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< %urlng the\past several years, substantial research has addressed the '
el lnteractlon between the cognitive style of field dependence/lndependence and
how individuals process pictorial information. Research conducted by
- Wieckowski - (l980)\and Lertchalolarn ¢1981) focused on the relationship
Zp"‘ between cognitive \style and the role ‘of color in plctorJ.al recognition
~N’”." memory-. The method of s1gnal detection theory has not however, been applled
o %o such research .
L‘-‘ b Q, - K PR
) The purpose of \thls 1nvestlgat10n was tm-fold (1) to study the inter- .
action between cognltive style, specifically field dependence/lndependence
and pictorial recognition memory -for pictures presented in three different
color modes; reallstlc color, non-realistic color and monochrame (black: and -
white); and (2) to further confirm the efficacy of applying signal detec-
ticn analysis to colo recognltlon memory data as a means of obtaining a more
-accurate assessment of \the role of color in v1sual information process1ng .

’

‘
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Related Literature: ~ \‘, E S C

. The area of cognltl\ e. styles has became an area of exténsive research
interest in recent years ‘Kogan (1971) defmed cognitive style as.an in-. ‘
dividual wariation in mode- of "apprehending, storing, transforming and
utlllzlng information.™ 'f'hls concept was further defined by Ragan (1978)
who’ suggested that cognitiye: styles represent "psychological dimensions"
which describe individual fferences in the means whereby information is
received, processed and utillized. Cognitive styles can be considered
stable psychologlcal attributes. "Witkin, Moore, GoodenQagh and Cox (1977)°
describetl the three' characteristics.of cognitive styles as being: (a)
or1ented toward "form™ rather than "content" related cognitive activities;
(b) stable over time, and (c) bl-polar rather than hl'erarchlcal as is
mental ability. ‘ /i’

Field dependence is one such cognltlve style which has. been researched
more extensively than many others.: This factor, identified ‘by Witkin,
Oltman, Raskin and Karp (1971) is generally defined as the differential
ability of individuals to separate figure fr - ground or overcome "figural
embeddedness. " Although described and detenmfiined on a highly perceptual
basis, this attribute is related to many othex cognitive, attitudinal and
personality behaviors. The perceptual ability\ for figured disembedding is
generally considered to be representative of the more global ability to
impose structure upon perceived information. Karp (1963) and Gooderpugh
(1976) have thoroughly reviewed the various correlates of field-dependence.
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-as well as by.cue summation .theory.

- such as.picture recognition. <%$

Field dependence has,-howévef, remained substantially\a perceptual
ability measure, assegsed by the Rod-and-Frame Test or the\various embedded.
figures tests, i.e. Group Embedded Figures Test (Witkin et al, 1971).

Substantial research has focused on the role of color i vishalized

- instruction (Dwyer, 1972, 1978; Berry, 1974; Winn, 1976; Chute, 1979;

Lamberski, 1980). This research represents one aspect of the larger theoret-.
ical debate which contimues regarding visual complexity. It-has Iong been
contended that the mere-addition of visual cues will increase\the ability ,
of the viewer to store gpd retrieve visual information. This lorientation,
termed,fgealism" by Dwye¥ (1967), has drawn strong theoreticall support
(Dale,j} 46; Morris, 1946; Carpenter, 1953 and Gibson, 1954) is i
the major premise of cue summation theory (Severin, 1967).
searchers (Broadbent, 1958, 1965; Travets, 1964) have, however,|taken strong
opposition to this "realism" orientation on’/the grounds that thé himan in-
formation processing system is of limited capacity and that, in times of -
rapid informatien reception, “irrelevant cues may block the proceSsing of
other, relevant information. Studies (Kanner, 1968; Katzman and |Nyenhuis,
1972; Dwyer, 1972 and 1979) have investigated this apparent con diction
with conflicting results. :

The inclusion or absence of color information can be regarded as one
dimension of visual complexity.. Color can function in a dual role\when used
in visual ‘displays. First, it can serve primarily a coding function,
providing additional informatidn but not providing any realistic description
of the elements of the display.:  In this case, the effectiveness of\color

" can be .predicted by cue summation theory, but not by the realism hypothesis.

Second, color can be cues to present a.more realistic version of thelvisual
display. 1In this instance, in addition to providing a greater number of
overall cues, it provides the viewer with more realistic-attributes or
"handles" with which to store and‘retrieve information. - Whep color is used
in this'cueing role, its value could be predicted by the realism theories

\

Much past research investigating the differences between color an@ .
black and white visuals failed to take into account the fact that realistic
color visuals contain intrinsically more information and consequently re-
quire more tine for:processing. In an attempt to resolvq this methodqloglcal
inconsistency as well as to more accurately assess the role of color 1n.thg
storage and retrieval .of visual information, Berry (1974)4compa;ed rea11§t1c
and non-realistic color versions of the instructional materials on thg puman
‘heart developed by -Dwyer (1976). Data suggested that, in thosg learning
tasks where visual materials contributed significantly to the improvement
of instruction, .realistic color materials were most effective.. Later
research (Berry, 1977, 1982, 1983) which investigated the color realism/
coding question relative to pictorial recognition memory found bgth rgal—
istic and non-realistic color materials superior to black apd-whlte visuals.
These findings suggested that cue summation theory may proylde an accurate
description of how color functions in basic information processing. tasks

A number of researchers have investigated how thg gptitﬁde of.field
dependence/independence relates to an individual's ability Fo percieve and'_
process both simple/complex and -“color/monochrome pictorial information.
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French (1983) found that field independent subjects experienced less difficulty ’

processing unusually complex material than did field dependent viewers. Color
however, was not considered a primary ‘dimension of visual complexity. Research
conductedkarW1eckowsk1(l980)and;@rtchalolarn (1981), suggests that individuals
who differ in terms of field dependence/independence utilize color information
differentially in recognizing visuals.- Color was shown to facilitate recogni-
“tion of visuals by subjects who ténded toward the field independent end of the

continuum, while color appeared to interfere with recpgnition by field dependent-

individuals. It is not clear why such findings oecurred, however, one possible
conclusion may be that color, information functioned as a further embedding cue,
making it more difficult for field dependents to separate distinct forms within
a visual which could be used as recognition cues. Itsis also not clear why
color tended to facilitate recognition by field independent individuals, al-
though.one possible explanation may be in the ability of such individuals to
effectlvely disembed specific forms. from’the visual ground and subsequently
usé ‘them as cueing devices." Neither of.thése hypotheses have, however, been
adequately addressed by past research on the color varlable :

* Simple comparlson of recognition rates did not, however, take 1nto
account the subjects' rate of wincorrect responses. It has- been suggested by
Swets, Tanner, and Birdsall -(1964) that in recognition experlments, each
observer ° applles a particular criterion value to each observation. Con-
sequently it could be possible for a subject to identify all stlmull as having
been seen previously, the result of~ which .would be not only a high recognition
rate, but’ also a high ‘error rate. - Similarly, 1f the ocbserver were to apply a
low criterion and‘reﬁect all items as not previgusly seeh, the resulting rate
would be low with a correspondingly low error yate. It-is apparent that
analysis of pictorial recognition data .should take into’ account the observer
criterion and the resulting rate of error whlch'accompdﬁy the reocgnition rate.
The method of signal detection theory has been applied to the analysis of
recognition data in the past as a means whereby both recognltlon rate and
error rate are taken 1nto account

Signal detection theory has been accepted as a réﬁlable technique for
assessing a sub]ect [ ablllty to describe the occurrence of discrete binary
events. The basic model of SDT was described in Swets (1961) and has been.
used extensively to study the ability of individuals to distinguish the
. presence of a signal when _that signal was mixed with noise. More recently,
Grasha (1970) has suggested the use of SDT parameters in the study of
memory processes, Signal detection theory has been applied specificially to
recognition memory experiments involving p1ctures in research conducted by
Snodgrass, Volvovitz and Walfish (1972), Loftus and Kallman (1979), Loftus,
" Greene and 'smith (1980), Morrison, Halth and Kagan (1980) and Kagan (1980)
and Bérry (1982, 1983) .

. L e .
The purpose of thlS invéstigétion,was two-fold: (1) to study the inter-.

action between cognitlve style differences and pictorial recognition memory °

for pictures presented in three different color modes; realistie color, non-

realistic color and monochrome (black and white); and, (2) to further confirm

the efficacy of applylng signal detection analysis to color recognition

" memory data as. a means of obtaining a more accurate assessment pf the role

of color in visual information processing. ‘ lD
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Prbcedure:

-

e study were the same as those used by 5
ertchalolarh (1981). These copsisted '
of 150 stimulus slides and¥§ Eor slides. . All slides were obtained ' . .
. from a pool of travel and e, enery slides taken by severg}t amateur &
+ photographers in various parts’ 7,';,J‘n1ted States and Canada. Ih.selection °
of the materlals, care was exercigl exclude all recognliable human flgures,
verbal materials and unique, objectsWsfihe entire collection of materlals was
randomly divided into approximate thlrds. One third was retained as a
realistic color'group, a second Wi was recopled 'into black and white slides
and the remaining third was alter-ff
'reallstlc'color group. Through ‘é”‘o- aphic, reversal, the 0verall number of
color cues ‘could be held constan g
be manipulated.

) _The stimulus materials
Berry (1977), Wieckowski (M

o

#

1] ~

~ ' g
The populatlon_for the study consisted of 60 students at the University :
of Pittsburgh. Subjects were drawn fram the Schools of Education, Library N
‘and Information Science and Business and represented both'draduate and under-
graduate students.. | . CL s ) .
. b' ! 4
' Subject s relative degree of fleld dependence/independence; was determined
using the Group Embedded Figures Test (GEFT) (Witkin, Oltman, Raskin and Karp,
. 1971). Based upon similar data from related pdpulations, .Cutoff points of
11 and 15 were used to define field dependént (11 and below) and ‘field in-
dependent (15 and,above) groups. To avoid the loss of power associated with
. three-leyel blocking, described by Cronbach and Snow (1977), the mlddle,
cindeterminate group. was deleted ‘fram the study. e ‘,‘

C -
B Tﬂe llSt learning prockdure was employed, in which all subjects were
first shown the group of 150 stlmulus slides,’ sequentlally for approx1mately
500 ms each. Subjects were subsequently presented‘with a random dlstrlbutlon
of all slides (stimulus and distractor) for five seconds each. During that’
time; subjects responded in writing efther "old" (stlmulus sllde—seen before)
or "new" (distractor slide—never seen) :

The des1gn of the study followed-an ATI conflguratlon with' two ‘levels of
the' aptitude factor and three repeated measures of the color factor.

-

_Flndlngs:- éi’ . . ~—"T". 7 ; _ . . | T

The .mean number” of hits for each treatment ‘and cognitive style gmou p as
well as the measure of sens1t1v1ty d' which was determined fram tables developed
by Elliot (1964) are:presented in Table 1. 1In addition, "total, mean error o
rates for each treatment were calculated (total error rate = false alarm rate o
¥ miss rate) as suggested by Loftus, Greeh and Smlth (1980) (see Table l)

i Analys1s of variance procedires for repeated measures ‘were conducted on
. the- number of hits (recognition scores), d' and the total error scores. .
' Significant F-values were obtained for the mdin.effect of color on the hit
‘rates (F=7.10, p=.001) and for the main effect of cognltlve style on-the d'
data (F—7 59, p=.008). . _ . -

bR
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) ! v ) . ) . ..“ . . ' * It \ . ‘
. T ) . . ' o Table\xl <o
Y o . H aI{ \ . -
- .o ~ Mean,s d Standard Dev;.atlons for Number of l-ﬁts, .ot

' d' and Total %rror Rate by Treat{rents Across Cognltlve Style Groups ’

» 0 ‘\

. . S  /7 Realistic dbl,ér . _Noanealistic . :Bulack«'and?White
e . ! ‘ ‘ . \\ . U .‘SQ__*__IOI‘ - v " .
- o ' Mean | s.d.’ ‘Mean " - s.d. " Mean . s.d. .
' Field Hits ..  26.74 , 9.41  24.33 9.94 20,56 10.85
Dependent . K PEETEES . -
(N=27)" q' 133 C.172 107 - .336 1200 394
s . Total  37.89 '  4.29  39.63-° 6.58  -39.78 6.61
& » - Error ' . . v , . . : . .y
' "~ Field = Hits ' - 25.82 7.90 _ 23.33° 9.98  22.48 8.08
) ‘Independent . : oo : N b
- (N=33) La 195 . c.327. .369  .389 .278 .248
- S ' -Total . 37.48 \ 5.00  36.85 . 5.91 - 38.24 4.16
. R ~ Errer . ‘ . . T

A 2

The Scheffé pr&cedure for pair-wise canpansons was performed on the means
to determine where significant differences existed. The results of these -

analyses are surmlarlzed in Table 2. - : i . ‘
| . Table 2 # '_

Summary of stat1st1cal analyses for hit scores,
. d'" and total error scores

Hit Scores -.a L . Total Error Scores

- )

RC>BA ' \3,{7“3 . - o

Dlscuss1on and Conclus1ons S . . i

+ . Findings relatlve to the cognltlve style variable of f1eld dependerke
showed no differences in analysis. of- the hit rates (recognition score) s he ver
a significant main effect for they’ cognltlve style attribute was produced on
the d' parameter. This finding wguld su t the geneéral superiority fleld
independent, subjects in any type of pic rlal ‘recognition task regardlesd' of
colter mode. -Such results are consistent with current theory which guggests -
that field-dependent individuals are better able to impose structure on a
relatively undifferentiated field and consequently can more effectively . ‘
process, store .and retain $uch information. - Color was not identified as, a '
s1gn1<f1cant, contrlbutlng factor to thlS figural restructurmg,. It should .

‘ r‘ﬂ 39
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be noted, however, that 1n the\non-reallstlc treatment, subjects showed the
greatest degree of dlﬁﬁerentlatlon across the cognitive style factor. This
may suggest that when 1nd1v1duals are presented with unique or unfamiliar
visual displays, field 1ndependent persons use such 1nformat10n more ‘
effectively than do field dependent subjects . Such carparisons would seem
to merit further investigation. : . ‘

Sanoesub]ects showed no- apparent difference in terms of overall error
rate or hit rate, it would seem reasonable to conclude that 'the difference
produced in the @' variable is due to differences in the "false alarm"rate

,(posltlve response to distractor). This implies a greater processing* and
%torage problem, possibly attributable to less efficient organization df

the material in'memoty. Again, thlS aspect calls for more extens1ve N
ploratlon

In'terms of the color varlable, the analyses of hit-scores (correct
recognltlon) showed no interaction with the cognitive style variable, but
-did. show a main effect superiority for tbe realistic colox treatment over
the black and white treatment. No differences were produced however,. in
analyses of-the d'. values. Such’ variations are again the result of differ~
ences fh the falsk alarm rate. It would seem that even though realistic
color ‘materials produce greater recognition values, they also produce higher
false alarm rates. ' This would suggest that the use of realistic color
materials may not be‘as efficient in terms of the accuracy of the response.
. Such,a finding also suggests that ‘the g parameter is a better overall
1nd1cator of response accuracy.

b

¢

Based on these findings, a number of conclu51ons.can be drawn.

1. Field independent subjects exhibit greater ability to recognlze
previously seen visuals in terms of the d' parameter. .

2. Realistic color materials tend to produce hlgher absolute recognition
© rates but not higher 4d' values. ,

3. 'The variables of false alarm rates in relatlon to overall recognition
, should be stu’d.led further. \

4. .The, method of signal detectlon theory can and should be applled to

color recognition data analysis. ' In so doing, a more accurate [

assessment of the recognition and error rate interaction can be made.
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