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ABSTRACT

The difference in cognitive resources required for
imagination and perception was tested in two experiments by examining
the reduced substitutability of imagination and perception in problem
solving by college undergraduates. Eighty subjects in Experiment 1
drew capital letters from lines or descriptions of lines in a
seven-page booklet. The results indicate that imagined information
and perceived information were integrated with equivalent accuracy
and strategies. When the problems became more cognitively demanding
and mental combinations of lines into figures contained four
elements, different strategies were used. Sixty-eight subjects were
given explicit instructions on how to identify imagined or perceived
lines as letters. When strategies were restricted, integrating
imagined information was less accurate than integrating perceived
information. Several factors, many of which were related to the
cognitive demand difference from these two origins, influence the
substitutability of imagination and perception. To describe cognitive
processing 5f information from internal and external origins,
researchers should use multiple performance measures. (SLD)
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Abstract

The difference In cognlitive resources required for
Imaginatlion and perceptlion was tested In two experiments by

examining the reduced substitutabllity of imaginatlon and

perception when solving problems. The results of Experiment I

Indicated that when the problems were easy, imagined and

percelved Information was Integratecd with equivalent accuracy and

strategles. When the p-oblems were more cognitively demanding,
the accuracy of Integrating Informatlion from the Internal and
external orlgins was equivalent but different types of strategles
were used. Experiment Il showed that when the strategles were
restricted, Integrating Imagined Information was less accurate
than Integrating pecrcelved Information. The conditlons that
affect the substitutabllity of Imagination and perception are
dlscussed along with the metacognitive process of optimizing the

use of cognitive resources In solving problems.




Abstract

The difference In cognlitlive resources required for
Imagination and perception was tested In two experiments by
examining the reduced substlitutability of Imagination and
perception when solving problems. The results of Experiment I
Indicated that when the problems were easy, Imaglned and
percelved Information was Integratecd with equivalent accuracy and
strateglies. When the problems were more cognitlively demandling,
the accuracy of Integrating Information from the Internal and
external orlgins was equlvalent but different types of strategiles
were used. Experiment [l showed that when the strategles were
restricted, Integrating Imagined Information was less accurate
than Integrating pecrcelved Information. The conditlions that
affect the substitutabllity of Imaglination and perception are

dlscussed along with the metacognitlive process of optimlizing the

use of cognltive resources In solving problems.




The orlglin of Information and Its effect on problem solving

Gerard L. Hanley

Callfornla State Unlversity, Long Beach

Finke (1980), Marks (1977) and Shepard & Podgorny (1978) are
among the many researchers who have propcsed that the quallities
of the Images and perceptions very simllar and the cognitive
processing of Images and the perceptu:l processing of visual
stimuli Involve many of the same component processes. These
similaritie2 would permit some degree of substltutabllity of
Imaglination and perception. The concept of substitutabllity has
been developed In economic and behavioral models and refers to
the amount of exchangablillity in the value of products or
behaviors (see Rachlin, Kagel, & Battallo, 1980 for a detailed
descriptlion of substitutabllity). One Implilcation of a high
degree of substlitutabllity within a cognitlve perspective Is that
people could exchange information from an internal origln
(ima “lnation) ;lth tnformatlon from an external origin
(perceptlion) without a change in cognitive processes and
behavior. The studies on mental rotatlon (Shepard & Cooper,
1962) and visual Image construction (Murphy & Hutchlnson, 1982;
Peterson, Holsten, & Spevak, 1975) have demons:rated the
simllaritlies between mentally transforming Imaginatlions and
perceptlions and support the hypothesis that Imaglnatlion and

perceptlion were highly substlitutable.




There are dlfferences between Imaglnation and perception
which are also Important to ldentlfy. Johnson & Raye (1981)
proposed that one difference Is the amount of cognltlive
operations required to generate memories from Imaglnation and
perceptlon; Imaglnation typlically requires mocre effortful
operations whiie perception typlcally Involves automatlic
operations. Furthermore, the effortful cognitlve operations
require more of a person’s limlted cognltive resources than
automatic operatlions (Hasher & Zacks, 1979). Baddeley’s (1981)
and Baddeley & Hltch’s (1974) model of }imlted capaclty of
working memory, and Kahneman‘’s (1973), and Norman and Bobrow’s
(1975) concept of resource limitation all reflect this general
limltation in cognltlve resources. The difference In cognltive
resources required for imagination as compared to perceptlon
could decrease the substltutabllity of Imaglnation and perception
when the resource demands of the problem exceed the Individual‘s
available resources. Consequently, problem solving behavior and
cognitive strategies might be different when solving problems In
one’s head versus In the environment.

Imaglinatlon and perceptlion occur during the construction of
the initial state, the goal state, and the problems space, the
three components of problem solving (Newell & Slmon, 1972). The

Iinltlal state represents the avallable informatlon concernling the

solver’s present clccumstance. It Is composed of Information

from both origins, the memorlies and Imaginatlions actlivated by the

perceptlions of the Immediate environment. A problem iIs created




when the goal state Is not the same as the Inltlal state. The
goal state represents the desired cir~umstance and the origin of
the goal state |Is fundamentally Intecnal. Since a person can
not percelve what does not phvsically exlst and the goal state
does not yet exlst, the goal state can only be imagined.

The problem space |s the third component of problem solving
and refers to the set of strategles from which the Individual
must select and exvcute In order to transform the Inital state
into the goal state. The problem space can be represented by
information from Interal as well as external orlgins. 1If an
indlvidual Is mentally manipulating the inltlal state to create
the goal state, the individual’s strategy Is of an internal
origin. If the Indlividual Is physically operating on his or her
environment to create the goal state, the Individual’s strategy
Is of an external origin. Often, the problem space |s composed
of Internally as well as externally generated strategles.

Once the goal Is deflned and strategy executed, the solver
must recognize when the transformed Initlal state has become the
goal state. This recognitlion process Is a basic component of
means-ends analysis. In sum, problem solving Involves the
generation of the Initlal state, the transformation of the
initial state, and the recognition of the goal, with each process
using lntormation from Internal and/or external origins.

The substitutabllity of Imaglnatlion and perceptlion Is an
important issue In problem solving because there are always time

and resource |limitatlions placed on the solver. That Is, people




solve problems In a closed rather than cpen system. Burkhard,
Rachlin, & Schrader (1978) and Rachlin & Burkhard (1978) have
made thls same point In developlng their behavioral model and
many of the Issues ralsed In the present cognltive perspectlve of
problem solving have thelr parallel In Rachlln’e behavioral model
of cholce. The focus of the present experiments Is the
reallocation of cognltive resources caused by solving problems
within a closed system. If all resocurces are utlllzed In
performing multiple actlivitlies and an Increased allocatlon of
resources Is required for one activity, there must be a decreased
allocation of resources for other actlivtles.

If Imagination and perceptlion are completely substltutable

then there would be no need to reallocate cognlitlive cresources.

The generation of Inital and goal! states, the transformatlion of
the Inltlal state, and the recognlition of the goal! state should
be the same when imagining and percelving the same Informatlon
content. But If Imaglnatlon does require more cognitlve
cesources, the required resources must be subtracted from other
cognitive activites. Imagining the [nital state should lead to a
decrement In Lthe tranformatlon and/or recognition processes as

compared to percelving the initlal state.




) Experiment [

Method

Subjects, Elghty undergraduates at tre C.S.U., Long Beach
recelved course credit for thelr Participation.

Materijals, Seven-page booklets were constructed with
elther lines or descriptions of |lnes on each page. The complete
set of llines consisted of four straight ljlnes (vertical,
horizontal, sloping up from left to right, & sloping down from
left to right) and four seml-circles (open side facing up, down,
left, & right). When a booklet contained only llnes, each page
had some comblination of two Jlines or some comblnation of four
iines. Each page of four lines contained both the llnes from the
two-element subset plus tw> lines that functioned mostly as
distrastors. Matching sets of booklets were constructed which
presented the verbal descriptions of the lines rather than the

lines themselves.

ire. Subjects were run In groups of 2 to S5 and were
randomly assigned to one of the four Presentation cond!tions.
They were Instructed that each Page of thelr booklets had two (or
four) lines (or descriptions) and thelr task was to mentally
combine the lines to form as many upright, caplital ietters In the
English alphabet as possible. SubJects were told that they could
change the relative position and size of the |ines and could use
one or all of the llnes when mentally constructing letters. They

could use the same 1ine more than once when constructing letters

but tney could not rotate lines when combining them. Subjects




had one minute to write down the letters In the order they
constructed them at the bottom of each Page before they were

Instructed to turn to the next page.

Analysis. The letters generated were classified into two
groups, one-llre and two-line letters. The letters C, I, and U
were one-line letters because they could be identified from 0i.'y
one of the presented lines or verbal descriptions. Elght and ten
one-line letters could be identifled in the two-element and
four-element conditlons, respectively. The Jetters B, D, E, F,
H, J, L, M, N, 0, P, S, T, V, W, X, Y, and 2 were two-1lne
letters because they could be constructed from two dilffesrent
lines or verbal descriptlions. Twenty and twenty-four two-1lne
letters could be constructed ir, the two-element and four-element
conditlions, respectively.

To assess the recognition strategy subjects used to identify
working memory representations as letters, the order In which the
letters were constructed was examined. There were two types of
general stratégles; subjJects could work forwird or work backward.
I1f subjects worked backward, they would start each trlal by
working from the alphabet (the set of gcal responses) and
evaluate If each letter could be decomposed into the set of
presented lines or descriptions. Since the alphabet has a
definlte sequentlal structure, the order of the letters
constructed should be consistent with the order of letters In the
alphabet If subjects always worked backward, all their

responsgses would be alphabetically ordered and they would get




scores of 100%. A workling forwards strategy would begin with the
generatlion and mental manipulation of the elements. The
recognltion of letters would occur If the constructed
representation matched the features of a letter If subjects
were working forward from the set of llnes to the goal of the
letters, not using any strategy In particular, consecutive
letters should be alphabeticailly ordered as often as
non-alpabetlcally ordered. These subject would get scores equal
to zero.

Regylts

Figure 1 shows the mean percent correct jdentificatlion of
one-!ine letters for each group. Overall, correctly ldentlfying
a single line as a letter was significantly more difficult when
presented with four elements than when presented with two
elements ( F (1,76)= 28.54, p <.05). There were no signflcant
dlfferences In ldentificatlion between the Imaglinatlon and
perception groups in elther the two-element condition ¢ F (1,38)=
1.12, p >.10) or four-element condition ( F (1,38)= 2.16, p
>.10) (1].

Figure 2 shows the mean percent correct construction of
two-element letters. Again, the fcur-element condition had a
signiflcantly lower rate than the two-element conditlon ¢ F
(1,76)= 123.00, p <.05) and there were no signjficant
dlfferences between Imaglnatlion and perception In each of these
conditions ¢ F (1,38)>< 1.0, F (1,38)= 2.25, p >.10,

respectively). There was also no signlflcant difference between
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the accuracy of one-line and two-line letters for the two-element
and four-element conditions ¢ F ¢{,39)= 3.06, p >.05; F (1,39«
1.0, respectively)

Figure 3 shows the mean percentages of alphabetically order
letters for all four groups. Overall, subjects In the
two-element conditlion had a significantly greater percentage of
alphabetically ordered sequences than subjects in the

four-element conditlon ¢ F (1,76)= 8.55, p <.05). It was also

" found that sublects lmagiring two lines were Just as llkely to

work backward as subjects percelving two line ¢ F (1,38)< 1.0).
In contrast, subjects who Imagined four llnes were significantly
less likely to work backward than those who perceived four |ines
( E (1,38)=5.11, p <.05).
Dl scygsion

Two conflicting conclusions can be drawn from the findlngs
from Expeciment I. The accuracy In lIdentlifylng one-line and
two-line letters indicates that Imagination and perception were
completely substitutable processes In both the two-element and
four-element conditions while the measure of working forwards or
backwards Indicates that Imagination did not completely
substitute for perception In the more cognitively demanding task.

The two mental operations required to recognize one-llne
letters are the generation of each element elther by imaginatlon
or perception and the recognition of an element as a letter. The
reduced accuracy of one-line letters In the four-element

condition probably reflects a decreased accuracy In the

11




recognltlion process and not in the generatlion process. The lines
and descriptions were equally discriminable In the two-element
and four-element conditlons so the generation of the Individual
elements should have remalned the same. The lower ldentification
of one-line letters may have been produced by subjects having
difflculty generating all four elements In the one minute period.
But If time was a major contributing factor, It would be expected
that the Imagination group should have been less accurate than
the perceptlon group; reading the four descriptlions must have
taken more time than looking at four lines. This was not the
case; the performance of the Imaglnation and perception groups
was equlivalent.

The greater number of generatlons probably lead to an
Increased allocation of cognitlve resources to the generation
processes and consequently decreascd the cognitlve resources
avallable for cecognition. The decrement In one-lline letter
identl flcatlon was probably due to a reduced abllity to compare
the goal response with the Indlvidual elements.

The Increased resources needed to generate four elements
could lead to a decreased avallabllity of resources for the
transformatlion process. If the transformation process was
affected, then the two-line letters should have been more
difficult to Identlfy than the one-line letter in the
four-element conditlion. This was not the case. The equivalent
rates of ldentlfying both types of letters In the two-element and

four-element condlitlons Indicates that the transformation
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processes had a high prlority and/or the transformation processes
were relatlvely effortless. If the accuracy of the generation
and transformatlon processes were not compromlsed, then the only
process left to be compromised was recognition.

The one Jarlable that did show a slgnlf}cant dl fference
between Imaglination and perception was the assessment of the two
recognitlon strategles of wcrking forward and worklng backward.
Imagining four elements reduced the probablility of subjects
worklng backward In thls hlgher resource demanding condition.

Why was there a shift In strategy? One reason may be that
working forwards Is a less resource dem nding strategy. Workling
forwards Involves the generation and transformation of
Informatlon to produce a working memory represerntation that
should automatically activate a letter recognition response. The
letter recognition response |Is more of an automatic, data-driven
process because It Is simllar to the automatic letter recognition
involved In reading. In contrast, working backwards from the
alphabet to the set of elements |s more of an effortful,
conceptually-driven process. Since working backwards has a
greater resource demand, subjects could choose the less
demanding, worklng forwards strategy to compensate for the more
demanding Imagination of four elements. Since only the
Imaglinatlon group shifting to worklng forwards, a conclusion to
draw Is (hat Imagination has a greater resource demand than
perception. The Inabllity to substitute Imaglnation and

perception was reflected by the type of recogltion strategy even
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though the data concerning the accuracy of strategles showed
complete substitutability.
Experiment 11

In the first experiment, subjects had the cholce of working
forward or backward. It appears that suojects took advantage of
this opportunity to work forward as a way of reducing cognitive
resource demands when they had to imagine four elements. In the
second experiment, subjects were explicitly instructed to work
forward or backward when solving four-element problems. By
restricting the type of recognition strategy, subjects would
still have to find a compromise allocation of cognitive resources
but changing the type of recognltion process was not possible.
If imaginatlon and perception are not completely substitutable,

compromising the accuracy of processes |s the only option.

Method
Subjects, 68 undergraduates from the C.S.U., Long Beach
participated In the experimerit for course credlt.

t als oce e The materials wecre used in
Experiment Il as In the four-element, imaginatlon and perception
conditions of Experiment I. The only diffence iIn the procedure
was that subjects were gliven explicit Instructlons on how to work
forward or backward in ldentlfylng the Imaglned or percelved
lines as letters. Half of the sublects were told that on each
tcial they should start by golng through the alphabet, beglinning

with A and go iIn nrder to 2, and test If each letter could be
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constructed from the elements presented. The other half of the
sublJects was tol!d that on each trial, begin with the left-most
llne and go from left to right to test whether they could
construct a letter from only one line, then from two different
lines, and finally from three different |ines.
Resul ts

As shown In Flgure 4, the mean percentage of alphabetically
ordered letters was high In the worklng backwards |nstructlon
groups and was signliflcantly greater than the working forwards
Instri'ctlon groups ( F (1.64)= 56.44, p <.05). Flgure 4 also
shows that there were no signliflicant differences between the
imaginatlion and perception groups when they worked forward or
backward ¢ F (1,26>< 1.0; F (1,38>< 1.0, respectively).

Overall, workling backwards or forwards did not significantly
improvethe identiflicatlon of one-lline letters ¢ F (1,64)= 3.05,
R >.05). There was no signiflicant dlfference between the
perception and Imaginatlon groups when they worked forwards ( F
(1,26)< 1.0>. But as shown In Flgure S, the perception group
beneflted from the strategy of working backwards. By workling
backwards, the perception group recognized a significantly
greater percentage of one-line letters than the imagination group
( FE (1,38)= 11.56, p <.05).

Figure 6 shows the mean percent correct construction of
two-line letters. Overall, there was no signific..t dlfference

between working forwards and backwards ( F (1,64)< 1.0). The

perceptlion groups constructed significantly more letters than the
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Imagination groups when they worked backward as well as whep they
worked forward ¢ F (1,38)= 6.00, p <.05; F (1,26)= $.90, p
<.US, respectively). Comparisons of the one-llne and two-1line
letters show that there were no signlficant dlfferences when
workling forward ¢ F (1,27)< 1.0). Agailn, a dlfferent result
occurred when subjects worked backward. Two-line letters were
signiflcantly less accurate than one-line letters ( F (1,39)=
14.75, p <.05). 1In sum, there were more simllarities between
Imaglination and perception when subjects worked forward as
coﬁpared to when subjects worked backward.
Discussion

The Instructlons to work forward controlled the type of
recognition strategy both Imaglnation and perceptlion subjects
used to ldentlfy letters. Comparisons of the alphabetic scores of
the working forward groups of Experiment II and the four-element,
Imaglination group of Experiment I Indicate that the latter group
was worklng forward as was proposed. When the worklng forward
subjects In Experiment Il had the simple task of ldentlifying
one-1lne letters, Imaglnation and perception were subst]tutable
processes. E;;n though four elements presented, worklng forward
subjects would start each trilal by examling one element at a time.
Thus, only one element had to be majntalned in worklirg memory and
cognitive demand difference between Imaglnatlon and perceptlon
dld not affect the accuracy of the generatlon and recognltion
proce2ses. As found |In Experiment I, Imaglinatlon and perception

were substitutable when a task Is low In 1ts cognitive demand.
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Once working forward subjects had the additlional demand of
transforming the four lines, the lower demand of perception
Produceu more accurate letter Identiflication. The results
Indicate that the transformation and gereratlion processes were
not compromised because there was no dlfference between one-)ine
and two-line letters when working forwards. To optimize
resource allocaglon. SubjJects couldn’t change the type of
Cecognition strategy so they had to compromise the accuracy of
the recognltlén Strategy.

There were a number of differences between work ing forwards
and backwards. Flrst, Imagination subjects were less accurate
at ldentlifying both one-}ine and two-line letters when work i ng
backwards, Indlicating that Imaginatlion was not substitutable with
perception In Identifying elther the simple or complex letters.
Second, two-line letters were ldentifled less frequently than
one-line letters when subjects worked backward. The process of
transforming the elements appears to have been compromlsed by the
more cognitively demanding strategy of work ing backwards.

The accuracy of one-llne letters In the worklng backwards,
pPerception conditlion Is also comparable with the accuracy of
one-line letters In the two-element conditlon of Experiment I.
If the performance level of the two-element condition represents
the performance celling due to data-limlitation factors, then
workling backwards appears to maximlze performance In this
cognitively demanding clrcumstance. The reason for this may be

that working backwards probably ensured that all letters were




avallable to compare with the presented set of lines. This

beneflt had a’cost. Imagination could not completely substitute

for perceptlion when subjects were forced to use the more
demanding strategy of working backwards.
Concluslons

Two experiments demonstrated that the Substitutabllity of
Imaginatlion and perception can be Influenced by a number of
factors, many of which are related to the cognltive demand
difference of Information from these two orlgins. The results
suggest that subjects decided to shift the accuracy level and
type of recognition strategy In accordance with the problem
demands. When problems had a low demand, the similarities
between Imaglnatlion and perception resulted In a high degree of
substitutablility. But when the problem demands exceeded the
Indlvidual‘s limited resources, the differences between
Imagination and perception reduced substitutability. Subjects
using Internally generated Information consistently choose a
different compromise of accuracy and strategy than subjects using
externally generated Information when engaging the more demanding
worklng backwards strategy. To make these cholces, the
individuals must perform metacognitlve assessments of a task’s
demands and allocate cognitlive resources in an attempt to
optimize problem solving success. In additlon to defining a
problem’s Intltlal state, goal state, and problem space, the
solver must consider the avallabllity of ccynitlve resources and

budget |[ts alilocatlion.
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The dissoclatlon of accuracy and strategy measures in both
experiments relnforces an Important methodological |ssue In
studying the similaritlies between Imagination and perception.
Researchers should employ multlple performance measures in order
to completely describe the cognlt]ve prccessing of Information
from our Internal and external origins. The multiplicity of
cognitive processes that are coordinated In the performance of a
task present people with a wide variety of options to choose
their compromise. The Subjects’ compromises, dictated by the
particulars of the task, might Severely reduce the generallzatlon

of findings and theorles if too few measures are used.
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Footnote

1. In a factorlal design, the traditlional sources of variance,
main effect of A, maln effect of B, and the Interaction of A X B,
can be repartitioned into the independent Sources, B at each
level of A, and the maln effect of A (Keppel, 1982). The gecond
method of varlance part!tioning was used for the present
experiments because |t directly answered the questions concernling
the differences between imagination and perception under
different cognitive demands. Thus, the three 1 df test for the 2
X 2 design were: (a) the difference between the imagination and
Perceptlon for two-element problems, (b) the difference between
the Imagination and perception for the four-element problems and
(c) the overall difference between the two-element and
four-element problems. This statistical design was use to
analyze both the percentage of correct responses and the

percentage of responses that were alphabetjically ordered.




20

References
Baddeley, A. (1981). The concept of working memory: A view of its
current state and probable future development. Cagpition,
10, 17-23.
Baddeley, A.,‘& Hitch, G. (1974). Worklng memory. In G.A. Bower

(Ed.>, The psycholoay of learnling and motivation. Vol. 8,

New York: Academic Press. 47-90.

Burkhard, B., Rachlin, H., & Schrader, S. (1978). Reinforcement

and punishment In a closed system. earning an
Motivation. 9. 392-410.

Finke, R.A. (1980). Levels of equivalence In Imagery and

perception. Pgychological Review, 87, 113-132,
Hasher, L., & Zackg, R.T. (1979). Automatlc ard effortful

processes |n memory. E mental Ps (o]

General, 108, 356-388.
Johnson, M.K. & Raye, C. (1981). Reality Monitoring.

Psycholoaical Revjew, 88, 67-85.

Kakneman, D. (1973) Attention and effort. Englewood Cliffs, NJ:
Prentlce Hall.
Keppel, G. (1982). Design and analysjs. Englewood Cliffs, NJ:

Prentlce hall.
Marks, D. (1977). Imagery and consclousness: A theoretical review

from an Individual dlfferences perspectlve. Journal of

Mental Imagery, 2, 275-290.

Murphy, G. & Hutchinson, J. (1982). Memory for forms: Common

memory formats for verbal and visual stimulus presentatlons.

21




Memocy & Cognition, 10, 54-61.

Newell, A., & Simon, H.A. (1972). Human Problem Solving. N.J.:

Prentice Haill .

Norman, D.A., & Bobrow, D.G. (1975). On data-1imlted and

resource-limited processes. Cognitive Psycholoay, 7.
44-64.

Peterson. L., Holsten, J., & Spevak, P. (1975). Spatial :coding
of auditory signals. Memory & Coanltion, 3, 243-246.

Rachlin, H., & Burkhard, B. (1978). The temporal trlangle:
Response substitution In instrumental condltioning.
Paychclogical Review, 85, 22-47.

Rachllin, H. Kagel, J.H., & Battallo, R.C. (1980).
Substitutablility In time allocation. Paycholoqglcal
Review, 87, 355-374.

Shepard, R.N. & Cooper, L.A. (1982). ta 9 _and_their

transformations. Cambridge, Mass.: MIT Press.
Shepard, R.N. & Podgorny, P. (1978). Cognitive procesgses that

resemble perceptual processes. In W.K. Estes (Ed.)>, Handbook

of Learnina and Coanlitive Processes, Hillsdale, N.J.:

Lawrence Eribaum.

22




One-Line Letters

100 -

i Imagined
@ Perceived

80 1

60 -

40 -

Percent Correct

_
7,
-
/./////
_
Vi

n . - (g7 Yo

TwO

No. of Elements
23




Two-Line Letters

100 1

B Imagined
Perceived

Percent Correct

No. of Elements
24




Recognition Strategy

100 1

B imagined
80 Perceived

60 4

40 -

Percent Alphabetic

-20
TwWO FOUR

No. of Elements
ERIC | 25




t Alphabetic

Percen

Recognition Strategy

| B Imagined
Perceived

FORWARD ~ BACKWARD

Instructions e




One-Line Letters

100 -
B Imagined
Perceived
80 -
- T
Q 7
L ,
o
Q
b
c
o
O
C
o
Q
, instructions
%ﬂ E Q 27
g “"E ot i B T e T S




Percent Correct

100 1

80 -

60 -

40

Two-Line Letters

M Imagined
Perceived

77

Instructions
. <8




