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EE-600: Usability Engineering 

Lecture #1 - Introduction



What we really mean for Usability?

In the context of this course, 
“Usability” 

is the 
“the evaluation of the 

effectiveness use of products 
and its safety”
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What we really mean for Usability?

In the context of this course, 
“Usability” 

is the 
“the evaluation of the 

effectiveness use of products 
and its safety”
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What then is 
“Usability Engineering”?

In the context of this course, 
“Usability Engineering” 

is
“obtaining the usability 

by design”
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Not to be copied without permission from HirLan, Inc.

Designs and Evaluates 
safe and effective products

Human Factors

Brings user needs to the team.
Marketing

Manages, conducts and 
evaluates users research trials.

ClinicalBuilds products that 
are reliable.

Engineering
QA
/R
A

Engineering
Human 

Factors

Use in 
the 
field

Marketing

QA/RA
Determine and manage the regulatory path and 
strategy for the product
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Courtesy, Virginia Lang (Hirlan Inc.)



Why Human Factors take a role?
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Why Human Factors take a role?

“Human Factors are in place 
as human behaviour, cognition 

(e.g., perception, attention, 
language, memory, etc.), and 
physiology in order to design 
and build products that are 

effective, safe, and profitable”
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How to evaluate with 
Human Factors?

…easy in retrospective...

S.Carrara (C) 9



Usability of ECG devices

How the usability of ECG
changed over 7 decades
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By Images Paediatr Cardiol. 8(2006): 17–81. 

in 1942

in 2022

By healthline.com



Usability of Pacemakers

How the usability of pacemakers 
changed over 6 decades
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By Images Paediatr Cardiol. 8(2006): 17–81. 

By St Jude Medicalin 1952

in 1958

in 2022



How to evaluate with 
Human Factors?

…less easy in future perspective...
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The Time’ forecast on Human++

[TIME, February 2011]
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Chips under the skin?

[The Guardian, October 2017]
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Body Dust: 
Bioelectronics in Human Blood?

[ArXiv, May 2018]



Body Dust: 
Bioelectronics to Drink?

Imagine to drink a water that contain an electronic Dust 
that spread in your body and then provide diagnostics
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How small Chips under the skin?

[1966 Sci. Fi. movie titled “Fantastic Voyage”]
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Comment

Fully-Connected Human++

Courtesy, Hugo De Man (IMEC)
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Different outcomes for 
different patients
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Patients’ metabolism drive the 
Drugs effect in time!
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Usability: From Labs to Hands

Ø50 $ (machinery)
Ø0.05 $  the single strip

Ø 100.000 $ (machinery)
Ø 1.000 $  the single μ-

array

Labeled

Label-Free



Next step: the future already begun
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Glucose Personal Diagnostics on our iPhones



Next step: the future already begun
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Glucose Personal Diagnostics on our Skin
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The Pancreas Functions

IN-put Signals
OUT-put Signals

Bile aceids
pH

Syrinic proteases
Glucose

Glycagone pancreatic
…….

insulin
Lipase
Fospholipase A
Cholesterol estarase
Endopeptidase
Esopeptidase
Elastase
Ribonuclease
Enterochinase
…..



Intermediate layer and ICs
Top-layer with sensors

Wire bonding

Under-the-Skin Device

PCB for ICs Antenna for remote powering
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C. Baj-Rossi, G.De Micheli, 
S.Carrara, EMBC14
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The top-layer with sensors
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Biosensors

pH sensor

T sensor
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OUT OF THE MEDIA 

ADVERTISING SCIENTIFIC 

NOVELTIES, ARE THERE 

SUBCUTANEOOUS DEVICES 

REALLY GOING TO BE USED?
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Under the skin for body sculpting
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Enhancing human being
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Chips under the skin?

[EuroNews, June 2015]
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Size and Shape 
to be injectable by a Needle?

The IC has been fabricated in UMC 0.18 technology and 
interfaced to the passive multi-panel platform

Molecular Sensors μControllerCMOS fontend Remote powering
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Mark Phelps by Medtronic, and the Reveal LINQTM system

New injectable ECG monitoring by 
Medtronic
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Intensive-Care-Units (ICU) Monitoring

The present monitoring scenario foresees lot of independent 
devices and input/output interfaces
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Lab-on-a-chip for ICUs

Monitoring scenario where the main parameters of the patient 
are continuously displayed on an Android mobile device

F. Stradolini, et al., IEEE Sensors Journal 16(2016) 3163 - 3170
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Box hosting all 
the electronics

Layer hosting all 
the biosensors

Fluidics chamber

Top cup to close 
the case

3 cm 
1 cm 

Electronic system that 
includes CMOS 
frontend for biosensors, 
Bluetooth, battery

Biosensors for Intensive 
care markers

Fluidics allowing 
continuous monitoring

First Fully-Autonomous system 
for Continuous monitoring in ICUs
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One Multi-Panel Device for 
Metabolism Monitoring

Different enzymes sense different human metabolites

Probe enzymes

l Glucose
l Lactate
l Cholesterol
l ATP
l Drugs
l Ions



One Interface for Remote Monitoring 
of Patients in Intensive Care Units

The whole system with the AndroidTM
interface that allows connectivity too
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The full connected system

The whole system with the AndroidTM
interface that allows connectivity too

S.Carrara (C)



Remote Patients’ monitoring 
from Smartwatches



…from Tablet to Smartwatches…
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Y.S. Zhang et al. / Sci Rep. 2016 Mar 1;6:22237

… to Google Glass 
for Monitoring and Control



“Usability” in any case

May we then obtain the right
“Usability in any case” 

just
“by the right design”?
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Theranos!

The case of a Silicon Valley start-up that 
collected up to 1 B$ and then bankrupted
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The Theranos case

On January 3rd, 2022, Elizabeth Holmes, 
former CEO of the Silicon Valley company 

named “Theranos”, is found guilty on four of 
eleven charges she was accused as supposed 
running “a years-long fraud scheme against 
investors while running Theranos Inc.”, the 

Wall Street Journal reported
S.Carrara (C)



The Edison by Theranos
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Edison 

Device for Blood Testing
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Edison’ Cartridge

The Edison Cartridge
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Theranos
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Theranos issue?

That has been a problem 
of “fraud scheme” only 

or a problem of 
“usability” too?
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Theranos issue?

Usability too!
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Elizabeth Holmes’ requirement for 
the Edison device by Theranos 

The blood samples have 
been required to be by a 
single blood drop from 
patients, meanwhile the 

promise has been 
reading up to hundred 

blood biomarkers!  
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Elizabeth Holmes’ requirement for 
the Edison device by Theranos 

The blood samples have 
been required to be by a 
single blood drop from 
patients, meanwhile the 

promise has been 
reading up to hundred 

blood biomarkers!  
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Piccolo Xpress® Analyzer
The Piccolo Xpress 
chemistry analyser (by 
Abaxis) allows 
healthcare practitioners 
to perform routine 
multi-panels of 31 
blood biomarkers by 
using 0.1cc of whole 
blood, serum or plasma
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Siemens hematology analyzer

Taller like a person
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Chemistry Analyzer by Siemens 

ADVIA 1800 



ADVIA 1800 by Siemens

Multi-panel devices larger like adult’ desks
S.Carrara (C)



The course books
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Human Factors In 
Engineering and Design 

(7th Edition, 1993)
by Mark S. Sanders, and 

Ernest J. McCormick

https://www.amazon.com/Mark-S-Sanders/e/B001IQUK1O/ref=dp_byline_cont_book_1
https://www.amazon.com/Ernest-J-McCormick/e/B001IQX78M/ref=dp_byline_cont_book_2
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To fruitful follow the course

Slides of the lecture



EDEE Electrical Engineering
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EE-600: Usability Engineering

Theory

Your 
individual 
projects

Feedback
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Francesca Stradolini Sandro Carrara Virginia Lang
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