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Design practice is evolving.
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From using computers as tools...
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... and then as a medium.
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To using computers as a distribution channel...
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... with web-sites adding features and becoming web-apps.



iPodMusic Listener
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To mobile devices providing access anywhere...



iPod

Hardware Software Networked Service Marketplace

iTunes iTunes Store Record Companies ArtistsMusic Listener
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... and mobile apps connecting to networked services.
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Now, smart-connected products are producing a growing tide of data...
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... and machine intelligence is using the data to make predictions.
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tool
channel

smart-connected product

source of big data

medium

application

bridge to service system

machine intelligence

These changes are additive; the computer is...



12Rochester Institute of Technology  ·  Designing Within Systems  ·  April 12, 2018

My practice has evolved, too.

From  
graphic design
to     
multimedia development + website design 
to 
UI/UX for web apps + desktop apps + mobile apps
to  
service design + systems design
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Some examples of designing within systems.



PUMP

AP ALGORITHM

CGM

Sensor Smart Transmitter

Patient
BG Level

Smart Phone
Control app

Insulin Pump Infusion Set

12 3 12 3

sends data to

fetch data fetch data

determines dose

tubing

injects insulin into

sends data to

sends dose instructions

confirms dose delivery

provides readings for
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Blood glucose + insulin management systems for diabetes patients—
an “artifi cial pancreas.”



Pumping Cassettes Kit Infusion Set Kit BGM Strips Kit
(Third party)

CGM Transmitter Kit
(Third party)

- CGM transmitter
- CGM receiver
- CGM charger
- Carrying case 
- IFU

CGM Sensors Kit
(Third party)

Note: RFP BOM has 
slightly different configuration.

Initiation Kit with CGM

- CGM sensors
- IFU

CGM Sensor Kit
(Third party)

- CGM sensors attached to 
   inserter aid (4)
- Carrying case
- IFU

- BGM reader
- Lancing device
- Lancets (100)
- BGM strips(100)
- BGM charger
- Carrying case
- IFU

- Pumping cassettes with 
   priming aids attached (10)
- Filling syringes (10)
- Filling needles (10)
- Adhesive patches (10)
- IFU 

- Infusion set, 
   attached to inserter aid (10)
- Insulin filling aid
- IFU

- Pumping cassettes (2)
- Infusion sets (2)
- IFU

GuideBGM Kit
(Third party)

Consumables KitInsulin Pump Kit

- Handheld controller
- Handheld charger cable
- Batteries (2)
- Battery charger
- Battery charger cable
- Belt clip
- Dust cover
- IFU

Patient

CGM Receiver Hand-held Controller

Insulin Pump

Infusion Set

CGM Transmitter

CGM Sensor

BG Meter

Test Strip

Drop of Blood

Out-Of-Box Experience
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Product delivery and set-up systems—the “out-of-box-experience.”



System

Diabetes

measured by

informs drives

affects

Blood Glucose

Continuous Glucose Monitor

Control Algorithm

Insulin Delivery

Amyloid Plaque

PET Scan

measured by

informs drives

compensates
for

Image Processor

Caregiver

Alzheimer’s DiseaseHealth & Wellness

Heart rate

PPG Sensor

measured by

informs drives

affects

Activity Tracker

Lifestyle / Diet / Exercise
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Integration of individual disease management systems in a larger ecology.



Thermostat

presence detected by

sets

68º

Home Owners

Radius 
(distance from house)

Air Temperature

Disturbances
(changes in weather)

Efficiency

Goals

Comfort

Cloud Services:
- alerts
- reporting
- weather
- home system integration

changes setpoints

ScheduleMobile App

Cold weather 
draws heat from
the house.

Hot weather 
heats the 
house.

Geofence

connects to

Using a mobile app, homeowners can create a virtual 
fence around their home. The GPS location in their phone 
signals residents’ presence or absence, triggering 
home/away settings.

connects by WiFi to

con
nec

ts t
o

co
nn

ec
ts

 to

Cloud

68º
Away

Furnace

si
gn

al

home
m t w t f ss

away

warm air cool air

si
gn

al

Air Conditioner

Router Amazon
Echo

or similar devices

Air Handler
(fans)
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A smart thermostat is similar to a disease management system.



AC

Furnace 
(in sub-floor)

Nest Thermostat

Nest Smoke + CO Alarm

Nest Smoke + CO Alarm Nest Smoke + CO Alarm

Air Intake

Air Output

Air Output

Air Output

Air OutputAir OutputAir Output

Water
Heater

Refrigerator

Clean water in

Water company keeps track of usage 
and bills accordingly.

Dishwasher

Sprinkler

Sprinkler

Sprinkler

Sprinkler

Sprinkler
Sprinkler

SinkWasher

Dirty water out

Toilet

Sink

Tub/Shower

Sprinkler Control Panel

Sprinkler

Sprinkler

Sprinkler

Dryer
(could be
electric)

Oven / Range

Gas Fireplace

Gas Meter

Gas company keeps track of usage 
and bills accordingly.

Nest Cam

Nest Cam

Baby Cam

Window shadeWindow shadeWindow shadeWindow shadeWindow shadeWindow shadeWindow shade

Window shade

Window shade Window shade

Window shade Window shade Window shade Window shade Window shade Window shade

Door Sensor

Door Sensor

Door Sensor

Window SensorWindow SensorWindow SensorWindow SensorWindow SensorWindow SensorWindow Sensor

Window Sensor

Window Sensor

Window Sensor Window Sensor Window Sensor Window Sensor Window Sensor Window Sensor

Motion Sensor

Control Panel

Control PanelHub
(Cellular

or connected
to landline)

Heat Sensor

Heat Sensor

Motion Sensor

Motion Sensor

Rheem
Water
Heater

Samsung
Refrigerator

Bosch
Dishwasher

LG Washer

GE Oven

LG Dryer

Crock-Pot
Samsung TV (has apps)

Sonos home theatre

Pioneer Speakers

Pioneer Speakers

Apple Wireless Router
Motorola Cable Modem

Comcast Cable box
Apple TV set top box
Samsung Blu-Ray / DVD player
Xbox One gaming console

Apple Desktop
and/or laptop
and/or tablet

Epson Printer

Internet Connection

Could be Cable / DSL / Satellite / Fiber / etc.
ISP company keeps track of usage
but bills a pre-determined flat rate.

Apple Smartphone

GoPro

94Fifty basketballDJI Phantom 3 drone

Platform:

Apple CarPlay
Android Auto
Ford AppLink

Sensors:

Back up camera
Lane swerve
Braking
Heating
Cooling
etc.
Over 200 in all

Vehicle:

Toyota Prius
Hybrid

Specialized Turbo
electric bicycle

Boosted board
motorized skateboard

LightLight

Light

Light

Light

Light

Light

Light

Light

Switch

Switch

Light
Light

Light Light

Light

Light

Switch

Switch

Switch

Switch

Outlet

OutletOutlet

Outlet

Outlet
Outlet

Outlet

Outlet

Switch

Outlet Outlet

OutletSwitchOutletOutlet

Outlet

OutletSwitch Outlet

Outlet Outlet

Outlet

Outlet

Switch

Outlet

Outlet

Outlet

Electrical Panel

Electric company keeps track of usage 
and bills accordingly.

Outlet

Switch

Apple Watch
or Fitbit

or Jawbone

Speck Air Quality Monitor

Speck Air Quality Monitor

Speck Air Quality Monitor

SmartSense Multi-sensor

Neatmo Weather Station

Withings
Smart Scale

SmartThings Hub

Roomba Vacuum
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Integration of individual home systems in a larger ecology.
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—
Integumantary system (Skin)

Skeleton + Muscle systems

Nervous + Endocrine systems

Digestive system

—
Circulatory + Lymphatic systems

Urinary system

Respiratory system

Reproductive system

Not pictured:
Immune system
Metabolic system

The human body is comprised of systems — working together.



Sample

Validation set

Verification set

Training set

–

+

–

+

–

+

Model set 3Model set 2

Score 2 Score 3Score 1

Model set 1Training data

Validation data

Verification data

Angiogram

Angiogram

Angiogram

Result 1

Baseline/truth

Baseline/truth

Baseline/truth

PSR

PSR

PSR

Result 2

Score 3v

ML App

Result 3

GA

½

¼

¼

providestested

providestested

provides

provides

provides

provides

provides

tested

tested

tested

tested run through

entered into entered into

builds

adjusts

provides

compare to
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Machine learning applied to patient EKGs to detect heart disease.
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Building a data refi nery for satellite imagery.
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What is this new type of design?
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durability — convenience — beauty

Roman architect Vitruvius described three design principles: 
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“effective, effi cient, and engaging.”

The International Standards Organization (ISO) mandates software that is
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Architect Louis Sullivan proclaimed,

“form ever follows function” —
 

while Frog founder and Apple product designer 
Hartmut Esslinger quipped,

“form follows emotion.“
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“In most people’s vocabularies, 

design means veneer. It’s interior decorating. 

It’s the fabric of the curtains and the sofa. 

But to me, nothing could be further from the 

meaning of design. Design is the fundamental 

soul of a man-made creation that ends up 

expressing itself in successive outer layers 

of the product or service.”

—Steve Jobs
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Stewart Brand has proposed “a pace layer model.“

Nature

Fashion

Commerce

Infrastructure

Governance

Culture

Faster layer 

Slower layer 

learns
proposes
absorbs shocks
discontinuous
innovates

remembers 
disposes
integrates shocks
continuous
stabilizes

Structure

Skin

Services

Space plan

Stuff

30 – 300 Years

20 Years

7 – 15 Years 

3 Years

Days / Weeks

Life span

Site Semi-permanent
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Jay Doblin proposed “six types of design.“

Product Performance Design 

Product Appearance Design

Tangible objects + messages 

Uni-systems Performance Design

Uni-systems Appearance Design

Sets of coordinate products 
and people who operate them

Multi-system Performance Design

Multi-system Appearance Design

Competing uni-systems
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Richard Buchanan proposed “four orders of design.“

1 Communications — 
a focus on meaning and symbols

2 Artifacts — 
a focus on form and things 

3 Interactions — 
a focus on behavior and action

4 Fourth order — 
a focus on “environments and systems in which all other orders exist“



1. Product
2. Smart product

Software

3. Smart, connected product

Remote
devices

Software

4. Product system

Monitor

Syringe

Cartridge

Vial

Pump

Glucose
Management

System

Remote
devices

Software

5. Systems of systems

Monitor

Syringe

Cartridge

Vial

Pump

Management
System

Health
Management

System

Pharmacy
Order

Management
System

EMR
System

Remote
Alerting
System

Drug
Interaction
Monitoring

SystemBilling
System

Patient
Population

Management
System

Remote
devices

Software
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Michael Porter has written about
“how smart, connected products are transforming competition” 

and “redefi ning industry boundaries.”

— Michael Porter and James Heppelmann, How Smart, Connected Products Are Transforming Competition
Harvard Business Review, November 2014
http://hbr.org/2014/11/how-smart-connected-products-are-transforming-competition
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John Maeda has offered a sort of era analysis.

Classical Design
There is a right way to make what is 
perfect, crafted, and complete.

1 2 3Design Thinking
Because execution has outpaced 
innovation, and experience matters.

Computational Design
Design for billions of individual people 
and in real time, is at scale and TBD.
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—“Design and Science,” January 11, 2016

“Design has also evolved from the design of objects 

both physical and immaterial, to the design of systems, 

to the design of complex adaptive systems. 

Th is evolution is shift ing the role of designers; they are 

no longer the central planner, but rather participants 

within the systems they exist in. Th is is a fundamental 

shift  — one that requires a new set of values.”

MIT Media Lab Director, Joi Ito summed it up well...



Doblin

Buchanan

Porter

Ito

Maeda

Design 
Practice
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Each model provides a lens on how design practice is evolving.
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— Gordon Pask, The Architectural Relevance of Cybernetics, 1967

“... a building cannot be viewed simply in isolation. 

It is only meaningful as a human environment. 

It perpetually interacts with its inhabitants,

on the one hand serving them and on the other hand 

controlling their behavior. 

In other words structures make sense as parts of larger 

systems that include human components and the architect 

is primarily concerned with these larger systems; they (not 

just the bricks and mortar part) are what architects design.”
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What is this new type of design?
Systems that include humans — 

designing within systems.
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Construction Direct Mediated

Values Seek simplicity Embrace complexity

Stopping condition Almost perfect Good enough for now

Designer’s role Expert/Deciding Collaborator/Facilitating

Result More deterministic Less predictable

End state Completed Adapting, growing

from to

Designing within systems shifts our thinking...
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