2805 
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TABLE 57. Chi Square Results for the Image Evaluation Study, Image 6 

Source df Xl P 

Protocol (P) 1 1.1986 >0.05 

GrouE (G) 1 1.1986 >0.05 

Object (0) 4 1.7575 >0.05 

G*O 4 3.613 >0.05 

P*O 4 4.408 >0.05 

P*G 1 0.485 >0.05 

P*G*O 4 8.504 

Total 19 21.1647 
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TABLE 58. Image 6 Frequency of ClickslFixations for Each Object 

Object Frequency 

Image Evaluation Eye Tracker Total 
(Clicks) (Clicks + Fixations) 

Man 1 (A) 26 45 71 

Woman 1 (B) 22 24 46 

Woman 2 (C) 26 35 61 

Table (D) 27 14 41 

Background (E) 40 63 103 

Total 141 167 308 

TABLE 59. Chi Square Results for the Eye Tracker Study, Image 6 

Source df X2 p 

Measure (M) 1 60.9116 <0.001 

Object (0) 4 19.905 <0.001 

M*O 4 12.165 <0.02 

Total 9 92.9816 
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TABLE 60. Chl Square Results for the Image Evaluation Study, Image 7 

Source df X2 P 

Protocol(P) 1 2.5575 >0.05 

Group (G) 1 5.31 <0.05 

Object (0) 5 11.2979 <0.05 

0*0 5 4.52 >0.05 

p*o 5 3.433 >0.05 

P*G 1 1.102 >0.05 

P*O*Q 5 15.536 ** 

Total 23 43.7564 
** 63 percent of the cells have expected frequencies less than five. Chi-square may not be 
a valid test; therefore, the p-value is not listed. 
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TABLE 61. Image 7 Frequency of ClickslFixations for Each Object 

Object Frequency 

Image Evaluation Eye Tracker Total 
(Clicks) (Clicks + Fixations) 

Woman 1 Face (A) 23 38 61 

Woman 1 Body (B) 10 17 27 

Woman 2 Face (C) 28 55 83 

Woman 2 Body (D) 15 28 43 

Woman 3 (E) 9 18 27 

Background (F) 28 36 64 

Total 113 192 305 

TABLE 62. Chi Square Results for the Eye Tracker Study, Image 7 

Source df X2 p 

Measure (M) 1 56.3333 <0.001 

Object (0) 5 24.2813 <0.001 

M*O 5 9.961 >0.05 

Total 11 90.5756 
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TABLE 63. Chi Square Results for the Image Evaluation Study, Image 8 

Source df Xl p 

Protocol(P) 1 0.0581 >0.05 

Group (G) 1 1.8645 >0.05 

Object (0) 7 26.1081 <0.001 

G*O 7 10.275 >0.05 

p*O 7 4.393 >0.05 

P*G 1 6.973 <0.01 

P*G*O 7 20.347 ** 

Total 31 70.0187 
** 59 percent of the cells have expected frequencies less than five. Chi-square may not be 
a valid test; therefore, the p-value is not listed. 
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TABLE 64. Image 8 Frequency of ClickslFixations for Each Object 

Object Frequency 

Image Evaluation Eye Tracker Total 
(Clicks) (Clicks + Fixations) 

Man 1 (A) 16 40 56 

Man 2 (B) 21 23 44 

Woman 1 (C) 18 45 63 

Woman 2 Face (D) 20 30 50 

Woman 2 Body (E) 6 11 17 

Flowers (F) 15 11 26 

Table Stuff (G) 37 67 104 

Background (H) 22 27 49 

Total 155 254 409 

TABLE 65. Chi Square Results for the Eye Tracker Study, Image 8 

Source df X2 p 

Measure (M) 1 88.5827 <0.001 

Object (0) 7 62.878 <0.001 

M*O 7 9.804 >0.05 

Total 15 161.2647 
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TABLE 66. Chi Square Results for the Image Evaluation Study, Image 9 

Source df X2 p 

Protocol (P) 1 10.9466 <0.001 

Group (G) 1 0.2026 >0.05 

Object (0) 4 18.9416 <0.001 

G*O 4 0.695 >0.05 

p*O 4 2.515 >0.05 

P*G 1 3.193 >0.05 

P*G*O 4 4.265 ** 
Total 19 40.7588 
** 40 percent of the cells have expected frequencies less than five. Chi-square may not be 
a valid test; therefore, the p-value is not listed. 
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TABLE 67. Image 9 Frequency of ClickslFixations for Each Object 

Object Frequency 

Image Evaluation Eye Tracker Total 
(Clicks) (Clicks + Fixations) 

Man 1 (A) 22 34 56 

Man 2 (B) 39 75 114 

Benches (C) 19 29 48 

Foreground (D) 23 7 30 

Background (E) 10 79 89 

Total 113 224 337 

TABLE 68. Chi Square Results for the Eye Tracker Study, Image 9 

Source df Xl p 

Measure (M) 1 111.4464 <0.001 

Object (0) 4 49.0696 <0.001 

M*O 4 3.285 >0.05 

Total 9 163.8010 
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TABLE 69. Chi Square Results for the Inlage Evaluation Study, Image 10 

Source df X 2 p 

Protocol (P) 1 1.8889 >0.05 

Group (G) 1 1.4706 >0.05 

Object (0) 5 3.6373 >0.05 

G*O 5 3.961 >0.05 

P*O 5 0.859 >0.05 

P*G 1 1.437 >0.05 

P*G*O 5 5.774 ** 

Total 23 19.0278 
** 29 percent of the cells have expected frequencies less than five. Chi-square may not be 
a valid test; therefore, the p-value is not listed. 
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TABLE 70. Chi Square Results for the Eye Tracker Study, Image 10 

Source df X2 P 

Measure (M) 1 15.0602 <0.001 

Object (0) 5 4.3253 >0.05 

M*O 5 4.733 >0.05 

Total 11 24.1185 
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TABLE 71. Chi Square Results for the Image Evaluation Study, Image 11 

Source df X2 p 

Protocol (P) 1 13.0962 <0.001 

GrouE (G) 1 3.7674 >0.05 

Object (0) 4 8.5349 >0.05 

G*O 4 5.262 >0.05 

p*O 4 2.58 >0.05 

P*G 1 0.034 >0.05 

P*G*O 4 11.046 ** 

Total 23 44.6205 
** 65 percent of the cells have expected frequencies less than five. Chi-square may not be 
a valid test; therefore, the p-value is not listed. 
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TABLE 72. Image 11 Frequency of ClickslFixations for Each Object 

Object Frequency 

Image Evaluation Eye Tracker Total 
(Clicks) (Clicks + Fixations) 

Child's Face (A) 26 61 87 

Child's Body (B) 18 34 52 

Swing (C) 11 40 56 

Rope (D) 19 15 34 

Background (E) 12 35 47 

Total 86 185 271 

TABLE 73. Chi Square Results for the Eye Tracker Study, Image 11 

Source df X2 p 

Measure(M) 1 48.7838 <0.001 

Object (0) 4 29.2432 <0.001 

M*O 4 106.529 <0.001 

Total 9 184.556 
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TABLE 74. Chi Square Results for the Image Evaluation Study, Image 12 

Source df X2 P 

Protocol (P) 1 0.2577 >0.05 

Group (G) 1 0.0928 >0.05 

Object (0) 3 0.9949 >0.05 

G*O 3 3.792 >0.05 

p*o 3 1.84 >0.05 

P*G 1 3.675 >0.05 

P*G*O 3 13.041 ** 

Total 15 23.6934 
** 31 percent of the cells have expected frequencies less than five. Chi-square may not be 
a valid test; therefore, the p-value is not listed. 
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TABLE 75. Image 12 Frequency of ClickslFixations for Each Object 

Object Frequency 

Image Evaluation Eye Tracker Total 
(Clicks) (Clicks + Fixations) 

Child (A) 20 32 52 

Man (B) 29 29 58 

House, Sky (C) 23 58 81 

Beach (D) 25 69 94 

Total 97 188 285 

TABLE 76. Chi Square Results for the Eye Tracker Study, Image 12 

Source df X2 p 

Measure (M) 1 81.7872 <0.001 

Object (0) 3 9.4681 <0.05 

M*O 3 7.954 <0.05 

Total 7 99.2093 
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TABLE 77. Chi Square Results for the Image Evaluation Study, Image 13 

Source df X2 p 

Protocol (P) 1 2.4868 >0.05 

Group (G) 1 2.8421 >0.05 

Object (0) 4 0.0667 >0.05 

G*O 4 1.161 >0.05 

p*o 4 3.470 >0.05 

P*G 1 3.731 >0.05 

P*G*O 4 7.685 ** 

Total 19 21.4426 
** 40 percent of the cells have expected frequencies less than five. Chi-square may not be 
a valid test; therefore, the p-value is not listed. 
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TABLE 78. Image 13 Frequency of ClicksIFixations for Each Object 

Object Frequency 

Image Evaluation Eye Tracker Total 
(Clicks) (Clicks + Fixations) 

Woman (A) 24 27 51 

Man (B) 23 44 67 

People (C) 23 18 41 

Greenery (D) 16 35 51 

Water (E) 28 63 91 

Total 114 187 301 

TABLE 79. Chi Square Results for the Eye Tracker Study, Image 13 

Source df X2 p 

Measure (M) 1 15.0214 <0.001 

Object (0) 4 14.1198 <0.001 

M*O 4 11.645 <0.02 

Total 9 40.7862 
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TABLE 80. Chi Square Results for the Image Evaluation Study, Image 14 

Source df X2 P 

Protocol (P) 1 1.7717 >0.05 

Group (G) 1 0.1969 >0.05 

Object (0) 4 22.0945 <0.001 

G*O 4 3.903 >0.05 

P*O 4 5.171 >0.05 

P*G 1 4.451 <0.05 

P*G*O 4 13.097 ** 

Total 19 50.6851 
** 45 percent of the cells have expected frequencies less than five. Chi-square may not be 
a valid test; therefore, the p-value is not listed. 
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TABLE 81. Image 14 Frequency of Clicks for Each Object 

Object Frequency 

Image Evaluation Eye Tracker Total 
(Clicks) (Clicks + Fixations) 

Man 1 and 2 (A) 27 27 54 

Woman 1 and Man 3 (B) 28 32 60 

People (C) 13 15 28 

Life Guard Station (D) 16 29 45 

Background (E) 43 94 137 

Total 127 197 324 

TABLE 82. Chi Square Results for the Eye Tracker Study, Image 14 

Source df X2 p 

Measure (M) 1 89.7919 <0.001 

Object (0) 4 98.8122 <0.001 

M*O 4 2.859 >0.05 

Total 9 191.4631 
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TABLE 83. Chi Square Results for the Image Evaluation Study, Image 15 

Source df X2 p 

Protocol (P) 1 0.0074 >0.05 

GrouE (G) 1 0.60 >0.05 

Object (0) 6 0.1788 >0.05 

G*O 6 1.058 >0.05 

p*o 6 1.38 >0.05 

P*G 1 2.667 >0.05 

P*G*O 6 4.518 ** 

Total 27 10.4092 
** 54 percent of the cells have expected frequencies less than five. Chi-square may not be 
a valid test; therefore, the p-value is not listed. 
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TABLE 84. Image 15 Frequency of Clicks for Each Object 

Object Frequency 

Image Evaluation Eye Tracker Total 
(Clicks) (Clicks + Fixations) 

Woman 1 (A) 21 15 36 

Woman 2 (B) 20 37 57 

Man 1 (C) 20 43 63 

Man 2 (D) 18 37 55 

Right Side of Image (E) 19 54 73 

Sky (F) 11 57 68 

Snow Sculpture (0) 26 27 53 

Total 135 270 405 

TABLE 85. Chi Square Results for the Eye Tracker Study, Image 15 

Source df X2 P 

Measure (M) 1 145.2000 <0.001 

Object (0) 6 14.4688 <0.05 

M*O 6 11.839 >0.05 

Total 13 171.5078 
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TABLE 86. Chi Square Results for the Image Evaluation Study, Image 16 

Source df X2 p 

Protocol (P) 1 5.7647 <0.02 

GrouE (G) 1 5.7647 <0.02 

Object (0) 4 0.2308 >0.05 

G*O 4 9.064 >0.05 

p*o 4 21.9290 <0.001 

P*G 1 0.266 >0.05 

P*G*O 4 66.798 ** 

Total 19 109.8172 
** 42 percent of the cells have expected frequencies less than five. Chi-square may not be 
a valid test; therefore, the p-value is not listed. 
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TABLE 87. Chi Square Results for the Eye Tracker Study, Image 16 

Source df X2 p 

Measure(M) 1 77.7363 <0.001 

Object (0) 4 8.9047 >0.05 

M*O 4 2.678 >0.05 

Total 9 89.319 
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TABLE 88. Chi Square Results for the Image Evaluation Study, Image 17 

Source df X 2 p 

Protocol(P) 1 0.0891 >0.05 

GrouE (G) 1 2.2277 >0.05 

Object (0) 3 6.2079 >0.05 

G*O 3 5.102 >0.05 

p*o 3 9.577 <0.05 

P*G 1 1.327 >0.05 

P*G*Q 3 14.328 

Total 15 38.8587 
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TABLE 89. Image 17 Frequency of Clicks for Each Object 

Object Frequency 

Image Evaluation Eye Tracker Total 
(Clicks) (Clicks + Fixations) 

Trees, Left (A) 36 63 99 

Trees, Right (B) 21 68 89 

Sky (C) 23 41 64 

Foreground (D) 21 21 42 

Total 101 193 204 

TABLE 90. Chi Square Results for the Eye Tracker Study, Image 17 

Source df X2 p 

Measure (M) 1 68.5233 <0.001 

Object (0) 3 29.0725 <0.001 

M*O 3 14.696 <0.01 

Total 7 112.2918 
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TABLE 91. Chi Square Results for the Image Evaluation Study, Image 18 

Source df X2 p 

Protocol (P) 1 0.6158 >0.05 

GrouE (G) 1 1.8846 >0.05 

Object (0) 3 37.6923 <0.001 

G*Q 3 5.538 >0.05 

p*O 3 1.941 >0.05 

P*G 1 1.209 >0.05 

P*G*O 3 9.243 ** 

Total 15 58.1237 
** 50 percent of the cells have expected frequencies less than five. Chi-square may not be 
a valid test; therefore, the p-value is not listed. 
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TABLE 92. Image 18 Frequency of Clicks for Each Object 

Object Frequency 

Image Evaluation Eye Tracker Total 
(Clicks) (Clicks + Fixations) 

Sky (A) 39 44 83 

House (B) 43 178 221 

Sign (C) 17 11 28 

Foreground (D) 5 14 19 

Total 104 247 351 

TABLE 93. Chi Square Results for the Eye Tracker Study, Image 18 

Source df X2 p 

Measure (M) 1 107.5668 <0.001 

Object (0) 3 302.5870 <0.001 

M*O 3 3.012 >0.05 

Total 7 412.1658 
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TABLE 94. Chi Square Results for the Image Evaluation Study, Image 19 

Source df X2 p 

Protocol (P) 1 2.0318 >0.05 

GrouE (G) 1 0.5079 >0.05 

Object (0) 4 30.9048 <0.001 

G*O 4 6.023 >0.05 

p*O 4 8.383 >0.05 

P*G 1 5.911 >0.05 

P*G*O 4 16.378 ** 

Total 19 68.1077 
** 35 percent of the cells have expected frequencies less than five. Chi-square may not be 
a valid test; therefore, the p-value is not listed. 
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TABLE 95. Image 19 Frequency of Clicks for Each Object 

Object Frequency 

Image Evaluation Eye Tracker Total 
(Clicks) (Clicks + Fixations) 

Statue (A) 24 27 51 

Pedestal (B) 24 36 60 

Buildings (C) 47 58 105 

Water (D) 8 27 35 

Sky (E) 23 86 109 

Total 126 234 360 

TABLE 96. Chi Square Results for the Eye Tracker Study, Image 19 

Source df X 2 p 

Measure (M) 1 27.3504 <0.001 

Object (0) 4 57.7607 <0.001 

M*O 4 21.663 <0.001 

Total 9 106.7741 
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TABLE 97. Chi Square Results for the Image Evaluation Study, Image 20 

Source df X 2 p 

Protocol (P) 1 0.2033 >0.05 

Grou12 (G) 1 16.4634 <0.001 

Object (0) 3 8.0894 <0.05 

G*O 3 11.057 <0.02 

p*o 3 13.322 <0.01 

P*G 1 8.936 <0.01 

P*G*O 3' 26.175 ** 

Total 15 84.0428 
** 31 percent of the cells have expected frequencies less than five. Chi-square may not be 
a valid test; therefore, the p-value is not listed. 
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TABLE 98. Image 20 Frequency of Clicks/Fixations for Each Object 

Object Frequency 

Image Evaluation Eye Tracker Total 
(Clicks) (Clicks + Fixations) 

People (A) 21 16 37 

Beach (B) 29 32 61 

Water (C) 43 61 104 

Sky (D) 30 46 76 

Total 123 155 278 

TABLE 99. Chi Square Results for the Eye Tracker Study, Image 20 

Source df X2 p 

Measure (M) 1 34.3806 <0.01 

Object (0) 3 28.6645 <0.001 

M*O 3 7.95 <0.05 

Total 7 70.9951 
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