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SUMMARY 

When we look at an object or saccade towards it, we favor one object over others for 

visual selection. Similarly, to reach and grab an object also involves target selection. 

These selections happen abundantly, for instance, saccades occur around 100.000 

times a day. Although selecting a reaching target occurs considerably less often, it is 

safe to say that we are in a constant state of selecting our movement targets. In this 

thesis, I aimed to explain how we successfully select our movement targets and how 

selection can be influenced by irrelevant stimuli. The empirical studies presented in this 

thesis described and investigated target selection using various experimental 

paradigms. In Chapter 2, I reported how target selection in hand movements relates to 

target selection in eye movements. Next, I investigated what happens when target 

selection takes place from memory (Chapter 3 & 4). Ultimately, I discussed the 

proposed mechanisms behind the selection and execution of saccade targets (Chapter 

5). The main conclusions drawn from my research are summarized below. Furthermore, 

I would like to note that the results obtained by my research leaves unanswered 

questions, yet, I hope that they have provided valuable new insights. 

A nearby distractor does not influence hand movement endpoints 

We often perform combined eye-hand movements. Think about grabbing up a coffee 

mug from a cluttered desk, we generally look at the mug before we act upon it 

(Johansson, Westling, Bäckström, & Flanagan, 2001; Land, 2006). Based on the existing 

literature, it appears that deciding where to move (target selection), is coupled for hand 

and eye movements. We know from eye movement studies that target-selection is 

impeded when a nearby distractor is presented in close proximity to the target, which is 

termed the global effect (Coren & Hoenig, 1972; Findlay, 1982; Van der Stigchel & 

Nijboer, 2011). That is, the eye tends to land in the direction of the distractor, and 

therefore it ‘misses’ the target location. If target selection for the hand and eye 

movement are indeed coupled, a global effect should likewise be present in hand 

movement endpoints. Alternatively, it is possible that a distractor is considered an 

obstacle (Tresilian, 1998). In this case, the hand moves away from the distractor in 

order to avoid a collision even when the object cannot interfere with the movement 

physically. This obstacle avoidance hypothesis thus suggests an effect in the opposite 

direction to that of the global effect.  

 

To distinguish between these two contrasting hypotheses, I investigated in Chapter 2 if 

a nearby distractor influenced hand movement endpoints by using a similar design as 

was used previously to investigate the global effect in eye movements (Heeman et al., 

2014; Van der Stigchel & Nijboer, 2013; Wollenberg et al., 2018). In Chapter 2, I 



demonstrated that there was no consistent effect of a distractor on the endpoints of 

hand movements. Participants were tasked to tap a target which was accompanied by a 

distractor with a finger as swiftly as possible. All but one participant, showed hand 

movements tapping positions that ended at the target, instead of in the (counter-) 

direction of the distractor. If the obstacle avoidance hypothesis and global effect 

hypothesis both account for the endpoints of hand movements, the effect can cancel 

each other out. That is, any bias evoked by the distractor to attract its movement 

endpoint position towards the distractor is countered by the tendency to move away 

from the distractor, which leads to an average end position at the target. If the obstacle 

avoidance hypothesis is true, the effect should be bigger if the distractor is placed along 

the movement path, in between the starting position and the target. Sailer et al. (2002) 

investigated this exact set-up and found the opposite result. The hand tapping position 

was in the direction of the distractor instead of away from the distractor. This leaves the 

obstacle avoidance hypothesis an unlikely candidate as a proposed mechanism for 

target selection in reaching hand movements when tested in a global effect paradigm.  

 

The obstacle avoidance paradigm is typically tested with a distracting element placed 

along the path of the hand movement instead of next to the target, as is the case in the 

global effect paradigm. From eye movement studies, we know that different spatial 

configurations induce different eye movement outcomes. A displacement of only a 

couple of degrees causes the eye to behave in very dissimilar ways. The eye curves 

away when the distractor is presented next to the path but skews towards the distractor 

when it is presented next to the target. In addition, increasing the saccade latency 

causes the curvature away to increase (McSorley et al., 2006), yet causes the global 

effect to decrease (Heeman et al., 2014). These apparent differences of eye movement 

behavior are elicited by only slightly different paradigms, much like the differences in 

observed hand movements between earlier studies investigating obstacle avoidance 

(Dean & Brüwer, 1994; Tresilian, 1998) and the study described in Chapter 2 

investigating the global effect in hand movements. 

 

Of course, the real-life consequences of performing a ‘faulty’ movement differ greatly 

between both effectors. If a saccade misses its intended target, by let’s say one visual 

degree, the eye can still (partly) foveate the target, while simultaneously gain 

information about the ‘distracting’ element. It is a win-win situation, landing on the 

target is good but landing in between both target and distractor is perhaps even better. 

However, if a hand lands next to its intended target, it simply misses. Even worse, when 

the target is a cup of hot coffee, missing it or failing to grab it accurately might cause a 

first-degree burn. From this, I conclude that even though target coding for eye and hand 



movements may partly share the same brain circuitry, expression of competition differs 

for both effectors.  

 

Reducing the global effect requires time 

The global effect is thought to be the result of an ongoing competition between target 

and distractor activations in the saccade map (Meeter et al., 2010; Van der Stigchel & 

Nijboer, 2011). The saccade is directed to the weighted average of these activations. 

This suggests that with sufficient viewing time, the weight is shifted towards the target 

location at the expense of the distractor. This view is supported by several studies 

investigating the global effect. First, there was an almost immediate finding in the early 

days of this research field that the size of the global effect was affected by the saccade 

latency. The global effect was most pronounced if saccade latencies were shorter 

(Findlay, 1982; Ottes et al., 1985). This relation was later systematically investigated by 

Heeman et al. (2014), and they showed that the size of the global effect and the 

saccade latency had a linear decreasing relationship. In addition, using a different 

paradigm de Brouwer et al. (2014) showed that the accuracy of a saccade depended on 

the viewing time of the stimuli before saccade onset. Saccade amplitude is affected by 

the Muller-Lyer illusion, and they found that solely the presentation time of the stimuli, 

not saccade latency or delay time, was a contributing factor to determine the size of the 

illusion effect. In this light, I interpret the results reported in Chapters 3 and 4.  

 

In Chapter 3, I investigated the global effect in an eye movement paradigm. Participants 

were asked to make a saccade towards one of two potential targets. In one condition, 

the target identity was pre-cued, whereas in the other condition the target identity was 

revealed by a retro-cue. In both conditions, participants had to delay their saccade until 

after the stimuli had disappeared, so that the saccade was memory-guided. The results 

suggested that the effect a distractor has on the landing position of eye movements 

cannot be reduced when a memory interval precedes the eye movement. However, 

increasing the availability of visual information before this memory interval does 

increase the accuracy of the eye movement. This is in accordance with the results of de 

Brouwer et al. (2014) discussed in the previous paragraph. Importantly, both the studies 

in Chapters 3 and 4 concluded that the size of the global effect was not affected by 

saccade latency, leaving viewing time as the only variable to account for the observed 

decrease in the global effect as was observed in Chapter 3. Together, these results 

substantiate the importance of the viewing time versus saccade latency when the goal 

is to produce an accurate movement.   

 

The robustness of the global effect in the absence of visual information is remarkable. 

It means that during the memory interval, the landing bias cannot be resolved. This has 



consequences for the view that top-down modulation is responsible for resolving the 

global effect. Top-down modulation is the ability to exert attention on goal relevant 

stimuli while simultaneously ignoring distractors (Gazzaley & Nobre, 2012). It is thought 

that top-down modulation can take place in the absence of visual information by 

keeping stimuli representations in the visual working memory (Belopolsky & Theeuwes, 

2011; Gazzaley & Nobre, 2012; Jonides et al., 2008; Smith & Jonides, 1999). A typical 

task where top-down modulation takes place is a delayed-response task (Gazzaley & 

Nobre, 2012). This is a visual working memory task where participants have to keep 

certain stimuli in mind after viewing them shortly. This is similar to the paradigm that 

was used in the studies discussed in Chapters 3 & 4. Gazzaley & Nobre (2012) state that 

top-down modulation can occur during the stimulus-absent phase of a visual working 

memory task. They suggest that top-down modulation during the time when the 

stimulus is absent is related to the mechanisms responsible for attentional modulation 

during perception. This, in turn, is unsurprisingly thought to be the underlying 

mechanism responsible for the reduction of the target-distractor competition. However, 

from the results gathered in the experiments described in this thesis, I have to draw the 

conclusion that top-down modulation cannot take place in the absence of visual 

information.   

The global effect is updated across a saccade 

The representations of visual stimuli can be updated across a saccade. For instance, a 

saccade is found to curve away from distractors presented along the movement axis of 

the second saccade, even when this distractor is removed upon landing on the first 

saccade target (Jonikaitis & Belopolsky, 2014; Van Leeuwen & Belopolsky, 2018). This 

even extends to stimuli properties that are being updated, such as visual illusions that 

influence future saccades (de Brouwer, Medendorp, & Smeets, 2016).  

Similarly, in Chapter 4 it was established that the ongoing competition between the 

representations of the target and distractor could likewise be remapped across a 

saccade. Participants made successive saccades towards two targets, an irrelevant 

distractor was presented next to the second saccade target. The second saccade could 

either be visually- or memory-guided. We found that the global effect was still present 

for the second saccade only if the second saccade was memory-guided. These results 

support the idea that during target selection, the ongoing target-distractor competition 

cannot be resolved from memory, as was likewise stated in Chapter 3. This is 

remarkable because participants had ample time to resolve the competition, namely 

about 370 ms (when you combine the latencies of the first and second saccades). The 

only possible problem was that there was a lack of visual input, the visual presentation 

time of the stimuli was on average 174 ms (mean first saccade latency). We know that 

after 330 ms of visual presentation time, as measured by saccade latency (Heeman et 



al. 2014), the global effect should be eliminated. The latency of the first saccade in our 

experiment should in that case not be sufficient enough. From this, we can again 

eliminate the possibility that the target-competition could be resolved in the absence of 

visual information. When the second saccade was visually-guided, the global effect 

disappeared, thus the competition was resolved when visual information remained 

available throughout the saccade sequence. Surprisingly, the global effect was resolved 

in the visually-guided condition even for the saccades with the shortest inter-saccadic 

intervals. However, when we look at the fastest combined latencies, they add up to 

more than 300 ms, which should be enough time to solve the target-distractor 

competition.  

 

This work is the first to evince the importance of sufficient viewing time for resolving 

the global effect. In addition, it is likely that when subsequent saccades are planned, the 

target and distractor representations both are updated across a saccade, resulting in a 

memorized global effect for the second saccade.  

Predictive remapping of attention or spreading of attention? 

To be able to successfully navigate through our environment we have to update target 

locations and other stimuli across movements. The proposed mechanism behind the 

updating of the visual scene is predictive remapping. Although predictive remapping 

was initially thought to underlie visual stability (Wurtz, 2008), it is more likely that only 

specific attended locations are remapped across saccades (Cavanagh et al., 2010). 

Finding behavioral evidence for predictive remapping is typically done by probing 

different parts of the visual scene with a discrimination target while the participant 

prepares a saccade (Rolfs et al., 2011; Szinte et al., 2018). The aim of the study 

described in Chapter 5 was to replicate the influential work by Rolfs et al. (2011), who 

investigated predictive remapping of attention in a double saccade. They showed that 

attention as already allocated to the future remapped location before the onset of a 

saccade. Although we largely copied the design previously used by Rolfs et al. (2011), 

contradictory conclusions were drawn. We found that attention was spreading from the 

saccade targets to neighboring locations, instead of attention being specifically drawn 

to the remapped location.  

The results of our study and the study conducted by Rolfs et al. (2011) are remarkably 

similar, however, the conclusions drawn from both studies are in contrast. We likewise 

found attentional facilitation at the remapped location, but only when we compared 

discrimination performance at the remapped location with the most distant control 

location from the target locations. When we compared discrimination performance at 

the remapped location with the control location next to the first saccade target, we 



found that performances were similar, this pattern was even evident from both the time-

bin analysis as well as from the more sensitive time series analysis.  

The authors of the original study never directly compared discrimination performance 

between the probed locations. To directly compare performance at different location we 

subjected the original data of Rolfs et al. (2011), made available by the first author, to 

the same analyses as was used in our study. The re-analyses revealed that 

discrimination performance was higher at the remapped location than at the most 

distant control location, yet not higher than at the near control location. Just as was 

concluded from the study described in Chapter 5. Overall, using a direct comparison 

between locations, I conclude that the pattern of the results obtained in both 

experiments are similar and can be regarded in the same sense.  

Some studies investigating the allocation of attention around a saccade found a spread 

of attention spilling from the saccade targets to nearby locations (Harrison et al., 2012; 

Jonikaitis et al., 2013). In these studies, a single saccade was planned and attention 

was cued to a part of the visual scene. Attention was found to spread to the cued ‘hemi 

field’ and was not confined to specific locations. In contrast, other studies did find a 

narrow distribution of attention to only the saccade or cued targets and found no 

spreading of attention at the locations in between those targets (Baldauf & Deubel, 

2008; Godijn & Theeuwes, 2003). Naturally, there are many differences between the 

paradigm of the studies mentioned above, for instance, the number of cued locations 

influences the allocation of attention greatly (for an overview of this and effects of other 

paradigm changes see Hanning et al. (2019)). Another possibility is that task difficulty 

influences the results. Kowler et al. (1995), previously showed that the relative 

importance of a saccade and discrimination task can affect the allocation of attention. 

Participants of the study in Chapter 5, reported that performing a dual eye movement 

and discrimination task was extremely difficult. It is likely that participants in our study 

as well as in the study by Rolfs et al. (2011) have adopted strategies to direct their 

attention solely to the probed saccade locations in order to achieve an acceptable level 

of success. Future work should investigate the relationship between task difficulty and 

the allocation of attention.  

Although we found no direct evidence for predictive remapping of attention, other 

studies reported results arguing in favor of the existence of this mechanism (Szinte, 

Carrasco, Cavanagh, & Rolfs, 2015; Szinte et al., 2018, 2016). To assess predictive 

remapping of attention Szinte et al. (2018) used a performance discrimination task 

similar to the study described in Chapter 5 but the amplitude of the saccade and the 

number of possible target locations was higher. They reported no spreading of attention 

and no attentional allocation at the positions between fixation and saccade target. It 



may be that the spreading of attention relies on the amplitude of the saccade as well as 

the number of locations. As was mentioned earlier, an increase of possible target 

locations leads to a narrower distribution of attention (Hanning et al., 2019). It is likely 

that predictive remapping attention is a fleeting and fragile effect that is best 

investigated using carefully constructed paradigms.  

Ultimately, in Chapter 5 I concluded that when we select multiple saccade targets, as is 

the case in a double-step saccade, attention is deployed at both saccade targets and to 

a lesser degree at the adjacent areas, already before the onset of the first saccade.  

Taken together, these studies showed that in the presence of irrelevant stimuli, target 

selection is subject to competition. The eyes do not always hit the intended target 

accurately, yet fortunately, the hands do. For eye movements, this competition appears 

to be robust, to solve it you need not just time, but more importantly, visual availability. 

This competition is so robust, that it can survive an intervening saccade, indicating that 

both target and other stimuli representations are updated across a saccade. Remapping 

of neural activity is the underlying mechanism responsible for this feat. As a 

consequence, it is thought that attention is predictively remapped before a saccade, 

however, the existence of this effect appears to be unclear.  

 


