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Outline

. Examples of uses of diagrams in science

2. Psychological research on mental versus drawn images

3. Psychological research on using drawings and diagrams
in problem solving

4. Diagrams and mechanistic explanations

5. Conclusions




The Imagery Debates - 1

The Imagery Debates - I1

@ Pylyshyn's challenge: chronometric measures are not sufficient to
demanstrace that people process image-like representations
@ They could be ensploving propositsanally encoded mfarmation
@ Bur delaying their responses appropreate to ssmukate cotating wn obyect
oF moving in space
@ Andersom because representations and processing are alwans coupled, this
debate cannoe be sertded by appeals to behavsaral encasures
@ With the advent of appropriate technigues, Kosslyn and others sought to
imvoke neural evidence to sextle the issue by demonstrating
@ The same brais aress are active in visual aod mental insagery tasks

@ Pasametric relations beoween actnvations and the seze of objects smagined
(Behrmann, 2000}

The Imagery/Drawing Debates-1

@ Chambers and Reisberg (1984):

@ 1s isaginisg xs samilar 1o secing as Kosdys et al suggest?
@ Cantesd the imagning is intentonad—images se¢ interpreted in one

specitic wiy - .
¢ Expermental task: -
@ Ambguous figare A was presented
beiefy

@ Subjects were then tramed to find
alternative iterpretations of B

@ They were then asked whether they
z;ldf-dmalumﬁminmputm
@ Farst rehing on imagery alose
@ Then when allowed to draw A




The Imagery/Drawing Debates-
I1

@ Response by Finke, Pinker, and Farah (1585)
¢ Task:
@ Copstroct images from stimuli
@ Report asy cmergent {fosms
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@ Finke, Pinker, and Farsh also asked subgects 1o perform
a sequence of manipulations and repors the result:
@ “Imagine the number 7", Make the duagonal line
vertical. Move the hoszoaral lise dows 1o the
middle of the vertical line. Now rotate the figure
90 degrees to the left”
Thease whose deawsng were correct
mossly made the correct
sdentification

@ Ithey were wrong when redying

on the image, most goe it right
when they deew it

Creativity with Images

© Finke and Slayton (198%) asked subjects o combine () [ ] A\ [] D
three simple shapes creatavely, mme it and draw it

@ Experimenters evalnated the recognizabilicy of the | — l_ T C
drawing

@ On g of 312 crials (GR%) subjects peodaced
recognizable drawings, of which 19 were pacged highly
creative
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Creativity with Images -2

@ Does drawing help? Anderson
and Helstrap (1993) followed the
proceduses of Fiske and Skivton
(1983}, except they added the
option to draw an some trials

@ Allowing subgects 1o draw
bad so detectable effect oa
their ability

@ o generate a patters

@ w produce a recognezable
correspondence of name
with drawing

@ w penerate a creative

pattern
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Creativity with Images -3

@ Anderson and Helshup (ra93) then examaned the effects of drawing when
subgects were asked to develop as many patterns as they conkd
@ Drawing resadted mn significantly greates
@ Production of at least ose pattern
@ Number of good patterns
@ Number of creative patterns
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Explaining the Difference:
Combining vs. Restructuring - 1

@ Verstynen et al. zooo) propose that the difference i the resalts may turn on
whether sabjects were only required to combine components or also
restrucnare them
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Explaining the Difference:
Combining vs. Restructuring - 2

@ Inone task, Verstijnen ot al. had subgects fisst kesrn 4 nusshers of composent
toeens (E)

@ They then saw a compasite confygusation
@ They were then tested on possible

inddaded foens (components [Eloe '
novel forms [N snd asked 1o judge
whether they wete peesent i the

configuration
Novice amd expert sketchers dad

r .
equally well, whether they could ' Q A
sketch or not, an the cosponent
~ ~
Postee g

foews (E)
For experts, but sot novices, (I o PSS
sketching made a significant R

ditfezence os savel tarms (N e On b e

Explaining the Difference:

Combining vs. Restructuring - 3

@ Verstgnen et al,, 1998, used shapes and showed that
@ Expert and novice sketchers were alike with regard to combining
@ Expert sketchers showed more restructuring

1. Examples of uses of diagrams in science

2. Psychological research on mental versus drawn images

3. Psychological research on using drawings and diagrams
in problem solving

4. Diagrams and mechanistic explanations




Duncker’s Radiation Problem

@ Gick and Holyoak (1983) explored rale of text and diagrams m analogical
profilem solving

@ Problens Suppose vou are & doctor faced with a patsent who has a malignant
tumor in has stomach. It is impossible to operate on the patient, but unless
the tumor is destraved the patient will die, There is a kind of ray thas can be
used to destroy the tumoe. I the cays reach wall st once at a sufficiently
high intensity, the tumor wall be destroved. Unfortumatedy, at this intensity
the heathy tssne thar the rays pass through on the way to the tenoe will
also be destroyed. Ar lower intensities the rays are harmless to healehy tissue,
bust they will noe affect the tumor cither What type of procedure might be
used to destroy the tamoe with the cays, and ar the same time avoid
destroying the healthy tissue?

Verbal Analogy: Red Adair

For some subjects, the Radunon Problem was preceded by a stoey

An oll well in Saudi Arabia explodedmdcnghtm.‘nulu*mnbluiz'“
mferno that comsumed s cnourmoss quantity of uil cach dey Adter initzl ¢ tw
extinguish it failed, fimad Grohighter Red Ahair was called s Rod knew that the
fire could be putow if a buge amount of fire recardant foam could be dumped on
the base of the well. There was cncugh foam available at the site to do the job,
However, there was mo hose lange enough 1o put all the foam on the fire fast
emcugh. The small boses that were svailable could not shoot the foam quickly
encugh to do any peod It looked like there would have to be ceatly debey before 2
serious artemps could be made.

However, Red Adair knew pust whart to do. He stacioned men an a circle of around
the fire, with all of the available small hoscs. When cveryanc was ready all of the
hoses were opened up and foams wies directed at the fire from all directions. ln this
way 2 hoge amvount of foam queckly struck the source of the fire, The blaze was
extinguished, and the Saudis were satisfied thar Red had carsed his theee milbon
dollar fee.

Verbal Analogy vs. Diagram

o %lo“dth’emtpmdm&dmrmymdthndimn
em
@ OF thase who were peesented the Red Adair story, 40% solved the eadiason
profilem withous a hist
@ After a hine to conssder the story, an additional 36% sohved the problem
@ Other subjects saw thes figure in 2 pactern
recognation problem prior to srempting to
solve the radiation problem
@ The diagram did not help
@ OF thase who saw the disgram, caly 1% s
solved the problem without a hine Of ol Rpmt ouh.
@ With a hant, 60% more solved the problem
@ Combination of story phas diagram was bess effective than the story analogue
aane: anly 23% solved the prablem befose the hiar




Does Quality of Diagram Matter?

@ Beveridge and Parkins (1987) suggested the Aaw was with the diagram Gick
and Holyoak employed—ic did not encode the solution.
@ Altermative diggram and physical peop (lnged see of tansparent blue staps)
resulted in significantly better performance both with chaldren and adhults
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Information Processing Analysis:
Representations and Operations

@ Major lesson from development of information processing models
@ Whether a representation is usetul or casier to use depends on how it is
coupled with the operations thar are to be applicd 1o 2t

@ Operatioas tor Larkin and Simon:
@ Search—finding items in the data strocture that satisfy productions
@ Recognition—matching data set items to prochictions
@ laference—executisg actons specitied in peoductans
@ Representatsons for Lackin snd Sisan:
@ Sententisk Data structares s which dements appear in a single sequence

@ Disgrammaric: Drata structures in which elements are indexed by a two-
demensional locarion

How do Diagrams Help?

@ Laskin and Semon's pulley prablem
1. The st weight is ssspended from the lett end of
arope over Pulley A The right esed of this sope s
stached to, s pastially supports, the second
weight.
= Pulley A is suspended fram the left esd of a rape
that suns over Palley B, and undes Pulley C. Palley B
is suspended from the ceiling, The nght end of the
rope that russ under Pulley € is actached to the
ceiling,
3. Pulley C is attached to the second weight,
supporting it josnthy with the nghe end of the first
rope.
Task: Fand the ratio of the second to the first weigln
if the systens & in equilibeine




Solving the Pulley Problem
Through Symbolic Manipulation

Sokcion reached by applying production rules to propositonal representanons: 7
steps

Mujor challenge: scarching for the data dements that satsdy prodections at cach
fiep
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Solving the Pulley Problem
Through Operations On Diagrams

@ Informacson is limked to a locality (1, b, etc).
@ All information at a location is available when attemtion s directed there

@ Atention shifts to new Jocations when they are mentioned in elements
imtroduced by the application of productios rules agsn, 7 steps
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The Superiority of Diagrams

@ In the pulley problem, diagrammatic represencation greatly shortened search
time

@ s other problenss, diagrammatic repeesentations also shoetened

@ Diagrams can growp togecher all information that is used together, thas
svoading large smousts of searchs foe the clements needed to make a
problem-solving inference,

@ Dugrams typically wse locatson to group information about a single cdement,
sovodding the need ta march svmbedic Libels,

@ Duagrams automatically support a large namber of percepeual inferences,
which are extremely casy for humans




Diagrams in Discovery

@ Sciencific discovery wis & key merest of Simon's: Wich collaboratoes be developed

computer peograms designed o “discover” a sumber of soenuific theorkes from the
data thar were avalabde to the scientists who made the discoveries

9 Chesg and Semmca (1994) imvestigeted dizgrams in dacoveries about izclined plines.
Example

@ From the mean proportsonad theorem tDC DG < vdDCADG) £ dDG
R &7 Galileo's th exqual time is required to teavel any choed of 3 Grde
@ Apply iz o Quickest Descent Problem to show descent on AE s fastess

G 4 G

g 1 Qs Dnsrst Dbt Prgnntiom 30 Digue ) Sobston MOmahon Dunoon Proes

Outline

1. Examples of uses of diagrams in science
2. Psychological research on mental versus drawn images

3. Psychological research on using drawings and diagrams
in problem solving
4. Diagrams and mechanistic explanations

Explanatory Vehicles:
From Laws to Mechanisms

€ Semon’s woek, like mowt phdosophy of weence 3= the mid-20 century, Sacused ca b
ax the chiet explsatory vehack
= 1o biokogy, howerer, cac seldom encomnters distinctively biokegical liws
@ Although beas from physos and chessistry are frequenthy employed
° thh-adunwdu:bmle,uluphﬂmn--mply&mxmﬁn-

n L) l
° Munm)n o biokegy, Iwmc, mds mmﬂhlng else

° thnpw&um‘ ¥ Iy refer so secking the
tor the p P

® A-r.vchnuk aphnmlon requines
ldentifysag the worksag parts of the mechanion
e onifyseg the operations within the mechansm 7
Locdinng opermions in working pares
D:tct-lnlm bow the parts are oqunlnd and

plunc-nnn




Gooding: Transforming Images to
Identify Parts

Gooding: Transforming Images to
Identify Parts - 2
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Representing and Reasoning
About Operations




Using Computational Models to
Reason about Mechanisms

With some relatively simple mechanisms it is possible to simulate their
bebavior mentally |

Hur with feedback loogs sad other

complex modes of organization

computational modeling is required

Diagrams of mechanisuss alten guide

construction of models

Owtputs of computational models in
tuen fequare visuad fepresentatian

Learning to Use and
Construct Diagrams

@ By taking advantage of our visual processing capacities, diagrams often seem
easy to understand
@ Bur dan't be deceived
@ Once poe has learned the comventsans used s a duagrasn, they seem
transparest
@ Bue learning to use them is often a challenge
@ One strategy tor understasding the cagaitive processes that go snto
processing diagrams is to study what students must learn in order to
use them
¢ Others?

Conclusions

@ Duagrams serve to represent
@ Phenomena
@ Rescarch strategics
@ Proposed mechanisms
@ Varubles and parsmeters ia a computational smodel
@ Diagrams can often be imaged mentally, but for some tasks external
dagrasns seem 1o be craczal
@ Pravaded the right mental operatsons, dagrams support peobles solving,
including soentific discovery
@ Diagrams figare in discovery of mechanisms
@ Discovery of structures
@ Discovery of operations snd orgasization
@ Determening how a mechasssm will belave
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O Az G, Reinke, H., Altmever, M., Gutiersex-Arochas,
M, Hottiger, M. O, & Schibler, U {zora). Fely(ADP-
Ribose) Polymerae ¢ Partaopares in the Fhose Entrainment
of Crcadian Clocks 10 Feoding. Cdl, 142 943-95).
Summary: Crcadomn clocks & penpheral cegans are tightly
cospled to cellalar metabolian sad are readily entrained by
feeding-fawing cycher. However, the molocular mechaniums
rrvelved ane unknows. Here we show that in liver
the activity of P, 1, an NAD-dependent
ADP-abostmsienise, oscillnes in a duily sanner and is
(Abwb' We mﬁamw:mmmgnmamm

P-obosyliaces K ar the of the ase loss of PARP-1
mmuh«mmﬂ;marﬂm.pm&or&
interaction of CLOCK-BMALL with PER azd CRY seprowcs peoscine A a
comserpuace, CLOCK-BMALi-dependent gens exproasion o akered in PARP-dofccn
muce, in particubss in 0 n tunes. Owr sevalts show thon
Kocha o €2 el A S fpld s A
suppoet 4 robe for PARP-Cin connecting feeding with the manmalian timing system.
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