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I SPY WITH MY LITTLE EYE:
EYE TRACKING DRIVES PATIENTCENTRED DEVELOPMENT
OF CONNECTED SYSTEMS
The development of connected self-injection systems is driving industry to rethink
its current approaches to patient-centred new product development. In this article,
Andreas Schneider, PhD, Innovation & Business Development Manager at Ypsomed,
summarises a recent field study that used eye tracking for the formative usability
testing of SmartPilot for YpsoMate – a re-usable passive monitoring module that
transforms the two-step autoinjector YpsoMate into a fully connected product.
Patient centricity has long been
regarded as a guiding paradigm for
“The development of connected
the development of self-injection
self-injection systems is about to
devices. Industry and academia alike
have intensively studied how to
challenge the well-established
capture the patient’s voice optimally
methodological principles.”
throughout the innovation process –
either during early-stage formative
usability testing or as part of latestage summative design validation.
application and a re-usable connected
Interestingly, there has been little
monitoring module (Figure 1) – must be
methodological
advancement
to
carefully orchestrated. How to guide users
date. For three decades or so, the
step by step through the injection process?
industry has largely relied on patient
Where to locate visual, audible or tactile
self-reports, open-ended interviews or
feedback elements? How to blend the
shadowing users during their daily drug
mechanical with digital elements?
administration routines as design inputs.
And yet, patients may not be able to
Such insights led to innovative self-injection
appropriately verbalise their experiences
device concepts. In fact, these approaches
when operating such a multi-element
have built a standard methods usability
product system. Knowledge in general
toolbox that – if adequately applied – permits
is hard to put into words. Verbalising
patient-centred product development.
experiences becomes particularly challenging
Entering the digital era, that is no longer
when tied to emotions, intuition or physical
true. The development of connected selfexperiences. New usability approaches
injection systems is about to challenge the
are thus needed to inform the design
well-established methodological principles.
development of connected self-injection
Connected self-injection systems typically
device systems better.
consist of multiple components and user
A recent study investigated the application
interface elements that may advance patient
of eye-tracking in the development of
adherence to the next level. However, the
connected self-injection systems.1 Figure 1
interplay between these elements – such
illustrates the need to optimise the interplay
as an autoinjector, a companion mobile
between user interface elements of any
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Figure 1: The connected self-injection device system included in the study.
connected self-injection device system.
It introduces the study device: SmartPilot for
YpsoMate. SmartPilot is a re-usable smart
monitoring module that flexibly transforms
the marketed YpsoMate autoinjector
into a cloud-connected product system.
Advanced sensors track injection events
and guide patients in real time through
the injection process. Therapy-relevant
injection data is encrypted on-chip and then
made available to the broader healthcare
ecosystem via wireless connectivity.
Thus, YpsoMate comes with two sets of key
functionalities. One monitors device usage
and makes available the therapy-relevant
injection data to providers, caregivers
and healthcare stakeholders. The other
guides patients step-by-step through the
drug administration process including, for
example, authentication of the self-injection
device, or advice on holding time.

(a)

(b)

AN INTRODUCTION
TO EYE TRACKING
Neurologists have long concluded it is
through seeing that we construct meaning.
Tracking patients’ gaze patterns thus sheds
light on their cognitive attention. Mobile eye
tracking continually follows participants’
eye movements as they engage with a
connected self-injection system. The gaze
patterns collected serve as input to evaluate
the underlying cognitive processes during
user engagement with a product system.
The method thus permits the objective
assessment of product usability without
the need for participants to express their
experiences while performing use steps.
Copyright © 2019 Frederick Furness Publishing Ltd

Figure 2: A snapshot of the experimental set-up – image A shows the use of eye-tracking
glasses while image B illustrates the study participant’s visual attention as an orange ring.
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Eye-tracking study 1 (ETS1)
Participants n=10

Eye-tracking study 3 (ETS3)
Participants: n=11

Eye-tracking study 2 (ETS2)
Participants: n=14

Design Iteration A
Duration: 4 months

Design Iteration B
Duration: 3 months

Figure 3: The longitudinal research design of the empirical study. Injection-naive users were recruited anew for each study.
Figure 2 illustrates the study’s
experimental set-up and the type of raw
data obtained through mobile eye tracking.
The evaluation required the use of eyetracking glasses (Figure 2A), which must
allow participants to move without
restrictions while engaging with the product
system. In this study, the SMI Eye-Tracking
Glasses 2 Wireless system (SensoMotoric
Instruments, Teltow, Germany) was
used. Cameras integrated in the glasses
capture the participant’s field of view and
construct the “scene video”. The data are
then converted into the viewing angle and
the participant’s continuous gaze point.
Figure 2B shows the study participant’s
visual attention represented as an orange
ring. The tracked gaze patterns served as a
starting point for evaluation.
Figure 3 shows the research design of
the simulated use study. Three eye-tracking
studies were conducted, each informing a
subsequent design iteration of the connected
self-injection system’s user interface. A total
of 35 injection-naïve participants were
newly recruited for the studies, during which
participants simulated a self-injection into a

USABILITY DIMENSION

A. Effectiveness

B. Efficiency

C. Ease-of-use

foam cushion. The users were not exposed
to the connected product system prior to the
study. The companion mobile application
installed on the smartphone provided realtime step-by-step instructions on how to
operate SmartPilot for YpsoMate.
The insights gained from each eyetracking study then informed the subsequent
design iteration of the connected selfinjection system. Three different design
variants were evaluated, providing a
longitudinal perspective on how product
usability has evolved over time.

“User guidance was
improved as a result of the
design iterations guided by
the eye-tracking studies.”
The study provides empirical evidence that
the overall product usability was step-wise
improved over the course of the three
eye-tracking experiments (ETS1, ETS2
and ETS3).
First, the data confirms that the product
usability dimension, effectiveness, improved
substantially over time. Effectiveness
describes the user’s ability to complete a
certain use-step successfully. The extent to
which a use-step was successfully completed
was assessed using a four-point rating scale
with the following items: (1) use error
requiring moderator intervention; (2)
close call/ temporary interruption; (3) user
hesitation; and (4) uninterrupted completion.
Eye tracking provided rich contextual
data from a unique first-person perspective

EYE TRACKING EVALUATED
THREE USABILITY DIMENSIONS
The results of the empirical study concluded
that eye tracking effectively guided the
evolution of product usability along three
dimensions – effectiveness, efficiency and
ease of use. These usability indicators,
as derived from eye tracking, improved as
a result of the modifications and design
adjustments made to the connected selfinjection system. Figure 4 summarises
the key findings of the empirical study.

DEFINITION

VALUE OF EYE-TRACKING

RESULTS OF THE STUDY

Extent to which patients successfully
complete given use step

• Unique first-person perspective
• Fine-grained insights into contextual
engagement

Duration per use step

• Precise assessment of transition
points between use steps

Cognitive efforts (thus visual attention)
required to complete given use step

Patterns in how participants gaze hits
various user interface elements
• Duration per user interface element
• Guidance toward relevant elements



Step-wise improvement of mean product
effectiveness (4-point rating scale):
 ETS1: 3.00
 ETS2: 3.43
 ETS3: 3.68



Step-wise reduction of mean duration:
 ETS1: 86.1 sec
 ETS2: 81.4 sec
 ETS3: 58.7 sec



Visual attention spent on user interface
elements relevant for given use step:
 ETS1: 84.2%
 ETS2: 93.5%
 ETS3: 93.1%

Figure 4: Overview of the results of the empirical study (ETS = eye-tracking study).
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to capture that first dimension. Detailed
analysis of the video data recorded using
the eye-tracking glasses shows that not only
were use errors significantly reduced but
also the overall robustness of the product
increased. Initial usability challenges that
resulted in process interruptions or use
errors were completely eliminated over time.
Second, formative eye-tracking data
also showed a step-wise improvement of
the usability dimension efficiency, meaning
a reduction in the duration needed to
complete a specific use step. Shorter
visual attention per user interface element
corresponds with lower cognitive efforts
to understand product usage. Eye-tracking
data enabled the separation of overall
product usage into distinct use steps and the
precise definition of the transition points
between them. The results confirmed a
step-wise decrease in the duration required
to complete the overall use process, thus
providing empirical evidence that overall
product efficiency was improved.
Third, eye-tracking-derived indicators
also shed light on ease of use. Here, the
product system is dissected into separate
user interface elements. This shows how
users directed their visual attention to
those elements that were required for the
completion of the given use step. The study
advanced our understanding that eyetracking data can be used to capture ease-ofuse data objectively for each user-interface
element. The results showed that user
guidance was improved as a result of the
design iterations guided by the eye-tracking
studies: the more mature the connected
self-injection system became, the less visual
attention – and thus cognitive effort – was
lost on irrelevant user interface elements.

PATIENT CENTRICITY –
IN THE EYE OF THE BEHOLDER?
The study summarised here shows how
eye tracking enables an in-depth analysis
of patient engagement with a connected
self-injection system, with a level of detail
that would have gone unnoticed using
traditional methodologies. Eye tracking
confirmed that the design iterations
targeting the usability of the connected self
injection system SmartPilot for YpsoMate
were highly effective. Specifically, the eyetracking-derived indicators were of pivotal
importance to assess the improvement
of three usability dimensions over time:
effectiveness, efficiency and ease of
use. Empirical evidence tells us that the
Copyright © 2019 Frederick Furness Publishing Ltd

interplay between the distinct user interface
elements was improved as the system’s
maturity increased.
The results furthermore suggest that eye
tracking has great potential to guide new
product development beyond connected selfinjection systems. The digital transformation
will radically change the way in which users
interact with digital tools and connected
technologies. In particular, the digital era
drives the adoption of software-enhanced
multi-element product systems – such as
smart inhalers, sensor-augmented smart
insulin pump systems or smartphone-based
mobile electrocardiogram (ECG) devices
– both at home and in the critical care
environment. These systems all share a
common trait: the digital and mechanical
elements become integrated to realise
advanced user feedback.
The relevance of eye tracking thus
continues to grow. Formative and summative
usability testing will increasingly study how
to orchestrate the interplay between distinct
user interface elements. Hence the drive to
adopt novel methodological approaches to
usability testing. New product development
must result in the marketing of innovative
healthcare tools and technologies that
improve ease of use, rather than increasing
patient cognitive burden.

ABOUT THE COMPANY
Ypsomed is an independent developer
and manufacturer of both innovative
mechanical and connected autoinjector and
pen injector systems for self-administration.
The customisable product platforms cover
autoinjectors for prefilled syringes in 1 mL
and 2.25 mL format, disposable pens for 3
mL and 1.5 mL cartridges, re-usable pens,
ready-to-use prefilled wearable bolus injectors
and injection devices for drugs in dualchamber cartridges. Unique click-on needles
and infusion sets complement the broad selfinjection systems product portfolio.

With more than 30 years of experience
and pioneering spirit in the development
and manufacturing of innovative injection
systems Ypsomed is well equipped to
tackle digital healthcare challenges and
has strategically invested into the
development of a range of smart devices
and therapy-agnostic digital device
management services.
Anticipating the future needs of patients,
pharmaceutical customers, payers, and
healthcare professionals, Ypsomed moves
beyond connected sensors: Ypsomed’s
smart device solutions strive to transform
patients’ lives by capturing therapy-relevant
parameters, processing them to facilitate
self-management of diseases, and integrating
these insights with third-party ecosystems.
It leverages its unique in-house capabilities
in electronics, software and connectivity for
the development of new smart products and
digital product systems.
Ypsomed’s platform products and
services are developed and manufactured
in Switzerland with strong in-house
competencies covering concept and product
development, tool-making, injection
moulding and automated assembly.
Ypsomed is ISO 13485 certified and all
processes are run according to design
control and cGMP guidelines with
operational QA/QC experts on-site at each
location. Ypsomed’s US FDA-registered
manufacturing facilities are regularly
inspected by both pharma customers and
regulatory agencies and supply devices
for global markets including US, Europe,
Japan, China and India.
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Reusable add-on transforms YpsoMate®
into a fully connected smart autoinjector.
Bluetooth®-based wireless tracking of injection date, time and success
Advanced patient guidance throughout the injection process
NFC-based identification of combination product label to increase patient safety
YpsoMate® autoinjector compatibility with SmartPilot™ without further changes
No need to charge SmartPilot™ during its entire lifetime
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