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Abstract

We present the first iteration of a user-centred design for in-
tegrating an eye gaze tracker with ultrasound (US) machine
interfaces used in routine diagnostic sonography. The aim
is to speed up the interaction of the sonographer with the
machine, offer a more ergonomic solution while minimiz-
ing the cognitive load and maintaining the produced image
quality. In this iteration, we target pan and zoom functions.
Field studies and observations have led to two design al-
ternatives. A feasibility study of two design approaches de-
termined from field studies is done using a functional proto-
type. Results from six sonographers provided evidence for
the potential of a multimodal gaze-based interface for US
machines. Results from the feasibility study have also led to
a second design iteration that combines the advantages of
both gaze-based designs.
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ACM Classification Keywords
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Introduction
Sonographers spend hours of daily work acquiring and
modifying parameters of images. Those images are sent
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Figure 1: A diagnostic
sonographer’s contexts of
attention: the US image, the
manual keys, and the patient

Figure 2: The user study setup.
(a) the ultrasound image (b) the
gaze tracker (c) the phantom (d)
the ultrasound probe (e) the
manual inputs

later to physicians for further review and diagnosis. US
machine interfaces are designed with efficiency in mind

to make the access to US functions as fast as possible; as
every minute counts toward the throughput of US exams
per day and the perceived healthcare quality by the patient.

A study on the prevalence of musculoskeletal disorders
among British Columbia sonographers [8] found that 91%
of sonographers experience occupational injuries and disor-
ders due to awkward postures, forceful actions and repeti-
tiveness. Furthermore, a survey conducted by our research
team that was distributed to a local ultrasonographers’ so-
ciety revealed that nearly half of the respondents (N = 48)
reported repetitive movements due to menu selection and
physical keys interaction as a major cause of their experi-
enced occupational musculoskeletal injuries.

As shown in Figure 1, US machines require substantial bi-
manual interaction; as the sonographer works with the US
probe in their right hand, while manipulating the console
with their left (normally, even left-hand dominant sonogra-
phers are trained for this configuration). Due to concurrent
bimanual interaction, patient communication and image
analysis; such an interaction requires a higher cognitive
load than typical desktop environments. Introducing modifi-
cations to the US machine interface should not increase the
cognitive load a sonographer has to already deal with. In-
stead, modifications are expected to simplify the interaction
and therefore reduce some of this load.

We adopt existing interaction techniques of gaze-supported
zoom and pan systems. Our aim is to evaluate those tech-
niques within the context of sonography. We start from ba-
sic techniques found in the literature, as will be explained in
the next section, and build gradually to more complex ones.
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Related Work

Recent advances in gaze-supported applications research
show that multimodal gaze-based interaction has potential
in improving speed and user satisfaction. As an example,
Mollenbach et al. [7] experimentally showed an improve-
ment of task performance for pan and zoom over traditional
input methods.

Other studies showed that multimodal gaze-based pan

and zoom integrated with mouse input followed closely to
the pure mouse interaction in the aspect of speed, spatial
awareness and accuracy, even with the lack of prolonged
user exposure to gaze-supported interfaces. As an exam-
ple, the study presented by Stellmach et al. [9] is an appli-
cation for Google maps. Similarly, the work presented in [1]
investigates the same application with different interactions.
In our work, we adopt their Dual-to-Zoom approach, which
combines gaze with manual input buttons.

In addition to efficiency, Zhai et al. [11] argues that enhanc-
ing interfaces with gaze trackers has the potential to also
reduce repetitive stress injuries for computer users. Recent
research [4] also leveraged gaze tracking to reduce repeti-
tive stress injuries in different application areas.

Field Study

US machines, functions, and exam durations differ based
on the specific anatomy being imaged during an US exam.
Given such diversity, we need to get a practical view of
these factors and study the feasibility of integrating a gaze
tracking system with US machines. Seven different types
of US exams were observed at two different hospitals. Sur-
veys to a local sonographers’ society and structured inter-
views and informal discussions with two sonographers were
continuously conducted to bring in professionals’ perspec-
tives. The results dictated the next steps and helped us
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Zooming and panning require
the sonographer to perform a
number of steps before the im-
age is zoomed. Once the probe
is positioned over the required
area, the following steps are
performed by the sonographer:

1.

2.

Enable the “zoom mode”,

Using the trackball, move
the zoom box to the lo-
cation of the ROI on the
screen,

Press a button to toggle
the function of the track-
ball from positioning to
resizing the box (or vice
versa),

Using the trackball again,
resize the box,

Repeat 2 - 4 to fine-tune
the size and position of
the box as necessary,

Finally, confirm the zoom
action.

select one function to start from that will benefit the most
from a multimodal interface.

Some sonographers reported that the large amount of op-
tions sometimes cause unwanted distraction, which draws
attention away from the US image. A common scenario in
obstetrics, for example, is repetitively losing the chance to
capture the “perfect image” as the fetus rapidly moves while
the sonographer is still trying to locate some option on the
controls panel.

We observed that the zoom function causes repetitive phys-
ical interaction with the machine interface when a sonogra-
pher repeatedly and manually alternates between selecting
and resizing particular areas in the image to be magnified.
On the other hand, the literature shows that zoom inter-
faces has the potential to benefit from integrating a gaze
tracker and thus we focused our attention to this particular
US function.

Sonographers assess the acquired image from a holistic
perspective and, in most cases, only one object of interest
is present at a time to zoom into, such as a gallbladder sur-
rounded by other organs, a tumour surrounded by tissue, or
a fetal heart surrounded by the fetal organs. The purpose
of performing pan and zoom is to obtain a higher resolu-
tion image of the area of interest to perform further accurate
functions, such as taking measurements.

We have identified the risks of deploying a gaze-based in-
teraction technique based on observed user behaviour, US
machine capabilities and the clinical environment setting.
Although the lighting conditions in an US exam room is opti-
mal for gaze tracking, calibration is always required for high
accuracy gaze tracking. Given the typical length of a gen-
eral US exam of at least 20 minutes, the routine changes in
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sonographer positions and the frequent context switches,
there is a risk of gaze tracker calibration deterioration.

System Design

We test two design alternatives to zoom into and acquire
US images: Simple Zoom (SimZ) and Resizable Zoom
(ResZ). The first one implements the basic case of zoom-
ing into a fixed-size region of interest (ROI) surrounding
the point of gaze (POG). The second is a more consistent
version with the design of the high-resolution zoom feature
in US machines: it provides the user with a higher level of
control over the dimensions of the ROI.

For both designs, pan regions are defined at the visible
boundaries of a zoomed image. If the POG falls within one
of these regions while simultaneously holding the pan man-
ual trigger, as shown in figure 4, the image scrolls in that
direction. Additionally, whenever the POG is invalid (e.g.
when the user is outside the tracker’s field of view), the user
receives visual feedback from the system.

Design Alternative 1: Simple Zoom (SimZ)

As illustrated in Figure 5, this alternative uses one man-
ual input to zoom into a ROI, and a separate manual in-
put to zoom out. The first “zoom-in” action (120%) is per-
formed based on the location of the POG and all consec-
utive “zoom-in” actions center the ROI further by a factor
of 30%. “Zoom-out” backtracks until the original image is
restored.

The dimensions of the ROI are constant and are propor-
tional to the dimensions of the original image. In this de-
sign, the user is not provided with a visual feedback of the
location of the POG prior to performing a zoom action.

USA
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(d)

Figure 3: (a) The quality
assurance phantom used in the
user study. The side of the box
shows illustrations of targets that
are visible when imaged with
ultrasound. (b), (c) and (d) are the
corresponding ultrasound images
of the first, second and third
targets.

Design Alternative 2: Resizable Zoom (ResZ)

Contrary to the first alternative, this design provides the
user with a visual feedback of the user's POG. The ROl is
represented as a resizable “zoom box”, as shown in Fig-
ure 6. The zoom box is latched to the POG and is resized
through the US machine’s trackball.

Once the dimensions of the box are set and the location

of the area of interest is locked in position, the user initi-
ates a manual trigger to confirm the zoom action. The same
manual trigger is used later to reset the image to its original
state.

A simple averaging filter is implemented to reduce the jittery
effect of rapid eye movements. Furthermore, the opacity of
the box intensifies as the user gazes longer into a particular
region and goes transparent again as the user rapidly looks
away. Once the user starts resizing the box, the box stops
following the eye movement to allow for precision. However,
one unavoidable risk that the interaction could run into is
the deterioration of calibration due to a resulting positive
feedback loop, as explained in classic literature on gaze
tracking interfaces [5].

Evaluation of Prototype

The aim of this initial evaluation of the system’s feasibility is
to provide greater insight into the technical advantages and
drawbacks of the system within the context of sonography,
which guides the next iteration of the interface design.

Apparatus

For both design alternatives, we use the same apparatus
and tools. As for the hardware, we use the Gazepoint GP3
gaze tracker [3] with the accompanying Open Gaze API.
The system was implemented on the Ultrasonix touch [10]
machine. The US image was streamed through Ulterius
API. The software was written in Python and the interface
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implemented with PyQt. The US machine used in this study
is the Ultrasonix Touch. Figure 2 shows the complete setup
and the position of the tracker relative to the US machine
monitor.

We use the default 5-points calibration that comes with
the tracker. The amount of time each user spent using the
tracker, and therefore the frequency of head movements,
did not call for re-calibrations.

For simplicity, the tasks are performed on a CIRS [2] qual-
ity assurance phantom instead of a patient. A phantom is a
specially-designed object used in medical training in place
of a patient made of material that mimics real tissues. It
contains several targets that can be acquired with US imag-
ing, as shown in Figure 3.

Procedure

A total of five professional practising sonographers, who
perform either obstetric exams, general exams or both, and
one student sonographer performed a set of US imaging
tasks that comprised of zooming into and capturing tar-
gets using both design alternatives. Four of the participants
completed the user study wearing glasses and one com-
pleted the user study wearing contact lenses. Four of the
participants never interacted with a gaze tracker before,
while the rest had a previous interaction with gaze trackers.
Calibration was performed prior to using each of the de-
sign alternatives using the default 5-point calibration of the
Gazepoint GP3 system.

We focused on qualitative feedback given that our targeted
users are a selected group of professionals, which we do
not have access to in large numbers at this stage of re-
search. In addition, with such a small number, it will be
hard to interpret quantitative results to represent the whole
user group. A discussion with each participant followed the
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Figure 4: Panning in both
gaze-based alternative designs
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Figure 5: Simple Zoom (SimZ2)

experiment to receive their general impression of the new
gaze-based system, and to identify its strengths and weak-
nesses, given their experience and background in sonogra-
phy.

For each different system tested, the participant sonogra-
pher was first given a few minutes to get familiar with the
interface by freely exploring the phantom and zooming into
targets. Afterwards, the participant was asked to zoom into
and capture three predefined targets.

Each sonographer carried out all three tasks on all three
systems. The first system the participants used was the
conventional US machine interface, which we will refer to as
the “base system”. This acts as a baseline for comparisons
with subsequent interactions with SimZ and ResZ. The sec-
ond and third systems were counterbalanced.

Results and Discussion

Time and Ergonomics

We observed that SimZ requires the lowest amount of in-
teraction with the US machine’s manual inputs among the
other two systems, and consequently less time to finish the
required tasks. Thus, we see a potential in using a multi-
modal gaze-based interaction with US machines to reduce
occupational stress-injuries due to repetitive physical inter-
action with the machine’s controls, only if a suitable interac-
tion design approach is followed.

One of the interesting observed behaviours of the partici-
pants during the user study is their change in posture when
using the gaze-based systems in comparison to the base
system. Participants seemed more aware of their posture to
keep their head within the field of view of the tracker. Some
participants did not glance at the keys at all, as they did

not want the gaze tracker to lose their gaze while glancing
elsewhere. This is an example of an unnatural behaviour
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resulting from using gaze tracking systems, which requires
gaze trackers with higher field of view or interface enhance-
ment that is less sensitive to movements. Nevertheless, P4
found that as a positive result of using gaze-based systems,
which can implicitly alert the sonographer to always stay in
an upright posture to avoid occupational back injuries.

Cognitive Load
Through discussions, participants have shown their prefer-
ence to SimZ over ResZ. P3 stated:

“I liked SimZ the most out of the three. | found it to be the
least visually-distracting compared to ResZ. When we are
scanning, we are doing a lot of visual assessment of the
tissue itself. Extra overlays that take us away from seeing
tissue pathology might be a negative distraction.”

Latching the box movement to the POG, even with filtering
and workarounds to reduce the distraction factor, was still
perceived as highly distracting by all participants. Another
phenomenon we observed is the participants’ struggle to
perfectly place the window around the target before con-
firming the zoom action, which could add unwanted cog-
nitive load to the task. Participants preferred simple gaze-
based systems that do not present visual feedback of their
POG. In other words, they prefer to “trust the gaze tracker”
to determine the position without distracting visuals sur-
rounding the ROL.

In terms of panning, there has been a variety of feedback
regarding the usefulness of the feature. Four sonographers
found it very helpful as it reduces the need to adjust the
probe to move the image. On the other hand, two sonog-
raphers preferred bimanually using the probe to move the
image around while optimizing its parameters.
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Figure 6: Re-sizable Zoom
(ResZ): ROI always moves with the
POG, unless the user locks it in
place

Second lIteration Design

Testing our proposed systems with practicing sonographers
brings insight into the advantages and potential drawbacks
of applying gaze-supported interfaces in the context of
sonography. The major advantage that the SimZ design
brings is its manual input simplicity. Also, it does not im-
pose any visual distractions on the US image, which does
not contribute to higher cognitive load. On the other hand,
the zoom box available in the ResZ design provides the
user with the ability to set the dimensions of the acquired
zoomed US image, which is important to isolate distrac-
tions in an US image and only keep the target anatomy in
the image. One disadvantage of the SimZ design is the lim-
ited control available to the user as the zoom ratio and ROI
dimensions are fixed. As for ResZ, the latched movement
of the zoom box to the point of gaze adds extra cognitive
overhead, and reduced learnability by the participants.

Inspired by the work presented in [6] and our preliminary
results, we propose a new design (Combined Zoom: ComZ)
that combines the best of both design alternatives for our
next refinement. In this design, the user looks at the RO,
initiates a trigger by pressing and holding the zoom-in input,
a zoom box appears for further dimensions modifications
with the trackball, and finally releases the button to confirm
the zoom action. This approach engages the sonographer’s
muscle groups to hold the mode temporarily which miti-
gates potential mode errors. Therefore, the visual overlay is
available only upon request and does not cause any posi-
tive feedback loops and calibration degradation.

Conclusion and Future Work

Earlier work in the area of gaze-supported pan and zoom
interfaces show a promising improvement over traditional
interfaces for some applications. A sonographer’s US in-
terface requires substantial bimanual operation with visual
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cues of where the sonographer’s attention is. The high cost
of sonographer time, as well as the common hazardous
strain injury, suggest this application may benefit substan-
tially from an eye-gaze interface. To investigate, we com-
pleted the first iteration of our design-prototype-evaluate
cycle. We assess the feasibility of two different gaze-based
zooming and panning techniques (SimZ and ResZ) applied
to US that exploits sonographers’ task space that involves
visual search targeting one object within a noisy scene.

From our initial feasibility study, we are optimistic that eye-
gaze can be added effectively to US interfaces to help
speed up the interaction and lower workplace injuries for
sonographers, without adding unwanted cognitive load. By
abstracting the interaction, our results do not solely apply
to integrating gaze tracking with US machines, but to any
other interface/machine in an environment with higher cog-
nitive load introduced by concurrently performing other bi-
manual and analysis tasks. Our results in this short paper
serve as a stepping-stone to pursuing further studies in this
direction.

In future work, a more elaborate measure should be used
to assess the ergonomic factors of the proposed new de-
sign. We are currently looking at such measures for our
follow-up user study, which is to be designed to quantita-
tively analyze the effectiveness of the refined US design in
terms of speeding up the image acquisition process and
the interface ergonomics. Moreover, solutions on how to
compensate for calibration deterioration due to the reasons
observed in the field study should be further explored for
more effective and deployable systems.
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