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Abstract

Multidimensional judgment strategies were investigated by means of a “Four Simulus — Two Choice’ —
paradigm (4A2C) which combined dfferent dimensions, namely two gradations of size and nine shades of
brightness two shades of brightness and nine gradations of size, or two colors and rine gradations of size.
Threetypes of hypothetical strategies were analyzed: relative judgments based on only one dimension (type I),
absolute judgments based on the similarity between test and training stimuli (type I1), and relative judgments
based on both dimensions (type I11). The stimuli consisted of fairy-tale figures differing in size and brightnessin
the first condition, brightnessand size in the seaond condition, and color and size in the last one. A total of 144
participants (4 and 18 year-olds) were tested individually. During the discrimination training a basic
categorization was learned. Whereas the 18 years old did na show any categorization dfferences depending on
the dimensions employed, the 4-year-olds did (weaker results with color and size). During the subsequent test
period al threejudgment types appeared in both age groups and characterized the main part of the analyzed
judgments. Additionally, the 18-year-olds showed no dstinct preference for one of the postulated judgment
types, whil e the 4-year-olds changed their preferences depending on the cmmbination of dimensions (type | with
size and brightness and type Il with color and size). The two-dimensional judgment type Il remained constant
and was used infrequently in both age groups. Further investigations will be @mncerned with two-dimensiond

psychophysicsin animals (seealso Sarris, Hauf & Arlt, 2001 in this volume).

The frame-of-reference (FR) approach in psychophysics deals systematically with the
interaction between focal stimuli and their context (Lockhead, 1992; Sarris, 1994, 2001).
Until recently, most FR models predict context-induced changes in judgments solely in one-

"Datas also presented at the 1% Annual Meeting of the Vision ScienceS Society, Sarasota, Fl., USA in May 2001.



dimensional stimulus stuations. They have negleded the fad that most natural objeds differ
in more than ore stimulus dimension (Zoeke & Sarris, 1983. In everyday life perceptual
judgments are usualy based on multi-dimensional objects. Therefore different kinds of
information have to be integrated before judgments can take place A simple two-caegoricd
example ill ustrates this problem:

The sizejudgment of a person will depend on the frame-of-reference which is used. Everyone
knows that Jockeys are usualy “small” and basketball players “tall”; but at the same time we ae
able to judge the same average-sized man as being tall, if he was introduced as a Jockey, and being
small if hewas classified as a basketball player.

Our present experiments ill ustrate this common phenomenon by analyzing context-induced
judgments acrossa mmbination d the dimensions size, brightness and color. Thereby, the
main oljedive was the study d age-related developments of two-dimensional perceptual-
cogntive judgment strategies.

METHOD

A total of 144 mrticipants in two age groups was trained and tested individually. During a
discrimination training, a set of two-dimensional psychophysicd stimuli was leaned by
means of a “Four Stimulus — Two Choice’ — Paradigm (4A2C-method). The two-dimensional
stimulus-generali zation tests were presented subsequently (test phase). One group was tested
under a size-brightness context condtion, another under a brightnesssize ondtion, and the
last group una@r a mlor-size context condtion. The stimuli (fairytale figures) were shown
with a spedad slide projedor (see Fig.1). The participant sat in front of the screen and hed to
judge the size of each stimulus by pressng the crresponding response key (e.g. “small” = left
button, “large” = right button). The stimuli differed in size (9 gradations) and color (blue and
green) and were presented successvely.

Fig.1: Apparatus.- Slide projedor with screen and a board with two
response keys. By pressng corresponding button (e.g. “small” = left
button, “large” = right button) the participant had to judge the size of
the stimuli which were presented successvely.



During training the participant learned the @rred caegorization ketween the “small blue”
and the “large blue” stimulus on the one hand and the “small green” and the “large green” on
the other hand. The smaller stimulus of ead pair belonged together in ore cdegory, the larger
ones to the other category (4A2C-method). After reaching a test criterion d 20 corred
resporses in sequence two-dimensional generali zation tests were aministered (al sizes in

bath colors; seeFig. 2).
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Fig.2: Set of Training and Test Stimuli.- Shown are the training and test stimuli in blue or green (color-size
condition: blue printed in white, green in grey). During training the participant learned the discrimination
between the “small blue” and the “large blue” stimulus on the one hand and the “small green” and the “large
green” on the other hand. The small er ones of ead pair belonged together to one cdegory, the larger ones to
the other (4A2C-method). During the test all sizes in both colors were shown. (The marked numbers refer to
the training stimuli) — The training and test stimuli of the other conditions were analogous.

Predictions

Based onthis paradigm three hypotheticd judgment types were expeded: relative judgments
based on orty ore dimension (type ), absolute judgments based onthe simil arity between test
and training stimuli (type I1), and relative judgments based on bah dmensions (type Il ; see

Fig. 3, next page).
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Fig.3: Predictions.- Shown ae three typs d hypothdaicd judgmen strategis (test
phase): Judgmens basd on one dimensia only (Type I); judgmens basd on the
similarity between tes ard training stimli (Type Il); judgmens basd on both
dimensios (Typelll).

RESULTS

Two-dimensional Discrimination Training.- During the discimination traininga basic two-
dimensbnd categorization wa learned All participans showe & least 90% corect
responsesWheess the 18 yea-old paticipans dd nd show any differerces depeding on
the dmensbns employedthe 4-yea-olds did Thee were weakeresits for the cola-size
condtion in ths ag gioup.

Two-dimensional Choice Behavior.- For analyzng the coice behavio during the test
sessbns the percentag o choice respnse wee pldted separately foboth age graips as
well as for the three judgmertypes The® empiricd psychghysicd fundions ae sown in
Figure 4 During the tes period dl three predictd types d judgmen were fourd in both age
groups and chaacterizel the man pat of the analyzd behavior No significan differences in
the manifestdion o the ypes wee found ndther between the age goups nor between the
combindion d stimulus dmensbns used.

Agerelated Frequency of Strategies- Subsequen analyse wee ocapied with the
frequencis d the three postulateé judgmen types dependig on tle combinéion of
dimensbns used Figure 5 shovs the agerelated occurrene d the three yidgmer types for
the size-bmhtness ondtion, the brightness-sze cadition and tle cola-size ®ndtion. The
18-yea-olds showe no diginct preferece fa one d the postulate judgmen types while
the 4-yea-olds changed ther preference dependig on tle combinéon o dimensbns type |
(basel on ore dmensbn only) with size and brightnes respbrightness and size and type Il
(base on smilarity) with cola ard size The two-dmensioné type Ill (basel on both
dimensbng remainel constahand was usel infrequertly in both ag gioups.



Two-dimensional Choice Behavior
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Fig.4: Two-dimensional choice behavior.- Shown are the empiricd psychophysicd functions of choice
responses (%) separately for both age groups as well as for the three judgment types depending on the used

combination of dimensions ( size-brightness ----- brightnesssize —— color-size).
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Fig.5: Age-related frequency of strategies.- Shown are the aye-related percentage of occurrence for the three
judgment types. Left: size-brightness condition; middle: brightnesssize mndtion and right color-size ondtion.
The 18-yea-olds showed no distinct preference, whil e the 4-yea-olds did (Type | with the dimensions “size and
brightness” but type Il with the dimension “color.”



DISCUSSION AND CONCLUSIONS

During the discrimination training nd only the older participants, but even the 4-yea-old
children were &le to manage the two-dimensional caegorization task. In the subsequent
generalizaion test conditions the predicted context-induced judgment strategies occurred in
bath age groups, regardlessof which psychophysical dimensions were used. This occurrence
demonstrated age-related differences depending onthe cmbination d dimensions used. The
4-yea-old children preferred Type Il judgments for the wlor-size @ndtion, and Type |
judgments for the remaining conditions. Summarizing the training and test data, the clor
dimension seems to be particularly important for the 4-yea-olds. In sessons with color
dimension, they master the discrimination training wsing a strategy of memorizing the
“absolute” values of the stimuli and afterwards demonstrating ore-dimensional, absolute
choice behavior (Type Il) during the test sesgons. In cortrast the dimensions sze ad
brightness are leaned “relative” relative to each ather and therefore leal to a preference in
Type | judgments. Interestingly enoughcomparative studies with baby chickens also indicate
a distinct difference in the @solute resp. relative omponents of choice behavior depending
on color or size dimensions (see Sarris, Hauf & Arlt, 2001, this volume). Further
investigations shoud na only continue to analyze dimension-related dfferences in choice
behavior, but also hov age-related dfferences in cogritive diliti es, such as memory and
problem solving interad with judgment types (Hauf, 2001).
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