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Stimulus exposure and gaze bias:
A further test of the gaze cascade model

MACKENZIE G. GLAHOLT AND EYAL M. REINGOLD
University of Toronto at Mississauga, Mississauga, Ontario, Canada

We tested predictions derived from the gaze cascade model of preference decision making (Shimojo, Simion,
Shimojo, & Scheier, 2003; Simion & Shimojo, 2006, 2007). In each trial, participants’ eye movements were
monitored while they performed an eight-alternative decision task in which four of the items in the array were
preexposed prior to the trial. Replicating previous findings, we found a gaze bias toward the chosen item prior to
the response. However, contrary to the prediction of the gaze cascade model, preexposure of stimuli decreased,
rather than increased, the magnitude of the gaze bias in preference decisions. Furthermore, unlike the predic-
tion of the model, preexposure did not affect the likelihood of an item being chosen, and the pattern of looking
behavior in preference decisions and on a nonpreference control task was remarkably similar. Implications of
the present findings in multistage models of decision making are discussed.

Shimojo, Simion, and colleagues (Shimojo, Simion,
Shimojo, & Scheier, 2003; Simion & Shimojo, 2006,
2007) reported a bias in looking behavior during two-
alternative forced choice (2-AFC) preference decisions.
Shimojo et al. found that when participants chose the more
attractive of two faces, their gaze became increasingly bi-
ased toward the chosen stimulus, prior to their response.
To explain this effect, Shimojo et al. proposed a model,
referred to as the gaze cascade model, in which two com-
ponent processes related to looking behavior interact to
produce the observed gaze bias in preference decisions.
One process is the mere exposure effect, where looking at
a stimulus increases preference for that stimulus (Kunst-
Wilson & Zajonc, 1980; Moreland & Zajonc, 1977, 1982;
Zajonc, 1968). The other process is preferential looking,
where one tends to look longer at the stimulus that one
likes (Birch, Shimojo, & Held, 1985; Fantz, 1964). Shi-
mojo and colleagues suggested that these two processes
can combine to create a positive feedback loop (i.e., a
gaze cascade) that progressively increases the activation
of one of the decision options until it exceeds the thresh-
old for response (for the most recent description of this
model, see Simion & Shimojo, 2007, p. 591). Shimojo
and colleagues acknowledged that the gaze cascade is by
no means the only determinant of preference decisions
and that other factors, such as preexisting preferences,
influence the outcome of decision processes. However,
all other factors being equal, the positive feedback loop
postulated by the gaze cascade model (see Figure 1) is
expected to produce a substantial influence on preference
decisions.

Due to its reliance on preference-specific mechanisms,
the gaze cascade model predicts that the gaze bias should
be uniquely present in preference decisions. To test this
prediction, Shimojo et al. (2003) contrasted preference
decisions with a control task in which participants judged
which of two faces was rounder (the roundness decision).
The gaze bias was significantly more pronounced in pref-
erence decisions than in the roundness decision. In a sec-
ond experiment, Shimojo et al. demonstrated that longer
exposure to a face stimulus increases the likelihood of
choosing that face in a 2-AFC preference decision, but
not in a 2-AFC roundness decision.

To test the generality of the findings reported by Shi-
mojo and colleagues, we introduced an eight-alternative
forced choice (8-AFC) paradigm where participants made
preference decisions among eight photographs (Glaholt
& Reingold, in press). A robust gaze bias was observed
in the 8-AFC decisions. In addition, an analysis of the
dwell sequence during the trial (a dwell being a series of
one or more consecutive fixations on a single alternative)
demonstrated a bias in both dwell duration on the chosen
item and in dwell frequency on the chosen item. Specifi-
cally, from the very first dwell and thereafter throughout
the trial, dwells on the chosen item were longer than were
dwells on other items, and dwell frequency on the cho-
sen item was significantly greater than chance in the last
few dwells prior to response. However, in contrast to the
prediction of the gaze cascade model, a comparison of
a preference decision task and a control task in which
participants decided which photograph was taken most
recently (the recency decision) revealed a very similar

M. G. Glaholt, mackenzie.glaholt@gmail.com

445

© 2009 The Psychonomic Society, Inc.



446 GLAHOLT AND REINGOLD

Mere Exposure Effect

N
\_/

Preferential Looking

Looking Preference

Figure 1. The positive feedback loop between preference and
looking behavior described in the gaze cascade model (Simion &
Shimojo, 2007).

pattern of gaze bias across tasks. Accordingly, we argued
that the observed gaze bias pattern might reflect a gen-
eral phenomenon in visual decision making rather than
being restricted to preference decisions, as suggested by
the gaze cascade model.

The main goal of the present study was to provide a fur-
ther test of the gaze cascade model by manipulating stimu-
lus exposure. On each trial, differential exposure across
alternatives was produced by providing a preview of four
of the eight alternatives prior to the 8-AFC preference de-
cision. The gaze cascade model predicts that differential
stimulus exposure across alternatives would result in a
stronger gaze bias effect for items that were preexposed
which, in addition, would be predicted to have a greater
likelihood of being chosen in the preference decision task
(Shimojo et al., 2003; see Figure 1). To examine the task
specificity of any observed effects of preexposure, we
contrasted the preference decision task with a control task
in which participants were asked to choose the most un-
usual photograph out of eight alternatives (the typicality
decision).

METHOD

Participants

All participants were undergraduate students at the University of
Toronto at Mississauga, and each received $10 for participation. De-
cision was manipulated between participants, with 16 participants
performing the preference decision and 16 participants performing
the typicality decision.

Apparatus

The eyetracker employed in this research was an SR Research
Ltd. EyeLink 1000 system. Following calibration, gaze-position
error was less than 0.5°. Stimulus displays were presented on a
19-in. monitor. Each participant’s monitor was set to a resolution of
1,600 X 1,200 pixels and a refresh rate of 85 Hz. Participants were
seated 60 cm from the display, and a chinrest with a head support
was used to minimize head movement.

Materials and Design

Stimuli were drawn from a set of 384 grayscale images of photo-
graphic art. The photographs varied widely in style and subject mat-
ter: portraits, landscapes, social interactions, objects, architecture,
and so on (for more details, see Glaholt & Reingold, in press). These
photographs were used to create 48 8-AFC experimental trials. Ad-
ditional stimuli not used in experimental trials appeared in 4 practice
trials, which served to familiarize the participant with the task.

Decision task was a between-participants variable. In the pref-
erence task, the participant was instructed to select from the eight

alternatives the image that he/she liked the most. In the typicality
task, the participant had to select the image that he/she judged to be
most unusual (i.e., most out of the ordinary, least typical). Across
images, there was no significant correlation between the number of
times an image was selected as the preferred image and the number
of times it was selected as the most unusual (Pearson’s » = .08, n.s.).
The eight stimuli for the 8-AFC decision in each trial were presented
ina 3 X 3 array, where each cell measured 8° X 8° of visual angle
(400 X 400 pixels). The middle cell was empty except for a fixation
circle (see Figure 2).

Procedure

The trial sequence began with the presentation of four (randomly
selected) of the eight stimuli for that trial. The four stimuli were cen-
trally presented, one after the other, for 1 sec each, with a 500-msec
blank interval between them. Following this preexposure phase,
there was a 2-sec blank interval, after which all eight images were
presented in a 3 X 3 grid (gridlines were shown as 1-pixel-wide
black lines). Having reached a decision, the participant looked at
a gray circle at the center of the screen and pressed a button on a
button box. This caused the circle to turn green, which signaled the
participant to then fixate the chosen item in order to select it. After
the participant had gazed at his/her choice for 300 msec, a chime
sounded and the trial ended. The participant then advanced to the
next trial by fixating the central (empty) grid square and pressing a
button on a button box.

RESULTS

As discussed earlier, a critical prediction of the gaze
cascade model is that preexposed items would be more
likely to be chosen in preference decisions. However, our
data did not support this prediction, since the likelihood of
choosing a preexposed item did not differ from chance in
the preference task (prob. = .52; chance = .5; 1 < 1). In
addition, preexposure did not affect choice in the typical-
ity task (prob. = .48; chance = .5; ¢t < ).

Following Shimojo et al. (2003), we produced gaze like-
lihood analysis plots that displayed the proportion of time
that a participant’s gaze was directed at the chosen item
just prior to the response. The analysis window spanned
2.5 sec. The gaze likelihood plots for each decision type,
averaged across participants, are shown in Figure 3 (pref-
erence in panel A, typicality in panel B). We obtained 95%
confidence intervals about each point in the time series
using a bootstrapping procedure (Efron & Tibshirani,
1994). A comparison of the plots by preexposure and task
indicated a very similar pattern across conditions, with
all plots showing an increasing tendency for the eye to be
directed toward the chosen item prior to the response. To
further compare the rate of increase in gaze bias across
conditions, linear fits were performed for each bootstrap
sample in order to compute the average and confidence
intervals of the slope in each condition. Most importantly,
there was no support for the gaze cascade model’s critical
prediction that for preference decisions there would be a
steeper rate of increase in gaze bias for items that were
preexposed than for items that were not (both slopes =
0.16, n.s.).

As in Glaholt and Reingold (in press), we supple-
mented the gaze likelihood analysis with a fine-grained
dwell sequence analysis. For the purpose of this analysis,
a dwell is defined as the cumulative duration of all con-
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Figure 2. Stimulus display for the 8-AFC task. Prior to each 8-AFC display, four of the eight images were
shown to the participant, one after another. When the 8-AFC display was presented, participants chose the
photograph they preferred (preference) or the photograph that was the most unusual (typicality).

secutive fixations from the moment the participant’s gaze
enters a grid square containing an image, and until it exits
that square. The dwell duration measure is similar to the
measure of gaze duration used in reading research, which
corresponds to the cumulative duration of consecutive
fixations on a word during the initial processing (i.e., first
pass) of that word (see Rayner, 1998). However, unlike
gaze duration, the term dwell does not distinguish be-
tween initial and subsequent visits on an item.

As shown in Figure 3, we created four different dwell
position bins going back from the response: the last two
dwell positions prior to response (last), Positions 3—4
prior to the response (— 1), Positions 5—6 prior to response
(—2), and Positions 7-8 prior to response (—3). In addi-
tion, in order to examine early gaze bias effects, we cre-
ated a dwell position bin corresponding to the first two
dwell positions in the trial (first). For each bin, we com-
puted the mean dwell duration for dwells on the chosen
item and dwells on the other items, and we also computed
the proportion of dwells directed toward the chosen item.

These measures were computed separately for items that
were preexposed and those that were not, as well as for
each decision task (see Figure 3, panels C, D, E, and F).
In analyzing dwell duration, we conducted a 2 X 2 X
2 X 5 mixed ANOVA that crossed decision (preference,
typicality) as a between-participants variable, and choice
(chosen, other), preexposure (preexposed, not preex-
posed), and dwell position bin (first, —3, —2, —1, last)
as within-participants variables (see Figure 3, panels C
and D). Replicating the bias in dwell duration reported
by Glaholt and Reingold (in press), dwells on the chosen
item were longer than dwells on other items [F(1,30) =
108.13, MS, = 2.19 X 105, p < .001]. Planned compari-
sons showed that this gaze bias was significant in each
dwell position bin (all F's > 34.15, all ps < .001). Dwells
on items not preexposed were significantly longer than
dwells on preexposed items [F(1,30) = 34.21, MS, =
1.11 X 105, p < .001], an effect in the direction oppo-
site that predicted by the gaze cascade model. Planned
comparisons indicated that the effect of preexposure was
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Figure 3. Analyses of gaze bias: (1) Gaze likelihood analysis, plotting the proportion of time that gaze was directed towards the
chosen item, going back 2.5 sec from the response, as a function of preexposure (preference in panel A, typicality in panel B). The solid
line represents the proportion of time that gaze would be directed to the chosen item by chance (.125); (2) Mean dwell duration for
the chosen and other items, as a function of preexposure (PE), for each of 4 dwell bins prior to the response, and for the first dwell bin
(preference in panel C, typicality in panel D); (3) Proportion of dwells directed towards the chosen item, as a function of preexposure
(PE), for each of 4 bins prior to the response, and for the first dwell bin (preference in panel E, typicality in panel F).

significant in all but the final bin, where the preexposure  in marked contrast to the prediction of the gaze cascade
effect was eliminated (first, —3, —2, —1, all F's > 5.45, model that gaze bias should be stronger for preexposed
all ps < .05; last, F = 1.08, p = .31). Most importantly, items, we found a larger bias in dwell duration for items
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not preexposed [F(1,30) = 6.12, MS, = 1.13 X 105,
p <.05].

Dwells were longer overall for typicality decisions than
for preference decisions [F(1,30) = 4.79, MS, = 1.79 X
106, p < .05], and the bias in dwell duration toward the
chosen item was larger for the typicality decision than for
the preference decision [F(1,30) = 7.60, MS, = 2.19 X
105, p < .05], a finding that also contradicts the gaze cas-
cade model, which predicts that the gaze bias should be
larger in preference decisions than in other kinds of deci-
sions. No other interactions with decision type approached
significance (all Fs < 1).

To analyze dwell frequency toward the chosen item, we
conducted a 2 X 2 X 5 mixed ANOVA that crossed de-
cision (preference, typicality) as a between-participants
variable, and preexposure (preexposed, not preexposed)
and dwell position bin (first, —3, —2, —1, last) as within-
participants variables (see Figure 3, panels E and F). The
findings replicated the pattern reported by Glaholt and
Reingold (in press), where toward the end of the trial dwell
frequency was substantially biased toward the chosen item
[F(4,120) = 123.02, MS, = 0.005, p < .001]. Planned
comparisons indicated that dwell frequency in the last
two bins was significantly greater than chance (collapsed
across task and preexposure, both s > 3.18, ps < .01).
Contrary to the prediction of the gaze cascade model, the
bias in dwell frequency was not affected either by decision
or by preexposure (both Fs < 1).

DISCUSSION

We tested several predictions derived from the gaze cas-
cade model of preference decision making (Shimojo et al.,
2003; Simion & Shimojo, 2006, 2007). The model postu-
lated a feedback loop between mere exposure and prefer-
ential looking, whereby exposure to a stimulus increases
preference for that stimulus, which in turn increases the
likelihood of looking at that stimulus. In our experiment
we preexposed half of the alternatives prior to an 8-AFC
decision. On the basis of the gaze cascade model, pre-
exposed stimuli were expected to be chosen more often.
Preexposure was also predicted to produce stronger biases
in looking behavior. In addition, the model predicts this
pattern of biases to be substantially smaller, or absent in
nonpreference decisions. In contrast to these predictions,
we found that dwells were not directed to preexposed
items more often than to items not preexposed, and dwells
on the preexposed items were actually shorter in duration
than those on items not preexposed. Most importantly,
preexposed items were not more likely to be chosen than
items that were not preexposed, and the magnitude of the
bias in dwell duration was actually larger for items that
were not preexposed.

In addition, in both the present study and in our pre-
vious work (Glaholt & Reingold, in press) we demon-
strated remarkably similar patterns of gaze biases across
the preference decisions and the recency and typicality
control tasks. This is in marked contrast to the prefer-
ence specificity predicted by the gaze cascade model and

the findings of differences between the preference task
and the roundness control task reported by Shimojo and
colleagues (Shimojo et al., 2003; Simion & Shimojo,
2006). Differences in the level of encoding across tasks
might underlie this discrepancy. Specifically, preference,
recency, and typicality might involve deeper encoding
of semantic features, whereas the roundness task might
primarily entail surface-level encoding. Regardless of
this speculation, the absence of task dissociations in our
studies is clearly inconsistent with the preference speci-
ficity predicted by the gaze cascade model. We therefore
argue that the gaze biases, as demonstrated both by Shi-
mojo and colleagues and in our studies, reflect a general
characteristic of visual decision making rather than a
preference-specific mechanism, as proposed by the gaze
cascade model.

It is important to note that our failure to find the pre-
dicted effects of preexposure is not likely to be due to a
lack of strength in our manipulation of preexposure. This
is because the preexposure manipulation produced strong
effects in our study, although not the ones predicted by the
gaze cascade model. Future studies employing other types
of selective exposure of items and/or manipulations of pre-
existing preferences are required to further test the gaze
cascade model. Regardless of the results of such future ex-
periments, it is clear that the current formulation of the gaze
cascade model is insufficient to account for our findings.

Several aspects of our results merit further investiga-
tion. We found that the bias in dwell duration toward the
chosen item was larger for items not preexposed than
for preexposed ones. One possible explanation for this
is that the bias in dwell duration reflects a process of
selective encoding of stimuli in terms of their relevance
to the decision task. Specifically, the processing of rel-
evant rather than less relevant stimulus alternatives might
entail greater perceptual (e.g., stimulus encoding) and
postperceptual (e.g., evaluation, memory) load, result-
ing in longer dwell durations on the former than on the
latter. It is possible that in the present study, preexposed
stimuli were partly encoded with respect to task relevance
prior to the 8-AFC decision, whereas the stimuli not pre-
exposed could have been differentiated only during the
8-AFC decision.

Regardless of the explanation for the dwell duration
bias, it is clear that, whereas dwell duration was sensitive
to stimulus preexposure, frequency of visiting the chosen
item was not. This dissociation suggests that the bias in
dwell duration and the dwell frequency bias might index
independent aspects of visual decision making. This dis-
sociation provides support for frameworks of decision
making which postulate multiple stages, processes, or
strategies (e.g., Payne, 1976; Payne, Bettman, Coupey, &
Johnson, 1992; Russo & Leclerc, 1994; Senter & Wedell,
1999; Wedell & Senter, 1997; see Ford, Schmitt, Schecht-
man, Hults, & Doherty, 1989, for a review). Our finding
of gaze bias in dwell duration but not in dwell frequency
early in the trial might reflect the operation of an early
screening stage, where items are quickly encoded and
the set of potentially relevant alternatives is reduced. In



450 GLAHOLT AND REINGOLD

contrast, the bias in dwell frequency might reflect the op-
eration of a later evaluative stage, involving active com-
parison across alternatives and resulting in higher dwell
frequency on the chosen item.

Thus, although the present study failed to provide sup-
port for the specific model proposed by Shimojo and col-
leagues, it clearly demonstrated the potential usefulness
of the methodology they introduced for the broader in-
vestigation of the various processes and stages that might
underlie visual decision making.
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