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-In th%s symposium we have promised‘to search for
"missing links" between cognitive research and everyday
adult problem solving. Sometimes a missing link can be
found if familiar qués:ions aré posed in different ways.

In so many areés of science, as Kuhn points out, the
missing piece, the one that gives a whole new interpre-
tation to the issue, ié right there all the time, but jis
overlookédi Then a conscious reconceptualizatibn takes
place, sometimes a sudden one, and the whole syétem
changes. The missing link is discovered through conscious
reconceptﬁalization. I would like to suggest today that’
the missing link between cpgnitive research and everyday
problem solving may involve examination of the act of
reconceptualization itself. |

Today I'll ask you to do a rdconceptualization of
yéur own, and to thin!: about the act of reconceptualization
itself. Yhen a problem is being solved, how does feconcep-
tualization take place at all? Vhat leads to the decision
to reconceptralize a problem? What kinds of skills make
it possible for us to, so to speak, "jump out” of a mode
of processing; maliie processing decisiohs (i.e., reconcep-
tualizations), and "jump back" to continue processing in
a reconpeptualiZéd way? What kinds of rules do we use to
malie decisions about which of the possilble reconceptual-
izat;ons to use or hﬁw to "jump in" or “oﬁf” of thevsystem?

What kinds of rules do we use to make decisions about

which decision rules are permissible in reconceptualizing?
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And, does the process jnvolved in all this reconCeptualization
éonstitute some uniqﬁe‘organization of infotmation processing
skills or 'logical operations that does link cognitive
research and everyday probiem solving in a new way? The
answer to‘this last question appears to be a tentative tyes",
There appears tb be a unique organizatioh of logical opefa—
¢ tions and informatioﬁ~processing skil}s thét link cognitive -
research ana everyday problem—solviné in a new way. These
operations and skills are very much involved with the recon-
ceptualization process which takes place before or while a
problem is being solved.

In this paper‘I would li%e to make only three points.
First, a qualitatively unique set of skills and operations
for reconceptualization--which I will ééll "relativistic -
operations"--seems to provide many of the missing links for
which we are looking. Second, adults do use these skills
to solve everyday logical problems, éspecially'problems
involving social settings. Thitd; in information processing
terms, these operations hainly determine what is irncluded
or excluded in so-called “problem space" by the problem
solver. These ideas also are more fully expressed in én
‘article (Sinnott, 1981), and in a chapter to be published‘this
year bv Praeger in a boolk on the proceedings of the Harvard

Symposium on Postformal Operations (Sinnott, in press).

“hat Led to the Idea of Relativistic Operatiomns?

Relativistic operations is my term for a unique set of

information processing skills and logical operations. They




. | appear postformal in Piagetian terms. I was led to

_ examine these abilities by a number of ideas, some of which
were theory-based and some data-based. Forféxample, Piaget's
theory of intellectual deVelopment.had little to say pro or
con about the existen;e ofva posfformal stage of develop-
ment. Theré was no reaéon to assume that étructureé more
complex than formal operations would not be found, if

we looked. I had to ask myself, what would fill this *
theoretical gap? Myvbrainstorming#and reasoning was as
follows. 1If Piaget's formal operations stage is an analog
of scientific thought, and of the logical positivism and .
proposifioﬁal reasoning that underlies~scientific:inquiré
in chemistry or Newtoniaﬂ physics, what sort of analog

"would reééh beyond that te describe'even more complex
reasoning? The “new4-physics 6f Einstein and gquantum
theory came next in the realm of physicé and provided a
more complex logical analog that subsuméd the logic of
New£onian physics. The kind of logical thoughtbwhich.
permits understandihg of "new physics" concepts is a &
‘relativistic, self-referential logic; So, what might a.
postfqrmél Piagetian stage<gontain?v RelatiV;stic, self-
:eferential operations which could organize formai oper-
ations;as the generai laws of the "“new" physics subsume
énd organize the limited-case laws of Xewtonian ?hysics.
These o?erations would be expected in adults who go beyond '
formal operations.rw |

i’hile that theory-based thinﬁing about the nature of‘

postformal operations was pointing toward the existence
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of rélétivistic operations, another iine of.thbught was

also forming for me. Piaget's theory is rather deficient

in describing the development of ihterpersonal understanding,
l.e., héw we know the nature of relations that exist between
ourseives and others. For a long time I'd been curious
about this particular éognitive development since social’”
understanding seems to be one type of cognitive process that
increases in adulthood and old age; "Knowihg other persons
and interpérsonal relations" érevalso skills mentioned by
adults when one-aéks them "what is intelligent behavior for -

a mature adult?"—---8ata that increased my interest. As I

probed childrens' and adults' explanations of how they come

~to know %pterpersonal relations I began to see- orderly

staqes (which I .will not discuss tqday) in the growth of
that knowledge and a final stage which was once again
amazingly like relativistié operations---more data for my
perusal.

vhile that thinkiné and data-gathering was taking
place, my interest in group dynamics, as’expressed iﬁ.
dialogues amohg group memberé, led to additional exploratory
data. These data supported the existence of rel;tivistid
operations and poihted to cognitive effects on group devel-
opment, on sharéd interbersonal understanding, and even

3

¢h group change.,
Y
My curiosity having been stinulated by. this apparent
convergence of Piagetian theory, ideas in the "new" physics,

and social cognitive data, I reexamined some older problem-

solving data and I presented some problems demanding

6
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(’ K co@binatorial reasoning to adults. "1 then pérformed both
qualitative and quégtitative analyses on their reasoﬁing.‘ N
I wvanted to explore wﬁether the success rates, strategies,

and sfyles used on these problems differed between age

groups and individuals or demonstrated operations forming

a pattern other than a concrete or formal one. If a new

3
t

pa*tern appeared, was it like relativistic, operations?
One of the things I found was a tendency for adults to use
what I was calling relativistic operations in solving these

cemplex, potentially formal dperations‘problems,’especially for
Py ! .

social problems. This constituted further support.

So. I found a number of lines of thinking and a number

’

of sources of data:leading me to the same place Questions

about Piagetian theory and ecologically valid aging research £

°

and adult development might- all have an answer in the skills
involved in a reconceptualizatién called "relativistic

operations" wvhich permits complex reconceptualizations to take --

prlace,
Upon examing some work in information processing
(especially that of llewell & Simon, 1972), it became clear

that what I was examining was "how respondents made decisions

|

|

|

\

, about ﬁhich i:nowledge elements and processes in the task
environment (that is, the potential set, in the problem
solver's view, of admissible informatioﬁ) to admit to

i official consideration in problem space (that is, the.actual

set of admissiblé information used) before solving a problem."

7his was an aspect of problem solving which had received

little attention in liewell and Simon's model because -their

o ‘ .
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problems.were‘highly strbeturéd and the choice of éieméntsl °
to include;iﬁ problem space was a féregoﬁe conclusion. With -
*evervday problems, the potentiéllyéusable elements in the |
task environment are much more mumerous, and selection is
. an important factor in~creat£bn.of multiple;effective
solutions. So I began thinking of my “relativiétic,operations“
using the conéepts of Piagetian thebry and tﬁe information

processing app#oach of Fewell & Simon.’

~

TDefinition of Rélativistic Opera*ions

Relativistic operations are logical operations which

can be used as a sYétem to relate, order, and seiect.as more
useful one of many mutually contradietory-but “true" fofmal
" operational systems., Therefore they are a highe£ level of
processing and are post-~formal., -ThéQ include an element

of necessary subjectivity or self-reference. They permit

the kind of logical thinking that)charactérizea,the "new"
physics. They permit the kind of logical thinking that

makes it possible to analvze complex relations like inter- - El

personal relations, relations which we are bringing into

.
~existence from moment to moment as we interact with

4

.otherél C ‘ .
The truth of any proposition is hsually decided by_
moving one step back in systenms, "jumping out“,.so that, )
from the far reference point, one can judge the truth or

"

falsity of a statement. Human knowing is limited by .

.definition; no system can know itself (Hofstadter, 1979).

-

Relativistic operations permit logical thinking in the
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situations (which mature adults face .daily) where one can

~

go no further back (intérms -of referénce points) in

creating criteria for truth or falsity (Tarski:see Popper, 1972).

[ e

. Your decision about higher-level truth rules is ultimately
i ’ .

a function of vour-lower-level decisions which are based
on these rules (within the limits of real feedback
maximizing true outcomes——PoDnen 1972). Relativistic

e

oDeratlons permlt us to logically maximize "true" outcomes

v

in a 51tuat10n of truth. crlterlon uncertalnty by allow1ng

for self -referentlal ngher-order loglcal decisions’ (Helsenberg,

v

1958), The outcomes of these higher-level metatheoretical-

o

system self-referential truth criteria decisions can then™™
A

be tested by lower-level formal operations using the

e E -

"scientific method.

Relativistic operziicns seem to be involved in conscious
reconceptualizations that let. us selsct a new set of rules

for interpreting a problem. Therefore they permit .

a -

ﬁultiple-formal—operations solwtions of .a probiemﬂbased

- on general case, overriding’, self-referential rules. s

Some’ of the mechanisms involved seem to be tlese: -

Insert Table 1 about here

In order to test the assumpticn that relativistic

e
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post-formal operations are present in the thinking ©f mature
. . - YN -

’ L . ~ .
P '

- adults who respoéd to the demand to "make all possible : -

- s 0
L4 ?

cqmﬁinations,"'male and female volunteers in’the Baltimofé p
Longitudinal- Study  of aAging betweén fheuaggs of 26 and 89 | . va
- -“ . _ (Tablefa) éeré'inté%viéwqdfffa'modified'clinical.method was
. used in which standard prbblems were follqyeé by probes- .
to ciarify’responses (Table 3). - L, - u -

v

|
- ’ 3 . . ) ‘ ‘

The focus of the interviews was -problem solving. 8ix
. \

stimulus problems were presented in written form in random -
order> the two to be discussed here appear in Table 3. . -

oA e

W

Insert Tables 2 & 3 about here , ' )

‘

Operatidnal Definitfions and Scoring of Relativistic Operations .

Relativistic operations construct systemscpf Formal

operational systems to permit selection of ane formal system '

¢ N ¢

e “ . .
among many where several could apply. Relativistic

operations include the processes in Tapble 1, and are nec-

-

essarily both logical {since they imply formal opexations)

and subjective (since they imply choice of a formal system). = .

1

Respondents are scored on abstract formal operations;
alternative systems of formal ‘operations (if apprbpriate)r
and, most important, relativistic oéezations in Table 1.
P:oﬁlems demand combinatorial r;ésoning with either 2 or
3 yariables involved. Problems include totally abstract
demands, lile making pairs of letters, and fairly real-

istic scenarios with embedded abstract demands.
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A subject is considered “abstract fiormal operationalm

on a problem if the following conditions

correct numerical or verbal answer is given to ‘the abstract

are present: the

problem (F.g:, "15 pairs"), and the subject correctly de-

ables manipulated'agﬁ“the°strafegy used to make exhaustive *

combinations.

A subject might pass the abstract formal demands and

same problem considered from a different

scribes how-the answer was obtained, outlining the vari-

‘also give an alternative formal logical solution to the

point of view,

: L
For example, after passing the bedroom problem on an

9

abstract level the subject might go on to point out that

in real life "the grandfather must live with someone,

. -

and, "under thpse conltlons, two of Fhe

natlons would not be logical in real life."

- ~

o 2

erations. If the varlables and strategyv

«

6 possible combi-~

Alternatlve

real life so]utlons llPe these are scored for formal op-

are qut;lned

- ] 4 3
.and the correct logical answer in’terms of the variables

ERIC

Aruitoxt provided by Eic:

2 ;e

at hand is given, the subject passes. ;n\the.exaqple"

above, the logically correct answer would now be 4 combi-

. -

nations because the additional vdriable of "grandfather

a

2ust have a companion' is introduced.

In addition to scoring the responses for presence .

or absence of abstract Qr real-life formal operations, «. .
. i : \

thev are scored for presence or absence of relativistic

B . !
operations listed in Table. l. The occurrence of™more

complex processing may be a function of age and problem
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characteristics. Evidence that many respondents examine s v .

Y 3

more than one formal wystem is in Figure 1 which describes

apﬁroaches to the BR problen. ¢

- e

"Insert Figure.l about here

)

’

v -

Operations

fvidence for use of relativistic operations is in Table

4 by age, =ex, and problem. For BR, many respondents use

relativistic operations especially problem definition, param-

eter setting, and pragmatic metatheory choice, though no one

?

uses them all and articulates that process to us. The ABC
problem is much less likely-to elicit.use ot operations ip !

.

Table 1, as c¢:en in Table 4. (Another study using more

demanding social formal operational problems 1is producing . s
b k » .
results like those for BR).

Insert Table 4 about.hepe

Stvles

4

Individuals had definite stvles in terms of use/nonuse of

relativistic opersations, of formal operations, an¢ ,0f individ-

¥

ual relativistic operations. For example, .some never recon- s
Fy :
e 2

ceptualized by using a second set of a priori's: others always

dié. Som~ acknouledged a large tas¥ environment aﬁd used it

in their problem space: others cxamined only one or fwo itens

of &nowledge or proceéses and seecmed aware of no more;

still others saw a large nunper 6f possibilitiés but did , -
not use then effectively. P:oblems invoiving people

and interpersonal relations were more often the occasion

for relativistic operations use. The respondent

12 e
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- ' ’ Insert Table 5 about here

“

. approaching the problem might see it as an occasion for
categorization, or for hypothetical deductive reasonith or
for application of a well-known algorithm, or for use of
relativistic operations. |

It has never Beén clear how individuals decide what to
8 include in proplem space (that is, which knowledge elements
or processes to admit to consideratioh) when processing
information (Heweil and Simon, 1972). In my data I see

some ciues. Several characteristics could foutinely be found

in the?task’environment (that is, amonyg the potentiai [in

%;). the view of the probleﬁ solver] knowledge or procésses

| useful for éblving the problem) or in the respondent when

v <

.problen space was large, .when relativistic operations were

3

used, or when several valid or "true" solutions were

- »

accepted,

-

» -

These other characteristics were usually present when

respondents selected one and only one formal solution as :

~

*  better (more "true") than others and rejected other
solutions, thereby consiricting the taslk environment into

smaller problemn space:

Insert Table 6 about here

-

&

"Thinking out loud" procedures recommended bV Giambra

and Arenberg (1980) are now being used to.describe each of.

13 R
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the considerations made by problem solving respondents with'

qualltaulvely dlfferlng "strategies" for orocess1na problem

information. Of course more woxk is being done on all

aspects of the ideas I've raised.

sunmning Uo

I promised to assist in the search for missing links
between cognition and everyday problem solving., I proposed.
that anAarea'that should be examined (one I was examining)
concerned mechanisms for éomplex cognitive reconceptual--
izations. iI suggested that seldom-examined complex processes

for major reconceptualizations---processes I called relativ-

 istic operations---could be the link between Piagetian
»

theorv, information processing theorv, logical thought in
the new physics, and mature adults' problem sod¥ing in
everydav social sitﬁations.

I ﬁould like to recapitulate my three main points.
First,7a qualitatively different set of thinking skills or
bperationf---an evervdav sort of "theorv of relativity"e—--—

that I call "relativistic operations" seems to be used by

manv mature adults to solve evérvday logical vproblems.

»Second, examinlng these skills mav provide us . with missing

links and with interesting developments for at least two
cognitive models---~Piagetian theory and information

Drocessinﬁ. Third, using .an information processing model,

1

these relativistic operations-are e?pressed at the’oolnt

at which an individual decides which inf ormatlon and

decision rules to include or exclude from problem space.

14 |
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Table 1
Some Relativistic Operations
letatheory shift: changing a priori consid-

erations from one set to a
conflicting set

Problem definition: focusing on defining the
’ problem ’
Process/product shift: deciding to solve for a

dynamic or for a partlcular
" content solution

Parameter setting: ' defining the limits of the
problem factors

Pragmatism: evaluating abstract solutions
: ‘ and practical solutions sep-
arately in terms of useful-
ness, dlf;lculty

Multiple solutions: - being aware that a multi-
caused problem most likely
-has several "correct" solutions

Multiple causality: : ‘utilizing multifactorial -
' - expldnations and probablistic
predictions
Paradox: ' being aware that a problem

can be read in two confllctlng
ways




- Table 2

. Age and Sex of Participants .

Age (at last birthdav)
Young: 20-39
Middle aged: 40-59
Young old: . 60-69

Old old: 70 or older

(64%)

Male Female
.8 (10%) 7 ( 9% Total = 15 _ (19%)
13 (16%) ° 10 (12%)  Total = 23 (29%
15 (19%) 5 ( 6%)  Total = 20 (25%
15 (19%) 6  7%) Total = 21 (26%) .
51 28 (35%) 79 (100%)
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Tabie 3

Probhlems

PROBLE!MN ABC

Six letters of}the twenty-six leﬁters of the aiphébet‘
appear below. Imagine "that you are makiﬁg péifs of the
‘letters, writing down all the possible ways of putting
twovdifferént letters together. How many' pairs Qill you
have when you make gll poésible pairs of the six letters?
(Remember’ althqugh any letter will appear séveral times in- ‘
different pairs the same letter shogld.not‘appear twice iﬂ

‘the same pair: ?@ BC BD). Use these letters: A B CDEF"

v 2 . 4 . . N

‘'PROBLEM BR .

A shall family consisting of a mother in her 40's and
a.tén—year old girl live in_a small two-bedroom house in

" Detroit. ~The mother occupies'a'large.well—deco;ated bed-
room (that sleeps. one) and the chi}@ uses.a‘smaller bedroom
(that sleeps'one).v This éu%mer the,famiiy learns fhat a
grandfafher'who lives alone in a one-bedroom (sleeps ong)
apartment'two blocks away can no ionger live alone. Hen
night move.in %ith'thé fami}y.: Under the circumstances,

what are all the possible wavs that three persons can use

LY

the three available bedrooms in the house and apartment?
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Percentage

Operation Element

1. Metatheory éhoice

2. Problem Aé%inition

3. Process/product shift
4. Parameter setting

5. Praématism -

6. Multiple soiutions-'
7. Multiple Causality

‘8. Paradox

~I 9

Total BR
(N=79) F (N=7)

35%

93%

20%

92%

. 73%

373

31%

13%

57%

85%

100%
100%
71%
14%

14%

Table 4

Middle Aged

Youngiold'
M(N=8)  F{(N=10) M(N=13)  F(N=5) M(N=15)
75% 20% . 23% —— 40%
100% 100% g84%  100% 93%
25% 10% 7% 60% - 40%
100% 100% 76% 100% 93%
'87% 50% 61% 408 86%
62% 40% 23% 40% 33§
12% 20% 46% 80% 40%
12% 10% 7% —-— 13%

of Respondents Giving Evidence of Post-Formal Operations, BR Problem, by Agé and Sex

0ld 014
F(N=6) M(N=15)

16%

16%
83%
33%

16%

16%

33%

~

AN

40%
100%
13%
93%
- 93%
33%
26%

20%

20

~

v




Table 5
Some Charactefistics of Task Environment'
Defined by Subject, or of Respondent per se

"hen Problem Space Effectively Used by Subject Was Large

1. IMultiple interpretations,of context
2. Large memory capacity

3. broblem interpreted as_social

4, Prbblem éonsidered important

5 Prev1ous use of relativistic ope;atlons in
other problems

6. Evaluation that several solutions are
" "workable"

7. -liultiple goals expressed

8. Can "jump out of system" in hierarchy of
nested concepts

e 9, Several solutions are mutually mappable

10. Respondent separates process and state
considerations

l1l1. Search for general laws which hold true
across mult iple cont*adlcto*y contexts
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Table 6

Some Characteristics of Tasl: Environment Defined by

Subject, or of Respcadent, per se When Problem Space

Is Large'But Portion Effectively Used is Small

1.

" Judgement that

<

" not usable due-
considerations

Problem judged

Judgement that

some information or process’ is

to -higher-level cognitive

unimportant

only one solution is ever correct

Previous use of only this portion of information

Rejection of other ingformation on emotional

grounds (e.g.,

One goal

one is too hard to consider)

) -
4

Previous experience used only limited information

Some alternative information or processes are
better mapped to first choice than others

&l

.
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Figure 1 Caption
Varieties of Formal Solutions Used on BR, by Age.

a
]
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