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What we will discuss today

1. Establish a human-centered, "systems" mindset
2. Define systems contributions

3. Hear from reading groups

4. Set up for Wednesday's HACK
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Building A Interactive Systems Mindset
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Recap: What is An Interactive System?

"a set of computer equipment and programs used together for a particular purpose...

characterized by significant amounts of interaction [with] humans [and their
environment]""

Two requirements:

1. Systems Requirement — building a systems mindset

2. Interactivity Requirement — building a user-centered mindset

A Note from the UIST 2021 PC Chairs

2https:/ /www.encyclopedia.com/computing/news-wires-white-papers-and-books/interactive-systems
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https://www.encyclopedia.com/computing/news-wires-white-papers-and-books/interactive-systems
https://medium.com/acm-uist/a-note-from-the-uist-2021-pc-chairs-6a30df14f33b

Building A Systems Mindset

How do we build a "systems" mindset?

- By better understanding systems, modeling, thinking

- By seeing the world in terms of components, systems, ecosystems

> Simon (1988) - understanding existing systems - devising new ones

Everyone designs who devises courses of action aimed at changing existing situations
into preferred ones’

"Simon (1988). The science of design: Creating the artificial. Design Issues, 67-82.
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https://www.jstor.org/stable/1511391

Open-Loop Systems’

street light does not affect

Open-loop systems act on the world but receives no
feedback.

ndul

Example: dusk-to-dawn street light

Light Sensor . ..

—— is measured by

the light sensor

Desired Light Value .

when the sky is bright
electricity passes through

) 4
O

Relay

the CdS cell activating the . ..

.. when the sky is dark

electricity bypasses

the CdS cell and the relay .

nuary 2010 | Developed by Paul Pangaro and Dubberly Design Office

*Dubberly & Pangaro (2010). Introduction to Cybernetics and the Design of Systems.

6 — © (CS-839 Building Interactive Systems | Professor Mutlu | Week 02: Systems Frameworks

System

Amount of Sunlight

affects the ——

.. is adjusted by setting the minimum
light level threshold.

indino

.. the relay is engaged Street Light

turning off the . . .

.. turning on the. ..

No Feedback Loop
The output of the street light
does not affect the sensor

Sun’s Position in the Sky


https://www.pangaro.com/CUSO2014/Cybernetics_Book_of_Models-v4.6b-complete.pdf

Closed-Loop sysltems;,' >losed-loop: Control of Aperture changes light impinging on sensor,

idjusting the aperture in real-time to expose the film as desired.

Desired Exposure . . . is adjusted by setting the
light sensitivity range (ASA).

Closed-loop systems receive feedback from the
environment and adjust their future actions based on

this information.

~ ' o
3 =
E E
Example: camera auto-exposure o
Light Sensor . . . as the light level raises Exposure ... which decreases the Aperture
a stronger signal Setting the amount of . . .
> is passed to the ... (less light enters)
Qo
e
I
é .. as the light level drops . . . which increases the
o a weaker signal the amount of . . .
E is passed to the ... (more light enters)
T System
Amount of Light Exposed to Film

an affect the ———

o
Sun’s Position in the Sky

inuary 2010 | Developed by Paul Pangaro and Dubberly Design Office

*Dubberly & Pangaro (2010). Introduction to Cybernetics and the Design of Systems.
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https://www.pangaro.com/CUSO2014/Cybernetics_Book_of_Models-v4.6b-complete.pdf

Feedback

Definition: the return back into a machine or system of part of what it produces,
especially to improve what is produced.*

Feedback systems:

1. First-order feedback systems

2. Second-order feedback systems

“https:/ /dictionary.cambridee.org/us/dictionary/english /feedback
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https://dictionary.cambridge.org/us/dictionary/english/feedback

Detour: Cybernetics

Definition: the science of communication and control wind or tide
theory that is concerned especially with the comparative

study of automatic control systems (such as the nervous

system and brain and mechanical-electrical

communication systems)’

course set | A N\ .\\l(;’ back on course
Comes from kubernetes "steersmanship" in Greek. Coined Y A oA R P
by Weiner (1948).° i\ 4
Example: A captain using negative feedback to steer a
ship toward a goal’ B ot e

*Rudder needs to be maintained
at a slight starboard angle (left turn)
to compensate for wind and tide.

S https:/ /www.merriam-webster.com/dictionary/cybernetics

®Wiener (1948). Cybernetics or Control and Communication in the Animal and the Machine.

*Dubberly & Pangaro (2010). Introduction to Cybernetics and the Design of Systems.
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https://www.pangaro.com/CUSO2014/Cybernetics_Book_of_Models-v4.6b-complete.pdf
https://books.google.com/books?hl=en&lr=&id=s-mvDwAAQBAJ
https://www.merriam-webster.com/dictionary/cybernetics

First-Order Feedback
Systems®

Goal
(Desired State)

The cybernetic loop, which describes a basic, self-
regulatory system.

Examples: thermostats, autopilots, homeostatic systems,
animal-food ecosystems.

Measurement through system through environment
System measures its progress

comparing current state to desired state

determining the difference,

and attempting to correct the ‘error.’

Feedback
(transfer of information)

Effect
(Current State)

*Dubberly & Pangaro (2010). Introduction to Cybernetics and the Design of Systems.
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Action

System attempts to reach a goal;
based on feedback,

it modifies its actions.

(System acts both within itself
and on its environment.)


https://www.pangaro.com/CUSO2014/Cybernetics_Book_of_Models-v4.6b-complete.pdf

Feedback: Formal Mechanism

Goal ... describes a relationship
that a system desires to have

is measured by

indul

“ & urpaipoquia |

2 Sensor passes the current state value 1o = Comparator . .

. has subtracts

resolution — (Accuracy) the current state value
frequency — (Latency) from
range — (Capacity) the desired state value
to determine
the error

System

Environment

....... responds by driving an Actuator

with its environment

ndino

. has
resolution
frequency
range

ay} spoaye <——

can affect the %

Disturbances . ..

may be characterized as certain types
typically falling within a known range;

but previously unseen types may emerge
and values may vary beyond a known range;
in such cases the system will fail

because it does not have requisite variety
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Feedback: Classic Example

Thermostat regulating room temperature

(via a heater)

is measured by ——

Desired temperature e.g. 68° . . is indicated by adjusting the

external
electrical source

indul
* "0} JUa1INd spuss * °

Bi-metal coil. . .bends to touch the. .

(as it cools)

. .bends the opposite

direction to lose
contact with the. . .
(as it warms)

Why does a bi-metal coil bend?

bi-metal coils consist of two layers of metal
(usually iron and copper)

joined together to form one flat strip;
because the metals have different coefficients
of expansion, the strip will bend

in one direction as it cools, and the opposite
direction as it warms

Contact point

System

air temperature in the room

lowers the

Cold air outside

.. .. which sends a signal to the. .Heater

temperature control lever

which in turn moves the bi-metal coil;
increasing the desired temperature

moves the coil closer to the contact point;
decreasing the desired temperature

moves the coil further from the contact point

indino

....thus no signal is sent,
and the heater shuts off

aseasoul ued &




How a Thermostat Works

Moving Contact

Power in

Bi-metal Coil /

January 2010 | Developed by Paul Pangaro and Dubberly Design Office

501111160 111170 111180 1111190

’ @ Temperature Indicator Pin

Temperature Control Lever

——Fixed Contact Screw

Magnet*

Power to heater

The bi-metal coil is connected
to the temperature control lever.

*The magnet insures a good contact
and prevents erratic on/off signals
to the heater in the event that the
air temperature within the room fluctuates
to quickly.

o

Moving the temperature control lever
moves the bi-metal coil

A

The bi-metal coil bends towards
the contact screw as it cools

@;\,

The bi-metal coil bends away from
the contact screw as it warms
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Temp

90°

80°

70°

60°

-10°

-20°

-30°

Heater Cycle

Heater On

Heater Off

AN A A A A AN A A AN A A Y

Temperature Fluctuation

Inside (Actual)

v vV vV vV vV vV vV vV vV vV V

\ Inside “Goal”

Outside

12pm 4 Am

These diagrams are only intended as theoretical examples.

11em  Time of Day



Requisite Variety (RV)
Systems®

Requisite Variety: Formal Mechanism

Controller

(message)
Ashby’s Law of Requisite Variety: The system must have [f e
at least as much variety as the environment that is the v
source of the disturbances. ¥ ==
o (corr:cetlgol::::tlgnnel) ‘fé
Essential Variables (EVs) are aspects of the system that i
must be maintained with a specified range for the system 5
to be viable. § Responses
U 2
Source Jenerates Disturbances ey et Transformation determines Essential Variables (outcome)
(noise) (message)
& -A p =-A
2B B - =0
§ (o] é =0
p — =D

If variety of disturbances < the variety of responses, then the system remains stable (first 3 cases).
If variety of disturbances > the variety of responses, then the system becomes unstable (last case).

*Dubberly & Pangaro (2010). Introduction to Cybernetics and the Design of Systems.

13 — © (S-839 Building Interactive Systems | Professor Mutlu | Week 02: Systems Frameworks


https://www.pangaro.com/CUSO2014/Cybernetics_Book_of_Models-v4.6b-complete.pdf

Second-Order Feedback
Systems®

Second-order feedback systems involve two cybernetic

loops such that the actions of the outer loop regulates
the goal of the inner loop.

This setup enables learning.

*Dubberly & Pangaro (2010). Introduction to Cybernetics and the Design of Systems.
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Measurement 2

Second-order system measures the
effect of the first-order system’s action.
Based on that information, the second-
order system modifies its action —

resetting the goal of the first-order system.

Second-order Feedback: Basics

Goal 2
(Desired State 2)

through both systems through environment

Feedback Loop 2
(transfer of information)

Measurement 1 through the first-order system
System measures its progress

comparing current state to desired state

determining the difference,

and attempting to correct the ‘error.

Action 2
Second-order system attempts to reach its goal
by controlling the goal of a first-order system.

Goal 1
(Desired State 1)

through environment Action 1
First-order system attempts to reach a goal;
based on feedback, it modifies its actions.
(The first-order system acts both within itself
and on its environment.)

Feedback Loop 1

(transfer of information)

Effect
(Current State)


https://www.pangaro.com/CUSO2014/Cybernetics_Book_of_Models-v4.6b-complete.pdf

Second-order Feedback: Formal Mechanism

An automatic feedback system (first-order) is controlled
by another automatic feedback system (second-order).
The first system is ‘nested’ inside the second.

Goal ... describes a relationship
that a system desires to have
with its environment

indul
indino

1 system boundary
24
&

a Sensor passes the current state value to a Comparator ......... responds by driving an Actuator
has subtracts has
2 resolution — (Accuracy) the current state value resolution
- frequency — (Latency) from frequency
g range — (Capacity) the desired state value range
& to determine
g the error
@
Observing System describes a relationship

that a system desires to have
with its environment

indjno

indul
©
&— ul paipoqud si 8 ay} sjoaye

a Sensor passes the current state value to 2 Comparator ... ..

responds by driving an Actuator
has subtracts ... has
resolution — (Accuracy) the current state value resolution

frequency — (Latency) from frequency
range — (Capacity) the desired state value range
to determine
the error

ay) spaye

Observed System

—— is measured by 1

Environment

can affect the %

January 2010 | Developed by Paul Pangaro and Dubberly Design Office Disturbances 99
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Second-order Feedback: Classic Example
Person controlling a thermostat (regulating a regulator)

Comfort ... person inside the room desires
the air temperature of the room to be 68"

@
——— acts to affect the J/ \L J/
can also close a window. . . put on a sweater. . . .or, add insulation
.B‘ I
9 :
® ‘ Desired temperature e.g. 68° . . is indicated by adjusting the
o temperature control lever
Observing System 5 which intern moves the bi-metal coil;
% increasing the desired temperature
a moves the coil closer to the contact point;
a decreasing the desired temperature
g moves the coil further from the contact point
— o
> c
-] = g
Bi-metal coil . contracts to touch the. ... Contact point ... which sends a signal to the. .. Heater
(as it cools)
2 .. .expands to release the. .. ....thus no signal is sent,
B (as it warms) and the heater shuts off 8
e 5
=] -
£ 2
L g
T System
air temperature in the room
()
£
4
)
2
°
January 2010 | Developed by Paul Pangaro and Dubberly Design Office Cold air outside
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How the AutoSteer system works: Tractor Detail

The AutoSteer system relies on feedback
to insure the components work together

(A B (C (D

-—&—Li

D) System tells wheel controller
how much to turn the wheels

C) System measures
position and orientation

B) Base station sends

The AutoSteer system The base station provides Multiple antennas The wheel angle correcting signal
begins with GPS correcting signals measure position and controller and sensor
satellite signals orientation (heading) insure precise steering

A) Satellites send signals
to vehicle and base station
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Second-order Feedback: Electro-mechanical Example: Precision Farming

The AutoSteer system uses three nested feedback loops
to automatically steer farm equipment, positioning it to an accuracy of +/- 2 cm

with repeatability assured year-round.

Grower
sets
— Compares with Desired position 9
(e.g. end of row)
And AutoSteer sets
(or corrects)
— Compares with  ——— > Desired heading 9

And AutoSteer sets
(or corrects)

Compares with  ——— Desired wheel angle e

And AutoSteer sets
(or corrects)

@ C/ o o

RTK GPS system Multiple antennas allow AutoSteer Wheel angle sensor Wheel angle controller
measures current position to directly measure current heading measures current angle turning it more (or less) as needed
Outer feedback loop Middle feedback loop Inner feedback loop Slope or mud

insures vehicle acquires the insures vehicle is headed insures wheels turn as directed create disturbances

steering path center line in the right direction
and stays on it.
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Building A Human-Centered Mindset

How do we build a "human-centered" mindset?

By better understanding interaction between humans and systems

By Including the human systems we model, analyze, devise

- By employing human-centered research, design, evaluation methods
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What is interaction?®

Concept

View of interaction

Key phenomena and con-
structs

Good interaction

Example support for
evaluation and design

Dialogue

a cyclic process of commu-
nication acts and their inter-
pretations

mappings between Ul and in-
tentions; feedback from the Ul,;
turn taking

understandable; simple,
natural; direct

methods/concepts for
guessability, feedback,
mapping; walkthroughs

Transmis-
sion

a sender sending a message
over a noisy channel

messages (bits); sender and
receiver; noisy channels

maximum throughput of in-
formation

metrics and models of user
performance

Tool use

a human that uses tools to
manipulate and act in the
world

mediation by tools; directness
of acting in the world; activity
as a unit of analysis

useful and transparent
tools; amplification of hu-
man capabilities

compatibility in instrumental
interaction; break down
analysis

Optimal
behavior

adapting behavior to goals,
task, Ul, and capabilities

rationality; constraints; prefer-
ences; utility; strategies

improves or reaches max-
imum or satisfactory utility

models of choice, foraging,
and adaptation

Embodi-
ment

acting and being in situations
of a material and social world

intentionality; context; coupling

provides resources for and
supports fluent participa-
tion in the world

studies in the wild; thick
description

Experience

an ongoing stream of expec-
tations, feelings, memories

non-utilitarian quality; expecta-
tions; emotion

satisfies psychological
needs; motivating

metrics of user experience;
experience design methods

Control

interactive minimization of
error against some reference

feedforward; feedback; refer-
ence; system; dynamics

rapid and stable conver-
gence to target state

executable simulations of
interactive control tasks

Dictionary definition: mutual or reciprocal action or influence.’

®Hornbak & OQulasvirta (2017). What is interaction?. CHI 2017,

> https:/ /www.merriam-webster.com/dictionary/interaction
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https://www.merriam-webster.com/dictionary/interaction
http://users.comnet.aalto.fi/oulasvir/pubs/what-is-interaction-chi2017.pdf

—

Input
Devices

)

The "gulf" model is one characterization of human-
machine systems."

Physical

System

Interface
Display

N

"“Dubberly et al. (2009). ON MODELING What is interaction? are there different types?.
interactions.

21— © (CS-839 Building Interactive Systems | Professor Mutlu | Week 02: Systems Frameworks

Action
Specification

Gulf of Execution

Gulf of Evaluation

Interpretation

—

Intentions

-

—

Evaluation

_J

User


http://www.dubberly.com/wp-content/uploads/2009/01/ddo_article_whatisinteraction.pdf

Second-order Feedback: Basics

Goal 2

(Desired State 2)

Measurement 2 through both systems
Second-order system measures the

effect of the first-order system’s action.

Based on that information, the second-

order system modifies its action —

resetting the goal of the first-order system.

Feedback Loop 2
(transfer of information)

Measurement 1

System measures its progress
comparing current state to desired state
determining the difference,

and attempting to correct the ‘error.

through environment

through the first-order system

Action 2
Second-order system attempts to reach its goal
by controlling the goal of a first-order system.

Goal 1
(Desired State 1)

Action 1

First-order system attempts to reach a goal;
based on feedback, it modifies its actions.
(The first-order system acts both within itself
and on its environment.)

through environment

Feedback Loop 1

(transfer of information)

Effect
(Current State)
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Second-order Feedback: Classic Example
Person controlling a thermostat (regulating a regulator)

is felt by

Comfort

v &
O

Observing System

is measured by 1

indui

Bi-metal coil . contracts 1o touch the.

(as it cools)

. .expands to release the. . .

(as it warms)

January 2010 | Developed by Paul Pangaro and Dubberly Design Office

... person inside the room desires
the air temperature of the room to be 68

———— acts to affect the \L \L \L

can also close a window. . . put on a sweater. . . .or, add insulation

Desired temperature e.g. 68° . . is indicated by adjusting the
temperature control lever
which intern moves the bi-metal coil;
increasing the desired temperature
moves the coil closer to the contact point
decreasing the desired temperature
moves the coil further from the contact point

“ &— sy Bunsnipe Aq
indino

Heater

Contact point which sends a signal to the

thus no signal is sent,
and the heater shuts off

asealoul ued J

System

air temperature in the room

lowers the %

Cold air outside



Defining Systems Contributions
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What is a "systems" contribution?

Is systems research merely engineering?

Systems research seeks to discover new techniques for building systems or new
capabilities for systems that open up opportunities for new interaction.

No, It IS not merely engineering, but engineering 1s needed.

Contribution can be in techniques, which enable new systems, and capabilities, which
enable new Interactions.
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CAPABILITIES

novel

known novel TECHNIQUES

known
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FUNCTIONALITY

novel

Zensors
2,
o<
ERICA
TECHNIQUES
known P ovel
Web On The .
Wall Reloaded XDStudio
Rico TappCloud

known

A Note from the UIST 2021 PC Chairs
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https://medium.com/acm-uist/a-note-from-the-uist-2021-pc-chairs-6a30df14f33b

The Role of Platforms

Systems follow patterns and fall under categories

Patterns, categories lead to shared platforms

System design can start with platforms

NN N %

Examples from Myers et al. (2000) — Ubiquitous computing, recognition-based user
Interfaces, three-dimensional technologies, & end-user programming,
customization, and scripting
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Reading Group Discussion
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Discussion Format

- For each group:
- Group leader provides top 3 points of discussion
- We'll add to a running list on slides
- Random order:
- 012845397

- We will remake groups today
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Discussion Notes

- Dubberly: different systems follow different process follow. Different levels of

complexity. Different uses of user input.

- Myers et al: Good predictions from 2000. Figma 1s a good example of tools that
have become reality. Design tools expanded, but Sigma enables sharing among
developers/designers. Interesting perspectives for evaluating past and future tools.

Could tools that didn't work In the past wor

< NOW?

- Martelaro et al.: Flexibility in design Is neec
shifting from what/how to why/for whom. S

ed, change over time. Designers are
oftware/Al systems detect patterns.

- Keeping the users' goals in mind. Making that easy to do.

Good tools that disappear in your hand.
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Discussion Notes

- Value of abstraction. Applications vs. evolving technology. Abstraction helps find
matches.

- Tradeoff of ease of use vs. power. Easier to use, less you can do with 1t. Simple
principles or interfaces to complex and powerful tools that are complex in
Implementation. Complex tools can help achieve many goals. Passenger car vs.
freight truck.
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Wednesday's HACI: Modeling Systems

- Optional readings:
1. Dubberly (2009). ON MODELING: Models of models. Interactions.

2. Dubberly & Evenson (2008). ON_ MODELING: The analysis-synthesis bridge
model. interactions.

Form groups of 5
Model an existing system, explore possibilities

Due next week
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http://www.dubberly.com/wp-content/uploads/2009/03/ddo_article_modelsofmodels.pdf
http://www.dubberly.com/wp-content/uploads/2016/02/ddo_interactions_bridgemodel.pdf
http://www.dubberly.com/wp-content/uploads/2016/02/ddo_interactions_bridgemodel.pdf

