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Three experiments were performed investigating the extent to which 
recognition memory for pictures can be predicted by eye-movement pat- 
terns on the picture at the time of study. In each experiment, 180 pictures 
were viewed followed by a yes-no recognition test on all the pictures. Eye 
movements were recorded at the time of study. Experiment I investigated 
payoff structure: It was found that higher-valued pictures both received 
more fixations and were remembered better than low-valued pictures, but 
when number of fixations was held constant, memory performance was inde- 
pendent of value. Experiment II showed that (a) when pictures are viewed 
for a fused amount of time, memory performance is a positive function of 
number of fixations on the picture, (b) with number of hations held 
constant, performance is independent of exposure time, and (c) there is 
no memory for pictures which were originally viewed only peripherally. 
In Expt. III, pictures were viewed either normally or while a distracting 
task (counting backward by threes) was being performed concurrently. The 
distracting task was found to reduce both number of fixations and memory 
performance for a picture. When number of fixations was held constant, 
performance was still better for normally viewed pictures, suggesting that 
the distracting task was doing more to inhibit encoding besides simply re- 
ducing the fixation rate. 

A number of studies have concluded that long-term recognition memory 
for pictures is remarkably good. Shepard ( 1967) presented subjects (Ss) 
with 680 pictures; median performance on a later two forced-choice 
recognition test for these pictures was over 98%. An experiment by 
Nickerson (1964) yielded similar results: Performance on a yes-no 
recognition test for pictures was 90% even when 200 trials had intervened 
between the time the picture was tested and the time it was originally 
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viewed. Standing, Conezio and Haber (1970) showed Ss 2560 pictures; 
again, subsequent recognition accuracy exceeded 90%. Haber (1970) in 
summarizing a series of experiments on picture recognition, remarked 
that, “These experiments . . . suggest that recognition memory for 
pictures is essentially perfect, . . Recognition is based on some kind of 
representation in memory that is maintained without labels, words, or 
the need for rehearsal.” 

This may be overstating the case. In particular, the results of two 
recent studies suggest that conditions at the time pictures are studied 
can be manipulated such that recognition memory is affected rather 
dramatically. An experiment by Freund (1971) indicated that when Ss 
were forced to do a distracting task (counting backward by threes) when 
looking at pictures, performance was considerably reduced compared 
to a control condition in which the pictures were viewed normally. Potter 
and Levy (1969) manipulated the amount of time Ss had to study 
pictures and found that recognition accuracy ranged from about 15% 
when 125 msec was allowed for study to over 90% when the pictures 
were seen for 2 sec. Thus it appears that under some circumstances, 
recognition memory for pictures is far from perfect. 

This paper attempts to specify some of the major variables affecting 
memory for pictures in terms of how these variables regulate the encod- 
ing processes carried out by a person at the time he originally views 
the picture. A convenient framework in which to view such processes 
is provided by a theory of memory proposed by Atkinson and Shiffrin 
(1968) which places a strong emphasis on relmzrsal as a mechanism 
for transferring information to long-term store (LTS). Empirical support 
for this notion was provided by Rundus ( 1971)) who employed a free- 
recall paradigm, and required Ss to rehearse out loud at the time of 

study, Rundus’ results indicated that a number of free-recall phenomena 
(e.g., the serial position effect, the Von Restorff effect) could be 
parsimoniously accounted for in terms of the number of rehearsals 
accorded individual items. Thus the process of rehearsal which, in 
previous work, had to be inferred was made observable and turned out 
to be an excellent predictor of memory performance both for recall 
(Rundus & Atkinson, 1970; Rundus, 1971) and for recognition (Rundus, 
Loftus, & Atkinson, 1970). 

How might this technique of operationalizing encoding processes be 
utilized in examining memory for pictures? For a variety of reasons it 
was decided in the present research to study the pattern of eye move- 
ments at the time of study and relate these patterns to subsequent 
recognition memory. The rationale for this strategy is discussed briefly 
below. 
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When a static visual scene is being viewed, eye movements over the 
scene take the form of discrete periods of relative immobility (fixations) 
separated by quick jumps (saccades). Pictures are generally scanned at 
the rate of about 3 fixationslsec (Buswell, 1935; Yarbus, 1967) and it is 
assumed that visual information is taken in and processed during periods 
of hation, while vision is essentially suppressed during saccades (Wood- 
worth & Schlosberg, 1954). Furthermore, it is generally the case that the 
part of the visual field falling on the fovea during a fixation corresponds 
to that area from which the observer is currently abstracting infor- 
mation, or “attending to.” A considerable amount of research has been 
concerned with investigating fixation patterns on pictures, although none 
of this work has been directly concerned with memory for the pictures. 
Buswell ( 1935) conducted the first such systematic work, obtaining 
1877 eye movement records of an individual scanning a picture. Buswell’s 
results were of a qualitative and general nature, noting such things as the 
existence of “general areas of interest” in a picture, individual differences 
in scan patterns, and changes in the scan pattern with continued viewing 
of a picture. More recently, a good deal of research has been aimed at 
couching such observations in more quantitative terms. A number of 
studies have examined the pattern of fixation vis ci vis “informative areas” 
in a picture. (Berlyne, 1958; Mackworth & Morandi, 1967; Mackworth & 
Bruner, 1970; Pollack & Spence, 1968). As an example, Mackworth’s 
general technique was to divide a picture into an 8 x 8 in. grid. A group 
of Ss then rated how “informative” was each of the 64 squares where 
informativeness was defined in terms of ease of future recognizability. 
Subsequently, an independent group of Ss viewed the pictures and their 
fixation patterns were recorded. The results showed a high correlation 
between the informativeness rating of a particular square and the num- 
ber of fixations on the square. 

The work of Gould (Gould & Schaffer, 1965, 1967; Gould, 1967; 
Gould & Dill, 1969; Gould & Peeples, 1970) views the eye-fixation pattern 
as a direct reflection of cognitive processing. In these experiments, a 
3 X 3 array of patterns was presented to S whose task was to count the 
number of outside patterns which were identical to the center (target) 
pattern. It was found that: (a) The average number of fixations as well 
as the average fixation duration was greater for targets than for non- 
targets and (b) For nontargets, fixation duration increased as a function 
of the number of features held in common by the target and nontarget. 
These results are directly analogous to those of reaction-time experiments 
which show that when S must decide whether two patterns are the 
same or different, reaction time is greater for “yes” than for “no” re- 
sponses, and for “no” responses, reaction time increases as a function 
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of target-nontarget similarity (e.g., Smith & Nielson, 1970; Tversky, 
1969). 

This research suggests that eye-fixation patterns may be profitably 
regarded as an observable basis for inferring internal processing of visual 
information. AS indicated, whereas a good deal of work has examined 
various aspects of eye-movement patterns in some detail, none has sys- 
tematically related these patterns to subsequent memory for the viewed 
material. The present experiments attempted to examine just such a 
relationship. 

Although the nature of eye-movement patterns may be specified in 
terms of a number of parameters (cf. Mackworth & Bruner, 1970), the 
present research focuses mainly on two of them: Number of fixations 
(NF) on a picture and total fixation time (TFT) which is simply the 
total amount of time the gaze fell on the picture. These two parameters 
were selected because a good deal of theoretical, as well as empirical, 
work suggests that one or both of them may act as a predictor of recog- 
nition memory performance. 

It has long been known that the time allowed for encoding material 
is an important determiner of memory for the material. This is the case 
in both short-term tasks (Pollack, Johnson, & Knaff, 1959; Pollack & 
Johnson, 1963; Mackworth, 1962; Norman, 1966) and long-term tasks 
(Bulgelski, 1962; Murdock, 1960; Johnson, 1964). Studies of picture 
recognition which manipulate study time have typically found that 
recognition accuracy increases with increasing study time (Potter & 
Levy, 1969; Freund, 1971) . On the other hand, there is ample reason to 
assume that when pictures are viewed, NF may, independently of total 
time, play a strong role in building up memory for the pictures. Atkin- 
son and Shiffrin (1968) assume long-term memory strength for an item 
to be a monotonically increasing function of the number of rehearsals 
accorded the item. Whereas it would be stretching matters to assume 
that an eye fixation is the visual analogue of a verbal rehearsal, it none- 
theless might be assumed that information about a picture is transferred 
to LTS in discrete chunks, each chunk corresponding to a fixation. A 
recent model of visual processing ( Gaarder, 1968) explicitly incorporates 
this assumption, and evoked potential evidence ( Gaarder, Krauskopf, 
Graf, Kropfl, & Armington, 1964) is cited in support of it. Potter and 
Levy (1969) also suggest NF as being an appropriate predictor of 
memory strength: Although the variable actually manipulated in their 
experiment was exposure time, the authors draw the conclusion that 
“perception (of a picture) begins when a substantial visual event occurs 
and analysis and storage continue only until the next substantial visual 
change.” Memory strength for a picture is assumed to be a positive func- 
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tion of the number of “substantial visual events” on the picture and “a 
substantial visual change sufficient to initiate a new unit of processing is 
usually brought about by a new eye fixation.” 

In this paper, three experiments on picture recognition are presented. 
In each experiment a particular variable was manipulated at the time 
the pictures were studied, and the variable was examined in terms of its 
effect on ( 1) recognition memory for the pictures and (2) the pattern 
of eye fixations at the tune of study. Experiment I investigated payoff 
structure. Pictures were studied in pairs and each member of the pair 
was assigned a value which corresponded to the amount of money S 
would receive for correctly recognizing the picture. Ss were thus able 
to differentially attend to high vs low-value pictures. Experiment II had 
two independent variables: (a) exposure time was varied from 0.3 to 
5.0 set; and (b) for each exposure time, pictures were either fixated or 
viewed only peripherally, The latter manipulation was directed to the 
question of memory for nonattended pictures: Is there any memory for 
such pictures, and if so, does it increase with amount of exposure time? 
In Expt III, pictures were viewed either normally or while a concurrent 
distracting task (counting backward by threes) was being performed. 
In all three experiments eye movements were recorded at the time of 
study, noting in particular, the NF and TFT on each picture, and the 
results of major interest are the correlations of NF and TFT with subse- 
quent recognition memory for the pictures. The main question is: TO 
what extent can it be inferred that the effect of the independent variable 
is being mediated by the observable eye-movement parameters? 

GENERAL METHOD 

The general method common to all three experiments was the 
following: 

Subjects. All Ss were female graduate and undergraduate students 
at Stanford who were paid for participating. None wore glasses or con- 
tact lenses and all had at least 20/20 vision. A total of 38 Ss was used, 
none of whom served in more than one experiment. 

Stimulus m&e&h. Three hundred and sixty naturalistic color photo- 
graphs in the form of 35 mm slides were used as stimuli. The scenes 
were classifiable into the following types: 27% houses, 22% rural and 
forest, 17% seascapes, lakes and rivers, 10% buildings, 9% mountains, 
7% city scenes and 8% miscellaneous. Pictures with easily memorizable 
parts (e.g., containing signs or people) were eliminated. The 360 pic- 
tures were randomly divided into two sets (A and B) of 180 pictures/set. 

Design. Each experiment was divided into a study phase and a test 
phase. In the study phase, the 180 pictures in either Set A or Set B 
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were presented as targets. The test phase was a yes-no recognition test 
of all 360 pictures. The test pictures were arranged randomly in six slide 
trays and the order of trays was random for each S. For each of the 
360 pictures seen during the test, S was asked to make two (oral) 
responses. (1) A “yes” or a “no” recognition response was required. 
Before the test phase, Ss were reminded that the correct answer for 
half the slides was “yes” and were urged to give about half yes’s and 
half no’s over the course of the test. (2) Secondly, Ss were asked to 
indicate how they made their decision to say yes or no. They did this 
by saying “a” or “b” corresponding to one of the following two 
alternatives: 

If S responded “yes” then the response “a” meant that there was some 
particular object in or attribute of the picture which she remembered. 
The response “b” meant that there was nothing in particular about the 
picture which S remembered, but it just “looked familiar.” 

If S responded “no” then the response “a” meant that there was some 
particular object in or attribute of the slide which S felt that she would 
have remembered had she seen the picture. The response “b” meant that 
there was nothing in particular that S felt that she would have remem- 
bered, but the picture just “looked unfamiliar.” 

If S responded “a” she was asked to name the item. Thus, typical 
responses might be “yes, a, I remember the fire hydrant,” or “no, a, 
there’s a red truck in this picture that I would have remembered.” 

Memory performance was measured in terms of (1) the probability 
of a “hit,” p(H), which was the probability of correctly saying “yes” 
given that a target picture was presented during study and (2) the 
probability of a “false alarm,” *p( FA), which was the probability of 
incorrectly responding “yes” when a distractor picture was presented. 
In some cases, a single measure of memory strength d’ from the theory 
of signal detectability was computed from p(H) and p(FA) using the 
tables from Elliott ( 1964). 

Eye movement recording. During the study phase of the experiment 
(but not during the test phase) S’s eye movements were recorded using 
a modified Mackworth stand camera ( Mackworth, 1967). This camera 
utilized a cornea1 reflection technique and the output to a visual record- 
ing device consisted of (a) the same visual scene being viewed by S 
and (b) superimposed on this scene, a spot of light (fixation spot) 
whose location corresponded to the area on the scene which S was 
fixating (accurate to about kO.5” of visual angle). In the present 
research, the recording device used was a closed-circuit television 
camera. During the time S’s eye movements were being recorded, the 
scene and the fixation spot were visible to E via a TV monitor, and were 
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simultaneously recorded on videotape. A chinrest, a forehead rest and 
biteboard were used to prevent head movements. 

Statistical analyses. Most of the results to be reported in this paper 
involve functions relating some measure of performance y to number 
of fixations. The question of interest is: Can NF be used to predict y? 
Since NF was never directly controlled, Ss contributed unequally to 
the various abscissa points; normal statistical procedures were inappro- 
priate because increases in the function could be spuriously obtained via 
subject-selection effects. Therefore, the following technique was used: 
( 1) For each S, a modified Vincintizing procedure (Hilgard, 1938) was 
used to divide the abscissa into five points with approximately equal 
numbers of observations at each point. (2) The y-value for each point 
was computed. (3) A score was obtained by summing the cross products 
of the five y-values and the numbers, -4, - 1, 0, 1, 4; this score is posi- 
tive to the extent that the y-values increase monotonically (cf. Abelson 
and Tukey, 1970 for the rationale behind this). Thus a single score is 
obtained for each S and a sign test or a t test can be made of these scores 
against zero to test the monotonicity of the overall function. In the re- 
mainder of this paper, the assertion that “NF is a predictor of y”, or that 
“y increases as a function of NF” means, unless otherwise stated, that a 
sign test for monotonic trend was significant beyond the 0.05 level. 

EXPERIMENT I 

In previous work using verbal paired-associates, it was found that 
assigning monetary incentive to items at the time of study produced large 
effects in memory performance (Loftus and Wickens, 1970). These 
investigators interpreted their results in terms of S’s control processes 
at the time of study, concluding that more of S’s limited processing 
capacity was devoted to high than to low-value items. In the present 
experiment, pictures were assigned different values, and Ss were per- 
mitted to differentially attend to high and low-value pictures. It was 
expected that high-value pictures would be both remembered better and 
looked at more than low-value pictures; the major results of interest are 
the functions relating memory performance to NF and TFT. 

Method. Ten Ss were used. The basic methodological strategy was to 
present the 180 target pictures as 90 pairs at the time of study, each pair 
being shown for 3 sec. Thus, amount of time in the field of view was the 
same for all pictures; what varied was the NF and TFT accorded a 
particular picture. In an extreme case, for example, S could spend the 
3 set devoting 10 or so fixations to one member of the pair, and no time 
(or fixations) to the other member. 

Before a pair was presented, each member of the pair was assigned 
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a value. The left member of the pair was assigned one, five or nine 
points, and independently, the right member was assigned one, five or 
nine points. The value of a picture corresponded to the amount of money 
S would eventually receive for correctly identifying the picture, and Ss 
were paid according to the following scheme: When a target picture 
was presented for test, the original value of the picture was gained if S 
said “yes” and lost if S said “no”. The 180 distractor items were worth 
five points apiece; thus, when a distractor was presented, five points 
were gained for saying “no” and lost for saying “yes.” A quarter cent per 
point was then paid over and above a base sum of $3.00. Ss were informed 
of the payoff scheme at the start of the experiment. 

Each of the 180 target pictures fell into one of nine study conditions 
defined by factorially combining three values of the picture itself with 
three values of the other member of the pair. On each trial, the values 
of the two members of the pair were selected randomly with the restric- 
tion that over an 18 trial block, exactly four pictures be in each of the 
nine conditions. Thus of the 180 target pictures, 20 were in each study 
condition. 

The two pictures were presented side-by-side and were back-pro- 
jected on a screen 28 in. from S’s eyes. The pictures were separated by 
1 in. and the entire width of the two pictures was 12 in., subtending a 
visual angle of approximately 24”. In the space between the two pictures 
was a 0.5 X 0.5 in. black rectangle which served as a fixation point. 

The sequence of events on each of the 90 study trials was as follows: 
1. S fixated the fixation point on an otherwise blank screen. 
2. E read a pair of numbers. The first number corresponded to the 

value of the left member of the to-be-presented pair, and the second 
number corresponded to the value of the right picture. 

3. After E read the numbers, S was permitted to look anywhere she 
liked, i.e., to where the left or right picture was about to appear or at 
the fixation point. 

4. S pressed a button initiating presentation of the pictures. Two 
carousel projectors, each equipped with a Lafayette tachistoscopic 
shutter were used. Both shutters opened simultaneously and closed after 
3 sec. 

5. After the shutters closed, S looked immediately back to the fixation 
point. In order to control as well as possible the time spent encoding, 
Ss were instructed not to think about or rehearse pictures during the 
intertrial interval but to concentrate instead on staring at the fixation 
point. Ss reported that they were able to do this with no difficulty. 

6. E advanced the slide trays, made any necessary calibrations in the 
eye camera, and the next trial began. (Calibrations were necessary 
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FIG. 1. Hit probability and mean number of fixations for pictures worth 1, 5 
and 9 points. Separate curves are plotted for each of the three values of the paired- 
with picture. Each data point is the average of 300 observations. 

about once every 5 to 10 trials due to slight head movements by S. ) 
Average intertrial interval was about 3 or 4 sec. 

Results and discussion. Figure 1 shows the hit probability (solid 
curves) and NF3 (broken curves) for a picture as functions of the 
picture’s value; the curve parameter is the value of the other member 
of the study pair. Relative value of the two pictures in the pair has 
similar effects on the two variables: The hypothesis that p(H) increases 
monotonically with value, but decreases monotonically with the value 
of the paired-with picture is significant, F( 1,72) = 18.7, p < .Ol, and 
accounts for 92% of the variance between the nine conditions. This same 
hypothesis applied to NF is again significant, F( 1,72) = 337.9, p < .Ol, 
and accounts for 95% of the between condition variance. The value 
manipulation thus appears to be highly effective in controlling the dis- 

3 To analyze the eye-movement data, the videotape was played back at ap- 
proximately l/15 normal speed, and E sat at a computer console reading the sequence 
of fixations into the computer using a real-time program. This read-in was ac- 
complished by pressing one of three keys corresponding to “left picture,” “right 
picture,” or “anywhere else” each time a saccade occurred. The technique of slow- 
ing down the videotape meant that the error in determining fixation durations (due to 
E’s reaction time in pressing the keys) could be kept reasonably small relative to the 
fixation duration itself. 
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FIG. 2. Hit probability as a function of number of fixations. The bar at the left 
represents the false-alarm rate, 

tribution of attention (fixations) over the pair of pictures, as well as 
response probabilities for the members of the pair. 

Figure 2 shows p(H) as a function of NF; for comparison p( FA ) is 
also shown by the bar at the left. A number of aspects of Fig. 2 should 
be noted: First, as expected, NF on a picture is a strong predictor of 
recognition memory performance on that picture. With zero fixations, 
p(H) is 0.39; with eight or more fixations, p(H) is 0.69. Second, the 
probability of saying “yes” to a picture which was seen but received no 
fixations (i.e., pictures seen only peripherally) exceeded by 0.08, the 
probability of saying “yes” to a picture which in fact was never seen 
(sign test, p < .05). This finding suggests that there is some memory for 
pictures seen only in the periphery. 

It appears to be the case that the effect of value is mediated at least 
in part by NF, that is, higher-valued pictures are both fixated more and 
remembered better. The question now arises: Are Ss doing anything to 
remember the high-value items besides simply fixating them more? To 
answer this, the function relating p(H) to NF was plotted separately 
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FIG. 3. Hit probability as a function of number of fixations. 
plotted for pictures worth 1, 5 and 9 points. 
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for pictures worth each of the three values. If NF is the only way in 
which effect of value is mediated, then for a given NF, rp( H) should be 
independent of value. Figure 3 shows that this is the case: The three 
curves corresponding to the three different values are virtually identical. 
The implications of this finding is discussed in more detail below. 

Since Ss were free to look back and forth between the pictures, NF 
and TFT are correlated. In order to clarify the issue of which variable 
is a better predictor of memory performance, the following analysis was 
performed: Consider pictures which received exactly i fixations, where i 
ranges from 3 to 7. The median total time spent making the i fixations 
was computed, and pictures were divided into those which were viewed 
for longer and for shorter times than the median; p(H) was then com- 
puted for these two subsets of pictures. This procedure yields a set of 
two-point functions which relate ‘p(H) to total fixation time with NF 
held constant. Table 1 shows these functions; as shown, when NF is 
held constant, p(H) is essentially independent of time (for no value of i 
was performance for high viewing times significantly different from per- 
formance for low viewing times). The last column labeled “average” 
represents the mean of the five functions, weighted by the number of 
observations which went into each one. The two numbers in this column 
are almost identical. The implication of this analysis is that viewing 
time by itself is not a predictor of p(H), but rather it correlates to the 
extent that it covaries with NF. 

The next results concern fixation durations. A typical scanning rate 
for pictures is around 3 or 4 fixations/set; how is this rate affected by 
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TABLE I 
Hit Probability for High and Low Viewing Times with Number of 

Fixations Held ConstantU 

No. of fixations 

3 4 5 6 7 Av 

Viewing time 
High 

Low 

.62 .66 .60 .63 .643 
(120) (130) (128) (108) 

.53 .65 .61 .70 .63 ,614 
(117) (132) (126) (137) 012) 

0 The numbers in parentheses are the sample sizes for each cell. 

the value of a picture. 2 Table 2 shows average fixation duration on a 
picture as a function of value for pictures which received exactly i 
fixations where i ranges from 3 to 7. Neither the main effect of i, nor the 
i X value interaction is significant, F( 4,36) = 1.90 and F( 8,72) = 2.01. 
However, the main effect of value is significant, F( 2,18) = 3.92, p < .05. 
This latter result is of some importance. It demonstrates that for a given 
number of fixations, the more time per fixation was spent the higher 
the value of the picture. But since for a given number of fixations, 
memory performance is independent of value (Fig. 3) it must be 
assumed that the extra time spent viewing the higher-valued pictures 
did not add anything to memory strength. This finding is consistent with 
the notion that NF as opposed to TFT is the appropriate predictor of 
memory strength. 

The final data to be discussed from Expt I concern the probability of 

TABLE 2 
Average Fixation Duration (set) as a Function of Values for Pictures Which 

Received Exactly i Fixations (3 5 i < 7)0 
- 

No. of fixations 
Value 

(points) 3 4 5 6 7 

1 .292 ,292 .290 .279 

(117) (111) (69) (49) 
5 ,325 .311 ,312 ,304 

(85) (92) (93) (88) 
9 ,350 369 ,336 ,308 

(35) (59) (92) (111) 

0 The numbers in parentheses are the sample sizes for each cell. 

,300 

(26) 
,300 
(69) 

,311 
(125) 
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an “a” response, p(a). As discussed above an “a” response means that 
there is some particular object in the picture which S remembers (given 
a “yes”). When a correct response is made, NF predicts p(a) which 
varies from 0.47 for pictures with zero fixations to 0.69 for pictures with 
eight or more fixations, Two hypotheses suggest themselves to account for 
this finding. The first is that with more fixations on a picture, the proba- 
bility increases that S will find some object that is easily memorizable. 
The second is that when looking at a picture, S finds an easily memo- 
rizable object or attribute rather quickly and subsequent fixations are 
spent committing the remembered object (RO) to memory. To the 
extent that there are more fixations on the RO, a better job is done 
committing it to memory. 

To examine this problem in more depth, the following analysis was 
carried out: Out of the 3606 total responses, 250 satisfied the following 
criteria: (1) The test picture had been seen during study, (2) the 
picture had been given an “a” response, (3) the RO was a small, easily 
identifiable part of the picture (e.g., “the fire hydrant” or “the red 
flower”), and (4) a correct response (“yes”) had been made. The pattern 
of fixations on these 250 pictures was examined noting which hxations 
had been on the RO and which had not. The probability that the RO 
had been fixated at least once by the ith fixation was 0.53, 0.86 and 0.95 
for the first, second and third fixations on the picture, respectively. This 
probability reached 1.0 by the seventh fixation indicating that there was 
never a case when the RO was not fixated at all. This result is consistent 
with the findings of Mackworth and Morandi (1967) who concluded 
picture which is in fact recognized is almost always fixated within about 
2 sec. These investigators define an “informative area” as one that Ss 
think is recognizable. The present results indicate that the area of a 
picture which is in fact recognized is almost always fixated within about 
1 sec. The unconditional probability that the second and third fixations 
on the picture are on the RO is quite high: about 0.71. On subsequent 
fixations, this probability drops, but remains above 0.5 for all fixations. 

Thus, for correctly recognized pictures, the RO is found very quickly, 
and a high proportion of subsequent fixations is spent on the RO. What 
is not clear is the nature of the cognitive activity being carried out 
during the fixations on the RO; many possibilities exist. Fixations may 
function in a way analogous to verbal rehearsals, corresponding to 
covert verbal repetitions of a label for the object. It would seem, how- 
ever, that such repetitions could just as easily be made during one long 
fixation. Another possibility is that subsequent fixations may correspond 
to the abstraction of more features of the RO. The present data do not 
reject either of these possibilities. 
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EXPERIMENT II 

The results of Expt I suggest that NF on a picture is an important 
predictor of recognition memory performance, and that TFT is a pre- 
dictor only to the extent that it covaries with NF. In Expt I, however, 
TFT was controlled by S, since S was permitted to look back and forth 
between two pictures at will. In Expt II, TFT is experimentally con- 
trolled, which provides data bearing on the following questions: (a) 
When exposure time is held constant, how will p(H) vary as a function 
of NF? (b) Wh en d’ff 1 erent exposure times happen to yield the same NF, 
will p(H) differ as a function of exposure time? 

An additional purpose of Expt II was to gather more data concerning 
memory for pictures which reside in the field of view for some time but 
which are not fixated. Experiment I suggested that at least some memory 
strength accrues for pictures seen only peripherally. In Expt I, however, 
S decided which pictures she would and would not fixate. In Expt II, 
this process is experimentally controlled. 

Method. Twenty Ss were used. During the study phase, the 180 pic- 
tures were again presented as 90 pairs and the two major independent 
variables were: 

1. Exposure duration for a pair. Exposure times were 0.3, 0.7, 1.0, 3.0, 
and 5.0 sec. 

2. Look vs peripheral. Before a pair appeared, S was instructed to 
look only at the left or the right member of the pair. Thus, of the 180 
pictures, S fixated 90, and viewed the other 90 only peripherally. To 
insure that S would neither fixate, nor attend the peripheral member 
of the pair, she was led to believe that she would only be tested on the 
90 looked-at pictures. This was accomplished by a cover story to the 
effect that the purpose of the experiment was to examine memory for 
pictures viewed with another, distracting, picture in the periphery. 
Postexperiment questioning indicated that all Ss believed the cover story. 

During the study phase, the 90 pairs were presented in 15 blocks of 
6 pairs/block. Within each block, the exposure condition remained the 
same, and Ss were informed at the beginning of each block what the 
exposure time would be for that block. The 15 blocks were divided into 
three groups, corresponding to the first, middle and last five blocks. The 
five blocks of each group consisted of a random permutation of the 
five exposure conditions. Before each pair was exposed, S was told 
whether to look at the left or right member of the pair. Left vs right was 
random with the restriction that for each S, half the pairs of each ex- 
posure condition be “left” and the other half be “right.” 

The sequence of events on a trial was as follows: 
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1. S fixated the fixation point. 
2. E said “left” or “right.” 
3. S looked to where the appropriate picture was about to appear. 
4. S initiated the trial, and the pair of pictures was exposed for a 

duration specified by the exposure condition, 
5. When the pair disappeared, S immediately looked back at the fixa- 

tion point. As in Expt I, Ss were instructed not to think about or rehearse 
the pictures during the intertrial interval. 

6. E made any necessary calibrations advanced the slide trays, and 
the next trial began. 

The test portion of the experiment was identical to that of Expt I. 
Results and discussion. Of the 1800 pairs of pictures viewed by the 

20 Ss, 36 pairs were viewed with at least one fixation on the member 
which had been designated as “peripheral.” The following analyses 
excluded these 36 pairs. 

Figure 4 shows NF3 (broken curves) and d’ (solid curves ) as func- 
tions of exposure time for looked-at and peripheral pictures. Both these 
functions increase approximately linearly for pictures which were 

1.30 I 

1.20- 

LOOKED-AT 

1.10- 

EXPOSURE TIME PONDS) 

FIG. 4. Mean number of fkations and d’ as functions of exposure time for looked- 
at and peripheral pictures. Each data point is the average of approximately 360 
observations. 
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fixated; for peripheral pictures, NF is by definition, always zero, and d 
is approximately zero for all exposure values. The hypothesis that d 
increases linearly as a function of exposure time for looked-at pictures 
and is zero for all peripheral pictures is significant, F( 1,171) = 261.1, 
p < .Ol, and accounts for 7% of the variance between the 10 conditions. 

It will be recalled that in Expt I, p(H) was significantly above p( FA) 
for nonfixated pictures. In the present experiment, however, the finding 
that d’ is equal to zero for peripheral pictures indicates that there is no 
memory whatsoever for such pictures. The reason for this discrepancy 
is not entirely clear. A possible explanation lies in the fact that in Expt I, 
Ss knew that they would be tested on all pictures, looked at or not. If 
the center of fixation does not necessarily correspond with the focus of 
attention then it is possible that Ss could if they wished, attend to 
peripheral material. In the present experiment, however, Ss believed 
that they would not be tested on the peripheral pictures; hence there was 
no reason to attend to them. In fact, many Ss spontaneously reported 
that they completely “blocked out” the peripheral member of the pair 
or “forgot it was there.” Inasmuch as it may be safely assumed that no 
memory accrues for the peripheral pictures, subsequent discussion of 
Expt II concerns looked-at pictures only. 

The solid curves of Fig. 5 present p(H) as a function of NF for each 
of the five exposure conditions. (For each of the five graphs, there are 
approximately equal numbers of observations at each abscissa point.) In 
each exposure condition, p(H) increases as a function of NF. For ex- 
ample, pictures viewed for 0.3 set are recognized 51% of the time when 
one fixation is made on them but are recognized 62% of the time when 

NUMBER OF FIXATIONS 

FIG. 5. Hit probabilities as functions of number of fixations for five exposure times. 
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more than one fixation is made. Analogously, for pictures viewed for 
5 set, p(H) is 0.71 when fewer than 11 fixations are made; this proba- 
bility rises to 0.93 when more than 16 fixations are made. It is of some 
interest to see whether the sharp increases of these five functions are due 
in part to subject selection effects, i.e., it is possible that Ss with good 
memories also have high fixation rates. For this reason, the functions 
were plotted in a different way: Each of the five curves was calculated 
for each S, and the curves were averaged over Ss. A subject selection 
hypothesis would predict that the resulting five curves would be flatter 
than the five unconditional curves. The broken curves of Fig. 5 show the 
result of this procedure: These are almost identical to the solid curves, 
and it is probably safe to assume that the increases are not due to sub- 
ject selection. 

Figure 5 demonstrates that for a fixed exposure time, performance 
increases with NF. To investigate the converse question-whether for a 
given NF, p(H) should depend on exposure time-performance was 
examined where different exposure times happened to yield the same 
NF. These data are shown in Table 3 and the following should be noted: 
With l-3 fixations, p(H) is about the same whether those l-3 fixations 
were made during 0.3, 0.7 or 1.0 sec. The same holds true when 10-12 
fixations are made; p(H) is about the same for the 3 and 5 set curves. 
For 4-6 fixations, p(H) is about the same for 0.7 and 1.0 set; however, 
the point for the 3.0 set curve is about 15% lower. The reason for this 
anomaly is unclear, but the result is nonsignificant (sign test) and is in 

TABLE 3 
p(H) as a Function of NF for Cases When the Same NF Was Yielded 

by Different Exposure Timesa 

Exposure 
time 
(set) 1-3 

No. of fixations 

4-6 10-12 

0. 3 0.59 - 

G52) 
0.7 0.58 0.70 - 

(230) (126) 
1.0 0.62 0.71 - 

(82) (274) 
3.0 - 0.56 0.77 

(47) (134) 
5.0 0.76 

(68) 

a The numbers in parentheses are the sample sizes for each cell. No values are shown 
when the sample size was less than 40. 
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the opposite direction from what would be predicted by the notion that 
exposure time is the appropriate predictor of memory performance. 

The results of Expt II thus provide support for the hypothesis that 
the effect of exposure time on recognition memory performance is 
mediated by NF. 

EXPERIMENT III 

Several experiments have been performed comparing recognition 
memory for pictures viewed either normally or during a concurrent 
distracting task ( Freund, 1971; Szewczuk, 1970). In Freund’s experi- 
ment, pictures were studied for 7 set either normally, or while counting 
backward by threes. It was found that in a two forced-choice recogni- 
tion test, response probability was 0.89 for normally viewed pictures 
and 0.65 for pictures viewed while counting backward. 

What is the distracting task doing to reduce encoding? A partial 
answer to this question was suggested by some pilot data collected by 
the present author. Ss were asked either to count backward while view- 
ing pictures or to view the pictures normally, and eye fixations were 
recorded. It was found that in the count backward task, there was 
about a 40% reduction in the fixation rate. Presumably, this effect ob- 
tained in Freund’s experiment and since Expts I and II of the present 
research have demonstrated that NF is a predictor of memory strength, 
a performance decrement in the count-backward condition would be 
expected simply due to a reduction in NF. 

The purpose of Expt III was to compare memory performance per 
fixation for pictures which have been viewed either normally or during 
a count-backward task. 

Method. Eight Ss were run in Expt III. In the study phase of the 
experiment, each picture was viewed in one of four conditions: 

1. Normal viewing for 2 set ( 2N condition). 
2. Normal viewing for 3 set (3N condition). 
3. Ss are required to count backwards while viewing for 3 set (3C 

condition). 
4. Count backward for 5 set ( 5C condition). 

It was expected that these conditions would yield distributions of NF 
per picture which would be approximately equal for normaI and count- 
backward viewing. 

At the beginning of an experimental session, Ss were given 30 prac- 
tice pictures on which they learned to count backward by threes while 
simultaneously trying to memorize a picture and biting on a biteboard. 
The task was generahy mastered without undue difficulty. 

The 180 pictures presented during study were shown individually in 
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12 blocks of 15 trials/block. Within a block, the 15 pictures were all 
viewed in the same condition; Ss were informed at the beginning of each 
block what the condition was for that block. The 12 blocks were divided 
into three groups consisting of the first, middle, and last four blocks of 
the study phase. Each group was a random permutation of the four 
study conditions. 

The configuration of the screen was changed somewhat from Expts I 
and II. The size of the picture remained the same (5.5 in. wide), but 
since in this experiment, pictures appeared individually, they were 
centered on the screen, and the fixation point was placed 0.5 in. above 
the center of the picture. The sequence of events on a trial was as 
follows : 

1. S fixated the fixation point on an otherwise blank screen. 
2. E read a three-digit number in the count conditions (said “ready” 

in the normal conditions). 
3. S looked down to where the picture was about to appear and 

began to count backward by threes in the count conditions (looked 
down in the normal conditions). 

4. E initiated the trial, the picture appeared for a length of time 
defined by the study condition, and then disappeared. 

5. S looked back at the fixation point, and, in the count conditions, 
ceased to count backward. Again, S was requested not to think about or 
rehearse the pictures during the intertrial interval. 

Results and discussion. Table 4 shows the hit probabilities, fixation 
rates and average NF4 for the four conditions, For the 3N condition, 

TABLE 4 
Hit Probabilities, FixaGon Rates and Average NF per Picture 

for the Stltdy Conditions* 

Condition 

2N 3N 3c 5C 

P(H) .67 
Fixation rate (fixations/set) 2.88 
Av NF 5.76 

a Each cell contains 360 data points. 

.76 ..52 ;55 
2.67 1.70 1.35 
8.01 5.10 6.7.5 

- 

4 Eye fixation data in Expt III was analyzed by slowing the videotape to ap- 
proximately l/10 normal speed and simply counting the NF for each trial. Small 
head movements during the count-backward task precluded an analysis of where 
in the picture S was looking; however, these head movements were easily distinguish- 
able from saccades, and determination of NF was quite accurate. 
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p(H) is 0.76, which is about the same as the corresponding hit rates 
for Expts I and II. For the 3C condition, however, the hit rate is 0.52; 
this difference is significant (sign test, p < .Ol). The results of Freund 
(1971) are thus replicated; a distracting task at the time of study impairs 
performance considerably. Table 4 also indicates that when Ss are 
required to count backward, the fixation rate is reduced by about one- 
third. For every S, the fixation rates for the 3C and 5C conditions were 
below those of both the 2N and 3N conditions. 

Figure 6 shows p(H) as a function of NF for each of the four con- 
ditions. A number of aspects of Fig. 6 should be noted. First, the results 
of Expts I and II are replicated. Performance in both the 2N and 3N 
conditions increases with increasing fixations, and for a given NF, p(H) 
is approximately independent of exposure time. The same results gen- 
erally obtain for the count conditions: For the 3C and 5C conditions, 
performance increases as a function of NF. For p6 fixations and for 
7-9 fixations, performance is independent of exposure time. When l-3 
fixations are made, performance is better in the 3C than in the 5C con- 
dition; again, there is no ready explanation for this, but the difference 
is nonsignificant (sign test) and the hypothesis that performance is 
dependent on exposure time would predict a difference in the opposite 
direction. 

Of considerable interest is the fact that performance per fixation is 
lower in the count than in the normal conditions; the difference between 
the two curves ranges from about 0.1 at l-3 fixations to about 0.18 at 

FIG. 6. Hit probability as functions of number of fixations with one curve for 
each of the four experimental conditions. The bar at the left represents the false- 
alarm rate. 
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10-12 fixations. Consider the curves for the 3N and 3C conditions: The 
average difference between the two curves is about 0.16. Whereas the 
unconditional difference of 0.24 between 3C and the 3N conditions is 
attenuated, it is by no means eliminated when NF is controlled for. 

It thus appears that the counting task has other effects besides that 
of simply reducing the fixation rate. Several possible factors may be 
affected: First, many studies have underlined the importance of verbal 
encoding for remembering visual material (Kurtz & Hovland, 1953; 
Glanzer & Clark, 1964; Clark, 1965, 1968; Bahrick & Boucher, 1968; 
Dallet, Wilcox, & D’Andrea, 1968; Kaplan, Kaplan, & Samson, 1968; 
Petrinovich & Hardyck, 1970; Freund, 1971). The count-backward task 
used here is generally assumed to prevent verbal encoding or rehearsal; 
thus the difference between the normal and the count curves could 
represent the extent to which a verbal code comprises memory for 
pictures. 

Another possibility is that the counting task affects which parts of the 
picture S fixates. It is typically the case that a small number of “in- 
formative areas” in a picture receive the great majority of fixations, and 
it is believed that peripheral mechanisms act to direct the gaze to such 
informative areas (Williams, 1966; Gould & Dill, 1969; Gould, 1969; 
Mackworth & Morandi, 1967; Mackworth & Bruner, 1970). Quite possi- 
bly, such peripheral directing mechanisms are inhibited by the counting 
task; it would follow that the fixations occurring in the presence of a 
distracting task would fall on relatively noninformative areas and would 
thus yield less information about the picture as a whole than fixations 
during normal viewing. 

If either or both of these possibilities were true, then it would be 
expected that when a picture was tested, quite different information 
would be used as a basis for responding depending on whether the 
picture had been viewed in the normal or the count condition. If verbal 
encoding is prevented, then responses should be made on the basis of 
primarily nonverbal information. Similarly, if fewer noninformative 
areas have been fixated, then it might be expected that fewer responses 
would be made on the basis of small, definite (informative) objects in 
the picture. Data bearing on these predictions are shown in Table 5. 
Here, p(a) given a correct response is shown as a function of NF for 
those pictures on which a correct response was made. The function is 
plotted separately for pictures viewed in the count or normal conditions. 
Whereas NF is a predictor of p(a) in both cases, the curve for the 
count conditions is considerably lower; that is, when a correct response 
is made, S is much less likely to remember some particular object in or 
attribute of a picture than if it had originally been viewed during a dis- 
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TABLE 5 
Probability of an “a” Response as a Function of NF for Pictures 

Which Were Correctly Recognized* 

No. of fixations 

Conditions l-5 6-7 8-9 lo-12 

Normal .51 .59 .60 .62 
(165) (269) (192) (94) 

Count .20 .32 .30 .32 
(307) (180) (131) (W 

a The function is shown separately for pictures in the normal and in the count condi- 
tions. The numbers in parentheses are the sample sizes for each cell. 

tracting task. Support is thus given for both the possibilities outlined 
above. Ideally, the scan patterns should be compared for the two types 
of viewing; it could then be seen whether fixations during the counting 
task are, in general, on less informative areas. Unfortunately, unavoidable 
head movements by Ss during the counting made such an analysis 
technically unfeasible. 

CONCLUSIONS 

At the outset of this report it was noted that recognition memory 
performance for pictures has typically been very high. The present re- 
search does not attempt to solve the question of why such recognition 
memory can be so good; what it does do is to demonstrate that (a) a 
number of variables affecting traditiona verbal memory affect memory 
for pictures in similar ways and (b) the effects of these variables may 
in some cases be parsimoniously explained in terms of their effects on 
observable eye movement processes-in particular, number of fixations 
-taking place at the time the picture is originally viewed. 

The results of Expts I and II suggest that the effects of value and of 
exposure time are mediated by NF. In both of these experiments, the 
independent variable was shown to have a strong effect upon memory 
performance; however, when NF was held constant, the effect of the 
variable vanished. Apparently, Ss improve their performance on higher- 
valued pictures simply by fixating more times on these pictures, and, 
in general, utilize longer exposure times to make more fixations. Experi- 
ment II substantiates the suggestion of Expt I that exposure time in and 
of itself does not predict memory performance when NF is partialled 
out. 

In Expt III, counting backward was shown to reduce the fixation 
rate; however this reduction was not sufficient to explain the performance 



EYE FIXATIONS AND PICTURE MEMORY 547 

decrement caused by the distracting task. The data of this experiment 
suggest that viewing while counting backward yields somewhat differ- 
ent information than normal viewing. In particular, verbal encoding may 
be reduced or eliminated, and the spatial scan pattern over the picture 
may be changed. These results point to the conclusion that other factors 
besides NF are important for remembering pictures, in agreement with 
the suggestions of other investigators (Noton, 1970; Mackworth & 
Bruner, 1970; Freund, 1971). 

Number of fixations as a predictm of memory performance. Implicit 
in the above remarks is the notion that number of fixations on a picture 
is an important predictor of memory performance for that picture. A 
strong correlation between performance and NF was found in all three 
experiments, and this function was quantitatively as well as qualitatively 
very similar across three sets of experimental conditions, indicating that 
it is fairly robust. When only one or two fixations are given a picture, 
p(H) is about 0.15 above p(FA), whereas with 16 or more fixations, 
p(H) exceeds p( FA) by about 0.52. 

The overall probability of a correct response is about 0.65 which is 
quite low compared to performance obtained in previous research. It 
appears, though, that this low response rate is simply due to the rela- 
tively low numbers of fixations accorded the pictures. For pictures which 
received high numbers of fixations performance was quite comparable 
to that obtained by Nickerson (1964) and Shepard (1967). Note that 
in these latter experiments, study time was quite long: Nickerson 
allowed 5 set for viewing whereas in Shepard’s experiment, study was 
self-paced and averaged about 6 set/picture. The present results suggest 
that with less viewing time, NF and performance would have been con- 
siderably reduced. 

What happens during a fixation ? There is little doubt that many 
processes take place during an eye fixation. For example, memory codes 
are probably being formed in multiple (e.g., visual and verbal) mo- 
dalities (Wallach & Averbach, 1955; Freund, 1971) and part of the 
fixation is probably spent making a decision about where to fixate next 
(Gould, 1969). Assume for the moment, however, that these processes 
may be viewed as yielding a single measure of memory strength (e.g., 
d’), and consider a hypothetical function relating this measure to fixation 
duration for a given fixation. The data of the present research provide 
some clues as to what this function might look like, viz, it should rise 
in some manner and then asymptote rather quickly. Such a function 
would account for the following findings: (a) In Expt I, higher-valued 
pictures received longer fixations than lower-valued pictures but, with 
NF held constant, were remembered no better. (b ) For a fixed exposure 
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time, performance increases as a function of NF and conversely, for a 
given NF, performance is independent of exposure time. If the assump- 
tion is made that all fixations are at least as long as the asymptotic 
duration value, then both these data follow. 

A process which would predict such a function is the following: 
Assume that at the start of a fixation, S begins to abstract features from 
the area of the picture being fixated. If there were a finite number of 
features to be abstracted, and if sampling took place with replacement, 
then the function relating number of abstracted features to fixation 
duration would rise in a negatively accelerated fashion to some asymp- 
tote. A variation of this model is to assume that only one feature is ab- 
stracted during a fixation and that the amount of time necessary to 
abstract it is normally distributed. In this case, the function would 
represent probability that the feature is abstracted by time t, and the 
rising portion of the curve would be an ojive rather than negatively 
accelerated. With this latter model, the data described above are pre- 
dicted independently of the function parameters; it need simply be 
assumed that a fixation does not terminate before the feature is 
abstracted. 

It should be emphasized that the above discussion is highly specu- 
lative; the present data support only the notion that the function relat- 
ing memory strength to fixation duration should asymptote rather 
quickly. Other types of research are necessary to determine the nature 
of processes occurring during a fixation and the functions that such 
processes would imply. 

Correlational Tedts. The major results reported in this paper have been 
of a correlational nature. There are a number of problems with such 
results stemming from the fact that it is difficult to assign causality to any 
one factor. In particular, it might be argued that the results in this 
paper are due to subject selection or item selection effects. 

The types of statistical analyses used tend to rule out subject selection 
effects since the assertion that “y increased as a function of 2’ required 
that such an increase be shown by a significant proportion of Ss. Further- 
more, the results shown in Fig. 5 suggests that increases in such func- 
tions are not even attenuated when variance due to subjects is removed. 

Item selection effects are somewhat harder to rule out. In its extreme, 
an item selection hypothesis would predict that some pictures were 
both fixated more and remembered better than others, both effects 
being due to some third cause (e.g., “intrinsic interest” of a picture). 
Since there were many fewer Ss than items, it was not feasible to ob- 
tain, for example, a function relating p(H) to NF for each individual 
picture. The best evidence against an item selection hypothesis comes 
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from the data of Expt I: Here, NF on a picture was controlled to some 
extent via the value manipulation and the function relating performance 
to NF still increased quite sharply. 

Obviously, however, the only way to completely eliminate problems 
due to correlational results is to experimentally control the variable of 
interest; controlling NF, for example could be done with an on-line 
computer system which would allow S some given NF on a picture 
before removing the picture. The prediction would then be that perform- 
ance would increase as a function of NF but would be independent of 
TFT. This result combined with the results of Expt II of the present 
research would constitute substantial experimental evidence of a causal 
relationship between number of fixations accorded a picture and memory 
performance on that picture. 
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