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Systems of
Representation



Systems of Representation

Representation

Systems of Encoding Information

Alphabets, Numerals, Notation, Diagrams

Rules for Manipulation

Grammar, Algebra, etc

Media & Tools

Manipulation, Storage & Communication



Systems of Representation

Language (spoken, written)
Mathematics (logic, algebra, statistics)
Imagery (diagrams, visualization)

Computation (procedures, programming)



“We can make marks or symbols
that represent something else and
then do our reasoning by using
those marks. The representation
substitutes ftor the real event.”

Norman, The Power of Representation



Systems of Representation

Representational Shifts
Changing representations can change one's
understanding of, or approach, to a problem.

Choosing the “Right” Representation
Different representations carry different
consequences, depending on one’s task.



N
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of representational systems?



How do representational choices
enable (or limit) developments in
science and engineering?



How might the representations used
inform our understanding of science,
technology and society?



Literacy
Numeracy
Graphicacy



Literacy



What do you see?

@




What do you see?

Circle
Responses from

school students.
Luria, 1930s

Square




What do you see?

Plate

Bucket

Moon Responses from
illiterate subjects.

Luria, 1930s

Mirror

Door

Drying-board







Orality & Literacy [0ng 1952]

The Technologizing of the Word



Orality & Literacy [0ng 1952]

The Technologizing of the Word

Orality Literacy
Additive, not subordinative.

Aggregative, not analytic.

Redundant.

Tendency to be conservative.

Close reference to lifeworld.

Situational, not abstract.

Empathetic and participatory.

Maximize saliency and
memorizability.



Orality & Literacy [0ng 1952]

The Technologizing of the Word

Orality
Additive, not subordinative.

Aggregative, not analytic.
Redundant.

Tendency to be conservative.

Close reference to lifeworld.

Situational, not abstract.

Empathetic and participatory.

Maximize saliency and
memorizability.

Literacy

Interiorization of thought.
Allows for precision & revision.
Rich vocabulary.

Privileges vision over audition.

Distances the originator of a
thought from the receiver.

Can not be contested directly.

“Print suggests that words are
things.”



Few recognize [reading and writing] for the
the powertul tools that they are, nor realize
what breakthroughs in reasoning and
technology were required to invent [them].

Norman, The Power of Representation



Few recognize [reading and writing] for the
the powertul tools that they are, nor realize
what breakthroughs in reasoning and
technology were required to invent [them].

Oral cultures, societies that do not yet have a
written language and that lack the mechanical
tools of technological cultures, do not share

the benefits.

Norman, The Power of Representation



Numeracy



Class Exercise!

Volunteers?



Y|
72




Distributed Cognition FTW

34
X 72

68
2380

2448

110

0]
W

N
(0]

Time (Sec.)
9|
V1

o

Mental

Paper+Pencil



Roman Numerals

XXX
x LXXII




Roman Numerals

XXX
x LXXII

(2448)



Roman Numerals

XXXII
x LXX

MMCCCCXXXXVI




Roman Numerals

XXX
+  LXXII




Roman Numerals

XXXII
+ XX

(combine) XXXINILXX




Roman Numerals

XXXII
+ XX

(combine) XXXINILXX
(sort) LXXXXXIII




Roman Numerals

XXXII
+ XX

(combine) XXXINILXX
(sort) LXXXXXIII

(simplify) CV




Arabic |Egyptian | Babylonian | Greek | Roman |Chinese | Aztec Cretan |Mayan
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S =Shape
P = Position
Q = Quantity

Dimensionality

Dimensional
Representation

Base

Symbol

!

Representation Body

|

Stone

ABSTRACT
NUMBERS

1x1D

7NN

(1x1)x1D

/N

SxP | |[SxS]| | SxS | | QxS (QxS)xP (QxS)xS
Base 10| |Base 10| | Base 10 Base 10| (Base 20 Base 20||Base 60| |Base 10

|

Arabic

|

l

/N

Greek Chinese Egyptian Cretan Aztec

J

|

J

Mayan Babylonian Roman

Zhang & Norman, The Representation of Numbers, Cognition 1995




INTERLUDE:
Let’s Play a Game!



Number Scrabble

Number Scrabble requires two players.
Each player picks one number per turn.

The first player to collect three numbers that
sum to 15 wins the game.

1 2 3 4 5 6 7 8 9



Number Scrabble

GOAL: Pick 3 numbers that sum to 15.

1 2 3 4 5 6 7 8 9



Number Scrabble

GOAL: Pick 3 numbers that sum to 15.

1 2 3 4 5 6 7
A: 8



Number Scrabble

GOAL: Pick 3 numbers that sum to 15.

1 3 4 5 6 7
A: 8

B: 2



Number Scrabble

GOAL: Pick 3 numbers that sum to 15.

1 3 5 6 7
A: 8 4

B: 2



Number Scrabble

GOAL: Pick 3 numbers that sum to 15.

1 5 6 7
A: 8 4

B: 2 3



Number Scrabble

GOAL: Pick 3 numbers that sum to 15.

1 6 7
A: 8 4 5

B: 2 3



Number Scrabble

GOAL: Pick 3 numbers that sum to 15.

1 6 7
A: 8 4 5

B: 2 3 °



Tic-Tac-Toe



Tic-Tac-Toe




Tic-Tac-Toe




Tic-Tac-Toe

X X

O



Tic-Tac-Toe

X(O[X

O



Tic-Tac-Toe

X(O[X

O



Tic-Tac-Toe

X(O[X

O



Tic-Tac-Toe

X(O[X

O O



Problem Isomorph

413 1]89

SR

21716



Visual Representation

4(31]63

SE

21716



Visual Representation

4(31]63

SE

21716



Visual Representation

4138

SE

21716



Visual Representation

413 |8

SE

21716



Visual Representation

413 |8

SE

21716



Visual Representation

413 |8

SE

21716
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“Get the relevant aspects right, and a
representation provides substantive power
to enhance people's ability to reason and
think; get them wrong, and the
representation is misleading, causing people
to ignore critical aspects of the event or
perhaps form misguided conclusions.”

Norman, The Power of Representation



Azimuthal Equidistant Projection
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The form of representation most
appropriate for an artifact depends upon
the task to be performed. The same

information may need to be represented
differently for different tasks.

Norman, The Power of Representation



HISTORY OF O-RING DAMAGE ON SRM FIELD JOINTS

§c Cross Sectional View Top View

& Erosion Perimeter Noninal “Length OF Total Heat Clocking
< N’f SAN  Depth Affected Dia, Max Erosion Affected Length Location
o No. _(in.) (deq) (in.) {in.) (in.) (deg)

~ T
] {glﬂ L&“&%ﬂi’? f ;.n" 5?;\ n'g’r?ﬁ N"c?r?% 85% :%?:E &'83‘5 Bﬁ‘-lgg

é’ESIC LH Forward Field*+ 15A  0.010 154.0 0.280 4.25 5.25
}C‘

SIC RH Center Field (prim)** 158  0.038 130.0 0.280 12.50 58.75
51C RH Center Field (sec)* 158  MNone 45.0 0.280 Nene 29.50

410 RH Forward Field 138 0.028 110.0 0.280 3.00 None
41C LH Aft Field* 11A None None 0.280 Hane None
418 LH Forward Field 10A 0.040 217.0 0.280 3.00 14.50

STS-2 RH Aft Field 28 0.053 116.0 0.280 e =

*Hot gas path detected in putty. Indication of heat on O-ring, but no damage.
**Soot behind primary O-ring.
#**Soot behind primary O-ring, heat affected secondary O-ring.

Clocking lacation of leak check part - 0 deg.

OTHER SRM-15 FI1ELD JOINTS HAD NO BLOWHOLES IN PUTTY AND NO SOOT
NEAR OR BEYOND THE PRIMARY O-RING.

SRM-22 FORWARD FIELD JOINT HAD PUTTY PATH TO PRIMARY O-RING, BUT NO O-RING EROSION
AND MO SOOT BLOWBY, OTHER SRM-22 FIELD JOINTS HAD NO BLOWHOLES IN PUTTY.

Brow By Hiszoey HISTORY OF O-RING TEPIPERATURES
SEM -15" woesy  Lrow- gy ( DEGREES - :)
© 2 lise Towr (90')) (170 ) Aec meT. AmE O -RING

O MUCH LWORSE Visvweey 7imgn) Srmr-32 6® 26 a7

76 45 sz

SEm 243 Brow -&y 40 48
O Acepse womrs (-?o-qroj 48 s/
¢4 53

SEpI=17 A, /s, /64, /8 234 ¢4 i -

O MoZzier [Seow-&y 24 29
27

2 of 13 pages of material faxed to NASA by Morton Thiokol [from Tufte 1997]




Make a decision: Challenger




Make a decision: Challenger

O-ring damage
index, cach launch

12

26"-29" range of forccasted temperatures
(as of January 27, 1986) for the luach
of space shuttle Challenger on January 28

35 40 45 0 58 60° 63 70

Temperature (°F) of ficld joints at ime of launch

Visualizations drawn by Tufte show how low temperatures damage O-rings [Tufte 97]



STS Questions
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How do representational choices
enable (or limit) developments in
science and engineering?



How might the representations used
inform our understanding of science,
technology and society?



Graphicacy



Graphicacy
(Data Visualization)



What was the first

data visualization?

o BC




i

~6200 BC Town Map of Catal Hyik, Konya Plain, Turkey
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Exports and Imports to and from DENMARK & NORWAY fiom 100 to 1780
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COllSOllUll.aIiOfl'lS approximatives de la Hmullc dans la Gl‘ﬂlldc Bretagne
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CARTE FIGURATIVE

EXPEDITIONS DE VOYAGEURS ET DE MARCHANDISES
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66, INTERSTATE MIGRATION—NUMBER OF NATIVE IMMIGRANTS AND NATIVE EMIGRANTS, BY STATES AND TERRITORIES: 18¢0.

Native immigrants, { Hundreds of thonsands.) Native exsigrants,
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Marey's sphygmograph in use,
1860. La methode graphique dans
les sclences expérimentales et
principalement en physiologie et en
meédecine.

1860 E. J. Marey’s Sphygmograph




1884 Muybridge: Gallop of Bay Horse “Daisy”
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The Dark Ages?




Rise of formal methods in statistics and
social science — Fisher, Pearson, ...

Little innovation in graphical methods

A period of application and popularization

Graphical methods enter textbooks,
curricula, and mainstream use

1786 1900 1950




The Modern Era
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N — The last few decades have seen

;W — the rise of formal theories of

' statistics, "legitimizing" variation by
confining it by assumption to
random sampling, often assumed
to involve tightly specified

distributions, and restoring the
appearance of security by
emphasizing narrowly optimized
techniques and claiming to make
statements with "known"
probabilities of error.
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While some of the influences of
statistical theory on data analysis
have been helpful, others have not.

198 =



\ N — Exposure, the eftective laying open
;W — of the data to display the

| unanticipated, is to us a major
portion of data analysis. Formal
statistics has given almost no
guidance to exposure; indeed, it is

not clear how the informality and
flexibility appropriate to the
exploratory character of exposure
can be fitted into any of the
structures of formal statistics so
far proposed.
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Set A Set B Set C Set D

X Y X Y X Y X Y

10 8.04 10 9.14 10 7.46 8 ©0.58
8 6.95 8 8.14 8 ©0.77 8 5.76
13 7.58 13 8.74 13 12.74 8 7.71
9 8.81 9 8.77 9 7.11 8 8.84
11 8.33 11 9.26 11 7.81 8 8.47
14 9.96 14 8.1 14 8.84 8 7.04
6 7.24 6 6.13 6 6.08 8 5.25
4 4.26 4 3.1 4 5.39 19 12.5
12 10.84 12 9.11 12 8.15 8 5.560
/7 4.82 / 7.26 / 6.42 8 7.91
5 5.68 5 4.74 5 5.73 8 6.89

Summary Statistics Linear Regression

Uy = 9.0 Oy = 3.317 Y =3+05X

uy=7.5 Oy =203 R2=0.67 Anscombe 1973
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