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Abstract
Eye movements bring new information into our visual system. The selection
of each fixation is the result of a complex interplay of image features, task
goals, and biases in motor control and perception. To what extent are we
aware of the selection of saccades and their consequences? Here we use a
converging methods approach to answer this question in three diverse ex-
periments. In Experiment 1, participants were directed to find a target in a
scene by a verbal description of it. We then presented the path the eyes took
together with those of another participant. Participants could only identify
their own path when the comparison scanpath was searching for a di�erent
target. In Experiment 2, participants viewed a scene for three seconds and
then named objects from the scene. When asked whether they had looked
directly at a given object, participants’ responses were primarily determined
by whether or not the object had been named, and not by whether it had
been fixated. In Experiment 3, participants executed saccades towards sin-
gle targets, and then viewed a replay of either the eye movement they just
executed, or that of someone else. Participants were at chance to identify
their own saccade, even when it contained under- and overshoot corrections.
The consistent inability to report on one’s own eye movements across exper-
iments suggests awareness of eye movements is extremely impoverished or
altogether absent. This is surprising given that information about prior eye
movements is clearly used during visual search, motor error correction, and
learning.
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Although it has long been known that
attention can be deployed to locations in
a scene in the absence of eye movements
(known as “covert attention”, e.g. Posner
(1980)), many experimenters have concluded
that it is not possible to execute an eye move-
ment to a location without also attending
there (e.g. Ho�man & Subramaniam, 1995;
Shepherd, Findlay, & Hockey, 1986). Indeed,
the oculomotor readiness hypothesis (Klein,
1980), also known as the premotor theory
of attention (Rizzolatti, Riggio, Dascola, &
Umiltá, 1987) suggests that covert attention
and eye movements are co-dependent; covert
spatial attention is simply an eye movement
that is prepared but not executed, making
eye movements an “extreme” form of spa-
tial attention. Under this idea, one might
expect the process of attentional competi-
tion, selection, execution of the saccade, and
accrual of new information arriving at the
fovea to leave a lasting imprint on conscious
experience. Eye movements also generate a
massive signal in visual cortex. Visual areas
are mapped retinotopically, such that every
eye movement we make changes the contents
of all the receptive fields of visual neurones
from the retina all the way to higher-order
visual areas (for a review, see Wurtz, 2008)).
Given the enormous perceptual changes in-
duced by eye movements, together with the
fact that these changes are self-generated and
have been suggested to necessarily involve at-
tention, it seems reasonable to assume we
should be able to report on these changes
with some degree of accuracy.

Two relatively recent studies have con-
cluded that awareness of eye movements is
present, but limited. Foulsham and King-
stone (2013) presented participants with a
series of photographs of scenes to remember.
After completing a memory task, two ver-
sions of each scene were presented simultane-
ously. Overlaid on one image was an array of
dots depicting the locations the observer had

fixated while viewing that image during the
initial display phase, and on the other image
were fixations from someone else viewing the
same image. Despite the approximately ten
minute delay between viewing and recogni-
tion, accuracy was above chance (but only
slightly, at 55%). Marti, Bayet, and De-
haene (2015) examined whether individuals
can successfully reproduce the sequences of
saccades they just executed on single trials of
a visual search task using a computer mouse
to click on the spatial locations in the order
in which they looked at them. The spatial
similarity of the series of mouse-clicks to the
immediately preceding sequence of saccades
was higher than for a saccade sequence pro-
duced in response to the same search array
presented earlier in the experiment, suggest-
ing some memory for the fixations that were
just generated. However, participants missed
many fixations and also reported many fixa-
tions that did not occur. The authors con-
cluded that participants’ ability to recreate
their eye movements was limited, and may
represent introspection of covert shifts of at-
tention as opposed to eye movements per se.

Conscious experience is a notoriously
di�cult subject of study. In the case of re-
porting on one’s own eye movements, there
are a number of challenges to overcome. One
of these challenges is that, when asked to
identify or reproduce one’s own fixation pat-
terns, there are multiple ways to achieve
above-chance performance. The Foulsham
and Kingstone (2013) experiment used nat-
ural scenes, which participants were in-
structed to try and remember. Discrimi-
nation of one’s own fixations compared to
someone else’s on the same scene could in-
deed be driven by a memory of the expe-
rience of looking at a particular object, as
the authors suggest. But accuracy could also
be driven by a memory of a particular ob-
ject simply having been in the scene, lead-
ing to the inference that if they remember
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it, they probably looked at it (which, as we
will discuss later, is usually true). In other
words, accuracy to identify one’s own fixa-
tions could be inflated by a memory of the
existence of particular objects in a scene. On
the other hand, fixations were presented to
the participants with no timing or order in-
formation, and the presentation took place
following a long delay relative to the initial
viewing. The minimal information and de-
lay may lead to an underestimation of how
well people can recognize their own eye move-
ments. The Marti et al. (2015) experiment
overcame this latter limitation by requiring
participants to report their fixations imme-
diately following each search. While this
removes the delay and may improve mem-
ory, it also introduces the potential for par-
ticipants to adopt a strategy of generating
more easily identifiable or reproducible fixa-
tion sequences during the initial search. Al-
though the authors attempted to rule this
out by comparing search during the intro-
spection phase to an initial block of search
only (with no introspection), small changes
in strategy would be very di�cult to detect
and could be su�cient to elevate accuracy
above baseline. More generally, it is di�cult
to rule out the possibility that a strategy,
intention, or task can be recognised from a
given eye movement or scanpath (e.g. Borji
& Itti, 2014). Participants may be able to
infer mental state from some scanpaths and
compare this to their own remembered men-
tal state while they viewed the same scene.
This is not the same as actually remembering
where they looked.

Although both of these studies sug-
gest some ability to introspect and report on
one’s own eye movement, earlier work indi-
rectly suggested participants are not aware of
the perceptual e�ect of their own eye move-
ments. In the double-step saccade paradigm,
participants move their eyes towards a pe-
ripheral target which can jump to a new lo-

cation during the movement. Participants
tend to make a corrective saccade to the new
target position, even though they report lit-
tle to no awareness of the target’s movement
itself (Becker & Jürgens, 1979; Bridgeman,
Hendry, & Stark, 1975). The focus in this
area of research has been on awareness of in-
formation presented during saccades, rather
than awareness of one’s own movements,
however, so it is not known whether and to
what extent participants may be able to re-
port on their corrective movements when ex-
plicitly asked about them. In other visually-
guided actions such as reaching to a target,
participants are able to immediately repro-
duce a reaching trajectory with an error in-
duced by a target jumping to a new posi-
tion, even when they are unaware of the jump
itself (Johnson & Haggard, 2005; Johnson,
van Beers, & Haggard, 2002). This suggests
there is a stored memory of the motor correc-
tion in the absence of awareness of the signal
that elicited the correction in the first place.
It makes sense for motor processes to store
and use information about motor corrections
in order for motor learning to take place; in-
deed, after repeated trials in which the mo-
tor target moves to the same new location,
both eye (McLaughlin, 1967) and hand (de
Graaf, Pélisson, Prablanc, & Go�art, 1995)
movements will be directed towards the ex-
pected final position of the target rather
than its initial position, even though par-
ticipants remain unaware of the target po-
sition shift. The motor system may be able
to store and use information in the absence
of explicit perceptual awareness of that infor-
mation (e.g. as suggested by the dual-route
model of visual perception, (Goodale & Mil-
ner, 1992)), so the existence of a correction
does not necessarily mean participants will
be able to report on it.

Further results suggest saccade errors
can go unnoticed even when they are quite
large. Mokler and Fischer (1999) found self-
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reporting of saccade errors to be relatively
poor. In their experiment, a peripheral tar-
get would appear and the correct response
was to generate an eye movement in the op-
posite direction (known as an antisaccade).
They found an average error rate of nearly
20% with the majority of these errors con-
sisting of an initial saccade towards the tar-
get followed by a corrective saccade. Par-
ticipants failed to recognise around 50% of
these errors (see also Robinson and Irwin
(2016)). Similarly, in oculomotor capture
(e.g. Theeuwes, Kramer, Hahn, & Irwin,
1998) the participants’ task is to move their
eyes to a color singleton. On some trials
a sudden onset is added to the display at
the same time as the colour singleton is re-
vealed. On a substantial proportion of trials
(30-80%, depending on timing and distance
conditions) the eyes are directed towards the
sudden onset, even though it not relevant to
the task. The authors “explicitly asked par-
ticipants whether they were aware that the
appearance of the new object a�ected their
eye movements. Observers indicated that
they were sure that their eye movements were
not a�ected by the appearance of the new ob-
ject.” This is consistent with the persistence
of erroneous saccades towards the sudden on-
set in both of the above studies, given that
participants would likely correct their error
if they knew they were repeatedly making it.
Inconsistent, however, are the results from
Belopolsky, Kramer, and Theeuwes (2008),
who conducted an ERP study directly inves-
tigating awareness of errors in an oculomotor
capture experiment. After each trial partic-
ipants were asked if they moved their eyes
directly to the target or not. Participants
accurately reported the error on nearly two
thirds of error trials. However, the propor-
tion of trials on which the eyes were directed
to the sudden onset was comparatively low in
this study (16%), likely because onsets were
constrained to locations that were far from

the target position. This likely made erro-
neous eye movements towards onsets less fre-
quent, and more noticeable, than in the orig-
inal study.

The Theeuwes et al. (1998) and Mokler
and Fischer (1999) experiments had the ad-
vantage of using very simple geometric stim-
uli and very constrained saccade task param-
eters which limit the potential for alterna-
tive strategies for reporting on one’s own eye
movements. However, they do rely on self-
report on eye movement accuracy, explicitly
reported after every trial. This leads to the
concern noted previously that participants
may deliberately alter the way they move
their eyes to make it easier to report where
they looked, suggesting these studies may
be overestimating awareness. On the other
hand, exposing participants to repeated tri-
als in which single eye movements to simple
stimuli are required could impede the abil-
ity to discriminate one eye movement from
another. Under more natural circumstances,
in which eye movements are employed in the
service of gathering information in a more
natural scene, we may find people are reason-
ably good at reporting on the consequence of
the process of competition and selection that
drives eye movements to particular objects or
locations.

It should be clear from the above dis-
cussion that the extent to which we are aware
of our own eye movements is an important
but di�cult question to answer. No sin-
gle approach can satisfactorily address all
the challenges associated with probing self-
awareness of eye movements. Our goal in this
series of three experiments is therefore to use
converging methods to understand whether,
and to what extent, participants can recog-
nize their own eye movements. In Experi-
ments 1 and 2, we use natural and complex
scenes and sequences of multiple fixations,
and participants had to explicitly recall their
fixations, similar to the approach used by
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Foulsham and Kingstone (2013) and Marti
et al. (2015). However, we also manipulate
the availability of alternative strategies for
elevating accuracy above chance, namely us-
ing inferences about task or search goal (Ex-
periment 1) or memory for objects in a scene
(Experiment 2). We find that in the absence
of these strategies, accuracy to recognise or
report on one’s own fixations is minimal and
does not di�er from chance. In Experiment
3, participants made simple saccades to sin-
gle targets and had to state whether the an-
imation of the eye movement following the
trial was their own or someone else’s. We
perturbed the target position on a propor-
tion of trials to induce corrective saccades.
This allowed us to determine whether or not
participants were able to recognise their own
saccades when they contained corrections, or
to correctly reject saccades that contained
corrections when their own saccades were ac-
curate. Participants had a bias to think ac-
curate saccades were their own, and were
otherwise at chance at this task. The re-
sults from these three diverse experiments
converge on the same conclusion: people are
generally not directly aware of their own eye
movements, but they have many strategies
at their disposal that they can use to elevate
their accuracy to report on their eye move-
ments above chance.

General Methods

Set-up

All experiments conducted within this
study were undertaken in the Eye Move-
ments and Attention laboratory at the Uni-
versity of Aberdeen. Equipment and meth-
ods that are common to all the experiments
are described here. Additional materials
are outlined under each experiment meth-
ods section. Experimental scripts were cre-
ated and run using MatLab with the Psych-
ToolBox (Brainard, 1997) and Eyelink Tool-

box (Cornelissen, Peters, & Palmer, 2002).
A PowerMac running OSX 10.8.2 was used
and stimuli were presented on a Sony Tri-
master EL computer screen at a resolution
of 1080 ◊ 1920. Participant responses were
recorded using an Apple keyboard with nu-
meric keyboard, a mouse or voice recording
applications, depending on the experimen-
tal design. An EyeLink 1000 (SR Research,
Mississauga, Canada) was used to track eye
movements. The protocol for each of the ex-
periments was reviewed and approved by the
Psychology Ethics Committee at the Univer-
sity of Aberdeen.

Participants

Participants were recruited from the
population of students and other members
of the academic community at the University
of Aberdeen. All participants had normal or
corrected-to-normal vision. The experiment
was conducted with the full understanding
and signed consent of each participant. Par-
ticipants were remunerated £5-10 for their
time, depending on the length of the experi-
ment. Some participants took part in multi-
ple experiments.

Analysis

We have chosen to follow recent advice
from Cumming (2013) on the reporting of re-
sults in psychology research. Namely, we will
avoid using p-values and null-hypothesis sig-
nificance testing wherever possible. We ex-
pect to find a range of abilities for di�erent
observers, and our aim is to measure, report,
and interpret that range under di�erent tasks
and conditions. Where appropriate, we use
general linear mixed-e�ect models (from the
lme4 package for R) to estimate e�ect sizes
and standard errors while factoring our ran-
dom e�ects associated with di�erences be-
tween individual observers and images. 95%
confidence intervals will be obtained by boot-
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strapping using the confint function. The
data from these experiments has been made
publicly available1.

Experiment 1: Visual Search

In our first experiment, we were inter-
ested in discovering whether participants are
able to recognize their own scanpath relative
to someone else’s viewing the same image.
We followed the methods of Foulsham and
Kingstone (2013), who observed accuracy at
this task that was only just above chance
(55%). This result suggests participants are
able to do this successfully for a few images
or scanpaths, but are at chance for the ma-
jority of trials. On the one hand, it is pos-
sible that participants are using a memory
for which objects were fixated to do the fixa-
tion recognition task, as the authors suggest.
However, an alternative route through which
participants could achieve above-baseline ac-
curacy in the scanpath recognition task is to
infer a particular strategy or goal from the
scanpaths they are shown and then match
this to their own remembered goal or strat-
egy. This strategy could also pose an alterna-
tive explanation for why Marti et al. (2015)
found that participants could reproduce their
own scanpaths with a mouse immediately fol-
lowing search: a search path could be repro-
duced by remembering and implementing a
strategy or mental state evoked during the
initial search, rather than remembering the
eye movements per se. This experiment tests
this alternative explanation by manipulating
search instructions.

We asked participants to search for
a particular target in cartoon images taken
from the Where’s Wally children books. Par-
ticipants then had to discriminate their own
scanpath from that of someone else. Follow-
ing Foulsham and Kingstone (2013), partic-
ipants did not carry out the scanpath dis-

1
insert URL here if paper is accepted

crimination task until after all images had
been viewed, so they could not strategically
change their search behaviour to make their
own scanpaths more recognizable. A descrip-
tion of what the participant needed to find in
each scene was provided verbally over head-
phones at the start of each trial. We ma-
nipulated the search instructions to control
how the participant searched, and therefore
how similar a given participant’s fixations
were likely to be relative to those of other
observers. Specifically, relative to the com-
parison scanpath, participants were given a)
the same search target b) a di�erent search
target, c) a description of the search target
that first provided a salient landmark and
then the target (i.e., “near [the landmark]
is [the target]”) and d) a description in the
opposite order (i.e. “[the target] near [the
landmark]”). We expected that scanpaths
that came from searches prompted by the
same target description should be more dif-
ficult to discriminate than those prompted
by di�erent descriptions of the same target,
with search for a di�erent target altogether
providing the most easily discriminated scan-
path.

Methods

Participants. Thirty-two partici-
pants (median age 23, range = 19 - 42 years
old, 21 females) took part in the current
study. One participant was dropped due to
excessively long reaction times. Due to the
design of our study (where each participant’s
scanpath is compared to that from the pre-
vious participant), the participant that
followed this rejected participant also had
to be discarded from analysis as they would
have been comparing their typical length
scanpaths to excessively long scanpaths.

Stimuli. Stimuli (images and search
instructions) were taken from Clarke, Elsner,
and Rohde (2013b), in which participants
were given a target and asked to provide a
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description of how to find it (known in lin-
guistics as a referring expression). We used
as a target one of the sixteen targets per im-
age used in this previous study, as well as
one of the landmarks that had been sponta-
neously named by participants to help others
to locate the target. The following variations
were constructed to give us four search in-
struction conditions:

(A) Find the landmark
(B) Find the target
(C) Find the target next to the landmark
(D) Next to the landmark, you will find the

target

Search instructions for each image all
began with the same regional descriptor (“in
the upper left. . . ”), followed by the speci-
fied search target. Twenty-eight images were
used in total. An example image with ac-
companying search instructions for the four
conditions is shown in in Figure 1.

Procedure. Immediately following
image onset, an audio recording of the search
instruction was played to participants over
headphones, giving them the necessary infor-
mation required to find the target. Partici-
pants pressed the space bar on the keyboard
when they had found the specified target.
They were then required to use the mouse to
click on the target. This was done so that we
had a record of search accuracy and partici-
pants were not able to just press space with-
out finding the target. Only eye movements
from image onset to the space bar response
were used.

After completing all 28 visual search
trials, participants then carried out the sec-
ond section of the experiment. This con-
sisted of viewing all 28 images again (in a
new random order), with two scanpaths (in
red and blue) drawn on top, as illustrated
in Figure 1. Scanpaths were represented as
a series of line segments connecting the gaze

Figure 1 . Example stimulus with scan-paths
overlaid. The four referring expressions for
this trial were (A) “at the upper right, the
sphinx”; (B) “at the upper right, the man
holding the red vase with a stripe”; (C) “at
the upper right, the man holding the red vase
with a stripe to the left of the sphinx”; (D)
“at the upper right, to the left of the sphinx,
the man holding the red vase with a stripe
on it”.

points recorded by the EyeLink. Gaze sam-
ples falling outside of the image were dis-
carded. One scanpath illustrated the par-
ticipant’s eye movements from searching the
same scene earlier in the experiment, while
the other scanpath showed the behaviour
of the previous participant in the experi-
ment (searching the same scene, but possi-
bly with a di�erent search instruction). Par-
ticipants were asked to decide, by indicating
the colour, which of the two scanpaths was
their own (hence the first participant did not
carry out this part of the experiment). Par-
ticipants were not informed of the task in
this part of the experiment until after they
had carried out the first part, thus excluding
the possibility that participants could mod-
ify their search behaviour to make it easier
for them to remember their own eye move-
ments.

Discarded Trials. A number of tri-
als were excluded from analysis and due to
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Figure 2 . Boxplot showing distribution of
each participant’s median reaction times for
each condition. The y axis is on a log scale.

the design of the study (with each partici-
pant comparing their performance to that of
the previous participant), if a trial was ex-
cluded then we had exclude the subsequent
participant’s corresponding trial. Trials with
very short (<1s, 11 trials) or long (>60s, 1
trial) reaction times were excluded. We also
excluded trials with a delay of >5 seconds
between the time when participants pressed
the space key to indicate that they had found
the target, and when they clicked on the tar-
get with the mouse to verify they had found
it (6% of the remaining data points). Unlike
in reaction times, there was no clear cuto� to
use to define outliers (there is a long tail of
click times with a maximum of 20 seconds)
and so we ran the analysis with and without
this exclusion criterion. Results were similar
in both cases.

Results

The di�erence between the conditions
in terms of reaction time is summarised in
Figure 2. A complete analysis of these data
is beyond the scope of this paper, and can be
found in Clarke, Elsner, and Rohde (2015).

Figure 3 shows the accuracy to dis-

criminate one’s own scanpath from that
of another person for all possible pairs of
search instructions, averaged across partic-
ipants and images. Mirrored conditions (e.g.
accuracy for the comparison of landmark to
target and target to landmark) were aver-
aged. It is clear from this figure that par-
ticipants are generally at chance to correctly
identify their own eye movements when the
reference scanpath is from a person per-
forming the same task (all points shown in-
side the grey box). The only conditions
at which performance di�ers from chance
was when the participant was searching for
a di�erent target from the reference (A-
B, (77% with a 95% confidence interval of
[66%, 86%]), A-C, (64%, [52%, 75%]) and A-
D (66%, [54%, 76%]): in these three compar-
isons the search for the landmark alone (A)
is compared to search for the target, either
with or without the landmark given as a part
of the target description). We also analysed
these results more completely, taking partic-
ipant and image e�ects into account using
a linear mixed e�ects model. The conclu-
sions we drew from this analysis were essen-
tially the same as those that can be drawn
from simply examining Figure 3. We have
included the model fits in Appendix A.

The results from this experiment sug-
gest that participants are not very good
at discriminating their own eye movements
from another person’s. Participants were
above chance to identify which scan path was
their own only when the other person was
searching for a di�erent object. This may be
because the two scanpaths tended to be ob-
jectively less similar when they were search-
ing for a di�erent object, however, visual in-
spection of the scanpaths suggests that there
were many trials in which participants identi-
fied the wrong scanpath as their own, despite
salient di�erences between the two. (See Ap-
pendix ). This suggests it is not a memory
of eye movements per se that participants
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Figure 3 . Accuracy to discriminate one’s
own scanpath relative to a reference scan-
path from the same (grey background) or a
di�erent (white background) search instruc-
tion condition. Error bars show 95% bino-
mial confidence intervals. Filled dots indi-
cate conditions that are above chance based
on whether or not these intervals include
50%. Letters denote the search instruc-
tion conditions: A=landmark; B=target;
C=landmark-target; D=target-landmark.

are using to correctly select their own scan-
path, but a more indirect inference about the
target of search compared to what they re-
member having looked for. However, this ex-
periment included a complicated search and
a long delay between when the search oc-
curred and when the participant was asked
to report on it; asking participants a simpler
and more immediate question about where
they recently looked may a�ord better per-
formance.

Experiment 2: Objects in Scenes

As discussed in the introduction, an-
other way in which participants could per-
form above chance in the scanpath recogni-
tion task is by assuming the objects they
remember seeing in the scene are objects
that they themselves fixated. As we will
demonstrate, this is a strategy that can el-
evate participants above chance, because it
is in fact the case that objects that are fix-
ated in a scene are also more likely to be
reported. Our second experiment explicitly

tested whether people used this recognition
strategy by testing memory for objects in the
scene together with memory for which ob-
jects were fixated.

A previous study by Clarke, Coco, and
Keller (2013a) asked participants to verbally
report objects from a natural scene imme-
diately after presentation. They found the
objects that were named tended to also have
been fixated but there were also many ob-
jects that were named but not fixated, and
objects that were fixated but not named. We
took advantage of this existing dataset to
predefine a series of objects in the set of nat-
ural scenes used by Clarke et al. (2013a) that
were likely to be fixated and/or named. We
asked participants to view a series of images.
After each image was removed, they were
asked to name objects they remembered from
the scene. On half of trials, they were then
also asked if they had “looked directly at” a
specified query object or not. We expected
participants would be able to correctly con-
firm that they looked directly at an object
when they had also named it. We were par-
ticularly interested in whether participants
could also correctly state (i) that they did
not fixate an object that they just named as
having been in the scene, and (ii) that they
did fixate an object even though they did not
name it. Being able to accurately classify
objects as having been fixated or not fixated
irrespective of whether or not they named
them as having been in the scene would be
a clear indication that people are able to re-
member their fixations separately from the
objects in the scene.

Methods

Participants. Thirty-two partici-
pants (median age 24.5, range = 20 - 62
years old, 22 females) volunteered for the
current study. One participant was dropped
due to a recording error.
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Stimuli. Stimuli were taken from
the set of annotated images used by Clarke
et al. (2013a). In the original study, 24 par-
ticipants viewed each image for three sec-
onds while wearing an Eyelink II eye tracker.
After each scene was removed from dis-
play, participants were asked to name ob-
jects they could remember from the scene
(usually about five). Using these data, we
searched the set of 100 images for objects
that matched the following criteria:

• Size of object was between 1000 and
60,000 pixels (1/8th of image size)

• Object was unique in image (for exam-
ple, the only chair in the image)

• Objects that were:

– Named by at least 70% of partici-
pants and fixated by at least 60%

– Named by at least 70% of partici-
pants and fixated by at most 33%

– Named by at most 33% of partici-
pants and fixated by at least 60%

– Named by at most 33% of partici-
pants and fixated by at most 33%

We created seven trials for each condition,
giving a total of 28 critical trials. Note that
this is an a priori estimate of the actual num-
ber of trials that were expected to fall in each
condition based on previous data; the actual
number of trials falling into each of the condi-
tions above was determined posthoc based on
the data collected from a new set of partici-
pants. A further 28 filler trials, selected from
the same dataset of photographs, were added
to give a total of 56 trials. The filler trials
were included in an attempt to decrease the
amount of attention the participants would
give the fixation recognition question during
scene viewing, and instead focus on the mem-
ory question that was asked after every trial.
Two example images are showing in Figure
4.

Procedure. Images were shown in a
randomised order. Before each image, par-
ticipants pressed the spacebar while fixating
a point in the centre of the screen and a drift
correction was carried out. The image was
then presented for three seconds before be-
ing removed from screen. Participants were
asked to name aloud as many objects as pos-
sible from the scene. In order to avoid them
just naming the most salient object, or using
long term semantic memory to make a long
list of educated guesses, they were encour-
aged to name “around five.” Responses were
audio recorded for later transcription. Par-
ticipants pressed the space key when done.
If the trial was one of the 28 critical trials,
they were then asked:

“Did you look directly at the
query object?”

Participants responded by pressing the y or
n key on the keyboard. There was no time
limit.

Analysis. This is a binary response
task with an unbalanced design. As such, a
simple accuracy measure such as percent cor-
rect is not suitable for characterising perfor-
mance, because individual participants may
have a response bias that could run the same
or the opposite way of the bias in what is
the correct response. For example, if there
is a general bias to say "yes" to the ques-
tion of whether or not a given object was
fixated, the proportion correct for a given in-
dividual in their reports will depend on the
extent to which they happened to look at
the queried objects in the set (rather than
on their ability to remember looking at it,
which is what we are actually interested in).
We therefore need an appropriate measure
of how well people can discriminate their ac-
curate from their inaccurate eye movements.
Hence we will present our results using two
statistics commonly used in the classification
literature: precision and recall. If we are try-
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(a) “people, bench, geese, grass” (b) “laptop, mouse, chair, bed”

Figure 4 . Two example trials. In the first image, the query object was the bottle (on the
left by the bench) and the participant correctly answered that they had not fixated it. In
the second image, the query object was the laptop and we can see that while the participant
named it, they did not directly fixate it during the trial.

ing to classify A from B, then the definitions
are as follows:

• Accuracy: the proportion of all items
successfully classified.

• Precision: the proportion items classi-
fied as A that are actually A.

• Recall: the proportion of items belong-
ing to class A that are classified as A.

An object was considered to have been
fixated by a participant if at least one of their
fixations fell within a polygon marking the
outline of the object.

Results

Participants appeared to manage the
naming task reasonably well, naming at least
four objects on nearly all trials. Two exam-
ple trials with overlaid scanpaths and named
objects are shown in Figure 4.

As explained above, image-object pairs
were selected from an existing dataset to
try and obtain an approximately equal num-
ber of trials containing query objects of
roughly equal size in each of four conditions

(fixated/not fixated ◊ named/not named).
However, as we have no control over which
objects observers look at or name, we ex-
pected this to vary from person to per-
son. The trials were therefore re-categorised
into the same four conditions using the data
based on our new participants’ actual be-
haviour. The number of trials in each condi-
tion is shown in Table 1. With the exception
of not fixated yet named objects, we have an
approximately even split of trials over condi-
tion.

We then examined accuracy in the
fixation recollection task as a function of
whether or not the queried object was
named. The results are shown in Figure
5a. Observers are more accurate at deter-
mining whether or not they fixated named
objects on all three measures (accuracy: me-
dian of 69% for named objects compared to
61% for unnamed objects; precision: 78%
compared to 67%; and recall: 88% com-
pared to 24%). The largest di�erence in be-
tween conditions is in recall, where the re-
call of fixated unnamed objects is very low.
This means that participants tended to in-
correctly state that they did not fixate an
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Table 1
Number of Trials in each Condition.

Fixated Named Number of Trials Median Num. of Trials per Observer
Yes Yes 232 9
Yes No 296 8
No Yes 96 3
No No 232 8

object when it was an object they had not
named. When we compare these results to
some simplistic baseline strategies (Figure
5b), we can see that human performance only
marginally outperforms some very simple re-
sponse strategies: in particular, performance
is quite close to what would be expected if
participants simply stated they fixated those
objects which they had named (median dif-
ference of 3.8%), with about 25% of partic-
ipants under-performing this strategy. Even
more participants under-performed the strat-
egy of simply stating “yes” every time they
were asked if they fixated a particular object.

We can further analyse these data
by fitting a general linear mixed model to
investigate how the participant’s response
(whether they believe they have looked at
the query object or not) is influenced by (i)
whether they have actually looked at the ob-
ject and (ii) whether they named the object.
We fit a model with random intercepts for
both participant and image and the fixed
e�ects are shown in Figure 6. The results
demonstrate that although actually fixating
the object does influence the participant’s
response (the probability of participant re-
sponding that they had fixated an object
which they had neither fixated or named was
14%, while for objects which were fixated but
not named this rises to 33%), the influence
of whether or not a given object was named
is even larger (63%). Following advice on
areas-of-interest padding (Orquin, Ashby, &
Clarke, 2015) we re-analysed the data, ex-
panding the radii of the AOIs between 1%
and 25%. We found that this made little dif-

ference to the model, and all estimated coef-
ficients remained within the 95% confidence
intervals presented in Figure 6.

We also explore the extent to which
total fixation duration has on the likelihood
of a participant reporting that they had fix-
ated an object. We analyse the subset of the
data consisting of all trials in which the par-
ticipant fixated the target object, and rerun
the general linear mixed model replacing the
binary fixated factor with log total dwell
time. Bootstrapped 95% confidence intervals
suggest some evidence of a possible relation-
ship between fixation duration and partic-
ipant response (— = 0.6, CI=[0.065, 1.333]).
However, these results should be treated with
caution given the small sample size and doc-
umented relationship between fixation dura-
tion and the likelihood of an object being
named (Clarke et al., 2013a)

Our results suggest that observers have
little to no memory for what they fix-
ated, and simply respond that they looked
at the objects that they named. This is
in contrast to the conclusions of Foulsham
and Kingstone (2013), but we believe par-
ticipants could have employed an object-
memory strategy in their experiment at least
on some trials, which would be su�cient to
boost accuracy above chance. An impor-
tant design di�erence between our study and
Foulsham & Kingstone’s is that they did
not ask participants about their eye move-
ments until all images had been viewed (as
in our Experiment 1). Here we asked partici-
pants about their eye movements directly af-
ter they had viewed the image, which should,
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Figure 5 . (a) Accuracy statistics for the objects experiment. Accuracy to state whether an
object has been fixated or not is modestly above chance. However, for objects that were
not named, participants tend to report not having fixated it even when they had, resulting
in a very low recall score. (b) Di�erence scores when comparing the observed accuracy to
expected accuracy under a strategy of (i) responding that you fixated the object if and only
if you named it (“named”) and (ii) simply responding that you fixated every query object
(“yes”).
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Figure 6 . (a) Fixed e�ects from general linear mixed model with 95% confidence intervals.
(b) Logistic transform of fixed e�ects for each experimental condition. We can see that a
named object is more likely to be reported as fixated than one that actually was fixated.
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if anything, have improved accuracy relative
to a delayed recollection. Asking immedi-
ately following the trial does, however, mean
that over the course of the experiment, par-
ticipants would potentially be able to alter
their viewing strategy to increase their per-
formance in the fixation recollection task.
However, given the low accuracy at this task,
this does not appear to have happened.

Experiment 3: Double-step Saccades

The last of our three experiments in-
vestigated whether individuals could identify
their eye movements in a simple saccade task
towards a single visual target, in which par-
ticipants were fully aware that they would
need to report on their eye movements on
every trial. Participants simply made a sac-
cade to a peripheral target. On half of trials,
the peripheral target jumped to a new po-
sition while the saccade was being executed.
Participants tend to perform a corrective sac-
cade to the target’s new position (known as
a double-step saccade), although they typi-
cally do not notice the change in target po-
sition (Becker & Jürgens, 1979; Bridgeman
et al., 1975). The disruption to the saccade
introduced by the position shift in the sac-
cade target could, however, provide a sig-
nal to the participant that they could use to
di�erentiate their own eye movement from
someone else’s, if this is indeed possible. Af-
ter each trial, participants viewed an “instant
re-play” animation depicting either the eye
movement(s) the participant just executed
or those of someone else. An animation was
used to give the participants as much tempo-
ral and spatial information about the move-
ment as possible. The aim of the experi-
ment was to determine if participants were
sensitive to executing either single or double
step saccades and as a result if they can dis-
criminate their eye movements from someone
else’s.

Methods

Participants. Twenty-eight partici-
pants (17 female) volunteered for this exper-
iment, aged between 21 and 29 years old.

Stimuli. Stimuli consisted of a 2¶ ◊
2¶ fixation cross displayed upon a blank
screen at the start of each trial. Subsequent
single or double fixation crosses were pre-
sented either right or left of the original cen-
tral fixation cross depending on condition.

Procedure. Participants were given
a practice block of 16 trials to allow them to
increase the speed at which they made their
eye movements as well as improve their fi-
nal fixation accuracy so they landed at the
centre of the movement target. Participants
had to successfully complete a minimum of
12 of these trials in order to carry on to
the complete the full experiment (criteria for
“successful” is given below); if they failed to
complete 12, they repeated the practice un-
til they reached this criterion. The experi-
ment consisted of six blocks of 37 trials, how-
ever, trials in which participants made an in-
correct movement or were above the speed
threshold were omitted. At the start of each
trial a fixation cross was displayed at the cen-
tre of the screen. In order to begin each trial
participants fixated the cross and pressed the
space bar. After a successful drift correction
a smaller central fixation cross was displayed
and at the same time an additional second
movement target cross was presented at one
of three locations to the left or right of the
central fixation cross (six locations in total).
Participants were instructed to simply move
their eyes to the target as quickly and ac-
curately as possible. On half of the trials
the fixation point remained in the same lo-
cation throughout the trial. On half of these
trials the second cross was 11.5¶ from the
centre, and the other half of trials the cross
was 15.8¶ from the centre. In the remaining
half of the trials where the cross was initially
shown at 13.7¶ from the centre, and either
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jumped inwards (to 11.5¶) or outwards (to
15.8¶) once a saccade was detected (simply
defined as when the x-coordinate of the cur-
rent gaze location was more than 1.4¶ from
the centre of display).

To successfully complete a trial, partic-
ipants were required to fixate the movement
target (defined as a period of 50ms in which
all gaze samples were within 2¶ of the cen-
tre of the fixation cross). If this criteria was
not met within 600ms of target onset, the
trial was counted as invalid and the partici-
pant was shown a red screen for 3000ms. If
participants successfully completed a trial, a
further 50ms of gaze samples were collected,
followed by a blank screen for 500ms, after
which participants were shown a replay of
gaze behaviour during the trial. In half of the
trials, they were shown their own eye move-
ments in an animated replay, drawn on the
screen, sample-by-sample, in real time. In
the other half of the trials, they were shown a
pre-recorded eye movement collected in a pi-
lot experiment. The replay displayed two fix-
ation crosses: the central fixation cross and
the movement target cross at either the final
inwards or outwards position (see Figure 7).
Participants were asked to identify whether
the gaze replay shown was theirs or someone
else’s. If they believed the gaze replay was
theirs they pressed y on the keyboard, if they
believed the gaze replay shown wasn’t theirs
they pressed n. They were informed that the
replay would be their own eye movement 50%
of the time.

The colour of the display screen
changed colour depending on what phase
of the trial the participant was completing.
This was implemented to help participants
keep track of the task. In the first phase,
in which they were making, or preparing to
make, an eye movement, the screen was pre-
sented as pale orange. In the second phase,
when participants were watching, or prepar-
ing to watch, the gaze replay, the screen was

Figure 7 . An example of a gaze replay pre-
sented to participants. In the actual experi-
ment, this line was traced out in real time.

blue. See Figure 7 for an example.
Discarded Trials. Any trials in

which participants did not fixate the move-
ment target for a minimum period of 50ms,
in which all gaze samples were within 2¶

of the centre of the fixation cross, were ex-
cluded from further analysis. Also any tri-
als in which this criteria was not met within
600ms of target onset were counted as invalid
and discarded from further analysis. Under
these criteria, a mean of 73% of trials from
each participant were included in the anal-
ysis (with a large range of individual di�er-
ences: 40% - 94%). Four participants had
over half of their trials discarded.

Results

Table 2 shows the distribution of sac-
cade types by target position. Note, this
collapses over trials in which the target ap-
peared at the inwards/outwards position,
and those in which it appeared in the cen-
tral position and then moved.

Participants were required to accu-
rately identify if the gaze path presented at
the end of each trial was their own or some-
one else’s. Accuracy to do so (in terms of the
proportion of trials with a correct response)
was poor (mean participant accuracy = 52%,
with only five out of 28 participants manag-
ing to perform better than chance,with the
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Inwards target Outwards target
forwards correction 122 759

accurate saccade 985 494
backwards correction 217 5

Table 2
Number of saccades falling into each category. Categories were defined with respect to the
target’s end position: trials in which the target moved inwards from the central position
are grouped with the trials in which the target appeared, and remained, at the closer (to
the centre of the display) position. Similar for targets that moved outwards, away from the
central fixation cross.
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Figure 8 . Accuracy with 95% Confidence in-
terval for each participant. The filled dots
indicate the participants who did better than
chance.

most accurate participant achieving a score
of 70%. Three participants performed below
chance.

Although overall accuracy was around
50%, classification di�ered between compar-
ison conditions. In particular, when partici-
pants were shown a direct saccade or a sac-
cade with a forward bias, they had a strong
tendency to classify that saccade as their
own. Conversely, participants rarely classi-
fied saccades with backward corrections as
their own. As can be seen in Table 2, partici-
pants did perform far fewer backward correc-
tions than forward corrections or direct sac-
cades. This is clear from Figure 9a, which
shows the tendency to “claim” (i.e. iden-
tify as “mine”) saccades on trials in which
the participant was shown their own saccade:
when participants actually made a backward
correction, they were far less likely to claim

the saccade than if they made a forward cor-
rection or direct saccade.

We can also break the results down
into similar categories on trials in which the
participants were shown someone else’s eye
movements, shown in Figure 9b. Again, par-
ticipants are more likely to (now erroneously)
state a saccade is their own when it is direct
or forwards. Saccades that fell into a dif-
ferent category than the one that had just
been executed were as likely to be claimed
as saccades that were in the same category.
This confirms that participants have a bias
to identify correct saccades as their own, and
incorrect saccades as having been generated
by someone else. To the extent that partic-
ipants do tend to produce correct saccades,
this bias boosts their overall accuracy in the
discrimination task, but it is clear they have
little to no insight into their own saccade er-
rors.

Discussion

Previous work has suggested that peo-
ple have a surprisingly limited ability to re-
port on their own eye movements. However,
as explained in the introduction, the meth-
ods used to answer this question could have a
large impact on the results. Therefore, by de-
sign, each of our three experiments were con-
ducted using very di�erent paradigms. Al-
though each experiment tackles the question
di�erently they all converge on the same con-
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Figure 9 . (a) Proportion of trials on which participants stated the saccade was their own
for only those trials in which they were actually shown their own saccade. When the
saccade was direct or had a forward correction, they were far more likely to state it was
their own than when it contained a backward correction. (b) Proportion of trials on which
participants stated the saccade was their own, for trials in which they were shown someone
else’s backward correction (first panel), direct saccade (second panel) or forward correction
(third panel). The three bars within each panel separate the results based on which type
of saccade the participant has themselves just executed; backward saccades were not very
common, so this category should be interpreted with caution. In general, participants were
just as likely to claim a saccade was their own when it matched the saccade they just
executed as when it did not.

clusion that, in general, people are even less
aware of their own eye movements than pre-
vious research suggested.

In Experiment 1 we varied which tar-
get the person searched for, and, more subtly,
altered the linguistic structure of the target
description to include a salient landmark de-
scription either before or after the target was
specified. If participants can extract infor-
mation about the goals or intentions driving
the eye movements and compare it to their
own, they should be better able to discrim-
inate their own eye movements when com-
pared against a person searching for a di�er-
ent target, and/or against a person search-
ing based on di�erent instructions from their
own. Indeed, we found that participants’
performance was highest (although still not
particularly high) when they were compar-

ing their scan path to one that was looking
for a di�erent target. However, when their
scanpath was shown together with that of a
di�erent person searching for the same tar-
get, even when they were following a di�er-
ent search instruction, discrimination was at
chance. This indirectly suggests that partic-
ipants are basing their judgements on infer-
ences about goals, rather than any detailed
memory of their own actual eye movements.
But could it just be too di�cult a task to
remember visual details well enough to dis-
criminate them from a relatively similar foil
shown up to ten minutes later? Probably
not; experiments on recognition memory for
small variations in object identity or position
has shown this capacity to be surprisingly
large, even when testing memory for thou-
sands of similar objects at a delay of sev-
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eral hours (Brady, Konkle, Alvarez, & Oliva,
2008). In the present study, participants
were asked about their eye movements im-
mediately following their execution in Exper-
iments 2 and 3, and there was little evidence
that this boosted performance much com-
pared to Experiment 1, suggesting the poor
performance is due not to fixational memory
decaying over time, but to it having not been
present in the first place. Another consider-
ation is that we are concluding participants
are “at chance” based on an aggregate score
with confidence intervals that overlap chance
(50%), leaving open the possibility that some
of our participants genuinely perform above
chance at identifying their own scanpaths.
That said, it is possible that these partici-
pants (and/or the person with whom their
scanpaths were paired) had features in their
scanpaths that were unique and easily iden-
tifiable, such as systematic calibration errors
or tremor. This could inflate accuracy above
chance for some individuals, again because of
indirect inferences as opposed to memory of
one’s own selection of fixations per se. Even
though we cannot eliminate this possible al-
ternative route to accurate performance, ag-
gregate results are still at chance, suggesting
at the very least that the majority of par-
ticipants cannot accurately recall their own
scanpath.

In Experiment 2 we established that
individuals are able to use a memory of which
objects were present in the scene as a rea-
sonable approximation of which objects were
fixated. Indeed, if participants simply re-
port that they fixated any object they re-
member having seen, the overall accuracy of
these reports would be about 60-70%, sug-
gesting this is a good strategy for achieving
above-chance accuracy even in the absence of
any explicit memory of fixations themselves.
The results when we split recognition per-
formance by whether objects were named or
not reveals that participants were relying on

this strategy almost entirely, with very low
recall for objects that were not named - in
other words, participants thought they had
fixated named objects even when they had
not, and vice-versa. Indeed, having named
an object was a better predictor of whether
a given participant stated they had fixated it
than whether or not they actually fixated it.
That said, after accounting for the e�ect of
naming, there was some variability in judge-
ment of fixations that could be accounted for
by the fixations themselves. This could sug-
gest that participants had some memory for
their own fixations independent of whether
they remember the object in the scene. On
the other hand, we asked participants to
name “around five” objects in the scene, and
it is quite plausible that some objects were
encoded but then not subsequently named.
This could be because participants could not
easily put a verbal label on the object, or
simply prioritised it less than other objects
in the scene. In any case, those few trials on
which participants report having fixated an
object they did not name could represent tri-
als on which they encoded, but did not name,
the object. Given how infrequent these in-
stances are, we can at the very least say that
the dominant strategy for deciding whether
an object was fixated or not is to use one’s
own memory of whether or not it was in the
scene at all. Given that this strategy leads to
above-chance accuracy in the fixation recall
task, caution should be exercised while in-
terpreting results from experiments in which
participants can rely on memory for objects
instead of fixations for accurate self-report
(as they could in Foulsham and Kingstone,
2012). This self-report is not an indication
of a memory for fixations, but rather a mem-
ory of what objects were or were not present
in a scene.

In both Experiments 1 and 2 we find
clear evidence that participants rely on alter-
native strategies rather than fixational mem-
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ory when reporting on their own eye move-
ments. This suggests we do not store a repre-
sentation of fixations, at least not one we can
easily report. However, in both studies the
task was di�cult, and the real purpose of the
study was to some extent disguised; in the
first experiment by not probing recognition
memory until the end, and in the second by
only asking about fixations on a smaller sub-
set of trials. Based on these two experiments
alone, the possibility remains that partici-
pants can in fact maintain a representation
of their own eye movements as long as this
information is task-relevant, but when this
information is not consistently required it is
not accessed, stored, or maintained. In the
final experiment, therefore, we made it ex-
plicitly clear that the main task of the exper-
iment was to remember and report on one’s
own saccades. The simpler saccade task cir-
cumvents the use of task inference or object
memory, focuses on a memory of eye move-
ments to a single target, and asks partic-
ipants to immediately recognise an anima-
tion of this eye movement after every trial.
We increased the variability of the eye move-
ment by inducing corrections, and we used
real-time animations to present as much spa-
tial and temporal information to the observer
as possible. Nonetheless, participants as a
group were at chance at this task: only half
of the trials participants identified as their
own were actually their own. This conclu-
sion is based on aggregate accuracy, how-
ever; there were five (of 28) participants who
were significantly di�erent from chance when
their results are examined individually. As in
Experiment 1, it may be that these partici-
pants do in fact have a clearer representation
of their own eye movement trajectories than
the other 23 participants, but there are at
least two other possible explanations. One
is that the eye movements of these five par-
ticipants had distinctive characteristics (e.g.
fixation tremor) that made their eye move-

ments more easily detected relative to the
comparison eye movement than the others.
A second explanation is that these partici-
pants were simply better at noticing and us-
ing small systematic di�erences between eye
movements to discriminate one group from
another.

In all the above experiments, the ex-
perience of the eye movement itself is di�er-
ent from the medium we used to probe mem-
ory. In the first experiment, we showed scan-
paths as a series of lines connecting fixated
points, which provides spatial and sequence
information, but temporal information was
removed. In the second experiment the mem-
ory probe was even further abstracted from
the actual experience of fixating the object
because we asked verbally about an object
that was present in a scene which was no
longer visible. Even in the final experiment,
in which we replayed the eye movement back
in real-time, the experience of actually mov-
ing the eyes would have been quite di�erent
from the representation of that movement as
a dot on the screen. We did consider mak-
ing the animation an even closer match to
the participant’s own immediate experience
of the eye movement they just executed by
replaying the movement of the saccade tar-
get across the retina as a consequence of the
eye movement. However, we assumed that
naive participants would have a di�cult time
understanding what we were showing them,
given that this is not the way people tend
to report or describe their eye movements;
most people intuitively refer to the image
as remaining fixed and their eyes changing
position on that image, rather than the eye
movements changing the position of the im-
age itself. The anecdotal observation that we
do not easily or naturally comprehend the
e�ect of our own eye movements on the im-
age falling on our retina is broadly consistent
with our conclusion that we do not have a
very accurate representation (if any) of these
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movements in the first place. The lack of
awareness of the visual impact of one’s own
eye movements is often referred to as sac-
cadic suppression (Matin, 1974). The thresh-
old to detect stimuli, particularly motion sig-
nals, is elevated during saccades, likely due
to a combination of post-saccadic masking
(Campbell & Wurtz, 1978; Ibbotson & Clo-
herty, 2009) and active suppression of some
pathways and signals (Bremmer, Kubischik,
Ho�mann, & Krekelberg, 2009; Ross, Burr,
& Morrone, 1996). There is clear evidence of
ongoing visual processing of form and flicker
during saccades (Hunt, Chapman, & King-
stone, 2008; Watanabe, Noritake, Maeda,
Tachi, & Nishida, 2005), indicating that sup-
pression is selective to some channels. As
noted in the introduction, however, partic-
ipants tend to be unaware of displacements
in the saccade target position that occur dur-
ing saccades (Bridgeman et al., 1975) despite
the fact that rapid corrective saccades are ex-
ecuted to the new target position (Becker &
Jürgens, 1979), and after repeated displace-
ments in the same direction, saccade exe-
cution adapts to land on the expected final
position of the target, rather than where it
is presented before the saccade (e.g. Deubel,
1995). Rapid saccadic corrections and adap-
tations demonstrate that the displacement
signal is incorporated into visually-guided
actions, despite it being inaccessible to con-
scious awareness. In other words, visual sig-
nals that are clearly su�cient to guide motor
control and motor learning are nonetheless
not su�cient for perceptual experience.

The same dissociation of perceptual
experience from attentional and motor con-
trol appears to apply to the process of plan-
ning, executing, and monitoring saccades
and fixations. Although our results suggest
we are not able to accurately report on our
eye movements, we clearly use information
about saccade target selection to guide be-
haviour over the short and long term. For

example, eye movements towards previously-
fixated locations tended to be slower and less
frequent during extended search, an e�ect
normally referred to as inhibition of return
(e.g. Klein & MacInnes, 1999; MacInnes,
Hunt, Hilchey, & Klein, 2014). The exis-
tence of IOR suggests we store and use a
representation of where the eyes have been
to facilitate inspection of locations that have
not yet been visited. Similarly, in priming of
pop-out (Maljkovic & Nakayama, 1994) and
contextual cueing (Chun & Jiang, 1998), at-
tention is deployed more rapidly when cer-
tain aspects of the search array have been
viewed previously, suggesting a stored rep-
resentation of previous instances of search
that can facilitate target detection. Despite
the fact that we clearly have, and use, rep-
resentations of previous instances of visual
search, the current study has demonstrated
that the ability to explicitly report on this
information appears to be minimal, or pos-
sibly absent altogether. This is consistent
with other instances in the literature of dis-
sociations between our perceptual experience
and visually-guided actions in terms of what
information they can access and use. Some
of these are somewhat controversial, for ex-
ample, the extent to which visually-guided
actions are impervious to visual illusions is
the subject of heated debate (e.g. Aglioti,
Beltramello, Tassinari, & Berlucchi, 1998;
Bruno, 2001; Franz, Gegenfurtner, Bültho�,
& Fahle, 2000; van Zoest & Hunt, 2011).
However, it is a relatively well-accepted view
that that there is some separation in how and
where the visual system stores and represents
information that is relevant to action versus
that which is relevant for identification, con-
scious report, and explicit memory (Milner
& Goodale, 1995). Klein (1980) suggested
that eye movements operate at a level of the
visual system that can be separated from
attentional processes, inconsistent with pre-
motor theory. Hunt and Kingstone (2003),
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based on a dissociation in how attention and
eye movements were a�ected by target lu-
minance, concluded that at least some eye
movements may be planned and deployed be-
fore attentional e�ects are instantiated. The
current results, in demonstrating we have a
severely limited ability to introspect on our
own eye movements, are similarly inconsis-
tent with attention being deployed to the tar-
get of each saccade, presuming that attend-
ing to these targets would make them more
available for conscious report.

In conclusion, our research has demon-
strated awareness of one’s own eye move-
ments is extremely limited. We used a
converging methods approach, constructing
three very di�erent ways to probe awareness.
In each experiment, participants clearly used
every available strategy to boost their ac-
curacy, but when these strategies were not
available, the accuracy with which most par-
ticipants could identify their own scan path,
fixations, or individual eye movement was
close to chance. Eye movements play a piv-
otal role in how we view and perceive our
environment by determining our primary vi-
sual input, as shaped by the strategies we
deploy to search and extract information.
These processes rely on information which
appears to be accessed by our visual, atten-
tional, and motor systems, but is unavail-
able to us consciously. This suggests con-
scious access and control is unnecessary for
a wide range of visual, attentional, and mo-
tor processes, including perceptual stability
across saccades, motor learning, saccade tar-
get selection, and inhibition of return. In
practical terms, the extent to which people
are aware of their own eye movements also
has important implications for industry, in
which there is an increasing interest in us-
ing eye movements in diagnostics, training
and interface control. For example, informa-
tion about eye movements during task per-
formance has been used in aircraft inspection

training (Duchowski et al., 2000); interactive
graphic display usability (Zhu & Ji, 2004),
and evaluating surgical performance (Tien,
Atkins, Zheng, & Swindells, 2010). These
approaches rely on the assumption that in-
dividuals are consciously aware of their own
eye movements, can actively retrieve this in-
formation, and in some cases imply reflection
on eye gaze can be used to improve perfor-
mance. The results of the current study un-
dermine this assumption.
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Appendix A

Linear mixed-e�ect model of results
from Experiment 1: We ran a general linear
mixed-e�ect model (family=binomial) using
the lm4 package for R. Specifically, we fit the
model:

recog ≥ reID1 : reID2 + 0

+(1|participant) + (1|image)

(1)

We force the intercept to be 0 so that
the beta coe�cients are more easily inter-
pretable: larger positive coe�cients mean
that it is easier to successfully recognise your
eye movements in the scanpath recognition
task, where as negative coe�cients mean per-
formance worse than chance. The model fit
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with standard errors is presented in Table 3.
The results are in good agreement with the
means presented in Figure 3, with the largest
e�ects being seen for the target-landmark
(A-B) and landmark-target (B-A) compar-
isons.

Appendix B

In Experiment 1 we found that partic-
ipants did slightly better than chance when
asked to identify their own scan-path from
somebody else searching the same image, but
with a di�erent referring expression. When
their scan-path was paired with one recorded
from another participant following exactly
the same referring expression, accuracy was
at chance levels. One interpretation of these
results is that participants have some lim-
ited ability to do an "inverse Yarbus" task,
and can occasionally2 recognise their scan-
path by working out which one best fits the
task they remember completing.

A potential confound however is that
as the structure of the linguistic referring ex-
pression varies, the di�erence between the
two scan-paths increases. This raises the
question of whether participants’ inability to
recognise their own eye movements is due to
the two alternative choices being too similar
to one another. We explore this possibility in
Figure 10 which shows a selection of trials in
which the two scan-paths are from observers
following the same referring expression, and
the participant was unable to identify which
scan-path was their own. We can see that
even though the two observers were given the
same instructions, there are often large dif-
ferences in where they looked.
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