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Abstract – When goal-directed hand movements are made, 
there is a common coordination pattern whereby the eyes start 
to move towards the target just before the hand. Onset 
asynchrony is the measurement of this latency. Onset 
asynchrony can be used to investigate the effects of neurological 
conditions on movement planning abilities. However, it is 
difficult to design a robust experiment since there is no clear 
understanding of why onset asynchronies change between 
conditions, and which elements of a task are likely to result in a 
change. This review aims to develop a coherent analysis of why 
people adjust their onset asynchrony for different situations. A 
systematic review methodology was employed to obtain all 
available research containing measurements of onset 
asynchrony. Searches returned 3703 articles, of which there 
were 38 articles that used onset asynchrony measurements as a 
dependent variable. In total, 30 potential onset asynchrony 
factors were investigated by the articles, with 25 of them 
affecting the timing between hand and eye onset. Generally, the 
eye guides the end of the previous movement, the start of the 
current movement, and the end of the current movement. It 
appears that onset asynchrony varies based on these competing 
requirements. When designing an experiment, one should be 
aware that the independent variable is likely to interact with 
these requirements. The experimental design must ensure that 
confounding factors/covariant observations are minimised. 

Keywords: Eye movements, hand movements, eye-hand 
coordination, sensory & motor testing, onset 
asynchrony. 
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1. Introduction
Movement planning is essential for determining 

how to achieve a task goal for hand movements [1]. Time 
delays in the sensory system ensure that forward 
planning is required for effective control [2]. 
Understanding the effects of a neurological condition on 
movement planning ability can inform therapies [3] and 
design of assistive technology. However, movement 
planning ability is difficult to measure. 

Eye-hand movement onset asynchrony (onset 
asynchrony for short) is one measure that relates well to 
movement planning ability. Onset asynchrony is a 
measurement of the latency between when the eyes start 
to saccade towards a target and when the hand 
movement is initiated (see Figure 1). This measurement 
is made by comparing two other measurements, such as 
hand reaction time and eye reaction time (Eq. 1). 

𝑂𝑛𝑠𝑒𝑡 𝐴𝑠𝑦𝑛𝑐ℎ𝑟𝑜𝑛𝑦
=  𝐻𝑎𝑛𝑑 𝑂𝑛𝑠𝑒𝑡 𝑇𝑖𝑚𝑒
− 𝐸𝑦𝑒 𝑂𝑛𝑠𝑒𝑡 𝑇𝑖𝑚𝑒

(1) 

Onset asynchrony is useful for assessing typical 
planning behaviour since it has been shown to vary in 
response to different planning conditions. To investigate 
neurological conditions, adaptations in behaviour can be 
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compared between participant groups. For example, 
Wilmut & Wann [4] investigated the ability of children 
with developmental coordination disorder (DCD) to 
integrate spatial information and pre-plan movements. 
They found that participants without DCD reduced their 
onset asynchronies when spatial information was 
provided pre-trial. Since this adaptation did not occur to 
the same extent in participants with DCD, they concluded 
that DCD resulted in a reduced ability to use predictive 
information. 
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Figure 1. Eye-hand movement onset asynchrony diagram. 

This shows a positive eye-hand movement onset asynchrony 
since the eye movement starts before the hand movement. 

  
However, a general understanding of which other 

factors can cause onset asynchronies to change, and why, 
is not present in the literature. This lack of 
understanding is a problem since onset asynchrony is 
not a performance measure. Unlike a measure such as 
task completion time, higher or lower values are not 
necessarily any better or worse. Therefore context is 
required to interpret results, but this context is currently 
fragmented. Onset asynchrony is interpreted in different 
ways and used in diverse fields such as coordination, 
psychology, neurology, and developmental studies. 

Although many studies have examined one or two 
factors affecting onset asynchrony, onset asynchrony is 
generally used to interpret other concepts, and not to 
investigate the measure itself. The large number of 
potential factors affecting onset asynchrony precludes 
developing one study to determine overall factors. The 
contribution of this review is bringing together factors 
from studies in a variety of fields that would not usually 
be compared. We discuss these factors in relation to 
three functions of the gaze direction: guiding the end of 
a previous movement, guiding the start of the current 

movement, and guiding the end of the current 
movement. 

 

1. 1. Conventions Adopted in This Review 
Certain conventions were adopted since there was 

little consistency within the literature. In this review, 
onset asynchrony will be expressed as a one-
dimensional time measurement (as opposed to 
expressing it as a percentage of movement time), and 
taken as positive when eye movement commences prior 
to hand movement (as per Eq. 1 and Figure 1). This 
eliminates the heterogeneity among articles which also 
describe the same measure with many names such as: 
movement onset asynchrony [5], onset latency [6], and 
difference between hand and gaze [7]. 

Other conventions are as follows. The hand 
movement for which onset asynchrony is being 
measured is called the current movement. The hand 
movement that terminated at the start point of the 
current movement is called the previous movement. 

Movement types are classified as discrete, 
reciprocal, or semi-reciprocal. Discrete movements are 
from a start position to a target position (i.e. no previous 
movement). Reciprocal movements are back and forth 
between two targets (i.e. the previous movement was 
the opposite of the current movement). Semi-reciprocal 
movements are to a new target following on from a 
previous movement. 

 

2. Systematic Review Methodology 
2. 1. Definition of Comparison and Intervention 

The American Academy for Cerebral Palsy and 
Developmental Medicine’s methodology was used as a 
guideline in developing this review [8]. Since the effects 
of the experiment set-up were being investigated, the 
intervention definition was quite broad. The 
experimental task had to involve a goal-directed hand 
action and saccade. The definition of the comparison was 
more specific; onset asynchrony. 

To develop a set of search terms that allowed for 
the broad nature of the intervention, and the multiplicity 
of nomenclature regarding the comparison, the search 
term was based on the terminology of 12 studies [5-7, 9-
17]. These words were grouped together by meaning 
(Figure 2). Each article had to include at least one word 
from each column of Figure 2 in the abstract. The search 
also included articles mentioning eye-hand offset 
asynchrony, and eye and hand reaction times in their 
abstract, as the full article potentially included onset 
asynchrony too.
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 AND 

 Comparison  

  Intervention 

 Action being 
measured 

Measurement 
being taken 

Effectors General 
action 

Action 
Adjective 

Action 
mechanism  Hand Eye 

OR 

Movement(s) asynchrony(ies) 
eye-
hand 

gaze pointing(s) fast coordination 

coordination temporal 
gaze-
hand 

eye(s) movement(s) 
goal-

directed 
coupling 

pattern(s) latency(ies) 
hand-
eye 

saccadic aiming goal(s) control 

reaction(s) time(s) 
hand-
gaze 

saccade action directed guided 

shift(s) predictive hand(s) vision manipulation rapidly sensorimotor 

behaviour coupling manual visual 
object 

transport 
rapid 

sensory-
motor 

behavior 
spatial-

temporal 
arm(s) visually 

object 
transportation 

target(s) visuo-motor 

organisation spatiotemporal   reaching planning visuomotor 

organization DHG   reachings anticipatory  

characteristic(s) RT    functional  

lead MT      

land MOA      

offset MTA      

onset       

initiation       

termination       

Figure 2. Representation of the search term. 

 
2. 2. Search Strategy 

Once the search terms were chosen, a table of titles 
and rankings of results was composed. The four 
databases selected were EMBASE + EMBASE Classic, 
PubMed, Biological Abstracts, and Compendex (15-Jan-
2014 was set as a cut-off date). 

Inclusion criteria when reviewing abstracts were: 
- The research was peer reviewed. 
- The abstract was in English. 
- There was an allusion to a goal-directed hand 

action and saccade. 
- There was an allusion to temporal and spatial 

measurements of the hand and eye. 
- The participants were humans. 
Articles were also excluded if the end effector was 

not displacement controlled (e.g. a joystick that controls 
the velocity of a cursor), or if onset asynchrony was not 
used as a dependent variable. 

 

2. 3. Processing Results 
A flow chart of how the results were processed is 

shown in Figure 3. After full article assessment had taken 
place, 38 articles were identified that used onset 
asynchrony measurements as a dependent variable. 
Another 29 included onset asynchrony measurements 
but made no comparisons. 

 
2. 4. Review Limitations 

First, this search was evidently not exhaustive 
since two of the search term source articles were not 
found. This illustrates the limitations of searching 
abstracts. Second, some articles did not include a proper 
statistical analysis of onset asynchronies. These articles 
were included as they can add pieces to a complex 
picture. Last, little is known about the potential multi-
colinearity of the onset asynchrony factors found (e.g. for 
reciprocal trials it is difficult to separate the effects of the 
current target size and the previous target size). 
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Total number of abstracts 
assessed = 3703

Full articles assessed 
from references = 27

Reassessed abstracts 
based on references in 

relevant articles = 3

Source articles used to 
develop search term = 12

Abstracts assessed from 
initial searches = 3651

Full articles assessed 
from initial searches = 

293

Total number of full 
articles assessed = 325

Total number of articles 
with onset asynchrony 

measurements = 67

Total number of articles 
with onset asynchrony as 

a dependent variable = 
38

Additional abstracts 
assessed from references 
in relevant articles = 52

Relevant source articles 
not found = 2

 
Figure 3. Flow chart of results processing. 

 

 

3. Search Results 
3. 1. Results & Typical Values 

The graph in Figure 4 shows the timeliness of this 
review. Over the past half a century more and more 
published research has included measurements of onset 
asynchrony. 

Typical values for onset asynchronies are 
generally positive although 17 of the total 67 articles 
(including the 29 articles where no comparisons were 
made) reported incidences of negative onset 
asynchronies. Magnitudes of onset asynchrony 
measurements are usually less than 400ms. However, in 
two cases [18, 19] onset asynchronies of around 
1,000ms have been reported during natural continuous 
tasks (making tea and making a sandwich) where there 
were multiple points of interest. Neither speed nor 
accuracy was imperative for these tasks and the eyes 
were involved in planning a series of movements. 

 
Figure 4. Number of publications with measures of onset 

asynchrony grouped in 5-year blocks. The blue component 
shows the number of studies where onset asynchrony was a 

dependent variable (38 articles). This graph also includes the 
29 articles where onset asynchrony values were mentioned 

but no comparison was made (the grey component). 
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In experiment protocols, sampling frequencies 
varied from 30 – 1000Hz, and the number of participants 
varied from 2 to 46. Helsen et al. [20] demonstrated that 
a changing sampling frequency of 60Hz to 120Hz 
produced no difference in eye or hand onset times. Thus, 
it seems a sampling frequency of at least 60Hz is 
sufficient for accurate onset asynchrony measurements. 

In general, participants’ vision was self-reported 
and related to foveated acuity rather than peripheral 
vision. 

The rest of this review only concerns the 38 
articles where onset asynchrony was a dependant 
variable. The independent variables of those articles 
were amalgamated into 30 different groups of onset 
asynchrony factors (Table 1). The main interest is 
whether these variables resulted in increases or 
decreases in onset asynchrony. This indicates a change 
in behaviour, whereas absolute values are an 

approximation of the behaviour itself. 
 
3. 2. Factors in the Literature 

In the main table of results (Table 1), factors are 
grouped based on how they related to task set-up: the 
previous target, the effector (e.g. the hand or a cursor) 
control, the current target, the temporal predictability, 
and the person making the movement. The table 
describes the data that exists for different factors and 
where there is consensus. The second column describes 
the condition that results in an increase in onset 
asynchrony (i.e. the eyes moving earlier and using hand 
onset as a reference point), and the third column 
describes the opposite. The columns to the right describe 
the number of studies that tend to agree or disagree with 
the notion expressed by the second and third columns. 
Studies that found no significant effect are listed under 
the neutral column. 

 
Table 1. Factors affecting onset asynchrony. Note that some articles are included several times; either because they contained 

multiple results, or because the results were applicable to several categories. *[17] and [21] contains several different 
comparisons under the same category. # These articles did not perform an analysis of variance on onset asynchrony for the 

factor being considered.
 

Factor 
Condition that Increases 

Onset Asynchrony 
Condition that Decreases 

Onset Asynchrony 
No. Agree 

No. 
Neutral 

No. 
Disagree 

 Factors Relating to Previous Target 

Discrete / Reciprocal Discrete Reciprocal 
6 [6, 22-25] 

#[21] 
3 [17, 25] 

#[21] 
 

Previous Movement 
Operation 

Grasping Pointing 1 [26]   

Previous Target Size Increased size Decreased size 2 [6, 27]   

Previous Target Time 
Pressure 

No time limit Time pressure 1 [22] 1 [17]  

 Factors Relating to Effector Control 

Hand Used None None  
3 [17, 28] 

#[5] 
 

Initial Gaze Position 
Separate to hand start 

position, closer to target 
location 

Same as hand start position. 1 [29]   

Practice 
Initial trials / Reduced 

practice 
Practice 1 [30]   

Viewing Transformation None None  1 [30]  

Vision of Hand No direct vision Seeing hand directly 1 [31] 
2 [28] 
#[32] 

1 #[32] 

Visuomotor Mapping Normal mapping Novel mapping 2 [33, 34]   

 Factors Relating to Current Target 

Current Target Amplitude Decreased amplitude Increased amplitude 1 #[35] 
4 [31, 36] 
#[37, 38] 

 

Cue Prominence (Duration 
& Size) 

Decreased cue duration / 
size 

Increased prominence 1 [4] 1 [4]  
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Current Movement 
Operation 

Placing Pointing 1 [26]   

Current Target Size Increased size Decreased size 1 [6] 
3 [6, 27] 

#[37] 
 

Direction 
Up, or continuing, or 

forward 
Down, or changing direction 

4 [25, 26, 
34] #[39] 

2 [31] 
#[38] 

 

Müller-Lyer Amplitude 
Illusion 

None None  1 [28]  

Target Location 
Predictability 

Less predictable target 
location 

Predictable target location 2 [4] #[21] 1 [4] 1 #[21] 

Target Modality Visual target Auditory target 1 #[32]   

Timing of Target Visibility 
Reduced visibility; not 
visible during trial, not 
fixated before trial start 

Increased visibility; visible 
during trial, previously fixated 

3 [4] #[40, 
41] 

3 *[17, 25] 1 [22] 

Visual Field of Cue None None  1 [42]  

 Factors Relating to Temporal Predictability of the Task 

Inter-Stimulus Interval (ISI) 
b/w successive targets 

appearing 
Reduced ISI Increased ISI 2 [21, 25]  1 [43] 

Gap Effect 
Extinguished shortly before 

trial start 

Overlap, or extinguished at 
trial start, or extinguished 

longer before trial start 

3 [44] 
*#[21] 

1 #[21]  

Timing of Trial Start 
Predictability 

None None  1 [45]  

 Factors Relating to Participant Characteristics 

Age Increased age Decreased age 2 [27] #[46] 
4 [4, 7, 27, 

36] 
 

Sex None None  1 [33]  

Instructions / Purpose Accuracy valued Speed valued 2 #[39, 47]  1 #[48] 

Neurological Condition With neurological conditions 
Without neurological 

conditions 

6 [4, 22, 
45, 46]* 
#[49, 50] 

2 [22, 46] 2 #[5, 9] 

Participant n/a n/a 
5 [33] #[37, 
49, 51, 52] 

  

Preferred Background 
Music 

No music playing Preferred music playing 1 #[46]   

 

4. Discussion 
Based on this review, we propose that onset 

asynchronies change according to the varying uses of 
vision in enabling goal-directed hand movements. Vision 
is clearly not used to act upon the environment, and in 
this context its function is to provide information to 
guide the hand movement. Foveated vision provides 
higher resolution information than peripheral vision 
(studies have shown preventing foveation of the target 
reduces movement accuracy, e.g. [37]). Therefore, it 
seems likely that gaze direction is influenced by what 
specific information is required. The timing of eye 
movements is influenced by when that information is 
required.  

In the following subsections, factors are discussed 
in relation to three possible regions of visual interest: the 

end of a previous movement, the start of the current 
movement, and the end of the current movement. As will 
be shown, the visual importance of these regions seems 
to vary with task set-up. Additionally, onset asynchrony 
is often used to compare between population groups. 
After discussing the three areas of visual interest, factors 
relating to the participant are discussed. 

Consideration of these areas of visual interest is 
important since it can inform experiment design. 
Interactions with independent variables can be avoided 
using effective experiment pre-planning. For example, 
say we wanted to investigate the effects of cueing the 
target location. We may expect cueing to reduce onset 
asynchrony since foveating the target location before 
initiating the hand movement becomes less important. 
Minimisation of confounding factors would suggest a 



 29 

discrete task rather than a reciprocal task. Reciprocal 
tasks generally reduce onset asynchrony but for a 
different reason, they introduce the need to observe the 
end of a previous movement. Therefore it would be 
difficult to detect if cueing a target location reduces onset 
asynchrony for reciprocal trials since attention would be 
drawn to the end of the previous movement regardless 
of cueing condition. 
 
4. 1. Guiding the End of a Previous Movement 

When the eyes are required to help guide the end 
of a previous movement, onset asynchrony reduces. For 
example, many studies show onset asynchrony is 
reduced for reciprocal and semi-reciprocal movements 
compared to discrete movements [6, 22-25]. Likewise, 
decreasing previous target size significantly reduced 
onset asynchronies [6, 27]. Rand and Stelmach [27] 
demonstrated this effect without the confound of current 
target size; they considered a movement where the 
current target size was held constant and only the 
previous target size was varied. 

When the eyes are not required to guide the end of 
a previous movement, onset asynchrony increases. If the 
previous movement operation is grasping an object, 
tactile feedback can be used to guide the end of the 
previous movement. Thus, onset asynchrony increases 
compared to pointing [26]. This feedback may be 
affected by neurological condition. When participants 
with hemiparetic cerebral palsy grasped an object using 
their affected hand, onset asynchronies were reduced 
(and negative) compared to positive onset asynchronies 
when using their less affected hand, or participants 
without cerebral palsy [5, 9]. This is possibly due to a 
reduced ability to make use of tactile feedback in place of 
visual information.  
 
4. 2. Observing the Start of the Current Movement 

Observing the start of the current movement 
seems to decrease onset asynchronies. This may relate to 
increased monitoring of the effector at its starting 
position and its initial movement. Potentially this is part 
of calibrating the hand location and ensuring the muscle 
inputs made are resulting in the expected hand/effector 
movement outputs. For example, altering visuomotor 
mapping reduces onset asynchrony in novel gravity 
conditions [34] and reversed cursor mapping [33]. 

The important factor appears to be that the 
mapping is new, rather than differing levels of control. 
For example, using a dominant or non-dominant hand 
does not seem to affect onset asynchrony [5, 17, 28]. 

Likewise, increasing and decreasing gravity both 
resulted in decreased onset asynchrony relative to 
normal gravity [34] even though they change the 
mapping in opposite ways. However, there is one 
contradiction to the trend of decreased onset 
asynchronies in novel conditions. Changes in viewing 
condition (displacing vision by 10o visual angle using 
prisms mounted in glasses) resulted in temporarily 
increased onset asynchrony [30]. 

If observing the start of the current movement is 
not possible, onset asynchrony generally increases. For 
example, if the hand is occluded, onset asynchrony 
increases [31]. If observation is not required there may 
be a similar effect. There was no difference in onset 
asynchrony whether the hand was visible or occluded for 
a 1-DOF (degree of freedom) movement [32]. A 1-DOF 
movement simplifies control of the hand, reducing the 
need to observe it. Similarly, if initial gaze position is 
away from the hand and in the area of the target, there is 
reduced benefit in observing the hand. This increases 
onset asynchrony since the eyes foveate the target as 
quickly as possible [29]. This change was due to both an 
increase in hand onset time and a decrease in eye onset 
time, so it appears to be a change in strategy [29]. 

 
4. 3. Guiding the End of the Current Movement 

Factors relating to the current target affect onset 
asynchrony based on whether a hand movement can be 
pre-planned or not, but not based on the difficulty of the 
movement. If a movement can be pre-planned, onset 
asynchrony decreases. 

Prior spatial knowledge of the target allows for 
reduced onset asynchrony as the primary movement can 
be planned before trial start, and hand onset can occur 
earlier and closer to the eye onset. By initiating eye and 
hand movements at similar times, there is potentially 
some benefit in using the efferent from the oculomotor 
signal to drive the hand’s motor command [25, 53]. 
Previously fixating the target (rather than viewing it in 
peripheral vision) prior to trial start reduces onset 
asynchrony, regardless of whether it is to a remembered 
or visible target [40, 54]. Prior knowledge of target 
location also allows decreased onset asynchrony, as does 
increased cue prominence (including its duration and 
size) [4]. This decrease in onset asynchrony was not as 
prominent for individuals with DCD. Based on this 
interaction, a specific target location rather than just a 
direction may be required to pre-plan movements (and 
reduce onset asynchrony). In Wilmut et al. [22] where 
direction was predictable but amplitude was not, no 
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significant difference in onset asynchronies between 
participants with and without DCD was found. 
Rosenbaum [55] suggests that pre-planning does not 
occur by multiple plans being generated and then one 
being selected. He supports the idea of only known 
parameters being used for pre-planning, and specifying 
unknown parameters when they become known. 

While knowledge of spatial properties is valuable, 
the actual values of the properties are largely irrelevant 
to onset asynchronies. Current target size [6, 27] and 
amplitude [28, 31, 36] were not significant in discrete 
trials. Terrier et al. [6] reported current target size was 
significant (p<0.01) during reciprocal trials, though in 
this case the previous target size also varied, and Rand 
and Stelmach [27] found that previous target size was 
significant when current target size was held constant. 
 
4. 4. The Effect of the Participant 

Onset asynchrony measurements are often used to 
investigate differences between populations. Variations 
may occur due to a persons’ ability to pre-plan their 
movements (e.g. DCD appears to affect this) or their 
ability to complete a previous movement without visual 
feedback (e.g. as with cerebral palsy and grasping). 

Increased onset asynchronies were apparent in 
several neurological conditions: DCD [4], schizophrenia 
[45], cerebellar disease [49], and Parkinson’s disease 
[36, 46]. As mentioned in the introduction, participants 
with DCD only displayed increased onset asynchronies 
when target locations were predictable. As such, Wilmut 
& Wann [4] suggest that participants with DCD have 
difficulties making use of target spatial information. 
Increased onset asynchronies also occurred in 
participants with advanced Parkinson’s Disease (PD) 
[46, 50]. There is a chance that these results are 
interacting with participant age (since participants with 
more advanced PD were generally older than those with 
less advanced PD) although the trials were discrete, and 
no other study reported a significant effect of age for 
discrete trials. Interestingly, when participants 
performed the task listening to preferred music, Sacrey 
et al. [46] found that participants with advanced PD 
exhibited different behaviour; the difference between 
them and other participants was somewhat attenuated. 

In contrast to the increases in onset asynchrony 
above, two studies [5, 9] from one research group 
showed that when participants with hemiparetic 
cerebral palsy use their affected hand, they display 
decreased (and negative) onset asynchrony relative to 
participants without cerebral palsy (or when using their 

less affected hand). Onset asynchrony measurements 
were conducted when the previous movement operation 
was grasping, and such behaviour may not occur for 
different previous movement operations that do not 
depend on tactile feedback. 

Along with neurological conditions affecting onset 
asynchrony, differences have also been found between 
individual participants without any neurological 
conditions. In one study of 20 participants [33], between 
participant variability was significant (p<0.001). 
Another four studies’ [37, 49, 51, 52] suggested results 
vary between individuals, although they all had smaller 
numbers of participants. One possible cause of variations 
between participants is interpretation of the task 
instructions. Two studies [39, 47] of discrete movements 
found that when participants were instructed to reach a 
target “as fast as possible”, onset asynchrony was 
reduced compared to when instructed to be “as accurate 
as possible.” Another possible cause of variations is 
participant age. Older adults displayed increased onset 
asynchronies compared to younger ones for semi-
reciprocal pointings but not discrete ones [27]. Warabi 
et al. [36] found age was not significant (p>0.05) for 
discrete tasks. 

 
4. 5. Main Unknowns 

It should be acknowledged that it is very difficult 
to prove that subconscious actions, such as the timing of 
eye movements, are engendered by intentionality or 
choice. Yet, these are both prerequisites of being able to 
adopt a strategy. Previously, it was conceived that eye 
and hand movements are initiated by a common central 
command, but more recent research shows that onset 
asynchrony varies with task set-up. This suggests that 
choice is involved, or at least that eye and hand onset 
times are initiated independently (Deconinck et al. [21] 
support this point; see Fischer and Rogal [53] for more 
on the common command hypothesis) meaning there is 
the possibility of different coordination options. 

Furthermore, it seems unlikely that the timing of 
eye movements relative to the hand is actively used by 
the brain as a control variable (i.e. to adapt to a task 
situation). White et al. [34] considered several temporal 
coordination variables and found that eye onset 
correlated best with the peak hand acceleration. 
Nevertheless, how temporal coordination is established 
is a slightly separate question to what temporal 
coordination occurs; the latter can give clues to the 
former. 
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5. Conclusion 
This review provides a conceptual understanding 

of why onset asynchronies vary across different task 
conditions. This understanding can be used to minimise 
confounding factors in the design of controlled 
experiments that measure onset asynchrony, such as 
those investigating movement planning. The review 
revealed 30 potential onset asynchrony factors that were 
investigated by 38 articles, with 25 of the factors 
affecting the timing between hand and eye onset. Since 
eyes act as a sensory input to help control the hand (the 
effector acting on the environment), we propose that 
interpretations of onset asynchrony should largely be 
based on the functions of the eye. In particular, the eye 
guides the end of the previous movement, the start of the 
current movement, and the end of the current 
movement. Onset asynchrony varies based on these 
competing requirements. More specifically, if there is 
uncertainty about the end of a previous movement then 
onset asynchrony reduces. Likewise, if there is 
uncertainty of mapping, onset asynchrony reduces. In 
contrast, uncertainty of the target location increases 
onset asynchrony. Therefore, experiment designs should 
consider which visual area of interest their independent 
variable is interacting with to minimise confounds. 
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