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ABSTRACT
While a good deal has been written (at CHI and elsewhere)
about eye tracking technology (both interactive and diagnos-
tic), and the technology is fairly well accepted as poised for
deployment, there appears to be a general lack of intuition
for the addition of eye movement metrics to usability prac-
tice. Even once practitioners get over the hurdle of learning
to use the eye tracker, they may still lack a good strategy for
augmenting their studies with eye movement metrics. What
are needed are guidelines for eye movement metrics at a
higher level of abstraction than traditional indicators such
as �xations and saccades.

In this position statement, high-level eye movement met-
rics are suggested as suitable indicators of user satisfac-
tion, effectiveness, and ef�ciency. These are:visual at-
tention, visual area coverage, andfeature visibility, respec-
tively. Based on preliminary evaluation of a recent (ongoing)
study of interface usability, it is argued that these eye move-
ment measures can provide additional meaningful analytical
usability insights beyond those of traditional metrics.

INTRODUCTION
The usability analysis potential of eye movements has been
recognized for some time now, but progress has been slow to
date [2]. Eye tracking technology is now maturing quickly,
delivering the fourth generation of eye trackers (see below).
Concomitantly, current research in the �eld is now evolving
beyond fundamental work on eye movement analysis toward
novel application design. Unfortunately, adoption of both
modern technology and by now established eye movement
analysis techniques in usability research is lagging behind.

This position statement asserts that the reason for the slow
adoption of eye movement metrics in usability is the lack
of high-level guidelines for interpretation of low-level eye
movement descriptors. Traditional parameters such as �xa-
tions, scanpaths, and areas of interest (AOIs) are now famil-
iar and easily obtainable. What is now need is how to make
sense of this data in the context of usability.

This position statement brie�y reviews eye tracking technol-
ogy and traditional low-level eye movement metrics. The
statement then presents examples of high-level metrics suit-
able for usability analysis and demonstrates how these met-
rics can provide additional meaningful insights beyond those
of traditional metrics.

With respect to the Workshop's Call for Participation, this
statement addresses the �rst expected outcome, i.e., sought
de�nition of best practice, by suggesting a practical abstrac-
tion of traditional eye movement measures. With respect
to the second expected outcome, the statement suggests the
high-level metric ofvisual attentionas one possible measure
of user satisfaction.

BACKGROUND
To brie�y review, latest trends in eye tracking technology are
summarized, followed by a summary of current best practice
eye tracking metrics reported in usability studies.

Eye Tracking Hardware State­of­the­Art
Current state-of-the-art eye tracking hardware is exempli�ed
by the Tobii eye tracker, shown in Figure1. Unlike a typical

Figure 1. Tobii eye tracking station.

monitor, a camera and infra-red LED optics are embedded
beneath the LCD �at panel. Eye tracker technology has ad-
vanced signi�cantly since its modern inception in the early
20th century. Consider eye trackers within the following tax-
onomy:

1. First generation: eye-in-head measurement of the eye con-
sisting of techniques such as scleral contact lens/search
coil, electro-oculography;

2. Second generation: photo- and video-oculography;
3. Third generation: analog video-based combined pupil/-

corneal re�ection.
4. Fourth generation: digital video-based combined pupil/-

corneal re�ection augmented with face tracking computer
vision techniques.
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Often the most desired type of eye tracking output (e.g., for
Human-Computer Interaction usability studies) is estimation
of the projected Point Of Regard (POR) of the viewer. First
and second generation eye trackers generally do not pro-
vide this type of data. Combined video-based pupil/corneal
re�ection eye trackers easily provide POR coordinates fol-
lowing calibration, and are todayde rigeur. Due to the
availability of fast analog-to-digital video processors,third-
generation eye trackers are capable of delivering the cal-
culated POR in real-time. However, eye tracking technol-
ogy has undergone its next evolution. Fourth-generation eye
trackers, now available on the market, make use of digi-
tal optics. Coupled with on-chip Digital Signal Processors
(DSPs), eye tracking technology has signi�cantly increased
in its usability, accuracy, and speed while decreasing in cost.

Eye Tracking Metrics Reported in Usability Studies
According to Jacob and Karn [2], the most common set of
eye tracking metrics are listed in Figure2. Traditional met-

� Fixation
� Fixation (gaze) duration
� Fixation rate (overall)
� Fixation duration mean (overall)
� Number of �xations (overall)

� Scanpath (�xation sequence)
� Area of interest, or AOI
� Gaze % (prop. of time) per AOI
� Number of �xations per AOI
� Gaze duration mean per AOI

Figure 2. Traditional eye tracking metrics.

rics are effectivelylow-levelmeasures. Although valuable
and necessary, when listed outside of the usability context
(e.g., ISO 9241), they fail to impart a sense of applicabil-
ity to current practices. That is, how are �xations supposed
to elucidate user's satisfaction, ef�ciency, and effectiveness?
The key to successful adoption of these low-level metrics in
usability practices is to apply them in the context of tradi-
tional measures. That is, consider eye movements as an aid
to usability measures, not their replacement.

POSITION STATEMENT
In order to embed low-level eye movements metrics in us-
ability practice, consider the following high-level indicators:

� Satisfaction: visual attention
� Ef�ciency (speed): feature visibility
� Effectiveness (accuracy): visual area coverage

Visual attentionindicates a user's distribution of visual at-
tention over a user interface. This indicator, in combina-
tion with other usability indicators can help corroborate and
explain a user's satisfaction (or dissatisfaction) with opera-
tion of a user interface. For example, combined with verbal
comments made by users during Talk Aloud, scanpaths can
resolve deictic references made by the user (e.g., “I'm look-
ing at this but I can't �gure out what it's supposed to do.”).
Clearly, this metric relies on low-level metrics such as �xa-
tion, gaze duration, scanpaths, etc., but embodies a speci�c
sentiment: where was the user attending during a given ac-
tion.

Feature visibilityis an eye movement indicator that may fa-
cilitate estimation of the user's ef�ciency during operation

of a software product. Quantitative data provided along with
scanpaths (e.g., number of �xations, �xation durations, di-
rection of �xations, etc.), if available, can lead to statistical
estimates of user ef�ciency. For example, signi�cant dwell
time over speci�c interface components may indicate un-
derstandability or learnability problems. Comparison of eye
movements between users may provide powerful statistics in
identi�cation of such visually and hence mentally demand-
ing components. It must be noted that for such quantita-
tive analysis, scanpath data must be generated along with
the graphical visualization. Not all commercially available
tools will provide this data.

Visual area coverageis an eye movement-related indicator
that can be used to supplement other indicators of user effec-
tiveness. Generated by aggregate eye movement representa-
tions, this indicator may show which UI components were
seen or missed by the user(s). Using graphical representa-
tions such as scanpaths, hot spots, or area coverage provides
insight into what the user was attending to at any particu-
lar moment in time. It may thus be possible to infer por-
tions of the UI that are frequently attended to, or conversely,
unattended (and hence underutilized). Furthermore, com-
parison of this indicator between users may offer insights
into commonalities or discrepancies between different user
groups (e.g., experts vs. novices).

None of the above metrics are particularly novel—each re-
lies on the low-level metrics that have been available for
quite some time. However, one level of abstraction above
these metrics groups the low-level indicators into their ap-
propriate usability contexts, hopefully leading a usability ex-
pert into practical selection of low-level measures by think-
ing at an applied level, e.g., “To gage ef�ciency, I should
look at relative �xation durations between subjects!”, instead
of asking “What am I to do with these �xations?”

A CASE STUDY EXAMPLE
To illustrate the use of high-level eye movement metrics,
preliminary results from an ongoing usability study are
given, showing how eye movement measures can provide
additional meaningful analytical usability insights whentra-
ditional usability metrics alone are insuf�cient.

Apparatus. A Tobii ET-1750 eye tracker (see Figure1) was
used to collect eye movements during display of the Win-
dows XP desktop using Tobii's ClearView software [5] with
“screen” as the stimulus option (at 15 fps). Both the display
and eye tracking server ran on a 2.0 GHz Intel Pentium M
Dell Inspiron 9300 laptop equipped with 1 GB RAM and an
nVidia 6800 Go graphics card.

Subjects.Four US Navy personnel were recruited for a short
usability study of two components of a software suite (3 M,
1F, average age 25). All had 20/20 corrected vision. One was
an experienced operator, the rest were novice users. The ex-
periment was conducted on the exhibits �oor of the ForceNet
conference. A still image frame from recorded video footage
is shown in Figure1.
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Design. A between-subjects, repeated measures 2-factorial
design was conducted where the independent variable was
task instruction, presented either visually or verbally. Par-
ticipants (2 in each group) were assigned randomly to each
group.

Procedure. Participants were seated 50 cm in front of the
display and were verbally introduced to the nature of the up-
coming experiment. The experiment consisted of the users
performing seven Software Usability Tests (SUTs—a varia-
tion of Software Acceptance Tests originally created by the
program developers). Each test consisted of pre-scripted
commands that the user needed to execute—a sample in-
struction is shown in Table1. The number of instructions

Table 1. Instruction to click Edit button.
User Action System Response
Step 68:Click Edit . Expected Response:The at-

tributes are un-grayed out and
modi�able again.

per test varied, ranging from a minimum of 4 steps to a max-
imum of 42. None of the steps were designed to generate
errors or other arti�cial problems for the users. All steps
generated the expected responses.

Participants were told that speed and accuracy counted, and
to “complete each task as fast as you can with minimal mis-
takes (e.g., avoid typing errors)”. The nature of the programs
being tested necessitated that each participant followed ex-
actly the same order of SUTs (from SUT-001 to SUT-007)
since successive steps in the sequence depended on results
from previous steps (e.g., entry of database records). Two of
the four participants read the instructions while two listened
as the instructions were read to them.

Satisfaction, Ef�ciency, Effectiveness Results.None of
the traditional usability metrics appear to be particularly in-
formative. Although detailed quantitative analysis stillneeds
to be performed, qualitatively at least, it appears that par-
ticipants performed all tasks at about the same speed (with
the verbally instructed group performing slightly faster since
they did not need to devote time to reading). Accuracy met-
rics also suggest lack of informative value since none of the
participants appeared to make any gross mistakes (e.g., all
were adequate typists and suf�ciently pro�cient with the tra-
ditional Windows/Icons/Menus/Pointer interface metaphor).
A short task-speci�c questionnaire was administered after
each of the seven SUTs and a longer general questionnaire
was given following completion of all SUTs. Answers to the
questionnaires qualitatively suggest strong satisfaction with
the usability of the software (on a 5-point Likert scale, users
generally either agreed or strongly agreed with questions re-
garding perceived satisfaction).

Eye Tracking Results.Preliminary (ad hoc) analysis of eye
movements revealed three usability problems. First, visual
attention, through scanpath visualization and playback, re-
vealed 7 errant saccades committed by one of the partici-
pants during visual search for the Edit button (see pertinent
instruction in Table1). Figure3 shows the sequence of �xa-

tions (#74–#81) just prior to Edit button activation. Priorto
�nding the Edit button, 6 saccades (between �xations #74–
76) are directed toward the menu bar, where, presumably, the
participant expected to �nd the Edit button. In terms of satis-

Figure 3. Exemplar errant visual search for Edit button.

faction, this participant did not report perceiving a problem
with the Edit button's unconventional location. However,
users may not always report a distracting element during a
study [1]. In terms of performance, this scanpath interval
lasted about 9,045ms. Excluding the �rst and last �xations
(618ms and 1,096ms, resp.), 7.3 ms were lost to this inef�-
cient search.

Figure 4. Fixation “hotspots” and selected AOIs.

Second, and also related to performance, feature visibility
analysis shows the lack of prominence of an important sys-
tem status indicator. The interface, shown in Figure4, dis-
plays �xational “hotspots” collected from all 4 participants
on this task. The image also shows experimenter-de�ned
AOIs (post-facto), overlayed over speci�c interface features
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on a representative image of the interface. Two of these fea-
tures, the status icon and the status bar, relate the applica-
tion's level of activity. When the application is busy, the sta-
tus icon (a small red stop sign in the toolbar) glows red and
the status bar reports the reason for the delay (e.g., “drawing
map”). None of the users looked at the status icon, even
though they appeared confused by the application's unre-
sponsiveness. Only one user remarked they “could not com-
plete the Overlay task” (ostensibly due to the delay). Fig-
ure 5 shows descriptive statistics regarding the number of
�xations over selected AOIs. Although dif�cult to read in
this compressed version, the second element along the ab-
scissa (status icon) clearly indicates 0 �xations.

Figure 5. Fixations per AOI (overall, with SE whiskers).

Third, area coverage indicators can offer insight into how
a user (literally) views the workspace and plans motor ac-
tions. In the seventh task, users needed to copy text objects
from a source window into a destination window's textbox
via two different methods. In once instance, users needed to
select the object, then press Add to make the object appear
in the destination window. In another instance, users had to
click-and-drag the object instead of pressing Add. Area cov-
erage visualizations, ranging from “hotspots” to scanpaths,
as shown in Figure6, showed the need for lookahead eye
movements to complete the click-and-drag operation. The
user had to move the top-most source window out of the way
before visually locating the destination location. The Add
button clicking action required neither this time-consuming
window moving, nor lookahead eye movements. None of the
users reported this as a perceived detriment to performance
or satisfaction.

Discussion. Beyond traditional metrics concerning speed,
accuracy, and satisfaction, eye movement metrics exposed a
key de�ciency in the usability of the system rooted in its in-
consistent adherence to of�cial user interface style guides
(e.g., Microsoft's Windows [3]). This inconsistency ex-
posed the developers' violation of well-known design prin-
ciples [4], namelyvisibility (misplaced Edit button),affor-
dance(the click-and-drag action is not obvious, especially
when other similar actions provide the explicit use of an Add

Figure 6. Look-ahead saccades for click-and-drag.

button), andfeedback(lack of progress bar indicating appli-
cation busy state).

CONCLUSION
This position statement argued for high-level abstract con-
sideration of eye movement metrics in the context of us-
ability. Traditional parameters such as �xations, scanpaths,
etc., are now familiar and easily obtainable, but do not im-
part an intuitive cohesion to traditional usability measures
of satisfaction, ef�ciency, and effectiveness. This position
statement brie�y reviewed eye tracking technology and pre-
sented three examples of high-level eye movement metrics
suitable for usability analysis, namely visual attention,fea-
ture visibility, and visual area coverage, that are all based on
low-level eye movement measures.
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