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information, The first is information about spemﬁc details in a picture,
~ process of encoding this type of information is identified with what N, H.
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It is assumed that recognmon memory for pictures is based on two types of
The

Mackworth and others have termed lookmg at “informative areas” in pic-
tures. The second mformatmnal component is designated as “general visual
information.” = Two experiments were carried out investigating (a) the

 extent to which recognition responses to pictures are based on specific detail

vs. general visual information, (b) whether the amount of specific detail
mformation may be mampulated by varying the complexity of a target pic-
ture, and (c) the rate at which the two types of information are-acquired.
The results indicate that the rate of encoding specific details varies with the
number of potential informative areas in a picture and, given that a detail
1s encoded, memory performance is not substantially affected by target com-

plexity, exposure time, or presence or absence of a mask.

Consider the task of a subject who is view-

ing a novel visual scene with the intention of

Rec- ®

subsequently being able to recognize it. _
ognition of a picture essentially involves the

ability to discriminate a picture from other

similar pictures.! Thus, a reasonable view-
ing strategy would involve two steps. First,
a decision must be made about which object

' ~or area of a picture will best distinguish the
picturc from other pictures in its class.

Second. once this decision has been made,
‘the existence and relation of the candidate

object to the rest of the picture must be_

~ encoded. _ |
A useful tnol for examining viewing
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1 This notion naturally assumes that the picture
being viewed is a member of some known, reason-
ably well-defined class of pictures. In a typical pice
- ture-recognition experiment, the class quickly be-
comes apparcent to a subject via experimental in-

structions, warm-up pictures, or the first few pic-
Thus, the class of

tures of the study sequence.
pictures might be naturalistic scenes, faces, common
objects etc. S -

r

-cedure,

strategies is provided by a subject’s pattern
of eye fixations over a picture. Since the
pioneering work of Buswell (1935), it has
been known that fixations are concentrated

n “general areas of interest’” in a picture.
More recent studies of viewing behavior have

attempted to couch this conclusion in some-
~what more quantitative and operational

terms. Working within the framework of
information theory, Berlyne (1958) dis-
played pairs of simple visual stimuli, varying

the informational content of one member of

the pair relative to the other. In two ex-
periments, subjects spent considerably more
time looking at the more informative as op-
posed to the less informative member of the
pair. The work of Mackworth (Mackworth
& Bruner, 1970; Mackworth & Morandi,
1967) employed a technique in which a pic-
ture of a complex, naturalistic scene was di- -
vided into an 8 X 8 in. (20 X 20 cm) grid.
A group of subjects viewed each of the 64
squares individually and rated how “in-

formative” each square was. An independ-
ent group of subjects then viewed the com-
plete picture, and the number of eye fixa-
tions on each square was recorded. Two in-
teresting findings emerged from this pro-
First, a high correlation was found
between informativeness rating of an area

‘and.the number of fixations made on that
103 '
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area. A large proportion of the fixations

were on a relatively small number of areas,
which Mackworth . dubbed

these informative areas very quickly—typ-

ically within one or two fixations follovnng '

the onset of the picture.

Mackworth’s definition of an informative
area is highly empirical: An area is defined
to be informative to the extent that subjects
say 1t 1s informative.

work, on the other hand, suggests that sub-

jects tend to look at those areas of a visual

scene that are defined a priori to be informa-
tive in an information-theoretic sense. Com-
“bining these two results, it seems reasonable
to expect that those areas in a picture that
subjects call informative are also informative
in an information—theoretic sense. More
precisely, an area or detail in a picture may
be defined as informative to the extent that
it has'a low a priori probability of being
there, given the rest of the picture and the
_subject s past history. Thus, for example,
in a picture depicting a farm scene, a tractor

would be an uninformative detail, whereas an
octopus would be an informative detail.

Conversely, in a picture depicting an under-
~ water shipwreck scene, an octopus would be

uninformative, whereas a tractor would be
mformatne

To the extent that some detatil has a low

a priori probability of being in a picture, it
- will, by definition, provide a useful basis for
dtscrlmmatmg the picture from other pic-
tures in its class. Given the above example
of a farm scene, a subject will lay a much
better groundwork for subsequently recog-
nizing the picture by encoding the fact that
there is an octopus in the farm than by en-
coding the fact that there is a tractor. This
is because potential distractor pictures of
farms will be more likely to cgntain tractors
" than octopuses. A study by Loftus (1972,
Experiment 1) provides evidence that sub-
jects do in fact use informative areas of a
picture as a basis for subsequent recognition.
Loftus’s study involved an initig! study phase
in which subjects were shown a series of
target pictures. During this study phase,
eye fixations on the pictures were recorded.

Following the study phase was a yes—no rec-

ognition test,

“informative
areas.” Second, subjects tended to fixate on.

Berlyne's (1958)

“original picture.
distractors consisted of objects having the
same name (e.g., a target plcture of a coffee

. handle).
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On each test picture, the
subject was given an opportunity to report

whether he was basmg his response on some

particular detail in a picture or whether he
was respondmg simply on the basis of the
picture’s “familiarity.” Thus, a report based

“on a detail might be something like “Yes, this
is a target picture; I remember the ﬂre

hydrant in the lower right-hand corner.’

* Pictures that yielded such reports were then

analyzed in terms of the fixation patterns at
the time they were originally viewed. The
results showed that (a) a remembered detail
had invariably been found by the first or
second fixation on the picture and (b) a re-
membered detail had received more than
50% of all the fixations on the picture.
Thus, details on which recognition responses
were based were operationally equivalent to
what Mackworth defined as an informative

edrea.

The preceding discussion has focused on
what we shall label a specific- detail com-
ponent of picture memory. Sub]ects are
seen as scanning the picture in search of
those details that will be maximally efficient
in dlstmgmshmg the picture from other pic-
tures. It is likely, however, that recognition
of a picture is also based on another type of
information, which we shall refer to as gen-
eral visual information. Evidence for this
contention stems from an experiment by
Bahrick and Boucher (1968) in which sub-
jects were shown pictures of common ob-
jects and then were tested both for recall of
the object names and for recogmnon of the
In the recognition test, the

cup might appear among a series of distrac-
tor coffee cups differing in such things as
the height of the cup or the size of the
Recall and recognition perform-
ance were found to be independent, suggest-
ing that they were based on different types
of information. We argue that in Bahrich
and Boucher's experiment, recall perform-
ance was based on specific detail information,
whereas recognition performance was based
on general visual information. .

The present study includes two experi-
ments on picture recognition, carried out for
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sceveral reasons. The first reason was to test
the extent to which recognition decisions are
based on specific detail vs. general visual 1n-
formation. Thus, at the time of recognition,
suibjects were asked whether they were bas-
ing their responses on some specific detail or
whether thev were responding merely on the
basis of the picture's gencral familiarity.
Second, i memory for spemﬁc informative
‘details is important in picture recognition,

then the more details a picture contains, the

higher should be the probability of encoding

a detail and, thus, the higher should be the

eventual recognition performance To test

_t]'ns hxpothesm each stimulus picture was

varied in terms of the number of potential
informative details 1t contained. Finally, it
was of interest to determine the rate at which
specific detail and general visual information

is acquired. To investigate this question, ex- -
posure time of the pictures at the time of.

original study was varied.

MeTHOD

- The two experimpnts were sufficiently sim-
ilar to each other to be described together.

Stimuli

The stimuli consisted of 120 triads of pictures
used in a previous picture recognition experiment
(Nelson, Metzler, & Reed, 1974). The three pic-
tures in a triad were constructed in the following
way :

bellished line drawing was made by taking the un-
embellished line drawing and adding to it some of
the details from the original photograph. Each
of the three pictures in a triad was made into an
individual 35-mm slide, and the 120 picture triads
were randomly divided into two sets, Set A and
Set B of 60 triads per set.

General Paradzgm

Each experiment cons!sted of a study phase im-
mediately followed by a test phase. In the study
phase, 60 target pictures—1 picture from each of

the 60 triads of either Set A or Set B—were viewed

one at a-time by subjects run in groups of five.
In the test phase, these same 60 target pictures
were randomly permuted and randomly inter-
mingled with 00 distractor pictures—1 member
of each of the 60 triads from the other set. The

resulting 120 pictures were then shown one by

one in a yes-no recognition test.

times) X 90 (subjects) design.

\

The first member was a photégraph of a
naturalistic scene; the second member was an un-
embellished line drawving containing only the cen-
tral information in the photograph; finally, an em~

1035

Both experiments were repeated measures de-

signs, varying stimulus type and exposure time

during the study phase. Experiment 1 was a 3
(stimulus types: photograph, embellished line draw-
ing, unembellished line drawing) X5 (exposure
Experiment 2 was
a 2 (stimulus types: photograph, unembellished line
drawing) X 5 (exposure times) X 100 (subjects)
design. In both experiments, each of the 360 pic-
tures (120 triads with 3 pictures per triad) was

used cqually often as a target and a distractor.

Sub jects

All subjects were University of Washington un-
dergraduates who participated for extra course
credit in mtroductory psychology claqses

Apparatus

A Kodak random-access slide projector was used
to display the stimuli., Timing was controlled
using Gerbrands tachistoscopic shutters with rise
and fall times of approximately 5 msec.

Procedure

‘The pictures were projected on a screen and sub-
tended a visual angle of approximately 10°, Aver-
age luminance was 3.29 cd/m' for photographs,
4.35 cd/m® for drawings and .53 cd/m"' for the pre-

~and postexposure fields.

Study phase. During the study phase, Stlb]ECtS
saw one member of each of the 60 picture triads

in either Set A or Set B. Each of the 60 study

trials consisted of the follomng steps :
1. The experimenter said ready" and the sub-

jects fixated on a small x in the center of the

screen,

2. The picture was displayed for one of ﬁvc ex-
posure times: 60, 100, 250, 350 or 500 msec. At
this point, the critical difference between Experi-
ment 1 and Experiment 2 occurred. In Experi-

‘ment 2, a l-sec random-noise mask immediately
followed the offset of a stimulus picture.

The
mask, projected via a second projector, appeared
in the same spatial location as the stimulus picture
that had just vanished. The purpose of the mask
was to prevent processing of the picture from iconic

store (Neisser, 1967; Sperling, 1960, 1963) follow-

ing the physical offset of the picture2 In Experi-
ment 1, no mask followed the stimulus; rather,

~each picture was simply followed by the post-
. exposure field., |

3. An intertrial interval followed during which
the slide projector was changed to the next target
picture. The average intertrial interval was about

4 sec and did not depend systematlcally on any of
~the conditions.

2 The nature of the mask was such that when the
mask and a picture were superimposed, it was vir-
tually impossible to extract any information from
the picture.
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Test phase. The test phase cans:sted of 120 test
trials. On each test trial, either one of the identical

targets from the study phase or a distractor picture

- was shown. A test trial. c0n51sted of the follow-
ing steps: (a) The experlmenter read the number
of the test trial, and the subjects located the ap-
propriate space on their response sheets. (b) The

_test picture remained on for 12 sec while the sub-

jects ‘made their responses.

~ On each test trial, a subject made three responses.
First, he responded “yes” or “no” correspondmg
to whether or not he thought the test picture had

been one of those presented at study. Second, he
made a confidence rating ranging from one (“prac-

~ tically certain”) to three (“practically guessing”).

Finally, the subject was asked to indicate the basis
(a) He

‘of his response and was given two choices:
was responding on the basis of some particular de-
tail in the picture or (b) he was responding simply
on the basis of the “familiarity” of the picture. If

- he indicated that he was responding on the basis of
~some detail, he was asked to write the name of the |

detail on his response sheet.
Subjects were told at the beginning of the test

phase that for half of the pictures, the correct

~ answer would be “yes,” and they were urged to
make about half “yes” and half “no” answers.
Additionally, they were urged to use the  three
confidence ratings about equally often. |

Desigm o

E.rpfﬂment 1 Etghteen groups of five subjects
per group were run ina 3 X 5 X 90 factorial design.
During the study phase, all three members of a
given triad were seen over 3 groups and each of
these groups was mirrored by another group that

 differed only in that the target/distractor. set was
reversed, resulting in 6 groups.

tion times. Thus, each of the 6 groups was mir-
rored by 2 additional groups in which the presenta-
tion time of a given item was varied, thereby pro-
ducing the total 18 groups. The same study pres-
entation order was maintained over a block of 3
groups that differed only in terms of which mem-
ber of a given triad was seen. Thus, for example,
if the first study item in Group 1 had been the
photograph from a particular triad, the first study
item in Group 2 would be the embelhshed line
drawmg from that triad, and the first Group 3

study item would be the unembellished line draw-

ing from that triad. Within this presentation se-
quence, the order of occurrence of the three stim-

~ulus types was counterbalanced and the order of

the five presentatmn times was block randomized.
Each group saw an equal number of slides in each
of the 15 combinations of stlmulus type and pres-
entation time.

- The order of test trzals was the same for a block
of three groups over which stimulus type was
varied and for the three additional groups result-

Each stimulus was
randomly asslgned three presentation times, rather
~ than occurring at each of the five possible presenta- |
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ing from reversing target/distractor set. Each test
order was a random permutation of 120 pictures—
1 picture from each of the 120 triads. A given
group always saw at test the identical 60 slhides

‘seen at study, randomly intermixed with 60 distrac-

tors that tncluded 20 instances of each of the three
stimulus types. - -
Experiment 2. Experiment 2 was similar in de-
sign to Experiment 1, differing primarily in the
fact that only two stimulus types (photographs and
unembellished line drawings) were used and in that
each stimulus appeared in all of the 10 possible
stimulus type/exposure time combinations. Twenty
groups of five subjects per group were run, which

. also allowed each stimulus to appear equally often
as a target and a distractor,  Within a group, order

of presentation time was block randomized and

~equal numbers of photographs and drawings were

shown in a random order with the restriction that
no more than three instances of the same stimulus
type would occur successively, Due to a design
error, there were not equal numbers of stimuli in

each of the 10 stimulus type/presentation time treat-
- ments within a given group.

- However, for each
group there corresponded another group that had
tle same presentation order and differed. only in
that the stimulus types of each item were reversed.
Each such pair of groups had the same number of
stimult in each of the 10 conditions. |

Five random test orders were prepared A

E.given test order was used for a 'gmup__and.-{he
- corresponding group that had seen the other target/
‘distractor set at study. Two additional groups

over which stimulus type varied saw test ite:ns in
the same order but, of course, photographs were

substituted for drawings and vice versa in order

that a target be of the same stimulus type at study
and at test. S

REsuLTs

Performance Measure

The data were analyzéd' within the frame-

‘work of signal detection theory (Anderson -
- & Bower, 1972; Kintsch, 1969; Egan, Note

1). The method used to compute d for a

~given condition is described in the Appendix.

S !atisti‘cal A nalysei '

Since the design was within subjects, an

individual subject would ordinarily be used

as the unit of analysis in statistical tests.
However, using the method described in the

Appendix to obtain d' scores, not enough

data were obtained from each subject to
compute a d’ for each condition. Therefore,
data from two groups of subjects were com-
bined into a single unit of analysis. Ac-
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tordingly, Experiment 1 had 9 such units and

Experiment 2 had 10 such units.

~ Exposure Time and Stimulus -Tyfnf

In Experiment 1, the mean d’ values for
photographs, embellished line drawings, and
unembellished line drawings were 2.35, 1.57,
Since performances
on the two tyvpes of line drawings were vir-

and 1.59, respectively.

tually equal and since they did not differ sig-

nificantly (¢{ < 1), they were collapsed to-
‘Future dis-
cussion will distinguish only between photo- |
graphs and drawings for both experiments. |

gether for subsequent analysis.

Figure 1 shows 4’ as a function of ex-
posure time, the curve parameter being stim-
ulus type.
from LExperiment 1 (unmasked) pictures,

whereas the solid curves represent data from

Experiment 2 (masked) pictures. In both
[Experiment 1 and IExpermment 2, there are

significant effects of exposure time, F (4, 8)

=206, p < .05, and I'(4, 9) =849, <
.05, respectweh » of stimulus type, F(1, 8)

=216, p < .05 and F(1, 9) =276, <

05, respectively; and of Exposure Time X
Stimulus Type interaction, F (4, _32 ) = 2.85,

4.0 Photogra phs, unmasked

3.9

3.0

2.5

. el
d 20 frmeens=-Drawings

1.5 Drawings, masked

1.0

o.s}

0 100 200 300 400 500
| Exposure Time (milliseconds) |
 Ficure 1.

(d’) as a function of exposure time. _
unmasked pictures are represented by the solid and

Recognition memory pertormance

‘broken lines, respectively, and the curve parameter

1s stimulus lypc)

The dashed curves represent data '

function of exposure time.

- type.
-ablhty of nammg a detail to a distractor picture.)

unmasked

- posure tume.

(Masked and
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‘0 ’s
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o ¥y
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£
E 0.5
o |
o
©
2 04 ) -Maskeél drawings
2 o '
0 0.3 )
o
o. |
0.2
0.1
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* Exposure Time (milliseconds)
Ficure 2. Probability of naming a detail as a
_ (Masked and. unmasked
pictures are represented by solid and brol-en lines,
resmcthely, and the curve parameter is stimulus
"The zero-interval points represent the prob-

- p < .05, and F(4,“36) = 440, p < 05, re-

spectively. Additionally, unmasked pictures
showed better performance than masked pic-

~tures, t(l/) = 2.89, p < 03.

. " What Ai'e Resﬁonses Bascd On?

Figure 2 is analogous to Figure 1, show- .
ing the probability of naming a detatil from.
a picture as a function of the picture’s ex-
Again, the curve parameter is
stimulus type and the dashed and solid lines
represent data from unmasked and masked
pictures, respectively. I‘or all four curves,
the zero-expostire time data point represents
the probability of naming a detail from a dis-
tractor picture and may be thought of as a
bias factor. Let this bias ~probability be
desagnatcd p(B). |

To interpret these data, we propose the

following model of processing at the time
of oniginal study.

~Let a given exposure
time ¢ be broken up into a series of units,
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) " _ Expo'sure Time (mllliseconds)' |
.0 100 200 300 dOO 500
~-0.1 ~ Drawings

Ficure 3. Log [1—$(D)] as a function of ex-

posure time.- (The upper and lower data points

are from masked and unmasked pu:tures respec-
tively, and the curve parameter is stimulus type.

The zero—mtewal data points represent log {1~

P(B)])

each of _length_- At, and assume that during
each At, there is some probability « that the
presence of an informative detail is encoded.
If we let N =

coded by time ¢, is
O pE =1- (-
Let the probab:hty that a detail from a to: set

picture is named at test be designated p(i)).

This probability is then equal to p(E), the

probability that a detail was encoded, plus

the probability that a detail was not encoded
times'f the bias p-robability, '(B) Thus,

p(D) = P(E) +[1 - p(E)p(B)
=1-— (1 —a)¥+ (1 —a)p(B).

' Rearrangmg terms and taking the logarithm

of both sides of the equation,
log[-l'--- (D)] Nlog(l - a)

or

ot~ p(0)] = [ =]

o + logl:l - P(B)]
That is, log [1 — p(D)] is predicted to be’

a llnear functlon of exposure time with a

t/At, then p(E), the prob-
“ability that at least one detail has been en-

o+ log[l --' P(B)] |
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slope equal to [Iog(l — a) ] /At and an in-
tercept equal to log|l — p(B)]. The slope
of the function may thus be viewed as a per-
formance parameter whereas the mterCEpt 1S

‘a bias parameter. |

- It may be postulated a pI‘lOI‘l that even if
data from the masked pictures were to show

~a good fit to this model, data from the un-

masked pictures would not because the onset

- of the mask should effectively cut off process-
~ing immediately at the offset-of the picture

(Sperling, 1963). For example, if a picture
were exposed for 250 msec, the subject

~ would have suly those 250 msec to process
~ the picture and potentially encode a detail.

For unmasked pictures, on the other hand,
it may be assumed that subjects will have
additional time to process information out of
iconic store (Neisser, 1967 ; Sperling, 1960)
followmg the offset of the picture. Thus, if

a picture were presented for 250 msec, a sub-

ject would actually have somewhat more
than 250 msec to process mformation from

the picture.

Figure 3 shows log[l — ﬁ(D)] as a func-
tion of ¢ with log[1 — p(B)] plotted at ex-
posure time zero. The upper data points
are from the masked pictures; the lower data
points are from the unmasked pictures. Con-
cordant with the above predictions, data from

‘masked pictures yield a fairly linear curve.

The linear components account for 95% and
97% of the variance for photographs and

drawings, respectively. In neither case is the

residual variance significant, F(4, 36) =
1.93 and F (4, 36) = 1.55. Conversely, data
from the unmasked pictures depart markedly
from linearity. The linear components ac-

- count for 79% and 68% of the variance for
photographs and drawings, respectively. In

both cases, departures from linearity are sig-

- nificant, F(4, 32) =293, p < .05, and F (4,
32) =3.02, p < .05, respectwely

The best fitting regression lines have been
drawn through the data points of the masked

~ photographs and drawings (top of Figure 3),
- producing SIOI)ES{
‘respectively.
coding probability, naturally depends on the
'An ecologically natural
At woilld be the duration of an eye fixation

—.000592 and —.000434,
Estimation of a, the detail en-

value chosen for At

—about 300 msec. With this chmce of Af,
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the value of a is estimated to be .34 for
photographs and .26 for drawings. |
Regarding the unmasked pictures, it 1s not
clear whether the amount of extra processing
that can be done on the iconic image of a
picture 1s independent of the exposure time

of the picture. An independence model

would predict log[l — p(D)] to be a linear

function of t with an intercept somewhat
lower than log[l — p(B)]. If, however,
iconic processing capability depends on ex-
posure time, then the relationship between
logfl — p(D)] and ¢ 1s predicted to be non-
linear. The data on the independence ques-
tion are somewhat equivocal (cf. Haber,
1970).
model we deal with the problem empirically
in the following way. Assuming that proc-
essing is the same for the masked and un-
masked pictures during the tumne the picture

is physically present, we argue that the slopes

estimated for the masked pictures represent
the way the unmasked pictures “should be-
have” were it not for the additional process-
ing performed on the iconic image. Since
function intercepts are deterniined solely by
response bias, and since bias and encoding
probability should be independent, the top
- curves from Figure 3 have been moved
down and (preserving the slopes) have been
redrawn through the bias (intercept) points
of the data from the unmasked ruiures:

Now, by comparing these curves with the
actual data points, it is possible to estimate

the amount of processing done in iconic store
at the different exposure times. As demon-

strated in Figure 3, for example, an un-

masked photograph displayed for 100 msec
shows performance equivalent to a masked
photograph displaved for 440 msec. Thus

 there is estimated to be 340 msec of what we

term “equivalent processing time” done on
the iconic image. '
Table I shows equn alent iconic processing
times from iconic store for pictures and
drawings at the five exposure times. An

“analysts of variance on the data revealed that

- significantly more information from iconic

~ store was processed from photographs vs.
there
was no effect of exposure time (F < 1) and

F(1, 8) =594, p < .05,

drawings..

the Stimulus Type X Exposure Time interac-

Hence, in the absence of a clear-cut

TABLE 1

EQUIVALENT ICONIC STORE PROCESSING -TIME FOR
UNMASKED PHOTOGRAPHS AND [DRAWINGS

P .
e L

L

Exposure time Photographs Dr_awi_ngs
60 196 286
100 340 | 28C
250 361 280
350 | 163 157

500 o amn 131

Note. All times are given in milliseconds,

tion was significant, FF(4, 32) = 6 14, p<
.05. The estimates of equivalent processing
time shown in Table 1 are roughly equal to
the iconic store duration times estimated by
others (Averbach & Coriell, 1961; Haber,
1970; Sperling, 1960), although note that
the present estimates of equivalent processing
time should be underestimates of iconic store
duration, since as the iconic image fades,
progessively less information can be ex-
tracted from 1it. The fact that equivalent
processing time is greuter for photographs

than for drawings indicates that the rate of

iconic processing is greater for photogmphs )
than for drawings, suggesting that iconic
processing may involve the same mechanisms
as processing from the actual physical stim-
ulus. The lack of an exposure time effect

is, at first glance, consistent with the notion

that iconic processing time is independent of
exposure time. However, the interaction
has no ready interpretation and dictates a

good deal of caution in making any con-

clusions from these data. The problem
could lie either in sampling error (data from
the unmasked pictures are somewhat noisy,
possibly due to lack of complete counterbal-
ancing in the experiment) or in the assump-
tion that prOCEssing during the physical ex-
posure tlme s 1dent1cal for the. two experi-
ments

'Perjormance Bawd on Sper::ﬁc Detazl US.

General Visual Infarmm:on

- Figure 4 shows d’ as a function of ex-
posure time for masked pictures (solid

curves) and unmasked pictures (dashed

curves). Here, the curves are double condi-
tionalized—on photographs vs. drawings and
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Ficure 4. Memory perf_nrmanc:e | ("d’-)" as a
function of exposure time. (The solid and broken

~ lines represent data from masked and unmasked pic-
tures, respectively. The curve parameters are stim-
‘ulus type and detail/no detail.)

‘also on whether or not a detail was named.®

The data from both experiments were an-

2 X2 ' . analy~
aly zed usmg 4 X 3 within-uai’  analy- constant probability that he will find one.

sis of vanance The results are suiT .anzed

2 An implicit assumption in the mg*nal detectlon

 framework is that a change in d’ represents a

change in the mean of the target distribution.
However, two of the factors in the present analysis
—stimulus type and detail vs. no detail—have sep-

arate distractor distributions for the different levels

~of the variables. A comparison of the false alarm

rates for photographs vs, drawings revealed that
the two distractor distributions were virtually

" identical in terms of both mean and variance. A

~potential problem with the detail vs. no detail fac-
tor arose in that the pattern of false-alarm rates
over the confidence ratings was different for the
two levels of the factor. Such a shift could be due

to one of three things: a criterion difference, a
difference in the means and/or variances of the two
 distractor distributions, or some combination of
~ the two. The analyses in this paper are based on

the arbitrary assumption. of a criterion difference

only. However, the analysis was also done making
the opposite assumption—that of a distribution dif-

ference only. Fortunately, this analysis lead to

virtually the same conclusion, both qualitatively

‘and quantitatively, as the previous one.

in Table 2. Basically, in each experiment

. the three main effects are highly significant,
“but none of the interactions reach signifi-
cance. When a detail is reported, perform-
~ ance is considerably better than when a detail
~is not reported. Photographs are recognized
“better than line drawings, and performance
increases monotonically with increasing ex-

posure time, Masked pictures do not differ
significantly from unmasked pictures (¢ <
1), which suggests that .the effect of the
mask on performance (cf. Figure 1) 1
mediated in large part by its effect on the

' .._encading of speciﬁ: details (cf. Figure 2).

Drscussz |

As noted in the introduction to this report,
we assume that recognition responses may
be made on the basis of one of two types of
information: specific detail information or

| tgeneral visual information. Within the

framework of 51gnal detection theory, this

notion translates into the following: At the

time a target picture is initially viewed, gen-
eral visual mformatlon accrues contmuously
over time,. i.e., the famllzarlty of the target

| _contmuously increases. Simultaneously, the

subject is engaged in a search for a poten-

~tially informative detail and, as discussed

above, with each eye fixation there is some

Finding and encoding an informative detail
is equivalent to mt_reasmg the famlllanty

value of the plcture by a ‘quantum jump.’

_Why are Photogmphs Remembered Better
than Dmmngs?

The first reason that photographs show

“better performance than drawmgs 1S 51mply

| TABLE 2 o
ANALYSIS OF VARIANCE SUMMARY FOR FIGURE 4
.E.ﬁcpériment 1 - Experiment 2
Source — . l' e e
F-:pmureume(m 4,321 7.62%| 1.78 [ 4.36] 11.99%}| 197
Stimufustype (T) | 1, 8 930% | 2,72} 1,9 | 5.58%}1.20
Object (O) 1,8 1532* 1232!11.9 | 74.5% [1.96
EXT 4,32 | 1.53 11.44}14,36} .71 [1.36
EXO 4,32| 2.26 | 8414,36) 1.91 [1.96
T XO | 1,8 | 369 |206] 1,9 1.05 | 1.79
EXT X0 4, 32| .98 | .8714,36] .53 I 1,36
* ﬁ < Iﬂs.'l

R
T
LY,
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that the probability of finding an informative
detail is higher for photographs. As noted
above, it was estimated that the detail en-

coding probability was .34 per eye fixation

for photographs, but only .26 per eye fixation
for drawings. Additionally, when pictures
are not followed by a mask, rate of process-
ing from iconic store may continue to be
higher for photographs than for drawings.
It is evidently the case that the more in-
formative details there are in a picture, the

higher is the probability of encoding a detall '

durmg a given unit of time.

There appears to be a second reason why
performance is superior on photographs than
on drawings. The bottom curves of Figure
4 indicate that when one considers responses

made only on the basis of visual information
(i.e., when no detail is named), photographs
still show better performance than drawings,
This finding—that photographs are inher-

ently more distinguishable from each other

than drawings—was unexpected, and at
present we do not offer a theoretm*ﬂ inter-
pretal.on of it. '

The present data are somewhat difficult to
reconcile with those of Nelson et al. (1974).
In the Nelson et al. study, the same stimuli
used in the present experiments were pre-
sented for 10 sec apiece in a study nhase,
and then were given a two forced-choice rec-
ognition test, either immediately or after a
7-wk delay. On both tests, recognition per-
formance was not significantly different for
photographs vs. drawings. In the immediate
test, response probability was about .98;
hence the lack of performance difference is
easily attributable to a ceiling effect. How-
ever, response probahility on the delayed test
was about 8 % for both photographs and
drawings. In terms of the present formula-
tion, it is probably the case that during a 10-
“sec presentation, a subject can always ex-
~tract sufficient information from a picture to
distinguish it from other pictures; however,

the Nelson et al. results indicate that the rate
of forgetting from a picture does not depend

on how many informative details there were
in the picture to begin with.

1968

1971

for the form (Bostrum, 1971;

111

Independence of Codes

Consider now the top curves in F:gure 4,
which show performance when a detail is
named. The d' values of these curves are
assuined to be the sum of familiarity stem-
ming from general visual information plus
familiarity stemming from encoding a detail.

‘To 1solate the specific detail component of

these curves, 1t is necessary to subtract the
general visual components: essentially, the
bottom curves of Figure 4 must be subtracted
from the top ones. The fact that the detail
vs. no-detail variable does not statistically
interact with the other variables in éither ex-
periment (cf. Table 2) indicates that the
amount of detail information does not 51g-
nificantly depend on either picture type or
exposure tume. In all cases, encoding a de-

“tail boosts d’ by approximately 1.J.

S pecific -Deta:ils;' Verbal Encodi:zg?

A substantial amount of work in the field
of visual imagery has resulted in the conclu-
sion that two cognitive processing systems
exist: a visual system and a verbal-auditory
system that operate independently of each
other (Atwood, 197] ; Bower, 1970: Brooks,
; Paivio, 1969; Seamon & Gazzaniga,
1974 ; Segal & Fusella, Note 2). This idea
is complimented by the results of picture
recognition experiments that have attempted

to manipulate the degree to which verbal in-

formation in pictures may be encoded. Two

studies (Freund, 1971; Kurtz & Hovland,

1953) showed that if a subject verbally de-
scribes a scene being viewed, subsequent
recognition performance is boosted relative
to a control condition of normal viewing.
The converse firsling is that if verbal encod-
ing is prevented during viewing (by forcing
a subject to count backward by threes, which

presumably uses up the capacity of the verbal

system), subsequent memory performance is
reduced although not to chance (Freund,
Loftus, 1972; Szewczuk, 1970).
Finally, many studies have demonstrated that
a verbal label given to a nonsense form will

increase recognition memory performance
Clark, 1965;

Ellis, 1968). The conclusmns of these qtud-'
ies have been that recognition performance
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for visual material is based on two types of
information. A verbal component is inferred
because verbalization manipulations substan-
tially affect performance A nonverbal (or
visual) component is inferred because per-
formance is not reduced to chance when
'verbahzatlon is prevented.

It may be that what we have termed spe-
'c:ﬁc detail information is equivalent to what
others have described as the verbal com-
ponent of picture memory, that is, the process

of seeking out and encoding specific details

may by undertaken by the verbal-auditory
-cogmtwe S}stem
notion remains at a speculative level because
the only real evidence supporting a verbal-
nonverbal distinction in the present study

comes from subjects’ introspective reports.

Subjects claim that the process of encoding
information about a detail essentially in-
volves generating a verbal label for that de-
tail. Thus, when a recognition response is
based on the detail, what is being remem-
bered is the verbal label. Recognition re-

sponses not based on details are by defini-

tion nonverbal because subjects are unable

to verbally describe what they are basing

therr responses on heyond qlmply saymg that
the ptcture looks fan.iiar.’
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- APPENDIX

The d” scores were estimated as follows.  As-

sume that the variance of the distractor dis-
tribution for a given condition is set at unity,
and denote the standard deviation of the target
distribution by op. For a given criterion level,
denote the z scores corresponding to the hit and
false-alarm rates by z(H) and 2(FA), respec-

tively. It then can be easily shown that, where

d’ is expressed in units corresponding to the
standard deviation of the distractor distribution,

_d’:aTg(II)?—z(FA) | (AI) |

or, .
2(H) = d&/op + 2(FA) /oy

Equation A2 is the function corresponding to

a memory operating characteristics (MOC)

(A2)

~curve, expressed in z scores. For a given con-

dition, an MOC curve was obtained using the
confidence ratings from that condition and the
best fitting straight line through the MOC points
was computed. The d’ score for the condition
was then estimated by dividing the intercept of
this best fitting straight line by its slope.

Two aspects of the &’ computations should be
mentioned. First, the MOC curves were fit
very well by straight lines—for the 40 MOC
curves corresponding to the 40 data points of
Figure 4, the median #? was .98, Second, the
variance of the target distributions was invari-
ably greater than the variance of the distractor
distributions.
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