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Challenges
- NASA operates in an engineering / technology driven paradigm
. We keep repeating the same talking points year after year...
. ..expecting and hoping for different outcomes

. Increasingly specializing our language, which limits the
introduction of new ideas and novel options
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| et's start with iInnovation barriers

(on the scale of projects & programs)
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NASA's technology base Is largely depleted,
and future success will depend on
advanced tecnhnology developments.

Royal Collegeof At [\ o o012] [Balint, 2013]
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Innovation barriers for space technology

. Risk averse culture

» Low priority on innovation + short term focus
+ Instability

. Lack of opportunities

» Process overloao

- Communication challenges

. Organizational inertia

Royal College of Art INASA. 2013] [Balint. 2013]
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Some examples to overcome innovation barriers

. Creative ideation (e.qg., bootlegging)
. INnnovation laboratories & Creative spaces (e.g., TeamX)

. Innovation funding (e.qg., STMD-CIF; IRAD)
» SKUNKWOTKS

. Combination of the above

Royal College of Art [Dodgson & Gann, 2010] [Balint, 2013]
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Wicked problems for tech development

(looking at it on a broader scale)
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FY13 federal budget breakdown

0.49% (2013)
4.4% (1966)

$5768B - for
Non-Defense Discretionary

NASA: $16.86 billion
0.49% of the total budget
2.7% of the discretionary budget

$625B - for
Defense Discretionary

Total Federal Budget
in Fiscal Year 2013

$3.45 trillion S4678B - for

Other Mandatory

S492B - for Medicare

S265B - for
Medicade

$808B - for
Social Security

S22 1B - for Interest
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FY13 NASA budget breakdown

516.8B (FY13)
$19.3B (FY16)

$2.711B - for Cross Agency Support Total NASA Budget
in Fiscal Year 2013
206478 - for $16.865 billion

Construction, Environmental
Compliance, Restoration

S4.782B - for Science
$0.116B - for Education \
\ $0.53B - for
Aeronautics Research

$0.615B - for Space Technology

$7.43B - for Human Exploration
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NASA's PPBE process

US Senate

US House of Rep.

OMB & OSTP oD e o
NASA HQ _ Start PRG Execution

NASA Centers

PBR to Congress Appropriation

Brief Admin.

Work with Centers Write PBR NASA HQ distributes funds to

L _ ~_centers & oversees execution
Planning Content definition Funding appropriation

process process

Programming

-
<Y]
v
W
=
<Y
. ™
Budgeting =
5 o
s 2
; a Program / Project Execution
=
, Will execute  Qctober
Execution Will execute  October  Fy(x42)
October  Execute October  Fy(x+1)
current fiscal year
FY(X) FY - Fiscal Year
NASA HQ - NASA Headquarters PPBE - Planning, Programming, Budgeting, & Execution
OMB - Office of Management & Budget (Executive Branch) PBR - President’s Budget Request
OSTP - Office of Science & Technology Policy (Executive Branch) CJ - Congressional Justification
US Congress - House of Representatives & Senate (Legistlative Branch) PRG - Program and Resrouce Guidance

RoyalCollegeofArt  5int 5 Stevens, 2014] #10
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NASA's wicked problem

OSTP.........Office of Science and Technology Policy
OMB......... Office of Management and Budget
HoR.......... House of Representatives
OGA:s........Other Government Agencies

NRC........... National Research Council

MDs........... Mission Directorates at NASA
[L1]-[L3]...NASA Organizational levels 1 to 3
SMEs......... Subject Matter Experts

NASA operates through a
spatially & temporally coupled,
cyclical wicked problem.

» Xy
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h) 'l e 2
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Royal College of Att 5 it & Stevens, 2014]
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US Government
Executive Legislative
Branch Branch
(President) ' 0sTP Senate (Congress)
OMB ...................................................

National a :':cs’;
Academies gency
VGRS Other 10 NASA

Interfaces . Centers
: e Program
Academia Offices
Projects
Public Industry e VO

multi-disciplines

linear-disciplines

Strategy
(global)
Strategy ;
(regional) :
[L1] Strategy O;
(local) :
[L2] Program U
Management ¢
[L3] Project ‘%
Management :
& SMEs 5
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Changing / broadening the paradigm

(potential roles of cybernetics & design)
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1o Introduce new 1geas,

to change the discourse,
we need new perspectives
a broaden the paradigm

| A9 Levy's Second Order Change ¢

lle e of Art N
Pnstgrziuatemmnesiggn [Levy' 1986] #13 5
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Cybernetics provides a perspective with focus on circular connections

to balance variety
with the environment

N\ Control loops N\
1t 1t

Requlator

Examples for
Il\ Feedback |00p5 I|\ amphfy]ng or
V — Variety ! to balance variety ! attenuating variety

<V <V _
regulator process environment

with the requlator II\ II\
! !

College of Art interpreted from [Wiener, 1948]

Postgraduate Art and Design
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Design provides the means, goals, language and dialogs towards change

Double diamond of design with approximate Technology Readiness Level matching

= Defining the right problem = Finding the right solution
'E or opportunity (what? why?) 5 (how to?) 5
=1 Explore challenges S Generate ideas &
k5 S S
= E =
E_ S 3
> £ =
z . 2 g
~ ‘R.eshea'rch, Insight and o potential specific solution 0 Deliver
. h|n5|g ;l'nt(f synthesis; solutions through: that works; feasible
the pro en(]:, identify area ideation; validate and noint
user-cent;re-, - tofocus on brainstorming; : implement desian
TRL T empathetic concepting - prototype TRL 3 g
(ML 1 5 (ML 3
Look for Edit Explore Refine
meaning insight possibilities and build
D i Scove r D eﬁ n e D eve | Op D e I iver TRL: Technology Readiness Level

CML: Concept Maturity Level
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—racture Point 1
Changing organizational processes through
management cybernetics a design dialogs

Project Assessment Framework Through Design (PAFTD)

L ] .'-%%—_{ .“‘. 5

TR RN 5%
Royal College of Art Balint et ol 2015]

uate Art and Design
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. Typical project reporting focuses on linear project execution
progresses, related to feasibility & viability

Performance
Superior

Baseline

-
- .
- -
- - =
- - =
- - -
- - =
- e - -
- m wm -
------
--------
-------
- - = = =™
- o s e = & W om
- o o Em o s W m = W

Feedback loops Threshold

are inputs for
regulatory control

uj“uBiseq 4O [00URS 1Y JO 8B8]10D) [PACY UIPg 40| I

decisions Technology
"""" Readiness

Feedback as needed by - Level (TRL) ﬁ

added schedule J TRLY z

added funding _ 3

5 Technology Demonstrations I TRL7

e — TRL5 ?

_I_|| ||| £|‘ —1|| | -. ‘| ‘ | _ [‘l_' ‘ _ ': ) l g

TRL3 {

Early Stage Development (feasibility) __ 5

Postgraduate Art and Design #1/ 5



- Managing complex technology portfolios requires
strateqic perspectives and insights

. For this,

we have developed PAFTD as a unique tool

to systematically assess dynamic project performance
from a strategic level, through design dialogs

Royal College of Art R
Postgraduate Art and Design # ]. 8 5



D N NASA Level 1 (L1)

High-Brain: .
identity and strategic PAFTD « NASA HQ (55, S4, S.3) Environment
decision making for
the whole body system Fracture Points ( )
| (global system) - Strategy / Policy ) Stakeholders
@ Strategic decisions e.g.,
N % -----=--- o .
® . gdse, | Mid-Brain: to maintain viability - United States
Rrain- Pyt | C ti > . . .
Eigfsgé?% the 20 acc:)rrc])rsfihlgns and ldentlty 7‘% Government
full body system; Eerce%tuél \ L1 Senior Leadership / (OMB, OSTF,
.ensures.and keeps roundaries ) Congress);
interactions stable through sensors Allgnment of : o
| (global system) and language; Vlablllty Functions « Intelligence ) « NASA Mission
plus planning, : : : .
forward projecting Identity (Sjtrateglc reijea rCh' E > - Directorates;
(global system) @ ) ev.ment, advocacy; | | +—< « OGAs (Other ‘
\- J ! . i Office of the Cross Agency
Nervous system: | @ @ « Direction . Communications j Government Associate Administrator | ‘ Support
gqa(;?:::)trilc?r?sbc}dy @ @ « Planning - L1 PEs; C&O J Agenc:es); ( O
(piecewise local) | | - Academia; Communications
Y, Audi ~ L & Operations
« Audit « Control : . [ndustry; )
Resources; Analysis; - hesources
S.1 @ O - Coordination ] y .' OAdVISOI’y Management [Strategiclntegration
Body parts: that Operatlons plannlng Reviews;|  Groups; l & Analysis
carry out actions; @ . ; : : i ;
muscles & organs Operation & control (strategic) ’ Audit 1. pyblic .
(local) 1 TRMO-S| ' Loop Program Offices
-L1 : T 1 : Ngedonic | |
. S.1 . . Alertlng PR \ [Program AJ ----------------- [ Program Z ]
> * 7/~ brecutions }- Feedbacks I |
v | - . Ny | EmmEmmmmo k- > : !
L B Project X ; :
¢ O l . -
g £ 3 t b N
= E < Execut|ons o b
— c U II— N ) R e (1Y pae » : !
Ea§ ProjectY L |
- S a1 RN
g g o BEREEEEE - -
= I,_% 8- Execut|ons ! :
= - . L | e fmmmeaaa » : !
s ) Project Z ; :
NASA Level 2 (L2) NASA Level 3 (L3) — /
Sz « NASA Center-based -« Projects @ @ Systems 1 to 5 of VSM
Royal College of Art [Balint et al. 2015] Program Office
Postgraduate Art and Design o # ]_ 9
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1. Design Dialogs

Conduct 2. Divergence
interviews Analyze data 3. Convergence
from interviews Synthesize data

and other sou

rces torelevant subset

@ 5. Regulatory control

Follow on phase: Communicate

strateg
Legend:

S1to S2 - Systems of a VSM organization (linear)
S3 to S5 - Systems of a VSM organization (strategic)

ic guidance to the project(s)

\M \

4. Design Dialog

Brief regulator on
attenuated data

regulator’s variety
vV, <V
t t+1

Assess strategic options
based on new data /
broadened S5 variety

E - Environment / external stakeholders v, - Variety before the briefing

A - Strategic level PAFTD analyst

v, , - Variety after the briefing

#20
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. To date, we have applied PAFTD to three high-TRL and one mid-
TRL projects at NASA STMD

. Once briefed on the synthesized findings, senior leadership
gained broader and more informed insights to strategic level

project healtn

. The combination of strategic insights from PAFTD, and project
level reporting on feasibility and viability allowed leadership to
Make strategic decisions and take corrective actions to benefit

both the project and the overall portfolio

. Using cybernetics & the Viable System Model, with design
dialogs allowed us to gain new perspectives on the
organization and its operations

Royal College of Art g
Postgrad #21 a

uate Art and Design




Fracture Point 2
Changing space habitats througn
NUMAN centered design and cybernetics

RovalCOHegeOfA“ [Balint & Hall, 2015a] [Balint & Hall, 2015b]
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LANDERS

SPACE LAUNCH
SYSTEM

INTERNATIONAL  _
SPACE STATION =

HUBBLE SPACE
TELESCOPE =

' PHOBOS

DEIMOS

MARS TRANSIT
HABITAT

ASTEROID
REDIRECT MISSION

SOLAR ELECTRIC
PROPULSION

ORION CREWED
SPACECRAFT
DEEP SPACE
HABITAT

COMMERCIAL
CARGO AND CREW
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Dr. Tibor Balint..Royal College of Art..School of Design..Innovation Design Engineering Research..July 6 / 2016
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- [dentity
(lip service) @

- Direction

(short yes, long no) @ @

- Planning

(short flight yes; @ @

long flight no)

- Audit
(Partial, short flight) QQ

- Coordination

(ADDRESSED) @ @

- Operation
(ADDRESSED) @

BRSPS o 5
Royal College of Art

Postgraduate Art and Design

Self-fulfillment

Psychological

Basic
needs

IS

needs

needs

give
the best

metabolic (subsystems, e.g., ECLSS - for air, water, food-, power, light);
extreme environment protection (habitat, space suit); birth rate (n/a yet)

Physiological

(Vo
K for humanit
& / Trascendence
-
@)
-GE) growth throught
aa) experiencing, creativit L.
P J J Self-actualization
/ habitat, artifacts, interfaces \ Aesthetic i
/ learnig and cognitive needs \ Cognitive g
A positive control & feedback, respect, C;
8 confidence, time for reflection Esteem Zj
v S
- connections with Earth: family, friends, humanity, , :
S substitutes (plants), crew friendships, intimacy Love & belonging “j
= N 3
8 radiation shelter, system autonomy, sensors & alarms, 8
comm system, health monitoring, escape pod, ground control Safety i

Heo 5



1 1 Emotional design 1 Interactions 1 /Zero-gravity - Extreme

& Empathy (peer-to-peer) spaceflight environment

Human connections I

Designed for space habitats (emotional, physical)

(scale, immersion, interaction)

") Abstraction

8 Immersion / comfort

4Signiﬁers 5 Safety 3 Affordances

Changing the meaning

. Mass, volume
(assembled/disassembled use) ’ ’

dimensions
1 Multi-level storytelling 7

(knowledge transfer; emotional)

Design aspects
Artistic aspects

Temporal & Spatlal Architecture aspects
dimensions Engineering & Technology

Royal College of Art

Postgraduate Art and Design # 2 6 5
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. We need to address higher level astronaut needs
on long duration human spaceflight

. Engineering / technology / management driven solutions
are not sufficient (e.g., surviving in solitary confinement)

. For higher level human centered needs for the astronauts
and their environments, we need to

- establish appropriate guidelines

- derive appropriate requirements

- PLUS, have a forcing function from senior leadership

to implement them

Royal College of Art R
Postgraduate Art and Design # 27 5



Nt 3

—racture Po
Chcmgmg design environments through

cybernetics and design dialogs

Dr. Tibor Balint..Royal College of Art..School of Design..Innovation Design Engineering Research..July 6 / 2016
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Alignment of VSM Viability Functions
@ - Identity/Strategy/Policy (second-order/strategic)

@ @ - Direction/Intelligence (second-order/strategic)
@ @ » Planning (second-order/strategic)

-
-e”
“
.'
.-
-
.-
-
..
-
-
P

@ @ - Audit/Control (first-order/linear) @ NASA JPL
@ - Coordination (first-order/linear)
@ - Operation/Execution (first-order/linear) 7 Program
,,,,,,, ; Offices
....... ) Innovation As Sponsor:
------- Foundr Identifies
@ 5.1 Strat ) y 5 Programmatic
Line Sr?\ €gy Generates Content ‘ Needs
.. op (first-order implementation / i &
Organ 1zation in support of strategies) i Provides Funding
Provides People 3.1 Proposal ) for Activities
& Tools Shoo [ (responds to HQ
(first-order logistics) P J[ : strategic needs)
CML 4
X \ TeamX
Concept e | ’
ohop | " Atelier | |
T N
@ to @ « VSM systems from 1to 5 R Vemi 140 3
Royal College of Art CML - Concept Maturity Level

Postgraduate Art and Design
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Conversation to - Conversation to
Design the Designing Agree on Goals

Conversation to - Conversation to
Create New Language ——p Agree on Means

Pangaro et al.

#30 5



Boundary objects facilitate
dialogs between disciplines

T Artistic Idedation
@ Science of Fluid Flow
@ Computational Flow Modeling

@ Flow Visualization
® Virtual Prototyping & Modeling
® Making / CNC Machining

@ Making / Foundry Processes
@ Completed Artifact

d3aAd3sao

Intersections &

1 k‘i el
== -t

Cybernetic Dialogs
Through a ARTIFACT
BOUI"IdCII'y ObjECt Feedback to Des.igner
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VOt INTERNATIQNAE
PLANETARY PROBE
WORKSHO P o5

Short €ourse: EDL Systems Overview June | 5-16,2UT3
WwWwW.ippWw [ O'EoT

A
."f

Examples of
Boundary Objects

Royal College of Art

Postgraduate Art and Design

—leventh International
Planetary Probe VWorkshop

Pasadena - CA - USA June 16 to 20 - 2014

Short Course + June 14 to 15 - 2014

oy ey s o mmmed O ety s lmm ey Fre -~ Dlarmatar G SR
Discovery and Surprise: Science from Planetary Probes

www.planetaryprobe.org

|
12n 1ntarnah0“ﬂr
@ Planetary Probe Works

o oy e o “‘l

12" international
Planetary Probe Workshop

'ﬂ""l1

T2 Indernatonal
Manatary Prope Workshop
Laegramil sem iy

519, e 2075

& esa # ThalesAlenia @ AIRBUS
DLR

12" |nternational
Planetary Probe Workshop

Cologne / Kéin Germany

15-19 June 2015

Short Course on Radio Flyers: Principles of Communications,
Radio Science, Radar, Navigation & Tracking | 13-14 June
wiw.planetaryprobe.eu

Lﬁ.——-*z .-.- = £ o

WA TR ] Pl M *

Short Course:
Destination Venus:
Science, Technology and
Mission Architectures
11-12 June

JOHNS HOPKINS

APPLIED PHYSICS LABORATORY

‘“ “]il

. i :
?-._n ?"f"nf ’1}

Thirteenth International
Planetary Probe Workshop

Laurel / Maryland / USA / 13-17 June 2016
www.planetaryprobeeu
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. Designers can play important roles in designing the design
environments and improving communications between design
teams; with stakeholders; with sponsors; and the public

. Boundary objects facilitate these dialogs in the intersections
of disciplines

» These dialogs help to construct new languages between
the participants

- New languages may introduce new options
- New options lead to preferable outcomes

_ R . L‘f Wi
Royal College of Art A
Postgraduate Art and Design # 3 3 5



Conclusions

Cybernetics -> Gives perspectives on connections
Design -> What to do about them?
Dialogs -> FINdING a constructivist middle grouno

- VWorks on every scale..
- ..From a single opject to an organization..
- ...1o create new languages, new options for NASA

S5 &k .L‘f \J,.';'
Royal College of Art R
Postgraduate Art and Design # 34 5
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Wicked problems

. The problem is not understood until after the formulation of a solution.

. Wicked problems have no stopping rules, difficult to know when the
problem is solved or solution is reached.

. Solutions to wicked problems are not right or wrona.

- Every wicked problem is essentially novel an unique.

. Every solution to a wicked problem is a “one shot operation”.
. Wicked problems have no given alternative solutions.

Royal College of At [it+c| 5 \Webber, 1973] [Conkiin, 2006] P
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Cybernetic astronaut chair (tensegrity structure)

oy T. Balint, 2016 [Balint & Hall, 2015a]
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This constructivist system
consists of three actors:

- the Designer or Artist (as Regulator)
- the Object / Artifact

« the Observer or User

Built on concepts by

Wiener - cybernetics, circularity
Ashby - cybernetics, variety
Piaget - schema, cognition
Polanyi - tacit knowledge
Gibson - affordances

Norman - perceived affordances

[Balint & Hall, 2015b]
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