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Abstract The present paper presents an overview of
research on the role of saccades in multitasking. Multi-
tasking is known to cause performance costs in terms of
increased response times and/or error rates. However, most
of the previous research on multitasking was focused on
manual and vocal action demands, and the role of eye
movements has been largely neglected. As a consequence,
saccade execution was mainly considered with respect to
its functional role in gathering new visual information
(input side of information processing). However, several
more recent experiments confirmed that saccades both
exhibit and cause dual-task costs in the context of other
actions and should thus also be regarded as a response
modality (output side of information processing). Theo-
retical implications as well as several open issues for future
research will be outlined.

Introduction

From everyday experience we know that the execution of
more than one task at a time is more difficult than per-
forming one task alone. Multitasking typically leads to
costs in terms of more errors and/or slower responses (e.g.,
Pashler, 1994). An important goal of multitasking research
has been to understand the underlying mechanisms that
cause these costs. For a long time, research has mainly
focussed on two specific response modalities, namely
manual and vocal responses (Pashler, 1998). As a conse-
quence, current multitasking theories are mainly based on
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data derived from a quite limited range of response
modalities, which raises the question as to what extent
these theories really cover general (instead of modality-
specific) principles of multitasking. For example, oculo-
motor responses (eye movements) were mainly regarded as
a by-product of input-related processes (see Sect. “Mod-
eling the role of eye movements in multitasking”). The
neglect of eye movements in the context of multitasking
may partly be due to the impression that we constantly
move our eyes and body concurrently without experiencing
difficulties arising from the performance of an additional
task. Furthermore, costs and labor associated with eye
movement recording might have played a role.

Already in nineteenth century Solomons and Stein
(1896) reported classic dual-task experiments based on
self-observation data with respect to reading prose while
writing at the same time (see also Shaffer, 1975; Spelke,
Hirst, & Neisser, 1976). One apparent difficulty with such
studies is that despite a certain ecological validity, complex
continuous tasks do not allow the experimenter to control
the timing of stimulus events, which in turn makes it dif-
ficult to determine the cognitive mechanisms of multi-
tasking (e.g., Broadbent, 1982). Another crucial problem is
that reading always involves the execution of eye move-
ments. However, this additional motor demand was not
explicitly considered as a further response modality which
might potentially interfere with the manual writing task.
Instead, Solomons and Stein (1896) concluded that “[e]ye
movements here seem to be simply a result of attention”
(p. 504). Most likely, it was tacitly assumed that eye
movement execution is an effortless, input-related process
which should not interfere with the two tasks. This high-
lights a problematic aspect of multitasking research in
general, namely the problem of defining what counts as
“one task”. We usually do not consider reading (or visual
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search, etc.) as a dual task, just because eye movements are
involved (see Pashler, Carrier, & Hoffman, 1993). One way
to deal with such a problematic state of affairs is to gather
empirical evidence to decide whether and how saccades
interfere with other concurrent (e.g., manual and vocal)
response demands. The attempt to answer this question will
be the main topic of the present paper.

Input-related versus output-related view of eye
movements

The above quotation from Solomons and Stein (1896) is
symptomatic of a widespread view of saccades as an indi-
cator of input-related information processing. This is also
evident in the term “overt attention” (see Wright & Ward,
2008), which is often used to characterize eye movements, as
opposed to “covert attention”, which refers to looking out of
the corner of one’s eye (Posner, 1980). For example, in a
common introductory textbook on attention Styles (1997)
acknowledges that “visual attention is intimately related to
where we are looking and to eye movements”, but “[p]er-
haps there is nothing much to explain here; we just attend to
what we are looking at” (see also Findlay & Gilchrist, 2003,
for a critical discussion). Similarly, but with a more opti-
mistic view on the usefulness of studying eye movements,
Just and Carpenter (1980) proposed that eye movements
basically reflect attention processes associated with the fix-
ated stimulus. Accordingly, they assumed that stimuli are
interpreted as soon as they are encountered, and that fixation
of a stimulus lasts as long as processing has finished.
Although this rather simplistic view of the interplay of
attention and eye movements has been challenged (e.g.,
Henderson, 2005; Kliegl, Nuthmann, & Engbert, 2006;
Rayner, 1998, 2009), the underlying assumption that sac-
cades are mainly a reflection of input-related attentional
processing remained intact. In the following, we will refer to
this as the input-related view of eye movements.

However, the present paper will show that saccades
exhibit similar effects as other, more traditionally studied
response modalities (e.g., manual or vocal responses) in the
context of multitasking. Consequently, this paper advo-
cates the importance of a complimentary, output-related
view of eye movements, which highlights the idea that
saccades should be viewed no differently than other motor
responses, and thus the visual system should be regarded as
an “ordinary” response modality. Of course, both accounts
are not considered mutually exclusive, but rather as two
sides of the same coin.

Experimental multitasking paradigms

One basic characteristic of traditionally studied motor sys-
tems (manual, vocal) is that they cause (and are subject to)

interference with other concurrent response demands. This
was demonstrated by utilizing experimental paradigms
which can broadly be subdivided into four categories.

1. The first category consists of the simultaneous execu-
tion of two (or more) continuous tasks (see Spelke
et al., 1976; Solomons & Stein, 1896). Despite the
drawbacks mentioned above, some important ques-
tions necessitate utilizing continuous tasks, for exam-
ple studying adverse effects of talking on the phone
while driving (e.g., Strayer, Drews, & Johnson, 2003;
Levy, Pashler, & Boer, 2006; Kunar, Carter, Cohen, &
Horowitz, 2008).

2. To gain more experimental control over stimuli and
cognitive processes, novel paradigms were invented
which typically comprised basic sensorimotor tasks
consisting of a set of distinct and clearly defined
stimuli and responses. For example, a central charac-
teristic of the task switching paradigm is that partic-
ipants switch between tasks, with a new task starting
only after a previous task has been finished (Allport,
Styles, & Hsieh, 1994; Rogers & Monsell, 1995; see
Kiesel et al., 2010, for a review).

3. Alternatively, the temporal task overlap can be varied
systematically by manipulating the stimulus onset
asynchrony (SOA) between the two stimuli of the
tasks. This procedure is known as the psychological
refractory period (PRP) paradigm (Welford, 1952;
Pashler, 1994, for a review).

4. Finally, it is possible to present the stimuli for both
tasks at the same time, or to use only one stimulus that
carries sufficient information for both responses
(simultaneous stimulation, e.g., Fagot & Pashler,
1992). Here, dual-task costs are assessed by comparing
single- versus dual-task performance. Most of the dual-
task studies involving eye movement responses uti-
lized either the PRP paradigm or the simultaneous
stimulation paradigm (see below).

Oculomotor and manual movements towards a common
target

Most of the scientific studies that were concerned with the
simultaneous control of saccades and manual responses
analyzed the coordination of both effector systems in the
context of reaching and pointing, where we usually direct
saccades and manual responses towards one common
object. One major aim here is to show how eye movements
and corresponding visual feedback guide manual move-
ments. For example, Megaw and Armstrong (1973)
reported that latencies of saccades and hand movements
towards visual targets were correlated, suggesting that
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there is interdependence between the two processing sys-
tems (see also Posner, Nissen, & Ogden, 1978; Mather &
Fisk, 1985; Pelz, Hayhoe, & Loeber, 2001; Johansson,
Westling, Backstrom, & Flanagan, 2001; Land & Hayhoe,
2001; Horstmann & Hoffmann, 2005). More specifically, it
was argued that data on eye and hand movements in
pointing suggest early parallel processing of both motor
responses (Prablanc, Echallier, Jeannerod, & Komilis,
1979). Other studies reported evidence for a common
control system for both motor systems during co-ordinated
ocular and manual tracking of a sinusoidally moving visual
target (Mather & Putchat, 1983; see also Vidoni, McCarley,
Edwards, & Boyd, 2009).

Interestingly, many studies on saccades and manual
movements towards one common object yielded evidence
for cross-response facilitation. For example, in tracking
tasks the limb seems to assist the eye in producing more
accurate ocular tracking (Mather & Lackner, 1980; Mather
& Putchat, 1983; Steinbach & Held, 1968). Vice versa,
looking at the target typically improves manual accuracy
(Prablanc, Echallier, Komilis, et al. 1979). Most likely, the
fact that eye movements are initiated and completed faster
than manual movements allows the visual system to pro-
cess information about manual accuracy before pointing is
completed, and this sensory feedback can be used for
manual fine-tuning (Prablanc et al., 1979; Bekkering &
Sailer, 2002; Crawford, Medendorp, & Marotta, 2004).
Facilitation in terms of reduced RTs in dual-task conditions
compared with single-task conditions was shown for sac-
cades (Liinenburger, Kutz, & Hoffmann, 2000) and for
manual responses (Epelboim et al., 1997; Snyder, Calton,
Dickinson, & Lawrence, 2002; see also Niechwiej-Szwedo,
Mcllroy, Green, & Verrier, 2005). However, it should be
noted that other studies (some of them not only involving
visual, but also auditory target stimuli) reported evidence
for dual-task interference in terms of increased saccade
RTs, whereas manual responses remained unaffected
(Bekkering, Adam, Kingma, Huson, & Whiting, 1994,
Experiment 1; Bekkering, Adam, Van der Aarssen, Kigma,
& Whiting, 1995; Mather & Fisk, 1985; Pratt, Bekkering,
Abrams, & Adam, 1999).

Taken together, it appears as if in the context of
reaching/pointing towards a common target, saccades and
manual responses do seem to interact. However, there is
only little (for saccades) or no (for manual responses)
evidence for dual-task interference.

Logically independent oculomotor and manual
responses

While the studies reported above addressed a special case of
the simultaneous execution of oculomotor and manual
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responses (i.e., reaching/pointing towards a common target),
comparatively little research has been devoted to the study of
simultaneously executed saccades and manual responses on a
more general level, involving logically independent respon-
ses. For example, Malmstrom, Reed, and Weber (1983) con-
ducted a study in which participants performed oscillatory
step saccades either with or without a simultaneous go/no-go
task which consisted of auditory stimuli and manual respon-
ses. They found shorter saccade amplitudes and more saccadic
response omissions in dual-task conditions. However, RTs
were not reported for both tasks so that it is difficult to draw
specific conclusions with respect to the underlying causes of
the observed cross-response interference.

A more complete picture can be obtained from a study
by Pashler, Carrier, and Hoffman (1993), who conducted a
series of PRP experiments. In one task, participants exe-
cuted a saccade to a visual stimulus, whereas the other task
was to respond with a key press to the pitch of a tone. The
visual stimulus was either presented after (positive SOA)
or prior to the auditory stimulus (negative SOA), but never
at the same time. Four experiments were conducted, which
mainly differed with respect to the difficulty of the saccade
task. Experiment 1 included saccades towards a single
transient (left vs. right), whereas participants in Experi-
ment 2 performed a saccade towards one of two peripheral
colored patches (the correct response was defined by a pre-
specified color). In Experiments 3 and 4, saccades were
triggered by a central color discrimination task, or a
peripheral symbolic discrimination task (execution of a
saccade towards the higher digit). Overall, the experiments
failed to reveal a typical PRP effect: Whereas in many
other task combinations more temporal task overlap
(shorter SOA) typically led to a substantial prolongation of
the second task (i.e., the PRP effect; see Welford, 1952;
Pashler, 1994), the data pattern of these experiments was
different. More specifically, saccades were frequently
executed before the manual response, even when the
stimulus for the saccade task was presented after the
stimulus for the manual task (response inversions).
Moreover, when these inversions occurred, the manual
response (which was the second response in these cases)
was not postponed for short SOAs, but rather exhibited
decreased latencies. Additionally, there was only a weak
co-variation of saccade RTs and manual RTs. Pashler
et al., (1993) explained these results by assuming that
saccades and manual responses can be executed without
much competition for central limited resources. Even
though they found evidence for a small increase of saccade
RTs for short SOAs, this finding was rather explained in
terms of a general reduction of oculomotor efficiency
through the presence of the tone-task in close temporal
proximity or, alternatively, in terms of temporal uncer-
tainty induced by the SOA variation.
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However, three issues pose a challenge for a conclusive
interpretation of these data. First, the specific input—output
(S-R) modality pairings for the tasks might have provided a
general advantage for the saccade task, since the same
sensorimotor system (i.e., the visual system) is involved
(for the crucial role of S-R modality pairings in multi-
tasking see McLeod & Posner, 1984; Levy & Pashler,
2001; Ruthruff, Hazeltine, & Remington, 2005; Hazeltine,
Ruthruff, & Remington, 2006; Stephan & Koch, 2010).
Thus, potential differences in the relative ease of S-R
modality pairings make any interaction of saccades and
manual responses in the Pashler et al. (1993) study difficult
to interpret. Second, the PRP paradigm usually involves
two tasks which do not substantially differ in their overall
RT level. However, here saccades were so fast that even in
conditions where the stimulus for the saccade task was
presented relatively long after the presentation of the
stimulus of the manual task, the saccade response was often
given prior to the manual response. This violates a basic
prerequisite to a successful interpretation of PRP results,
namely that the sequence of responses should at least in the
majority of cases be in accordance with the sequence of
stimulus presentation (see Sect. “Bottleneck models”).
Third, it was argued that the PRP paradigm might generate
serial task processing strategies because of the sequential
stimulus presentation, and not because the cognitive system
is incapable of parallel central processing (Meyer & Kieras,
1997; Navon & Miller, 2002). Finally, it should be noted
that the PRP paradigm only captures a portion of perfor-
mance costs in multitasking. For example, PRP studies that
additionally included single-task conditions demonstrated
that RT1 and RT2 in PRP trials are (at any SOA) longer
than the respective single-task RTs (e.g., Herman &
Kantowitz, 1970; Hommel, 1998; Pashler, 1994), sug-
gesting further sources of performance costs in multitask-
ing beyond a central response selection bottleneck. In sum,
these limitations make it difficult to finally interpret the
findings by Pashler et al. (1993) as evidence for a lack
of central interference between saccades and manual
responses.

Experiment 2 in the study of Bekkering et al. (1994, see
Sect. “Oculomotor and manual movements towards a
common target”) also combined saccades and manual
responses towards independent targets. Unlike Pashler
et al. (1993), they utilized simultaneous stimulation
methodology. Participants made key press responses to
visual stimuli while saccades were (vs. were not) executed.
Here, neither manual nor saccade responses exhibited
significant dual-task costs. However, this null result might
have occurred due to a lack of statistical power, since the
manual RTs showed a tendency of dual-task costs of about
15 ms with 12 participants. Additionally, visual stimuli
were used to trigger both responses, which again might

have resulted in unbalanced stimulus-response modality
pairings for both tasks. These heterogeneous demands for
both tasks might have concealed any dual-task costs.

As a response to these limitations, we conducted a dual-
task study in which we utilized auditory (instead of visual)
stimulation for both responses within the simultaneous
stimulation paradigm (Huestegge & Koch, 2009). Partici-
pants responded to a single imperative auditory stimulus
with either a left versus right key press (manual task), a left
versus right saccade (saccade task), or both. Additionally, we
varied the spatial compatibility between both responses
across four experiments. Overall, the results indicated dual-
task costs (in terms of prolonged RTs) for both response
modalities. These costs were consistently greater for manual
responses. Given that a single stimulus triggered both
responses (implying common perceptual processing), the
dual-task costs seemed to occur at a relatively late, output-
related stage of information processing, which further sup-
ports the output-related view of saccades. Furthermore, the
overall size of dual-task costs (in terms of RTs and errors)
was closely related to the spatial compatibility between
responses, suggesting that response-code conflict (in terms
of response confusability) played a major role in determining
the size of dual-task costs (Koch, 2009).

More evidence for mutual interference between sac-
cades and manual responses comes from a recent study by
Jonikaitis, Schubert, and Deubel (2010). They had partic-
ipants reach and look towards different locations while the
time interval between the movement initiation cues was
systematically varied. As a result, they demonstrated sig-
nificant dual-task costs, i.e., participants were slower to
initiate a saccade or manual response if they were planning
another movement at the same time. More importantly,
however, in another experiment the authors added a probe
discrimination task at the locations of the (oculomotor and
manual) movement goals. Interestingly, despite the dual-
task costs reflected in movement RTs, there seemed to be
no delay of corresponding attention shifts, consequently
ruling out input-related attentional goal selection as a
bottleneck. Instead, the source of dual-task costs rather
seemed to be located at later, probably more output-related
stages of response processing. In line with these assump-
tions, Jonikaitis and Deubel (2011) reported additional data
which demonstrated that attentional resources are allocated
independently to separate targets for oculomotor and
manual movements, suggesting that goal selection for both
movements can occur in parallel.

Hodgson, Miiller, and O’Leary (1999) conducted a study
in which they investigated the effect of eye movements on
a concurrent manual response which was (vs. was not)
directed towards a common target. More specifically, they
compared the performance of cued manual key release and
reaching responses in conditions with versus without the
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simultaneous execution of saccades. Whereas the key for
the key release task was not located at the saccade target
position, the reaching tasks involved a manual response
towards a common target position. They reported that the
additional execution of a saccade delayed simultaneous key
release RTs, whereas reaching RTs were unaffected.
Overall, this pattern is in line with the result pattern across
studies reported above, namely that coordinated eye-hand
movements towards a common target leads to less inter-
ference (or even facilitation effects) compared with con-
ditions in which responses are logically independent.

Sharikadze, Cong, Staude, Deubel, and Wolf (2009)
reported data on an interesting special case of manual
movements. In their study, participants made reflexive
saccades to peripheral targets while performing a rhythmic
manual tapping task. However, they found no evidence
for dual-task costs, probably because rhythmic tapping
involves a fairly automatic response mode.

Taken together, the studies referred to above converge in
that dual-task costs are generally greater in tasks with logi-
cally independent responses (separate targets) as compared
to tasks in which both responses are co-ordinated by a
common target. However, based on the observations
reported by Pashler et al. (1993) it should be noted that robust
dual-response interference effects are only observed when
saccades are not triggered by peripheral visual target stimuli,
a condition which is probably special in that it may allow
saccades to bypass any processing bottlenecks. Neverthe-
less, under most other conditions there seems to be robust
evidence for substantial interference between saccades and
concurrent manual responses (cross-modal response inter-
ference). This shows that saccades exhibit similar interfer-
ence effects in multitasking as do other, more traditionally
studied response modalities. Therefore, the visual system
can also be viewed as an ordinary response modality.

Interference between saccades and manual responses:
implications

The finding of robust interference between saccades and
manual responses has several important implications for
the interpretation of data in paradigms that utilize spatially
distributed visual stimuli, for example, in the Simon task,
cueing paradigms, as well as in visual search and scene
perception. In fact, based on the results so far it seems as if
these paradigms may actually be considered as dual-task
settings, as long as participants are not explicitly instructed
to remain fixated. Indeed, recent studies suggested that eye
movements play an important role in these paradigms.
For example, Buetti and Kerzel (2010) studied the
contribution of eye movements to the Simon effect. The
Simon effect refers to the finding that manual RTs are
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faster when the stimulus occurs in the same (vs. incon-
gruent) relative location as the response, even if the stim-
ulus location is task-irrelevant (Simon, 1969). Buetti and
Kerzel used a variant of the Simon task and either
instructed participants to execute saccades or to remain
fixated. The results suggested that some portion of the
Simon effect is related to the fact that in incongruent
conditions, participants initially look towards the stimulus
location and then redirect their gaze towards the correct
response location. Thus, it appears that the additional
occurrence of eye movements may prolong manual RTs in
conditions where the stimulus is spatially incompatible
with the response location.

The potential importance of saccades for explaining
effects on manual RTs in cueing paradigms was recently
demonstrated in our lab (Huestegge & Adam, 2011). More
specifically, we analyzed the role of saccades in manual
response preparation by utilizing the finger precueing task
(Miller, 1982), in which participants pressed one of four
response keys with one of four fingers (two of each hand)
in response to a visual stimulus that appeared at one of four
display positions, two in the left and two in the right visual
hemifield (responses were always compatible with the
stimulus). Stimulus and response locations were arranged
in a line. Prior to the stimulus, either a neutral cue (base-
line, appearing at all four positions), a hand cue (corre-
sponding to the two left vs. the two right positions), or a
finger cue (corresponding to the two inner vs. two outer
positions) was presented. Note that in the finger cue con-
dition, the cue consisted of two stimuli in both visual
hemifields, often triggering saccades which were either
compatible or incompatible with the subsequent stimulus
location. Crucially, participants either remained fixated or
moved their eyes freely. The results demonstrated that the
fixation condition modulated the pattern of cueing effects.
More specifically, the typical manual RT advantage of
hand cues over finger cues vanished when trials in the
finger cue condition were excluded in which saccades
during the cueing interval were directed in the opposite
direction of the subsequently required manual response.
Thus, interference between saccades and manual responses
affected manual motor preparation.

Taken together, these studies suggest that some manual
RT effects that were previously attributed to cognitive
phenomena (e.g., compatibility effects, perceptual or
manual motor grouping effects) may at least partly also
result from cross-response interference effects between
saccades and manual responses. This indicates that the
output-related view of saccades potentially has serious
implications for other studies in the field of experimental
psychology where eye movements occur but are neglected
as a potential source of influence for effects in other (e.g.,
manual) domains.
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Given that cross-modal response interference played a
major role in these basic paradigms, similar effects might
also arise in more complex everyday tasks. Thus, these
phenomena may also have implications for tasks like visual
orientation, scene perception, and navigation in traffic. For
example, whenever we look towards a potentially hazardous
object in traffic, we are supposed to steer away from it, which
likely involves the execution of incompatible saccades and
manual responses (e.g., see Miisseler, Aschersleben, Arning,
& Proctor, 2009 for a related study which did not involve eye
tracking). Corresponding interference effects may nega-
tively affect traffic safety, which calls for a closer study of
cross-modal response interference effects in more natural
settings.

Interference between eye movements and perceptual
tasks: a special case of multitasking

While the dual-task studies reported so far mainly focussed
on the execution of saccades in the context of an additional
task which involved a speeded response, numerous studies
involved the execution of a saccade while being engaged in
a perceptual task, which typically involves a non-speeded
response after saccade execution. On the one hand, many
of these studies mainly addressed the interplay of covert
attention and eye movements (see Huestegge & Koch,
2010b, for a review). On the other hand, some studies
directly addressed the issue of dual-task interference
between eye movements and perceptual tasks. For exam-
ple, in a recent study by Carbone and Schneider (2010)
participants performed saccades towards visual targets
while attending to briefly presented visual stimuli. They
found that saccade latencies increased in dual-task condi-
tions, especially when the stimuli for both tasks were
presented in close temporal proximity and when the
attention task included a more complex stimulus pattern
(see also Tibber, Grant, & Morgan, 2009). However, they
did not find evidence for dual-task interference when the
attention task consisted of auditory stimuli, suggesting that
visual attention limitations (instead of more general central
limitations) play an important role in this particular para-
digm. In a similar design, Evens and Ludwig (2010)
reported data on the simultaneous execution of antisac-
cades (i.e., saccades directed away from a transient in the
periphery) during a perceptual task which involved the
detection of a luminance change. Dual-task costs in terms
of increased saccade RTs were observed, which were
attributed to a general increase in the response criterion
for saccade generation in dual-task conditions (see also
Roberts, Hager, & Heron, 1994; Stuyven, Van der Goten,
Vandierendonck, Claeys, & Crevits, 2000; Vandierendonck,
Deschuyteneer, Depoorter, & Drieghe, 2008). Another

study reported worse performance in a number processing
task during the simultaneous execution of saccades (Irwin
& Thomas, 2007). More specifically, participants respon-
ded to a magnitude or parity judgment task while executing
no, short, or long saccades. As a result, they found
increased magnitude comparison RTs for long (vs. short)
saccades when the eyes moved from right to left, a phe-
nomenon which was termed cognitive suppression during
saccades. Although the magnitude judgment task may not
qualify as a perceptual task, the results may be interpreted
as evidence for interference between saccades and specific
central processing mechanisms.

Further evidence for interference between saccades and
perceptual tasks comes from a study of our lab (Huestegge
& Koch, 2010b). Participants executed saccades towards
briefly presented target letters in the periphery. Addition-
ally, we either deleted the central fixation point 200 ms
prior to target presentation (gap condition), or the central
fixation point remained present throughout the trial (over-
lap condition). Typically, saccade RTs are faster in gap
compared with overlap conditions (i.e., the gap effect,
Saslow, 1967). Interestingly, the ability to take advantage
of the temporal gap was reduced when participants
simultaneously attended to the identity of the peripheral
letters compared with a single-task condition in which the
letters could be ignored. Taken together, these findings
clearly suggest that saccade control can suffer from dual-
task interference even when the secondary task does not
require an immediate motor response.

Modeling the role of eye movements in multitasking

While the previous sections mainly focussed on empirical
evidence regarding the role of saccades in dual-task situ-
ations, I will now outline traditional and current theoretical
efforts to model cognitive processing during multitasking.
Specifically, I will evaluate these models with respect to
their capability to capture the role of eye movements. From
a historical perspective, conceptual models of multitasking
can be divided into at least three different groups: resource
models, bottleneck models, and crosstalk models.

Resource models

Initially, the metaphor of limited resources during multi-
tasking generated single resource theories. The main idea
behind single-resource theory is that our mind contains one
unitary source of mental capacity (or resource), and
whenever two tasks demand more resources than offered,
capacity needs to be shared. Eventually, this leads to per-
formance decrements in at least one of the two tasks. The
idea of capacity sharing was introduced by Kahneman
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(1973) and further developed by Norman and Bobrow
(1975; see also Navon & Miller, 2002; Tombu & Jolicoeur,
2003, for more recent variants). However, while the latter
accounts did not specifically refer to eye movements,
Kahneman (1973) clearly tended towards an input-oriented
view of saccades, namely that the functional role of eye
movements is to select task-relevant visual input or to
prioritize spatially distributed auditory information (cross-
modal attention biasing).

As a response to the growing evidence for the claim that
dual-task performance is determined by the specific input-
and output modalities involved in the two tasks, it was
proposed that the mind may comprise multiple resources
instead of only one unitary capacity. Elaborate versions of
this idea were presented by Navon and Gopher (1979) and
Wickens (1980, 1984, 2002). With respect to eye move-
ments, both models entertained an input-related view.
More specifically, Navon and Gopher (1979) underlined
the ability of the system to manipulate the input quality for
competing visual processes by fixating specific regions
within our visual environment. Similarly, Wickens (e.g.,
2002) assumed that eye movements mainly reflect visual
processing, which is regarded as a perceptual modality,
whereas only the “usual suspects” (manual and vocal
responses) were considered as response modalities.

In sum, it seems as if resource theory in general did not
explicitly consider eye movements as a response modality,
but rather tended towards an input-related view of sac-
cades. Nevertheless, it appears principally conceivable to
explain saccade-based dual-task costs in terms of compe-
tition for limited resources. However, it has been shown
that the pattern of results obtained with the simultaneous
execution of saccades and manual responses did not quite
match the specific predictions derived from resource theory
(Huestegge & Koch, 2009). Furthermore, a major general
drawback of resource models is their circular explanatory
nature: Whenever dual-task costs arise, these are explained
by referring to resource limitations, which appears to be an
unproductive heuristic for specifying the underlying cog-
nitive architecture of multitasking (e.g., Allport, 1980;
Navon, 1984; Neumann, 1987). Finally, the assumption of
limited resources may appear implausible on a general
level given that our brain is essentially characterized by
simultaneous parallel processing (Neumann, 1987).

Bottleneck models

Within a second class of multitasking models, the bottle-
neck models, task processing is conceived of as a series of
distinct stages, such as perceptual processing, response
selection, and response execution. These models mainly
assume that some mental operations during task processing
can only be processed serially (i.e., for one task at a time),
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while other processing stages may occur in parallel.
Empirical evidence from numerous PRP studies involving
the experimental manipulation of the various processing
stages in both tasks suggested that primarily the response
selection stage (i.e., the stage for deciding which response
corresponds to a given stimulus based on instructed task
rules) acts as a central bottleneck. This observation gave
rise to the most prominent version of the family of bot-
tleneck models, the central bottleneck model (Pashler,
1994). According to this model response selection must be
devoted to only one response at a time, so that processing
of the second task is suspended until response selection in
the first task has been finished (Pashler, 1994). Interest-
ingly, the PRP effect occurs even when sensory and motor
modalities are distinct for the two tasks (e.g., an auditory-
manual Task 1 and a visual-vocal Task 2), suggesting that
the central response selection stage is basically an a-modal
origin to the dual-task costs (e.g., Welford, 1952; Pashler,
1994).

As outlined in Sect. “Logically independent oculomotor
and manual responses”, there was no convincing evidence
for a central response selection bottleneck for the simul-
taneous execution of saccades and manual responses in the
Pashler et al., (1993) study. However, given the limitations
of this particular study (see “Logically independent ocu-
lomotor and manual responses”) it appears that more
empirical evidence is needed to finally decide the issue of
serial versus parallel processing of saccades in the context
of multitasking. Nevertheless, it should be noted that at
least in principal the bottleneck model was open to an
output-related view of saccades, since it triggered the first
study to ask “whether the central response selection
mechanism is invoked each time an eye movement is
produced” (Pashler et al., 1993, p. 55).

More recent models of multitasking extended the core
idea of serial central processing from the central bottleneck
model to account for more complex multitasking situations.
However, these extensions either did not explicitly discuss
eye movements (Byrne & Anderson, 2001) or referred to
eye movements as a means to facilitate perception and as a
reflection of visual attention (Salvucci & Taatgen, 2008),
which clearly represents an input-oriented view of
saccades.

As an alternative to the both bottleneck and resource
models, Meyer and Kieras (1997) introduced a theoretical
framework in which the possibility of parallel processing at
any stage of information processing is an integral part.
While it resembles bottleneck models by assuming that
task processing for each task is accomplished in multiple
stages, it emphasizes executive processes and task strate-
gies as major determinants of dual-task performance. As
a consequence, the PRP effect is explained in terms of
a strategic rather than a generic bottleneck. More
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importantly, the model explicitly acknowledges the
occurrence of eye movements by stressing that previous
dual-task research “tended to ignore possible artifacts
caused by eye movements” (Meyer & Kieras, 1997, p. 52).
Consequently, the architecture of their model explicitly
contains an “ocular motor processor”, similar to vocal and
manual motor processors. All three motor processors
receive input from the same cognitive processor, which
applies individual task rules, but also maintains task pri-
orities and coordinates progress on concurrent tasks. Thus,
interference between saccades and manual responses may
be explained in terms of costs associated with specific task
priorities and task coordination processes.

However, a closer look at the model reveals that despite
this possibility, Meyer and Kieras (1997) maintained an
input-related view of eye movements, which precludes
them from explicitly considering corresponding interfer-
ence phenomena. More specifically, they postulated that
“latencies of intermediate eye movements must be evalu-
ated rigorously to determine whether response-selection
processes for primary and secondary tasks actually have an
opportunity to overlap temporally” (Meyer & Kieras, 1997,
p- 52), showing that eye movements are mainly viewed as
an integral part of the individual (vocal or manual) tasks.
For example, they assumed that eye movements may be
used as a means to prioritize a specific task by directing the
eyes towards the corresponding stimulus first (instead of
looking at a stimulus related to a secondary task). The
special role of eye movements is also evident in their
overall model architecture, where vocal and manual motor
processors, but not the ocular motor processor, are assumed
to directly affect the task environment (see also Logan &
Gordon, 2001, who proposed a related dual-task model, but
without referring to eye movements).

Crosstalk models

While the bottleneck models clearly focus on determining
specific processing stages (or a-modal mental operations)
relevant for the occurrence of dual-task costs, models built
around the crosstalk metaphor rather focus on the specific
content of the two tasks. One crucial presupposition of the
crosstalk metaphor is parallel processing. In engineering,
the notion of crosstalk refers to a content-dependent deg-
radation of two adjacent communication channels, and
Kinsbourne (1981) suggested utilizing this concept as a
metaphor for dual-task processing. More specifically,
crosstalk in cognitive psychology refers to any interference
between simultaneous tasks that share physical features or
involve associated conceptual dimensions, such as over-
lapping stimulus and/or response features or dimensions
(Navon & Miller, 1987). For example, when two tasks
require left/right responses, this might result in response-

based conflict, especially when the two tasks require the
activation of different codes at the same time (“outcome
conflict”, see Navon, 1985; Navon & Miller, 1987).

In a recent study, we tested the parallel processing
assumption of the crosstalk model in the context of
simultaneously executed saccades and manual responses
(Huestegge & Koch, 2010a). We utilized a crossed-
response incompatibility paradigm which avoided some of
the drawbacks of the PRP paradigm (see Sect. “Logically
independent oculomotor and manual responses”) while
maintaining the possibility to systematically manipulate the
temporal task overlap. In general, we used a similar setup
as in Huestegge and Koch (2009). More specifically, we
implemented a spatially incompatible stimulus—response
mapping for one task (e.g., manual task) but not for the
other (saccade task). Critically, inverting these mappings
varied the temporal task overlap in dual-task conditions
while keeping spatial incompatibility across responses
constant. Interestingly, the observed dual-task costs for
both response modalities (replicating Huestegge & Koch,
2009) were not affected by an increase of temporal task
overlap, which would have been predicted by a serial
processing model. Instead, this finding could be interpreted
as evidence for parallel response selection.

Since one of the preconditions of the crosstalk metaphor
(parallel processing) was validated, we developed a cor-
responding conceptual framework based on these results
(Huestegge & Koch, 2010a; see Fig. 1). Although this
model still incorporates different processing stages, i.e.,
perceptual processing, mapping selection (as opposed to
response selection in the individual tasks), and response
execution, it focuses on the activation of content-based
codes (representing task-relevant features like response
modalities and spatial response characteristics) needed for
a successful completion of the tasks. The crucial cognitive
challenge while being engaged in multitasking is to bind
together these codes in accordance with the pre-defined
task rules. Note that unlike traditional crosstalk accounts
our model does not highlight the conflict between codes of
two ongoing tasks, but rather claims that the main source of
crosstalk derives from a conflict between the selection of a
current binding pattern and the persisting activation of
previous, conflicting binding patterns. More specifically,
the conflict between these binding patterns mainly arises
from the fact that the same task attributes are relevant for
both tasks across all trials, but need to be remapped from
trial to trial in accordance with the task instructions. Thus,
in its present state the focus of this framework is relatively
specific (compared with previous multitasking models),
because it focuses on trial-to-trial variations in interference
and on the role of conflicting binding patterns for a specific
combination of effectors (i.e., saccades and manual
responses).
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Fig. 1 The model above represents a task in which a spatially
compatible saccade and an incompatible manual response are
triggered by a lateralized auditory stimulus. In the upper row, the
binding pattern of the present trial (n) corresponds to that in the
previous trial (n-1), so that mapping selection is comparatively easy.

Nevertheless, we believe that this framework can princi-
pally be extended (by introducing further assumptions) to
account for a variety of other, more general dual-task phe-
nomena. For example, previous multitasking frameworks
(e.g., Meyer & Kieras, 1997; Pashler, 1994) can easily
explain more general interference, which may also occur in
the first trial and even when there is no content overlap
between two tasks. If we additionally assume that the time to
activate a specific binding pattern increases as a function of
its complexity (e.g., single-task conditions require a binding
of two attributes, whereas dual-task conditions require a
binding of four attributes), this additional assumption could
probably account for such general dual-task related costs.
Furthermore, effects of S-R compatibility, dual-task cost
asymmetries, and strategic effects (e.g., prioritization of one
task over another; see also Israel & Cohen, this volume) may
be implemented by assuming variable a priori activation of
attributes or connection strength (e.g., stronger a priori
activation of a spatial code which corresponds to the spatial
stimulus location, or stronger a priori activation of a specific
modality code). Thus, we think that this conceptual frame-
work may probably represent an interesting alternative to
previous conceptions of multitasking, because it highlights
parallel processing and the specific content of the tasks in a
unique way. Therefore, the model may be helpful in gener-
ating new and informative research questions. However, it
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However, in the lower row binding patterns diverge between trials, so
that the present pattern must overcome persisting activation of the
conflicting previous pattern (thin dotted lines). This is associated with
performance costs

should be clear from the description of the framework that
many potential implications of this model need to be tested
explicitly in the future to further broaden its empirical and
theoretical base. Taken together, the framework may provide
a novel take on our understanding of some dual-task related
phenomena, but only future research will tell whether a more
fully developed model can represent a viable alternative to
the established models, which up to now rest on a much more
solid data base.

Open issues for future research

In this section, some important research issues that
remained largely unanswered so far will be highlighted
more closely to stimulate future research.

1. One open theoretical issue relates to potential impli-
cations of the findings reported here for current views
of attention. While some textbooks devoted to atten-
tion appear to neglect eye movements altogether (e.g.,
Ward, 2004), others explicitly underline the impor-
tance (or even primacy) of the oculomotor system and
its inherent characteristics to understand attention
(e.g., Findlay & Gilchrist, 2003). However, even the
latter view still maintains a mainly input-oriented take
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on the visual system by stressing its functional role,
namely the selection of relevant input information in
the context of a given task.

In contrast, other researchers posited that attention is
closely coupled to motor processes (e.g., the premotor
theory of attention, see Rizzolatti, Riggio, Rascola, &
Umilta, 1987, and the Visual Attention Model, see
Schneider & Deubel, 2002). Most of the corresponding
research is based on experiments combining speeded
response tasks with non-speeded perceptual tasks (see Sect.
“Interference between eye movements and perceptual
tasks: A special case of multitasking”). However, a com-
bination between this research tradition and research on
multitasking involving the simultaneous execution of two
speeded tasks seems to be lacking.

A related important conceptual issue is the question of
how to interpret most of the reviewed evidence in favor of
dual-response costs in the context of saccades. More spe-
cifically, in most studies reported here it is not clear as to
what degree such costs would equally arise from covert
movements of attention (instead of overt eye movements).
An empirical way to deal with this issue would be to
conduct empirical studies explicitly devoted to delineating
between perceptual/input-related costs and response-/out-
put-related costs. In contrast, a theory-based way to address
this problem (when viewed from the perspective of the
premotor theory of attention) could also be to question the
validity of the distinction between input- and output-related
processing altogether, at least with respect to visuomotor
processing. Based on the perspectives offered in the present
review, it appears that a closer co-operation between the
streams of research devoted to overt/covert attention on the
one hand and multitasking on the other hand might lead to
a more complete picture of the complex interrelation
between attention, eye movements, and sources of conflict
in multitasking.

2. A second open question is to what extent dual-task
costs arise when saccades are performed in conjunc-
tion with other, non-manual responses, e.g., vocal
responses, foot responses, etc. In line with previous
research suggesting that the specific couplings of
input-and output modalities in multitasking play a
major role (e.g., Hazeltine et al., 2006; Hazeltine &
Wifall, this volume; Huestegge & Hazeltine, this
volume; Stelzel & Schubert, this volume; Stelzel,
Schumacher, Schubert, & D’Esposito, 2006), one
might expect that combining saccades (which are
usually executed first) with other response modalities
might yield different effects on the pattern of dual-task
costs. This could have serious implications for mod-
eling multitasking processes in general. Furthermore,
since the overall results reported here seem to suggest

that eye movements indeed interfere with other
responses, it could be interesting to determine the
consequences of performing triple tasks (e.g., execut-
ing saccades while performing a manual and a vocal
task) in comparison with dual-task settings.

3. A third issue that has not been addressed with respect
to saccades is the question of how dual-task skills are
acquired. Hazeltine et al. (2006) suggest that different
input—output modality pairings produce different
learning characteristics. For example, the fact that we
are training eye-hand coordination whenever we reach
for objects might to some extent generalize to other
situations involving eye and hand movements, so that
learning to produce compounds of saccades and
manual responses might be easier as compared with
other response compounds involving saccades.

4. Another issue that has not yet received much attention
is the question of more applied implications of cross-
response interference between saccades and other
types of responses. One potentially interesting field
that was not addressed empirically yet is navigation in
traffic (see Sect. “Interference between saccades and
manual responses: implications”), where we move our
eyes while at the same time producing manual steering
and foot braking responses (see Miisseler et al., 2009;
Atchley, Dressel, Jones, Burson, & Marshall, this
volume; Huestegge, Skottke, Anders, Debus, & Miisseler,
2010). Corresponding interference might have safety—
critical implications and thus should be studied more
closely.

Another interesting applied field for studying interfer-
ence between saccades and vocal responses could be oral
reading, where the eyes move along lines of text while
vocal output is produced at the same time (see Huestegge,
2010; Huestegge, Radach, Corbic, & Huestegge, 2009).
Since it is known that fixation durations are prolonged
during oral as compared with silent reading (Rayner,
2009), it appears interesting to determine as to what extent
basic interference between saccades and vocal responses
contributes to this phenomenon.

5. Beside the general evidence for saccade-related
dual-task interference, some of the studies of eye
movements during reaching reported evidence for
facilitation (dual-task benefits, see Sect. “Oculomotor
and manual movements towards a common target”).
However, it remained unclear what conditions exactly
determine whether the simultaneous execution of two
responses yields interference versus facilitation. Inter-
estingly, resource models as well as bottleneck frame-
works principally rule out the possibility of dual-task
benefits. Even the traditional crosstalk metaphor
implies interference effects when information between
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two processing streams overlap, whereas facilitation
should not be possible. Only the Huestegge and Koch
model (2010a, Fig. 1) offers a reasonable perspective
to explain dual-task benefits by assuming that the
activation of a response code may be facilitated either
through pre-activation of the same code in previous
trials or through co-activation by other, closely con-
nected response codes in a current trial. This calls for
empirical studies to systematically address the issue of
dual-task facilitation versus interference within an
appropriate explanatory framework.

Another potentially interesting way to learn more
about the underlying processes of saccade execution in
the context of other responses would involve using the
task-switching paradigm (see Stephan & Koch, this
volume; Wylie, this volume). The studies reported so
far mainly utilized the PRP paradigm or the simulta-
neous onset paradigm. However, an explicit manipu-
lation of inter-trial sequences would offer an
interesting possibility to test some of the implications
of models that stress the importance of inter-trial
interference (e.g., Huestegge & Koch, 2010a).

One potentially important conceptual distinction that
has not been addressed in this review so far is that
between (a) eye movements as an explicitly instructed
part of the task set (explicit eye movements) and
(b) eye movements as either a necessity for making a
response or as a not explicitly instructed by-product
induced by the nature of the task (implicit eye
movements). Most of the experiments reported in this
review belong to the former category, where it makes
intuitively sense to think of eye movements as
responses. However, in most situations eye movements
are not explicitly instructed, and thus it appears
conceivable that cost patterns could be different
between implicit and explicit eye movements. From
a theoretical view, for explicit eye movements one
would probably expect individuals to monitor their
own responses to detect errors (e.g., Botvinick, M.,
Braver, T., Barch, D. Carter, C., & Cohen, J., 2001), an
executive process that might yield greater costs when
compared with implicit eye movements. In line with
this view, it has been shown that an explicit instruction
of a task sets (vs. an instruction that did not explicitly
refer to a task set) can yield measurable effects on
performance (e.g., Dreisbach, Goschke, & Haider,
2006). Interestingly, it has also been demonstrated that
even implicit eye movements may be associated with
costs. For example, Boot, Kramer, Becic, Wiegmann,
and Kubose (2006) showed that visual search perfor-
mance improves considerably when participants were
instructed to avoid eye movements. Taken together, it
appears promising to directly address the issue of dual-
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response costs associated with implicit versus explicit
eye movements in future research.

8. Finally, up to now there seems to be only sparse research
on the neurophysiological underpinnings of the simul-
taneous execution of saccades and other types of
responses. A lot of research so far has been devoted to
understanding the cortical control of saccades and
manual movements in separation, and some research
addressed eye-hand coordination during reaching
towards a common target (e.g., Brown, Kessler, Hefter,
Cooke, & Freund, 1993; Baker, Donoghue, & Sanes,
1999; Battaglia-Mayer et al., 2000; Carey, 2000;
Snyder, Batista, & Andersen, 2000; Ramnani, Toni,
Passingham, & Haggard, 2001; Buneo, Jarvis, Batista,
& Andersen, 2002; Crawford, Medendorp, & Marotta,
2004; Nitschke, Arp, Stavrou, Erdmann, & Heide, 2005;
Land, 2005; Battaglia-Mayer, Archambault, & Camini-
ti, 2006). Evidence from these lesion and brain imaging
studies suggest that a supramodal representation for eye-
hand interaction is mainly controlled by a parieto-
cerebellar network. However, there is still a clear lack of
research on dual-response interference on a more
general level, i.e., when the two responses are not
logically co-ordinated by a common target. For exam-
ple, brain imaging studies which examined visual and
auditory tasks under single- and dual-task conditions
reported regions in dorsal premotor, dorsal prefrontal
and superior parietal cortices related to dual-task
processing across tasks and modalities (see Marois &
Ivanoff, 2005; Schumacher et al., this volume), probably
reflecting a neural mechanism for a general, central
response selection mechanism. Unfortunately, we do
not know yet whether similar networks are involved
when other response modalities are combined. Taken
together, the neural basis of coordinating saccades and
manual responses without a common target remained
elusive yet.

Conclusions

Taken together, the studies reported in this review suggest
that eye movements can be regarded as an “ordinary”
response modality, since they show similar patterns of
interference as do other, more traditionally studied
response modalities (e.g., manual or vocal). Thus, it seems
justified to proclaim that an output-related view of saccades
should complement the well-established input-related
view. From this perspective, our visuomotor system
appears to be quite special in that it represents a natural
integrator of the domains of perception and action
(Huestegge & Koch, 2010b). On a more general level, only
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future research will tell as to what extent current theories of
multitasking, which are based on data from a limited
selection of response modalities, will generalize to other
types of responses, including eye movements.
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