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New evidence for the zoom lens model
using the RSVP technique
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A main prediction from the zoom lens model for visual attention is that performance is an inverse
function of the size of the attended area. The “attention shift paradigm” developed by Sperling and
Reeves (1980) was adapted here to study predictions from the zoom lens model. In two experiments
two lists of items were simultaneously presented using the rapid serial visual presentation technique.
Subjects were to report the first item he/she was able to identify in the series that did not include the
target (the letter T) after he/she saw the target. In one condition, subjects knew in which list the target
would appear; in another condition, they did not have this knowledge, having to attend to both posi-
tions in order to detect the target. The zoom lens model predicts an interaction between this variable
and the distance separating the two positions where the lists are presented. In both experiments, this
interaction was observed. The results are also discussed as a solution to the apparently contradictory

results with regard to the analog movement model.

The ability to selectively attend to a spatial location
that does not correspond to the line of sight is well known.
The study of this phenomenon has given rise to propos-
als about the spatial and/or temporal limitations of this
selection process. Eriksen and Hoffman (1972) found ev-
idence supporting the idea that attention can operate as a
focus of about 1° of visual angle. From the probability-
cuing paradigm used by Posner and his colleagues (Pos-
ner, 1978, 1980; Posner, Snyder, & Davidson, 1980)
emerged the idea that the application of spatial attention
is analogous to shining a spotlight on the visual field.
From this point of view, the spotlight metaphor, the focus
of visual attention is limited in spatial extent, can illumi-
nate only a small region of the visual world at any one
moment, is temporally limited in its movements, and
moves in an analog manner along surfaces (Egly & Homa,
1991; Shulman, Remington, & McLean, 1979; Tsal,
1983). However, the evidence quite clearly suggests that
attention is able to be distributed over large areas of the
visual field, as well as operating in a focused mode (Erik-
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sen & St. James, 1986; Eriksen & Yeh, 1985; Jonides,
1980, 1983; LaBerge, 1983; LaBerge & Brown, 1986).
Moreover, two of the major sources of evidence for analog
movements of attention (Shulman et al., 1979; Tsal, 1983)
have been questioned on several counts (Eriksen & Mur-
phy, 1987; Yantis, 1988).

Alternative frameworks have also been proposed to ac-
count for the properties of spatial selectivity of visual at-
tention. Eriksen and his colleagues (Eriksen, Pan, &
Botella, 1993; Eriksen & Rohrbaugh, 1970; Eriksen &
St. James, 1986; Eriksen & Yeh, 1985; Murphy & Eriksen,
1987) have provided evidence suggesting that attentional
focus is variable in size. The zoom lens model proposed
by these authors implies that, as the focus is narrowed,
the attentional resources concentrate on a small area, and
as the focus is widened, they become diffused over a wider
area. As a result, there is an inverse relationship between
size of attentional focus and efficiency of processing.
The attentional focus is not sharply demarcated from the
remainder of the visual field but instead is characterized
by a gradient of decreasing processing efficiency. The
change of locus of attention would seem to be discrete,
with the time required for shifts from one location to an-
other being independent of the distance between the lo-
cations (Eriksen & Webb, 1989; Murphy & Eriksen, 1987).
From this resource-based conception of attention, atten-
tional allocation consists in the gradual but rapid build-
up of resources at the location of the attended object. The
independence between distance and time for shifting is a
feature shared by other theories, such as the episodic the-
ory (Sperling & Weichselgartner, 1995), in which the term
quantal is used, as opposed to analog.
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According to the meridian boundary model (Hughes &
Zimba, 1985, 1987), attention must be directed to large
regions of the visual field, and it cannot be directed to
specific locations. Attentional effects are produced by the
activation of an attended region and/or the suppression of
an unattended region, where regions are visual hemifields
(Hughes & Zimba, 1985) or visual quadrants (Hughes &
Zimba, 1987) bounded by and defined in terms of the
vertical and/or horizontal visual meridians. However,
many studies have yielded evidence contrary to the no-
tion of hemifield activation (Downing & Pinker, 1985;
Klein & McCormick, 1989; McCormick & Klein, 1990;
Shulman, Sheehy, & Wilson, 1986; Shulman, Wilson, &
Sheehy, 1985).

Downing and Pinker (1985) suggested that the alloca-
tion of attention to a spatial location produces a gradient
of attention, with the peak centered in that location and
whose density decreases with increasing distance from
that location. In this account, there is no need to assume
a moving spotlight of attention. Distance effects are due
to the gradient of attentional resources. Downing (1988)
explored the distribution of costs and benefits for differ-
ent kinds of tasks and found that costs are a function of
distance in detection and brightness discrimination tasks,
but not in those of form and orientation discrimination.
Downing asserted that, in the latter cases, there is also an
attentional gradient, but with so sharp a slope that it
works virtually as described in spotlight models.

Shaw and Shaw (1977) and Shaw (1978) proposed a
much more flexible system. This model conceives of vi-
sual attention as consisting of a fixed amount of resources
that can be distributed over different discrete areas of the
display. Processing of stimuli in these locations would pro-
ceed in parallel, but at different rates if the allocation of
resources to the different positions is unequal. However,
this account is in disagreement with the results obtained
by other researchers (Eriksen & Yeh, 1985; Posner, Nis-
sen, & Ogden, 1978) suggesting that attention cannot be
simultaneously focused on separate areas in the visual field
(see also General Discussion).

After reviewing the empirical base of the main space-
based allocation models of selective attention, we believe
that a more apt analogy is that of a zoom lens, as proposed
by Eriksen and his colleagues (Eriksen & St. James,
1986; Eriksen & Yeh, 1985; Murphy & Eriksen, 1987).
In this paper, we will try to extend this model to tasks
and situations different from those usually employed, in
order to test its generalizability. The bulk of research in
the field is based on the cuing paradigm with short stim-
ulus onset asynchronies (SOAs), where the cues can
yield some automatic attraction of attention that is added
to the attraction due to its informative value. The effect of
abrupt-onset stimuli (Yantis, 1995; Yantis & Johnston,
1990; Yantis & Jones, 1991; Yantis & Jonides, 1984,
1990) is well known, as is the fact that attention is cap-
tured by any salient stimulus (Theeuwes, 1995), so it
seems advisable to use experimental paradigms in which
these effects are controlled. We have attempted to do so
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in the experiments described below by using the rapid
serial visual presentation (RSVP) technique.

It also seemed interesting to study how the zoom lens
model can account for subjects’ performance in tasks
different from those usually employed in this context, in
order to increase its credibility and to explore the bound-
aries of the analogy. With this goal, we designed some
experiments combining spatial selection with the RSVP
technique, in which a series of stimuli is presented in a
single spatial location at a high rate. This technique has
been used to study selective attention based on nonloca-
tion criteria, such as shape, color, case of letters, or iden-
tity of letters or words (Botella & Eriksen, 1992; Botella,
Garcia, & Barriopedro, 1992; Eriksen & Spencer, 1969;
Gathercole & Broadbent, 1984; Kanwisher, 1987; Law-
rence, 1971; McLean, Broadbent, & Broadbent, 1983; Ray-
mond, Shapiro, & Arnell, 1992; Shapiro, Raymond, &
Arnell, 1994). In the present experiments, as in our previ-
ous work (Barriopedro, 1994) we presented two series of
items. The task was to identify the first item in one of the
series after detecting the target (the letter T) in the other
series. The first version of this task was developed by Sper-
ling and Reeves (1980; Reeves & Sperling, 1986) for the
study of attention reaction time (i.e., the time taken to shift
attention). A main feature of the experiments by Sperling
and Reeves was that the target list included only letters
and the response series included only numbers.

Here, the main manipulation was previous information
concerning in which list the target would be presented.
We call this variable spatial certainty. The rationale was
that if the subject knows that the T will appear on the left
(position-known condition), then he/she will use a small
focus over that position, and, after detecting the T, the
focus will be moved to the other position. On the other
hand, if the subject does not know where the target will be
presented (position-unknown condition), he/she will be
forced to use a wider focus that encompasses both posi-
tions in order to avoid missing the target. To foster the use
of these attentional strategies, we included both letters
and digits in both lists, instead of one being made up of
only letters and the other of only digits.

The second manipulation was the distance between the
spatial positions where the series were presented. When
the distance was increased, subjects had to enlarge the
focus in the position-unknown condition, but not in the
position-known condition. In the latter condition, what was
increased was the distance to be covered between the two
positions where attention was focused during a trial.

EXPERIMENT 1

The zoom lens model has three main features (Eriksen,
1990; Eriksen & Murphy, 1987; Eriksen & St. James,
1986; Eriksen & Yeh, 1985): (1) the size of the atten-
tional focus is variable, (2) processing efficiency is in-
versely related to the size of the attended area, and (3) the
rate of accumulation of resources in a specific position
is independent of the distance between that position and



1408 BARRIOPEDRO AND BOTELLA

the position where they were previously concentrated. It
is fairly obvious that the three features are basically inde-
pendent, above all Point 3. We did not test specific points
of the model; rather, we tested the model as a whole, de-
riving predictions for specific tasks.

We presented two rapid series of stimuli, one at each
side of the fixation point. The subject was asked to report
the first item he/she was able to identify in the series that
did not include the target after he/she saw the target; the
target was always the letter T. We manipulated the spatial
certainty about the target in such a way that, in one con-
dition, the subject knew before the trial in which series
the T would be included, but not in the other (position-
known, PK, and position-unknown, PUj respectively).
Furthermore, the distance between the two series of stim-
uli was manipulated. The manipulation of the spatial cer-
tainty was intended to force the subjects to use different
attentional dispositions at the beginning of the trial.

Assuming the zoom lens model, we expected that the
subjects in the PK condition, given the difficulty of the
task, would probably concentrate their attention on the
position where the series including the target was pre-
sented and, once the target was detected, shift to the
position of the other series. In the PU condition, the sub-
jects attended to both series simultaneously to avoid
missing the target, applying foci of different sizes de-
pending on the distance between the positions of the se-
ries. Consequently, following the assumptions of the
zoom lens model, we expected that, in the PK condition,
the subjects might respond more slowly as the distance
between the series increased, but the only factor respon-
sible for this effect would be the different eccentricity as-
sociated with each distance used in the task. This is be-
cause we assume that the rate of accumulation of
resources at a given position is independent of the dis-
tance to the position where those resources where previ-
ously concentrated. The same basic conclusion was
reached by Reeves and Sperling (1986), who described
this regarding their attention gating model: “the gating
process observed here is much more suggestive of a
faucet-gate theory, in which a gate is opened and closed
first at one location and then at another, with no partic-
ular dependence on the distance between the locations”
(p- 201). The same conclusion has recently been reached
by Sperling and Weichselgartner (1995). On the other
hand, in the PU condition, in which the subject attended
simultaneously to the positions where each series was pre-
sented, we expected an effect of the distance. Responses
should be slower as the distance increases, since the area
to which the subject must attend increases with the dis-
tance, and, thus, there will be a smaller amount of re-
sources per surface unit. This effect is added to that of ec-
centricity. Thus, the expectation was that the effect of
distance would differ according to the spatial certainty.
We defer to the General Discussion section a more de-
tailed explanation of the mechanism that relates the
amount of attention allocated with performance in this
task, as reflected by the delay of the items reported.

From the zoom lens model, a significant interaction
of the distance between the positions and the spatial cer-
tainty was predicted (i.e., the decrease in performance
with distance would be sharper in the PU condition than
in the PK condition).

Method

Subjects. Fourteen undergraduate students from the Universi-
dad Auténoma de Madrid with normal or corrected-to-normal vi-
sion participated in the experiment.

Apparatus. The experiment was run with an IBM-PC—compatible
computer. Eye movements were monitored by a video camera. The
subjects who showed obvious eye movements were excluded from
the experiment (only 2 were excluded because of apparent eye
movements). A chinrest was used to control the distance from the
eyes to the screen (60 cm).

Series of stimuli. The stimuli used to build the series were all
uppercase consonants (except N) and the digits 1-9 (size 0.29° wide
X 0.67° high). Forty-five pairs of lists with 14 items each were con-
structed. The target was the letter T, and it could be included
equiprobably in serial positions 5, 6, 7, or 8 of one of the lists of
each pair. This list will be called the farget list. The other list will
be called the response list. The positions of the other stimuli were
determined randomly, with the only restriction that, in the pair of
lists for each trial, no one stimulus was repeated. In 5 of those pairs
of lists, the target was not included. The subjects were informed of
this point in order to avoid mechanical responses. A cross was used
as the fixation point. The stimuli and the fixation point were pre-
sented in black on a gray background. The luminance of the back-
ground was 3.0 cd/m?, and the lights of the room were off.

Procedure. Before each trial, the fixation point was presented
on the screen. The trial began when the subject pressed the space
bar. The fixation remained visible for 1,500 msec, and the pair of
lists were then presented, at the same distance from each side of the
cross. The stimuli of each list were presented in a single spatial po-
sition, for 116 msec each and with no interval between them (ex-
posure time = SOA = 116 msec). Figure 1 shows the scheme of a
trial. When the presentation was finished, a response menu ap-
peared that contained all stimuli included in the series plus two
extra options, “I don’t know” and “no T.” The first one was to be used
when the subject did not know the response, and the second was to
be used when the letter T, the target, had been not presented. The
subjects’ task was to identify the first stimulus they could in the re-
sponse list once the letter T was detected in the target list.

Two variables were manipulated: the distance between the lists
(1.15° 2.34° and 3.53° of visual angle—these were distances be-
tween the centers of the stimuli; we refer to these distances as short,
medium, and large, respectively) and the spatial certainty about the
target, with two conditions, PK and PU. Both variables were ma-
nipulated as within-subject factors. In the PK condition, subjects ran
two blocks of 45 trials each for each distance. In one block, the tar-
get list appeared always at the left side of the fixation point; in the
other block, it appeared at the right side. This information was com-
municated to the subjects before each block. In the PU condition,
the subjects also ran two blocks of 45 trials for each distance. In this
condition, it was randomly determined for each trial at which side
the target list would be presented (left or right of the fixation point).
Thus, the subjects participated in 12 experimental blocks of 45 tri-
als, 6 for the PK condition and 6 for the PU condition, 2 for each dis-
tance, in two experimental sessions of about 1 h. In each session, the
subjects participated in only one condition of spatial certainty, which
began with two blocks of 45 trials of practice at the medium distance.

With regard to spatial certainty, the order in which the experi-
mental conditions was administered was balanced, so that half of
the subjects ran the PK condition in the first session and the PU
condition in the second, and the other half ran the conditions in the
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Figure 1. Schematic representation of a trial.

opposite order. The order of the blocks of each distance was deter-
mined according to a Latin square.

In the sessions of the PK condition, the order of presentation of
the blocks in which the target list was presented at each side of the
fixation point was balanced. Thus, for half of the subjects, in the
first three experimental blocks, this list was presented at the left
and, in the last three blocks, it was presented to the right; for the
other half of the subjects, the order was reversed.

Attentional facilitation was operationalized mainly by means of
the asynchrony between the T and the item identified. We refer to
this main dependent variable as the average serial order of the re-
sponses (ASOR).! That is, we assumed that the smaller the atten-
tional facilitation, the later would be the item reported. We have as-
signed the value 0 to reports corresponding to the stimulus
Jpresented simultaneously with the target (in the example of Fig-
ure 1, it is the Stimulus 9), 1 to the reporting of the stimulus pre-
sented just after the target (in the example, the letter H), 2 for the
next item (the letter X in the example), and so on. These values were
averaged for each subject and experimental condition, in order to
obtain the average number of positions that separated the target
from the responses, or ASOR. These were the responses considered
to be correct. The logic of this measurement procedure is analogous
to that of Sperling and his colleagues (Reeves & Sperling, 1986;
Sperling & Reeves, 1980). The responses corresponding to identi-

ties of stimuli presented before the target or after the target but in
the target list will not be considered in this paper.

Results

Given that the preliminary analyses did not show any
effect of the position of the target list (left or right of the
fixation point), and given that this variable was not rele-
vant for the goals of this research, the data from both sides
were collapsed for the rest of the analyses. The data were
analyzed by means of a repeated measures 2 X 3 analysis
of variance (ANOVA), the main factors being spatial cer-
tainty (PK, PU) and distance (short, medium, large). Mul-
tiple comparisons a posteriori were made with a Tukey test.

In the PK. condition, the mean values of the ASOR
were 3.66, 3.79, and 3.70 for the distances short, medium,
and large, respectively. In the PU condition, the values
were 3.90, 4.23, and 4.40, respectively. In the statistical
analysis of this variable, the effect of spatial certainty was
not significant [F(1,13) = 4.35, p > .05], but the effect
of distance was significant [F(2,26) = 6.25, p < .01].
The ASOR with distances large and medium was greater
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Figure 2. Average serial order of responses (ASOR; in mil-
liseconds) for Experiment 1 (1 item = 116 msec).

than with distance short (for the comparison large-short,
p < .01; for the comparison medium-short, p < .05).
The effect of the interaction of spatial certainty and dis-
tance was significant [F(2,26) = 3.80, p < .05]. The dif-
ferences found as a function of distance were not signif-
icant for the PK condition (for the three comparisons,
ps > .05). For the PU condition, the ASOR was signifi-
cantly greater for the distances large and medium than
for the distance short (ps < .01 and .05, respectively),
whereas there was no difference between the distances
large and medium (p > .05). Figure 2 shows these re-
sults, after transforming the ASOR to milliseconds (tak-
ing into account that one item is equivalent to 116 msec).

Discussion

The pattern of results fits with the predictions derived
from the zoom lens model, which receives additional credi-
bility from an experimental paradigm different from that
usually employed for testing it. Apparently, the subjects
adapted the size of the attentional focus to the task de-
mands using, in the PK condition, a small focus centered
on the target list. After detecting the target stimulus, the
focus was moved to the other position. In the PU condi-
tion, the subjects used a wide focus that encompassed both
positions, a focus that was larger the greater the distance
between the positions. As is predicted from the zoom lens
model, in the PK condition, there was no effect of distance.
On the other hand, in the PU condition, there was an effect
of the distance due to the inverse relation between the size
of the focus and the attentional facilitation. This effect was
reflected in the interaction of certainty and distance.

The fact that we found no effect of distance in the PK
condition (nor even the expected ordering of the means)
is surprising, because, in this experiment, the different
distances were associated with different eccentricities.
One possibility is that, as a consequence of the difficulty
of the task, the cost of increasing eccentricity was rela-
tively small and marginal in practical terms. This lack of
effect can hardly be attributed to a Type 1l error, given
that this is not the first time it has been found in this kind

of task (A. Reeves, personal communication, May 23,
1996; Sperling & Weichselgartner, 1995).

Whereas the results are easily accounted for by the
zoom lens model, they cannot be explained by the spot-
light model with analog movement (Egly & Homa, 1991;
Shulman et al., 1979; Tsal, 1983). However, there are two
alternative explanations for the main result. First, it can
be explained from a gradient model (Downing & Pinker,
1985; Shulman et al., 1985), if different slopes are as-
sumed as a function of the spatial position where atten-
tion is centered. Second, it can also be accounted for by
a capacity allocation model (Shaw, 1978; Shaw & Shaw,
1977) or by a hemifield model (Hughes & Zimba, 1985,
1987), if a dependence of the amount of resources on ec-
centricity is assumed. We explored these alternatives in
Experiments 2A and 2B.

EXPERIMENTS 2A AND 2B

The goal of these two experiments was to replicate the
results of Experiment 1, eliminating any effect of retinal
eccentricity and discarding the alternative explanations
to our results mentioned above.

As mentioned in previous research, a main method-
ological problem in the field of visual attention is the
confusion between the effect of distance and the effect of
retinal eccentricity (Eriksen & Murphy, 1987; Van der Heij-
den, 1992). It is clear that, in Experiment 1, these two
variables varied jointly, although in a sense they could
be separated by studying the interaction between dis-
tance and spatial certainty. However, we could state an
alternative interpretation of the interaction found in Ex-
periment 1 with a model such as that of Shaw and Shaw
(1977) or from the hemifield model (Hughes & Zimba,
1985, 1987). In short, if attentional resources in the PU
condition are distributed between the positions where the
lists are presented, then a larger effect of retinal eccentric-
ity as attentional resources decrease (i.e., an interaction
between resources allocated and eccentricity) could ac-
count for our results. In order to discard this alternative
explanation, we designed Experiments 2A and 2B, basi-
cally similar to Experiment 1 but with all locations hav-
ing the same retinal eccentricity.

As was pointed out in the previous section, gradients
with different slopes centered in different positions could
account for the interaction between spatial certainty and
distance; however, if this explanation is correct, we should
also find an effect of the distance in the PK condition.
Although in these experiments we cannot derive from
this model differential predictions of the effect of the dis-
tance as a function of spatial certainty, new evidence
showing a lack of effect of the distance in the PK condi-
tion would help to discard this alternative interpretation.

Given that, in these experiments, the retinal eccen-
tricity for the different distance values was constant, the
zoom lens model predicts no dependence of the ASOR
on the distance in the PK condition, since the subjects
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Figure 3. Positions where the lists were presented in Experi-
ment 2.

would apply a small focus over the position where the
target list was presented, and, as soon as the target was
detected, the focus would be moved to the position where
the response list was presented. In the PU condition, the
subjects were forced to attend to both positions simulta-
neously in order to detect the target. Then, when the dis-
tance between the positions was increased, the size of the
focus also increased, so that a later ASOR would be ex-
pected. Thus, from the zoom lens model, an effect of the
interaction between spatial certainty and distance on the
ASOR is again predicted.

Method

Subjects. Two groups of 8 subjects participated, one group for
each experiment. The subjects were undergraduate students from
the Universidad Autonoma de Madrid, with normal or corrected-to-
normal vision.

Apparatus and Stimuli. The experimental setup was the same
as in Experiment 1. Thirty-five of the list pairs designed for the Ex-
periment 1, 5 of them without the target, were selected for the Ex-
periments 2A and 2B. A circle and a square were used to signal the
positions for the presentation of the lists.

Procedure. The procedure was similar for Experiments 2A and
2B. The variables manipulated in both experiments were spatial cer-
tainty, with two conditions (PK and PU), and the distance between
the series (1.24° and 2.67° of visual angle). The designs were fac-
torial 2 X 2 within subject. At the begining of each trial, a fixation
point was presented at the center of an imaginary rectangle, and two
marks indicated the positions where the lists were to be presented.
An imaginary rectangle, with the longer axis in the vertical direc-
tion (vertical rectangle) was used for Experiment 2A, and a rectan-
gle with the longer axis in the horizontal direction (horizontal rec-
tangle) for Experiment 2B. This was the only difference between
Experiments 2A and 2B.2 For Experiment 2A, in the short distance
condition (1.24° between the centers of the stimuli), the lists could
be presented either in the upper vertices of the vertical imaginary
rectangle or in the lower vertices (Figure 3, Positions 1 and 2 or Po-
sitions 5 and 6); in the large distance condition (2.67° between the
centers of the stimuli), the possible locations of the series were the
upper and lower corners, at the right or left of the vertical imaginary
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rectangle (Figure 3, Positions 1 and 6 or Positions 2 and 5). In Ex-
periment 2B, the imaginary rectangle was horizontal. In short dis-
tance condition, the list could be presented either in the vertices at
the right or left of the fixation point (Figure 3, Positions 3 and 4 or
Positions 7 and 8); in the large distance condition, the positions
above or below the fixation were used (Figure 3, Positions § and 3
or Positions 7 and 4). In both experiments, in the PK condition, the
marks that were presented along with the fixation point before each
trial were always a circle and a square. The circle indicated the po-
sition where the target list was to be presented, and the square indi-
cated the position where the response list was to be presented. In the
PU condition, the marks were two squares. All positions had a con-
stant retinal eccentricity of 1.47°.

Two blocks of 70 trials each were prepared, one for each distance;
10 trials from each block did not include the target. In half of the
trials, the lists were presented in two of the possible positions; in the
other half, they were presented in the remaining positions. The sub-
jects ran four blocks, two for each condition of certainty and one for
each distance, in a single experimental session of about 1 h. The
order of presentation of the conditions of spatial certainty was bal-
anced. Within each condition of spatial certainty, the order of pre-
sentation of the conditions of distance was also balanced. Before
running the two blocks of each condition of spatial certainty, the
subjects received a practice block of that condition, formed by 35
trials with the short distance and 35 with the large distance. The eye
movements were again monitored by means of a video camera, and
the subjects who showed obvious movements were excluded from
the experiments (only 1 was excluded). The same dependent vari-
able as in Experiment 1 was analyzed.

Results and Discussion

The collapsed data (see note 2) were again analyzed by
means of a repeated measures 2 X 2 (spatial certainty X
distance) ANOVA.

In the PK condition, the mean values of the ASOR were
3.06 and 2.95 for the distances short and large, respec-
tively. In the PU condition, the values were 3.27 and
3.80, respectively. In the ANOVA, main effect of spatial
certainty reached significance [F(1,15)=18.85, p <.001],
as did the effect of distance [F(1,15)=6.92, p < .02]. We
also found a significant interaction between spatial cer-
tainty and distance [F(1,15) = 16.46, p < .001], as can
be observed in Figure 4 (the ASOR in this figure has
been transformed to milliseconds, one position equaling
116 msec). For the PK condition, there was no significant
difference between the two conditions of distance (Tukey
test, p > .05); for the PU condition, the ASOR for the
large distance was significantly greater than that for the
short distance (Tukey test, p < .001).

The pattern of results in Experiment 2 replicates the
main result of Experiment 1: the interaction between spa-
tial certainty and distance. One of the goals of Experi-
ment 2 was to discard some alternative explanations to that
offered by the zoom lens model of the interaction between
spatial certainty and distance found in Experiment 1. We
had pointed out that, from a capacity allocation model
(Shaw, 1978; Shaw & Shaw, 1977) or from a hemifield
model (Hughes & Zimba, 1985, 1987), this interaction
could be explained by an interaction between the amount
of resources and retinal eccentricity. The evidence found
in Experiment 2, in which retinal eccentricity was con-
trolled, go against that explanation.
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Figure 4. Average serial order of responses (ASOR; in millisec-
onds) for Experiment 2 (1 item = 116 msec).

We had also pointed out that, from the gradient model
(Downing & Pinker, 1985), under some specific circum-
stances, this interaction could also appear. However, from
that model, there would necessarily be an effect of dis-
tance in the PK condition, a prediction contrary to the pre-
dictions of the zoom lens model. Again, as in Experi-
ment 1, there was no effect of distance in the PK condition.

GENERAL DISCUSSION

Overall, the results of this series of experiments match
well with the predictions derived from the zoom lens model.
The importance of this conclusion resides not only in the
matching between the data and the model but, above all,
in the fact that the results were obtained with an experi-
mental paradigm different from that customarily used to
test the model.

However, we should discuss in more detail the mech-
anisms by which the observed effects are produced: They
can be produced in three different stages of each trial:
(1) the detection of the T, (2) the possible changes in at-
tentional distribution after detecting the T, and (3) the
processing and/or selection of a stimulus from the re-
sponse list. If subjects follow the experimental instruc-
tions (as encouraged to by the structure of the task), then
the bulk of the observed effects can be produced in the
first stage, corresponding to the detection of the T. This
is because, in the PK condition, for all the distances used,
the detection stage is accomplished with a small focus,
whereas in the PU condition, the focus is greater when
the distance between positions is increased. Let us sup-
pose that, in all certainty and distance conditions, the
second stage mentioned above remains the same: After
detecting the T, a small focus is built on the position where
the response list appears, and the process of identifying
an item of the response list is executed always with that
small focus. Let us also suppose that the time necessary
to build up this small focus depends neither on the size
nor on the distance of its previous position, so that the
distance is not in itself the cause of the observed differ-
ences. In this case, the observed effect would have to be
attributed exclusively to the differences in the time in-

vested in detection of the T. Reeves and Sperling (1986,
p. 184; see Figure 3) found that the items reported from
the response list tended to originate from somewhat ear-
lier serial positions when the target was a square than
when it was a letter. We believe that this was due to the
fact that detecting a square is accomplished more rapidly
than recognizing a letter. Identifying the targets C and U
delays the beginning of the process for closing the first
focus. Consequently, the reported items originate, on av-
erage, in subsequent positions. Basically, the effect is the
same as that the one we have obtained, by producing dif-
ferent times in the detection of the T. Thus, it is possible
that an explanation of the effects we have observed can
be based exclusively on the detection of the T. It can be
argued that, in the PU condition, subjects must make a
decision (where the T has been presented) that does not
have to be made in the PK condition; this decision can add
on extra time, but it should be constant across the dis-
tance conditions. Thus, even accepting this idea would
leave unexplained the interaction—that is, the different
effect of distance in the PU and PK conditions.

Let us now suppose that the time invested in the sec-
ond stage is not the same in all conditions. There is evi-
dence enough to support the idea that the time necessary
to shift a small focus of attention is not proportional to
the distance covered, evidence originating from various
experimental paradigms (Eriksen & Webb, 1989; Kwak,
Dagenbach, & Egeth, 1991; Murphy & Eriksen, 1987;
Sagi & Julesz, 1985; Sperling & Weichselgartner, 1995;
Weichselgartner, Sperling, & Reeves, 1985). Further-
more, our own results do not reveal effects of distance in
the PK condition. Also, we have positive evidence of the
fact that a zooming process needs more time than a shift-
ing one (Stoffer, 1993); however, this effect would merely
add a constant time, and the interaction between spatial
certainty and distance would remain unexplained. On the
other hand, if this last point were correct, then we would
have to find a difference between the short distance con-
ditions, since, in the PU condition, the detection of the T
must be slower and, furthermore, must be produced by a
zooming instead of a shifting. However, we have not found
a difference between these conditions.

A more credible possibility is that, in the PK condition,
subjects shift the focus once the T is detected, whereas
in the PU condition, they adopt a broad focus that en-
compasses both positions and is maintained during the
trial. If this were true, we would have to consider the
consequences of the fact that the stage of processing and
selecting an item from the response list is accomplished
with foci of different sizes. Reeves and Sperling (1986)
have demonstrated that, although in this task the items
are correctly identified, as the task is accomplished in
nonoptimal attentional conditions, the order information
associated with each item is partially lost. As less atten-
tion is paid, more order information is lost; the more
order information is lost, the later is the average item re-
ported. Thus, since our experimental manipulations may
have meant that, in the PU condition, there is a decrease
in the attention paid to the processing of the response list
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as the distance is increased, there must be an additional
effect of the distance associated with processing of the
items in the response list. This may also explain why
there are more trials without a response in the PU condi-
tions. As they are accomplished with less attention, and
more order information is lost, subjects feel less confi-
dent and more often give an “I don’t know” response.

A different logical possibility is that, in both conditions
of spatial uncertainty subjects have been using a broad
focus that encompasses both lists; however, we should
reject this, since the interaction would remain unexplained.

In short, from our point of view, the differences ob-
served in the dependent variable ASOR do not only reveal
differences in attention shifting. We believe that the ob-
served pattern of results was due to (1) differences in the
time needed to detect the T, (2) (probably) a constant time
added only to the PK conditions due to the time needed to
shift the small focus, which is independent of the distance,
and (3) (probably) an effect due to a differential loss of the
order information from the response list in the PU condi-
tions (this loss was also greater with increasing distance
between the locations). Thus, the observed interaction ef-
fect was wholly due to attentional factors—that is, the dif-
ferent levels of performance were due to different amounts
of attention applied to the detection of the T, as well as to
the processing of the response list. Factor 2 above was re-
sponsible for the absence of differences between the short
distance conditions, since it compensated for the other
factors that favored the PK conditions.

One of the assumptions of the zoom lens model is the
unity of the attended area. A main source of evidence in
favor of the contiguity of the attended area comes from
experiments in which the identity of the distractors pre-
sented in the area between two targets has an effect (e.g.,
Pan & Eriksen, 1993). However, Kramer and Hahn (1995)
have suggested that, in these demonstrations, the dis-
tractors can attract attention automatically due to their
abrupt onset. In Kramer and Hahn’s experiments, the
abrupt-onset character of the distractors was eliminated,
and their effect disappeared. Taking into account these
results, we cannot discard that in the PU condition, sub-
jects use two separate foci; one centered on the target list,
and the other centered on the response list. However,
given that in the present experiments, we found an effect
of distance in the PU condition, the interesting and chal-
lenging conclusion would be that to attend to two sepa-
rate objects would demand greater effort as the distance
between them increases. A possible explanation for this—
though at a speculative level—is that subjects must in-
hibit the greater area between them.

Yet the issue remains of why an effect of distance has
been found in some experiments but not in others. The pat-
terns of results in our experiments can serve as a basis for
a proposal to solve these conflicting results. Our proposal
is that the apparent distance effects reported in several ex-
periments are not authentic attentional shiftings; rather,
they are due to the use of foci of different size in the dif-
ferent experimental conditions or to attentional disposi-
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tions such as gradients, but without real shifts of attention.
On the other hand, experiments in which there has not been
an effect of distance have used a broad focus, always of the
same size (thus, again without a real attentional move-
ment), or a small focus that changes its position; the time
necessary for this shift, however, wouid be independent of
the distance between the initial and final positions. The
episodic theory (Sperling & Weichselgartner, 1995), a for-
mal and much more sophisticated model than the zoom
lens model, arrives at the same basic conclusions as the
zoom lens model when it is applied to a small focus that is
moved from one position to another, but it has not yet been
developed for situations in which the size of the attended
area is manipulated, either by the instructions and/or by the
task itself, as was the case in the present experiments.
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NOTES

1. The terms attention response time used by Sperling and Reeves
(1980; Reeves & Sperling, 1986) and response time would be inappro-
priate here, because these terms prejudge the nature of any effect even-
tually observed. We prefer the descriptive label average serial order of
the responses. We deal with this point in the General Discussion section.

2. We initially used only a vertical imaginary rectangle (Experi-
ment 2A). However, the reviewers pointed out that a hemifield model
could explain the results; therefore, we decided to replicate the experi-
ment, placing the stimuli in a horizontal imaginary rectangle, in order
to eliminate possible confusion between distance and hemifield (Ex-
periment 2B). The results of Experiment 2B were identical to those of
Experiment 2A; on analysis of the data with an ANOVA (including an
experiment factor), no main effects or interactions with other variables
were shown. Therefore, the analysis was carried out with collapsed data.
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