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Abstract 

Our novel study investigated how the anti-saccade training can influence cognitive capabilities of healthy 

and Parkinson’s disease participants. The rationale is that the anti-saccade task requires top-down control 

and involves cortical cognition areas in the frontal and prefrontal cortices. We hypothesized that anti-

saccade training may induce plastic changes in these brain areas resulting in improved top-down control, 

which would transfer to other unpracticed executive tasks. We conducted two experiments using a 

pretest-training-posttest design. In our first experiment, we tested the impact of 10 days of interleaved 

pro/-anti saccade training on cognitive functions in participants with Parkinson’s disease compared to 

healthy older controls. We tested 9 Parkinson’s and 11 healthy older participants in a spatial working 

memory task, decision making task, and visual search task before and after training. We compared 

performance after training to before training. Both Parkinson's and healthy older participants showed 

some improvements after training; however, these were limited to the visual search task in Parkinson's 

participants and visual memory and decision making tasks in older heathy participants. In the second 

experiment, we tested the validity of anti-saccade training; we trained a group of younger participants on 

the interleaved pro/anti-saccade task and a second group on a pro-saccade only task and compared 

performance on several cognitive tasks after training to before training. Overall, we observed an 

improvement after both types of training, with the exception of two tasks, the interleaved pro/-anti 

saccade task and an oculomotor capture tasks. These two tasks showed benefits only with the interleaved 

training. A significant interaction between group and testing time was observed for the interleaved task in 

which participants who performed the pro-only training made significantly more anti-saccade errors in the 

post-test. This could mean that the pro-only training had a maladaptive effect on anti-saccades. Taken 

together, the two studies suggest that anti-saccade training has promise to improve some cognitive 

functions in participants with Parkinson’s disease as well as older controls, however there is insufficient 

evidence to attribute the improvement to anti-saccade training specifically. Further research is required to 

address the current study limitations before a final conclusion can be reached.    
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Chapter 1 

General Introduction 

Our brains have the ability to change throughout life (van Praag et al., 2002). The brain is 

capable of adapting to a new situation possibly through mechanisms such as forming new 

neuronal connections, synaptic strengthening and neurogenesis (Kleim & Jones, 2008; Green & 

Bavelier, 2008). This concept of brain plasticity is the basis of research that posits improved 

cognitive capabilities through training or practice (Dyckman & McDowell, 2005; Monfils & 

Teskey, 2004; Plowman & Kleim, 2010).  In this thesis, I investigated the impact of a training 

intervention using a type of rapid eye movement, known as an anti-saccade, on cognitive 

functions such as top-down control in intact and neurologically-damaged participants.   

Top-down control or executive control, which is governed by the frontal lobes and the 

basal ganglia (Rieger, Gauggel, & Burmeister, 2003; Boucher, Palmeri, Logan, & Schall, 2007; 

Stuss, 2011), enables us to modulate our responses according to our internal desires rather than 

being automatically responding to bottom-up sensory inputs in our environment (Gratwicke, 

Jahanshahi, & Foltynie, 2015). Expectedly, top-down control has shown to be impaired in basal 

ganglia disorders such as Parkinson’s disease (Merims & Freedman, 2008; Sammer, Reuter, 

Hullmann, Kaps, & Vaitl, 2006; Zgaljardic et al., 2006).  We hypothesize that reduced top-down 

control may be the underlying cause for the range of cognitive impairments associated with the 

disease. Based on this, we propose that a generalized improvement in cognitive function in 

Parkinson’s disease could be achieved by improving the top-down control through training.  

The anti-saccade paradigm is an example of a task that utilizes top-down control. That is 

to say, success in performing the anti-saccade requires top-down inhibition of an automatic eye 

movement (known as a pro-saccade) to a salient visual stimulus and the initiation of a new 

saccade opposite to the target location (Everling & Fischer, 1998; Munoz & Everling, 2004). The 



 

2 

 

anti-saccade provides a simple, yet a powerful way to examine reflexive and volitional control 

(Chan, Armstrong, Pari, Riopelle, & Munoz, 2005). Furthermore, given the overlap between 

frontal cortical areas involved in anti-saccade control, mainly the frontal eye fields (FEF),the 

supplementary eye fields (SEF), and the dorsolateral prefrontal cortex (DLPFC), and those 

involved in cognitive control (Hutton, 2008; Peltsch, Hemraj, Garcia, & Munoz, 2011), we 

propose that the functional improvement prompted by the anti-saccade training will extend to 

other cognitive functions such as memory, decision making and visual search. Finally, a number 

of studies have shown that participants from all age groups who underwent repeated training 

sessions involving anti-saccade task were able to demonstrate improvement in the anti-saccade 

performance after training. Participants who were practicing daily over 2 weeks on anti-saccade 

made fewer anti-saccade errors after training whereas participants who practiced other types of 

eye movements such as pro-saccades did not improve or even became worse after training 

(Dyckman & McDowell, 2005). Moreover, other studies have shown that training also reduced 

anti-saccade reaction times and improved eye-movement control in general (Kiyota & Fujiwara, 

2010; Karatekin, 2006; Biscaldi, Fischer, & Hartnegg, 2000 ). This indicates that the anti-saccade 

paradigm could be a promising task for improving cognitive capabilities through improving top-

down control. 

The purpose of this thesis was to determine if training on a version of the anti-saccade 

task (interleaved pro/-anti saccade) improves top-down control and other cognitive tasks in 

Parkinson’s disease patients compared to older healthy control participants. We used the 

interleaved design of anti-saccade task because we believe that Parkinson’s disease patients will 

benefit more from this variant than would they do from the block design. To elaborate on this, the 

interleaved pro/-anti saccade paradigm involves switching between anti and pro trials and 

Parkinson’s patients showed difficulties in performing tasks that need switching and updating set 

rules (Cameron, Watanabe, Pari, & Munoz, 2010). Furthermore, task switching training has 
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shown to be improvable and transferrable to other executive function tasks (Karbach & Kray, 

2009; Minear & Shah, 2008). We measured performance in several cognitive tasks include 

memory, decision making and visual search at the beginning of training and compared it to their 

performance after the training was completed. The cognitive tasks that we used were selected 

because they measure different aspects of top-down control and also because patients with 

Parkinson’s disease have shown deficits in performing these tasks (Chan et al., 2005; Cameron et 

al., 2010; Deijen, Stoffers, Berendse, Wolters, & Theeuwes, 2006; Horowitz, Choi, Horvitz, Côté, 

& Mangels, 2006; van Koningsbruggen, Pender, Machado, & Rafal, 2009). We also tested the 

validity of the interleaved pro/-anti saccade task by comparing performance to training on a pro-

saccade only task. We tested two groups of younger healthy participants. The first group 

performed the interleaved pro/-anti saccade training and a second group performed pro-saccade 

training. We compared the outcome of training between the two participant groups to determine 

whether the interleaved training was significantly better than pro-saccade training in terms of 

improving participants’ cognitive function.   
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Chapter 2 

Literature Review 

2.1 Overview 

 

  Performance on the anti-saccade task has been used extensively to examine higher 

cognitive capabilities as it is thought to require top down executive control (Munoz & Everling, 

2004). In our study, we investigated the usefulness of the interleaved pro/-anti saccade training in 

improving the cognitive function in the healthy and Parkinson population. The following review 

will help the reader to understand the rationale behind the study by providing a concise 

background for the different aspects of the study hypothesis which would make the 

interpretations of the results more reasonable. The topics that will be covered here consist of the 

following: the benefits of cognitive training and also a snapshot of the cognitive training literature 

including listing of a number of selected cognitive training studies and their outcome. The second 

part will be a brief overview of the saccadic system and its neural substrates with an emphasis on 

the anti-saccade and how it differs from pro-saccades. The review will end by discussing the 

various executive functions and a short background on the different cognitive tasks that we used 

in this study and a description of how they relate to the top-down control.  
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2.2 Cognitive Training and its Benefits 

 

Cognitive training is a non-pharmacological intervention aiming at improving or 

maintaining the cognitive capabilities through a repetitive practice on cognitive tasks involving 

brain functions such as memory or attention (Kueider, Bichay, & Rebok, 2014). Some training 

programs are computed-based while others are conducted face to face either through individual or 

group coaching (e.g. Lampit, Hallock, & Valenzuela, 2014; Zanetti et al., 1995). What interesting 

is that training effect can transfer to other unpracticed task or daily living activities (Minear & 

Shah, 2008; Hagovska & Nagyova, 2016).  

The benefits of cognitive training are several. Training has shown to induce brain 

plasticity in younger and older people (Boyke, Driemeyer, Gaser, Büchel, & May, 2008). These 

alterations in the adult brain following training are not limited to functional changes; structural 

changes were also observed such as growth in the grey and white matter volumes (Draganski et 

al., 2004; Thomas & Baker, 2013; Scholz, Klein, Behrens, & Johansen-Berg, 2009). Some 

examples of structural changes in the brain include a better axonal myelination, neurogenesis, 

angiogenesis, dendritic spine motility, glial cell proliferation, and synaptogenesis (Draganski & 

May, 2008; Scholz, Klein, Behrens, & Johansen-Berg, 2009). Such changes in the brain yield 

greater neuronal connectivity and strengthen the synapses as revealed by the enhanced brain 

functional magnetic resonance imaging (FMRI) activation (Hoekzema et al., 2010; Haier, 

Karama, Leyba, & Jung, 2009). Consequently, cognitive training changes behavior and results in 

improved cognitive abilities which can improve the quality of life of people with cognitive 

deficits and reduce the burden on health care providers (Kueider et al., 2014). 

A substantial body of literature investigated the impact of training on improving 

cognitive capabilities in people from all age groups and patients with different neurological 
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disorders (e.g. Karbach & Kray, 2009; Westerberg et al., 2007; Klingberg et al., 2005).  Some 

studies probed only the improvement in participants’ performances in a specific task after training 

while other studies focused more on the transfer of training-related benefits to other unpracticed 

tasks. One study used MRI to visualize the structural changes which occurred in the brain of 

young healthy participants following a practice on juggling (Draganski & May, 2008).The MRI 

results indicated an expansion in the grey matter in the mid-temporal area and in the left posterior 

intraparietal sulcus, which are related to sensory perception and motion anticipation, after 

completing 3 months of training. Another study  was conducted on children with attention deficit 

hyperactivity disorder (ADHD) to examine the influence of practicing a working memory task on 

participants’ performance (Klingberg, Forssberg, & Westerberg, 2002) . The results showed 

significant improvement in the performance of the trained working memory task and a transfer of 

training to an untrained visuospatial working memory task as well as improvement in some motor 

symptoms associated with ADHD. Karbach & Kray (2009) investigated the transfer of task 

switching training to other un-trained tasks. The findings indicated that task switching training is 

transferable to other executive tasks in all age groups. 

 In sum, cognitive training is an approach that utilizes non-pharmacological strategies to 

improve mental abilities through training on cognitive function tasks. Structural and functional 

changes were observed in the brain after training. The literature of cognitive training provides 

evidence of the effectiveness of training in ameliorating the cognitive abilities in all different 

participants’ populations.  
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2.3 The Saccadic System  

2.3.1 Saccades and their Neural Substrates 

  Saccades are rapid eye movements that direct the fovea to a visual target or between 

points of fixation (Leigh & Kennard, 2004). Saccade velocity (100 to 600 degrees/second) is 

correlated with its amplitude and duration (Ramat, Leigh, Zee, & Optican, 2007). Saccades were 

first recorded in 1901 (Dodge & Cline, 1901) and since that time an increasing amount of 

research have contributed to our current knowledge of the neuroanatomy, physiology, and the 

behavior of saccades. Pro-saccades or automatic saccades are simple visually guided saccades to 

a novel visual stimulus (e.g. passing bird) whereas anti-saccades are more cognitively complex 

eye movements that require the recruitment of additional cortical areas to inhibit an automatic 

saccade to a salient visual target and to generate a new saccade away from the target. Figure 1 

shows the approximate locations of the cortical and subcortical areas that contribute to the neural 

circuitry controlling saccades “involving areas of the frontal lobes, parietal lobes, basal ganglia, 

thalamus, visual cortex, superior colliculus, cerebellum and the brainstem reticular formation” 

(Munoz & Everling, 2004; Munoz, 2002). Table1 summarizes the general possible roles of the 

main structures that contribute to saccade control as described in several studies (e.g. Müri & 

Nyffeler, 2008; Leigh & Kennard, 2004; Munoz & Everling, 2004).  
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Figure 1: Brain areas contributing to the control of saccadic eye movements in human 

Abbreviations: Cb, cerebellum; CN, caudate nucleus; DLPFC; dorsolateral prefrontal; FEF, 

frontal eye field; LIP, lateral intraparietal area; RF, reticular formation; SC, superior colliculus; 

SEF, supplementary eye field; SNr, substantia nigra pars reticulate; Th, thalamus (Munoz, 2002). 
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Table 1. Overview of general functions of important structures in saccade control 

Structure General role in saccade control 

Frontal eye fields 
Generation of voluntary saccades 

Supplementary eye fields Involved in motor programming for sequences of 

saccades 

Dorsolateral prefrontal cortex Involved in volitional saccade generation by 

suppressing the reflexive responses 

Parietal eye field  Involved in the reflexive saccade planning 

Basal ganglia 

Initiation or suppression of saccades through the 

inhibition and disinhibition of the superior 

colliculus as well as frontal cortex 

 

Thalamus Relay station for all subcortical signals travelling 

to the cerebral cortex 

Cerebellum 
Precision of saccade 

Superior colliculus Integration of signals from all cortical and 

subcortical structures for the execution of saccade 

Brainstem saccadic burst neurons 

 

 

Generate a pulse signal that initiates saccade by 

sending commands to the corresponding ocular 

motor neurons of the 3
rd

, 4th, and 6
th
 cranial 

nerves.  

Neural integrator (NPH/MVN and INC)                                               

Generate a step signal for the tonic contraction of 

extra-ocular muscles to hold the eyes at their new 

position at the end of saccade.                                                                

Omnipause neurons 
Tonic inhibition on all burst neurons; helping in 

fixation and stopping saccade in midflight 

NPH=Nucleus prepositus hypoglossi; MVN= Medial vestibular nucleus; INC= Interstitial 

nucleus of Cajal (Müri & Nyffeler, 2008; Leigh & Kennard, 2004; Munoz & Everling, 2004).  
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2.3.2 Anti-Saccade versus Pro-Saccade Control 

Voluntary and reflexive saccades are controlled by different cortical areas ( Pierrot-

Deseilligny, Rivaud, Gaymard, & Agid, 1991). As shown in Figure 2, reflexive saccades neuronal 

pathway involves the following. Visual and parietal posterior cortices, specifically the parietal 

eye fields, provide input to the superior colliculus which in turn projects to the premotor saccade 

generators in the brainstem that innervate the oculomotor neurons, leading to a reflexive saccade. 

In contrast, performing the anti-saccade is a two-step process, requiring the inhibition of the 

automatic eye movement response and the initiation of a new saccade away from the stimulus. 

Cortical areas in the frontal lobes are recruited to complete the task (Munoz & Everling, 2004). 

Evidence from lesion studies has shown that the frontal eye fields, supplementary eye fields and 

dorsolateral prefrontal cortex are critical areas in performing anti-saccade. These areas provide 

input to the neurons in the direct and indirect pathways of the basal ganglia which then project to 

the superior colliculus (Figure 2). Subjects with lesion of the dorsolateral prefrontal cortex have 

impaired ability to suppress the unwanted saccade in the anti-saccade task. (Guitton, Buchtel, & 

Douglas, 1985;  Pierrot-Deseilligny, Rivaud, Gaymard, & Agid, 1991 ), suggesting that the anti-

saccade task requires top-down inhibitory control. Therefore, performance in the anti-saccade can 

reflect the higher cognitive processing abilities in people who have brain disorders such as 

Parkinson’s disease, Alzheimer’s disease or Attention deficit hyperactivity disorder (ADHD) 

(Munoz & Everling, 2004).  
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Figure 2: Circuitry connecting brain areas involved in controlling saccadic eye movements 

Abbreviations: CN, caudate nucleus; DLPFC, dorsolateral prefrontal; FEF, frontal eye field; GPe, 

globus pallidus external; LGN, lateral geniculate nucleus; LIP, lateral intraparietal area; SC, 

superior colliculs; SEF, supplementary eye field; SNr, substantia nigra pars reticulate; STN, 

subthalamic nucleus (Munoz, 2002). 
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2.4 Executive Function and Cognitive Tasks 

Executive function (executive control or top-down control) entails several components 

such as planning, attention, working memory, task switching, inhibition, and making decisions. 

Executive control over behavior enables us to perform complex goal directed action (Karbach & 

Kray, 2009). Executive functions are important in conditions such as problem solving when 

facing a new situation in which flexibility in behavior is needed (Huizinga, Dolan, & van der 

Molen, 2006; Ashendorf & McCaffrey, 2008). Areas in the prefrontal and frontal cortices have 

found to be involved in the control of the executive functions (Miyake et al., 2000; Fisk & Sharp, 

2004); executive control decline has been reported with aging (e.g. Bedard et al., 2010) and 

degenerative diseases such as Parkinson’s disease and Alzheimer’s disease (Cameron et al., 2010; 

Perry & Hodges, 1999). We chose to use the visual spatial working memory task, decision 

making task, visual search task, and oculomotor capture task as measures of executive function 

and the reasoning is outlined below. 

 Visual spatial working memory is the ability to memorize the locations of objects in the 

environment for a short period of time. The dorsolateral prefrontal cortex along with the posterior 

parietal cortex is a critical cortical area in spatial working memory function (van Asselen et al., 

2006; Fletcher & Henson, 2001). Indeed, evidence has shown that people with executive 

dysfunctions such as Parkinson’s disease demonstrate difficulty in performing visuospatial 

working memory tasks (Owen, Iddon, Hodges, Summers, & Robbins, 1997). This indicates that 

visuospatial working memory task requires intact central cognitive control. The task also requires 

subjects to actively attend to the memorized locations in order to successfully be able to recall the 

location of the remembered objects. Top-down signals from the prefrontal and parietal cortices 

have been shown to play a role in this focused attention process (Curtis & D’Esposito, 2003; 

Gazzaley et al., 2007). Indeed, top-down modulation has been suggested as a common 
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mechanism in attention and working memory; involved not only in encoding the information but 

also in the maintenance and retrieval of the stored information (Gazzaley & Nobre, 2012). 

Decision making is a cognitive process leading to the choice of one action in preference 

of two or several alternative options. In perceptual decision making the decision is based on noisy 

sensory information which will be eventually translated into a behavior or motor response 

(Heekeren, Marrett, & Ungerleider, 2008). One prominent perceptual decision making task is the 

random-dot motion (RDM) paradigm which involves two alternative choices (Britten, Shadlen, 

Newsome, & Movshon, 1992; Mulder et al., 2013). A typical RDM task consists of a set of 

moving dots and the observer has to decide as quickly and accurately as possible in which 

direction the dots are moving. The difficulty of the task is adjusted by manipulating the number 

of dots that are moving together and the time of display of the dots. Performance can be measured 

in terms of accuracy and reaction times. Some participants prioritize speed while others, 

accuracy, which can be observed as a trade-accuracy trade off. The RDM task includes a motion 

processing component as well as a decision component. Studies have shown that visual motion 

processing is localized in the middle temporal (MT) and medial superior temporal (MST) cortical 

areas (e.g. Salzman, Britten, & Newsome, 1990; Celebrini & Newsome, 1994 ). Decision-related 

activity has been shown in brain areas including the lateral intraparietal area (LIP) and other 

oculomotor areas such as the frontal eye field, superior colliculus and dorsolateral prefrontal 

cortex, in the case where the decision is communicated by saccade (Horwitz & Newsome, 1999; 

Gold & Shadlen, 2007; Ding & Gold, 2012). On the other hand, the medial intraparietal area 

(MIP) represents decision related activity when the response is indicated by hand movement 

(Pesaran, Nelson, & Andersen, 2008; de Lafuente, Jazayeri, & Shadlen, 2015).  Both the LIP and 

MIP receive input from higher cortical areas such as the dorsolateral prefrontal cortex (de 

Lafuente, Jazayeri, & Shadlen, 2015), alluding to the involvement of executive control in 

decision processes. Furthermore, subcortical structures including the basal ganglia have found to 
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play a role in perceptual decision making likely through their connection to the other cortical 

areas involved in decision processes or through learning and reward processes (Ding & Gold, 

2013). 

Visual search includes a variety of tasks in which participants search for a target among a 

number of distractors (Horowitz, Birnkrant, Fencsik, Tran, & Wolfe, 2006). Visual search 

requires top-down inhibitory control to filter out the irrelevant distractors in order to find the 

target item in the array. Cortical areas involved in visual search are widely distributed all over the 

brain and include the occipital, parietal, and frontal lobes (Nobre, Coull, Walsh, & Frith, 2003). 

The frontal cortices are particularly important in top-down suppression of attention towards the 

irrelevant distractors in the search field. The two variants of visual search tasks are the pop-out 

and serial search in which the former is rapid and the latter is relatively slow. In the pop-out or 

pre-attentive search, the performance in terms of search time remains constant and is not affected 

by how many distractors in the scene. However, search time does depend on the salient features 

of the target. A simple example is searching for a green square among several red squares 

(Nakayama & Martini, 2011). In contrast, in the serial or attentive search, time is required to shift 

attention from one item to another and thus the reaction times depend mostly on set size (Bravo & 

Nakayama, 1992). For example, identifying red Xs among black Xs and red Os. Working 

memory is required in serial task so that the observer does not revisit previously scanned areas in 

the scene (Nakayama & Martini, 2011). Accordingly, the serial search requires a greater 

contribution of top-down control. 

The oculomotor capture effect can be defined as a misdirected eye movement towards a 

task irrelevant salient distractor that appears suddenly in the periphery and captures attention 

(McPeek, Skavenski, & Nakayama, 2000). The oculomotor capture paradigm is a type of visual 

search task in which an observer is asked to make a voluntary saccade to a target and perform a 

discrimination task that synchronizes with an abrupt onset of irrelevant stimulus which the 
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subject is instructed to ignore. The sudden appearance of the bottom-up visual stimulus can 

trigger an automatic saccade to the distractor item and this saccade is generated by the parietal 

eye field-superior colliculus pathway and could be suppressed by the substantia nigra through 

inhibition on the superior colliculus (Deijen, Stoffers, Berendse, Wolters, & Theeuwes, 2006). 

The saccade to the target is volitional and requires top-down control, and involves cortical areas 

including the frontal eye field, supplementary eye field, and the dorsolateral prefrontal cortex 

(Pierrot-Deseilligny, Milea, & Müri, 2004). Deijen and et al. (2006) tested Parkinson’s patients’ 

performance on the oculomotor capture task and showed impaired performance of Parkinson’s 

participants compared to healthy controls, suggesting an involvement of the top-down inhibitory 

control in suppressing the reflexive saccade to the distractor and execution of voluntary saccade 

to the target. 

To summarize, the cognitive tasks described above measure different aspects of top-down 

control such as inhibition, planning, attention, and working memory. Evidence suggests that these 

tasks involve brain areas in the frontal and the prefrontal cortex mainly the DLPFC. What is 

more, Parkinson’s disease patients have shown difficulties performing these tasks. Therefore, we 

selected these tasks as a measure of the executive function for our study.    

2.5 Objectives and Predictions 

The objective of this research is to determine if anti-saccade training can improve the 

cognitive function in Parkinson’s disease patients. Previous studies suggested that the wide range 

of cognitive impairments occur in Parkinson’s disease are related to a deficit in the executive 

control which is caused by a disturbance in the frontal cortex-basal ganglia network (Cameron et 

al., 2010; Sammer, Reuter, Hullmann, Kaps, & Vaitl, 2006; Zgaljardic et al., 2006 ). Therefore, 

we predicted that improving the top-down control through anti-saccade training could lead to a 

generalized improvement in other cognitive functions such as spatial working memory, visual 

search, oculomotor capture and decision making. We expected that, in comparison with healthy 
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controls, Parkinson’s disease patients would exhibit longer reaction times and greater number of 

errors on the anti-saccade task and other cognitive tasks that we used in this study. We also 

hypothesized that our Parkinson’s patient participants who are at early stages of the disease will 

show improvement in all these tasks after training. To test whether the improvement was caused 

by the anti-saccade training specifically or that any type of eye movement training can produce a 

similar effect, we performed a second study in which we compared the outcome of training in a 

group of younger participants who performed either anti-saccade or pro-saccade training. We 

expected that the participants who performed the interleaved pro/anti-saccade training would 

show significant improvements across the cognitive tasks after training compared to the second 

group of participants who trained on pro-saccades only who might show minimum or no 

improvement. Our prediction was based on the notion that the anti-saccade task utilizes the top-

down control and thus recruits cortical areas in the frontal cortex whereas the pro-saccade is only 

a simple reflexive eye movement task. The following two experiments were designed to answer 

these questions and to provide evidence for our predictions.         
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Chapter 3 

Anti-saccade training in Parkinson's disease patients and older control 

participants 

3.1 Abstract 

 The non-motor symptoms of Parkinson’s disease include cognitive deficits such as 

executive dysfunction, visuospatial abnormalities, and attention. Cognitive decline associated 

with the disease is common, disabling, and decreases the quality of life for people with 

Parkinson’s disease. The literature is inconsistent about the effectiveness of the pharmaceutical 

treatment in ameliorating cognitive decline associated with the disease. Therefore, cognitive 

training could be used as an alternative or in combination with medications that are used to treat 

cognitive symptoms. Executive control, which is necessary for the flexibility of behavior, has 

been shown to be impaired in Parkinson’s disease. Here we propose that reduced top-down 

control could be the underlying cause of cognitive impairments in Parkinson’s disease. Based on 

this, we hypothesize that training on a top-down task such as anti-saccade, could improve their 

top-down control function and this improvement would reflect on other cognitive functions. To 

test this hypothesis, we recruited 9 Parkinson’s disease patient participants and 11 older healthy 

controls to perform a 10 day training course using an interleaved pro/-anti saccade task. Baseline 

performance was measured using cognitive function tasks consisting of a working memory task, 

visual search tasks, and a decision making task and compared to their after training scores. 

Results indicated that anti-saccade training helped Parkinson’s disease patient participants to 

improve in the pop-out version of visual search task compared to controls whose improvement 

was not significant. In the memory task, both Parkinson’s disease participants and controls 

improved at significantly after training. In contrast to the previous two tasks, Parkinson’s 

participants did not improve at decision making task accuracy or at response times while controls 
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improved significantly at making correct decisions. These results provide some evidence of a 

subtle improvement that could be due to the underlying improved top-down control in 

Parkinson’s disease. Clear evidence might be obtained from a larger sample size to overcome the 

limitation of high between-subject variability that we encountered in this study. 
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3.2 Introduction 

Parkinson’s disease is a common brain disorder that affects 1% of older people over the 

age of 50 (Shastry, 2001), leading to impaired quality of life of the population who are affected 

due to motor and non-motor difficulties caused by the disease. The disease is characterized by 

degeneration of dopamine producing neurons in the substantia nigra pars compacta with a 

subsequent deficiency of dopamine in the basal ganglia (Lewis, Dove, Robbins, Barker, & Owen, 

2003) which are associated with voluntary motor control, eye movement, cognitive function and 

emotion. Dopamine deficiency in the basal ganglia results in changed excitability patterns in the 

connections between the basal ganglia neurons. This leads to an increase in the net inhibition of 

the basal ganglia output neurons on the thalamo-cortical circuit as a result of the increased 

activation of the indirect pathway and decreased activation of direct pathway of the basal ganglia. 

The basal ganglia are connected to different parts of the cerebral cortex such as the motor cortex 

and the frontal cortex. However,  the basal ganglia connections are different between the motor 

cortex versus the frontal cortex leading to a varied effect of dopaminergic drugs on the motor 

versus cognitive route (Obeso et al., 2008).  In addition, the literature is inconsistent about the 

effectiveness of the pharmaceutical treatment in alleviating the cognitive dysfunction in 

Parkinson’s patients.  

People with Parkinson’s disease demonstrate a wide range of cognitive impairments 

which involve memory, attention, language, visuospatial abilities and executive functions 

(Merims & Freedman, 2008) . In a study that investigated the cognitive dysfunction in newly 

diagnosed Parkinson’s disease patients (Muslimović, Post, Speelman, & Schmand, 2005), a total 

number of 115 Parkinson’s patients were compared to 70 healthy controls for the frequency of 

cognitive deficits.  24% of Parkinson’s patients showed impaired cognitive function while only 

4% of the controls had cognitive impairment. Dementia is a common and disabling non- motor 

feature of the disease. Anterograde and retrograde amnesia for faces and spatial location has also 
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been reported in a patient with only mild right-sided disease (Beatty, 2002). Other than dementia, 

Parkinson’s disease patients demonstrate a specific deficit in the domain of working memory and 

in particular related to visuospatial skills (Owen et al., 1997). Evidence has shown that 

performance of Parkinson’s disease patients in a visuospatial working memory task is impaired 

because of the inability to use the stored information (Bradley, Welch, & Dick, 1989). Attention 

impairment is another feature of Parkinson’s disease cognitive profile. Studies have shown that 

patients with Parkinson’s disease have difficulties in paying attention and maintaining attention 

which was demonstrated by the increased response latency and easy disengagement from 

attended locations compared to controls (Wright, Burns, Geffen, & Geffen, 1990; Hsieh and et al 

1996). Visuospatial function deficits were reported in Parkinson’s disease (Levin et al., 1991; 

Raskin et al., 1990); however, visuospatial dysfunction was significantly greater in demented 

Parkinson’s disease than non-demented patients (Christy, 1989; Raskin, Borod, & Tweedy, 

1990). Interestingly, it has been suggested that visuospatial deficits in Parkinson’s disease are 

attributed to frontal executive dysfunction rather than pure visuospatial dysfunction or parieto-

occipital lesions (Cronin-Golomb & Braun, 1997). Language problems in Parkinson’s disease 

were very limited in non-demented Parkinson patients compared to demented Parkinson’s disease 

patients (Cummings, Darkins, Mendez, Hill, & Benson, 1988). Evidence showed a language 

impairment in Parkinson’s disease which was correlated with cognitive function scores ( Lewis, 

Lapointe, Murdoch, & Chenery, 1998) . previous studies also suggested the involvement of sub-

cortical structures in language processing (Naeser et al., 1982; Cummings et al., 1988). Executive 

dysfunction is a primary cognitive feature of Parkinson’s disease. Frontal executive function is 

mainly governed by the dorsolateral prefrontal cortex (Zgaljardic, Borod, Foldi, & Mattis, 2003). 

Disruption of the function of this circuitry in Parkinson’s disease leads to a subsequent cognitive 

impairments involving working memory, sustained attention, set shifting, planning, and goal-

directed behavior (Bonelli & Cummings, 2007). As a result, patients with Parkinson’s disease 
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have difficulties in inhibiting non-relevant distractors while performing a task (Deijen et al., 

2006). This excessive cognitive load might lead to slow cognitive processing which manifests in 

the performance of Parkinson’s disease patients (Zgaljardic et al., 2003). On the whole, a 

hallmark of the cognitive decline described in Parkinson’s disease is the improper function of the 

fronto-striatal circuits leading to the appearance of the spectrum of cognitive impairments among 

people with Parkinson’s disease.  

Cognitive training has emerged as an option for improving cognitive capabilities.  A 

number of studies have investigated the impact of cognitive training in Parkinson’s disease. In 

Sinforiani and et al. (2004), twenty Parkinson’s participants received a six weeks’ cognitive 

rehabilitation program using specialized software for neuropsychological training, and this 

training program targeted attention, abstract reasoning, and visuo-spatial abilities. At the end of 

training, they showed significant improvements in performance compared with their baseline. A 

randomized controlled study (Sammer, Reuter, Hullmann, Kaps, & Vaitl, 2006) compared 14 

patients with Parkinson’s disease who performed 10 sessions (30 min each) of working memory 

tasks requiring executive function (include search tasks, puzzles and storytelling) to 12 control 

Parkinson’s disease patients who received a standard treatment only (occupational therapy, 

physiotherapy, and physical treatment). The result indicated that the cognitive treatment group 

performed significantly better than the standard treatment group after training. In Nombela and et 

al. 
 
(2011), FMRI was used to assess the effect of cognitive training on the functional brain 

activity in conjunction with behavioral results. 10 PD patients were compared to 10 healthy 

controls in Stroop test performance (the Stroop test is an attention task in which the name of the 

color is written in a color not denoted by the name). The patient group showed slower response 

times and greater number of missed trials than controls. In addition, their FMRI results revealed 

more extensive brain activation than controls.  After the initial evaluation, half of the patients 

underwent 6 months of daily cognitive training using Sudoku puzzles. At the end of the training, 
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the results showed that the trained Parkinson’s patients made fewer errors and were faster at the 

Stroop test than the untrained Parkinson’s patients. Taken together, the results of these studies 

suggest that people with Parkinson’s disease benefit from cognitive training programs and the 

literature of cognitive training for this patient population provides a promising direction towards 

future research in this domain. 

Cognitive deficits in Parkinson’s disease demonstrate a certain pattern in which the 

functions that require an intact top-down or executive control are compromised such that they are 

even overly efficient at performing a sensory driven or bottom-up cognitive task (Cameron et al., 

2010). For example, they have difficulty ignoring task-irrelevant distractors or switching to a 

different task but are also quicker at responding to salient stimuli, such as a flash of light, than 

age-matched controls, likely resulting from a lack of inhibition compared to controls. This 

impairment in top-down control as a result of dopamine deficiency in the fronto-striatal circuitry 

could be the cause of the overall cognitive decline that occurs with the disease. Based on this, 

Parkinson’s disease patients also have difficulties with the anti-saccade task, as has been observed 

in previous studies (Chan et al., 2005). Here we propose a version of anti-saccade task for 

training on executive control and we explore its potential to improve cognitive capabilities in 

patients with Parkinson’s disease. To test whether the effect of anti-saccade training generalizes 

to improvement on other cognitive tasks, we trained both Parkinson’s patient participants and 

older healthy control participants with anti-saccade task over a course of 10 days. At the end of 

training, we measured their performance at a number of cognitive function tasks, which included 

memory, decision making and visual search task, and compared it to their baseline performance.  

3.3 Materials and Methods 

3.3.1 Participants 

Study participants included 9 patients with mild to moderate Parkinson’s disease (stages 

1-3 as measured through the Hoehn & Yahr scale) and 11 healthy control participants. The 
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Parkinson’s patients (three female) were recruited from the movement disorder clinic at the 

Kingston General Hospital whereas the control participants (six female) were recruited from the 

Kingston community. Parkinson’s participants were between the ages of 64 and 81 (mean age = 

71 and standard deviation = 5.9) and control participants were aged between 52 and 73 (mean age 

= 62, standard deviation = 6.6). All participants had normal or corrected to normal vision. 

Parkinson’s participants were not required to interrupt their medication as a previous study 

showed minimal changes in oculomotor behavior on or off medication (Cameron et al., 2012). 

The Montreal Cognitive Assessment (MOCA), the Mini Mental State Examination (MMSE) as 

well as a general health questionnaire were completed for all participants prior to pre-testing. 

Older controls were generally healthy with no previous history of stroke or any other major 

neurological or psychiatric disorders. The Unified Parkinson’s Disease Rating Scale (UPDRS) 

scores were also calculated through interviews with all Parkinson’s group participants. 

Demographic data and cognitive scores of all participants are shown in Table 2. Participants 

provided written informed consent to the experimental conditions, which were pre-approved by 

the Queen’s University General Board of Ethics, and participants were reimbursed for their time 

and transportation.  
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Table 2. Clinical information for older control and Parkinson’s patient participants 

Group Subject Age Gender Years of education MMSE MOCA  UPDRS 
(H&Y) 

Older 
controls 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

56 

63 

53 

52 

73 

63 

72 

58 

60 

59 

60 

F 

M 

M 

M 

M 

F 

F 

M 

F 

F 

F 

18 

25 

12 

- 

17 

21 

15 

19 

- 

15 

17 

30 

29 

29 

30 

30 

30 

30 

29 

30 

30 

30 

29 

29 

29 

29 

29 

30 

26 

27 

29 

30 

28 
 

 - 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 
 

Average  61±6.8 
 

 17.6±3.8 29.7±0.5 28.6±1.2   

Parkinson 1 

2 

3 

4 

5 

6 

7 

8 

9 

74 

81 

64 

67 

74 

66 

79 

68 

70 

M 

F 

M 

F 

M 

M 

F 

M 

M 

10 

12 

12 

21 

10 

14 

14 

13 

13 

28 

30 

30 

30 

30 

29 

30 

27 

30 

23 

26 

28 

28 

29 

23 

28 

23 

       26 
 

 2 

2 

1 

3 

2 

2 

3 

1 

       1 

Average  71±5.9              13±3 29±1.1 26±2.4 
 

 1.9±0.8 
 

Abbreviations.  H&Y, Hoehn & Yahr scale; -, indicates no data. 
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3.3.2 Apparatus 

Participants were seated in a dark room at approximately 60cm from a computer screen 

with their heads stabilized by chin and forehead rests. Their eyes were aligned to the centre of the 

screen. Eye movements were recorded at 1000 Hz using a video-based eye tracker (Eyelink 1000, 

SR Research, and Kanata, Ontario). Tasks were presented using Matlab (The Math Works, 

Natick, Massachusetts) and Psychophysics Toolbox (Brainard 1997, Pelli 1997).  Participants 

inputted perceptual responses using a Gamepad (SR Research). 

Older control participants performed the cognitive tasks at Queen’s University in the 

computational sensorimotor neuroscience lab. The screen was a CRT monitor (12×16 inches, 

1280×1024 pixels, 60Hz refresh rate) and eye movements were recorded using a tower mount 

configuration of the Eyelink 1000. Parkinson’s participants performed the cognitive tasks at the 

Centre for Neuroscience Studies Laboratory at the Hotel Dieu Hospital. The screen was a LCD 

monitor (13×10.5 inches, 1280×1024 pixels, 60Hz refresh rate) and eye movements were 

recorded using a desktop mount configuration of the Eyelink 1000.  

In addition, control participants came to the computational sensorimotor laboratory daily 

to perform the training task (interleaved pro/-anti saccade) whereas Parkinson’s participants 

performed the  training task on tablet computers at their homes (Samsung tab2, 10.1 inch) on 

which the interleaved pro/-anti saccade training program was installed.  

3.3.3 Experimental paradigm and task design 

The study consisted of three sequential experimental sessions: pre-testing, training 

sessions, and post-testing. 

 Pre-testing and post-testing were identical and took place at the laboratory and each 

lasted for approximately 90 minutes. In each testing session (pre-testing or post-testing), 

participants were supposed to perform five cognitive tasks: a spatial working memory task, a 

decision making task, a visual search tasks, an interleaved pro/-anti saccade task and an 
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oculomotor capture task. However, participants with Parkinson’s disease had a difficulty 

performing the oculomotor capture task and we therefore did not collect data from Parkinson’s 

group for this task. The order of the tasks was random for each participant for the pre-test and in 

reverse order of the pre-test for the post-test. Each task consisted of a different number of blocks 

(tasks are described in detail below) and each began with a short practice block that helped 

participants to understand the task. Before data collection, the eye-tracker was calibrated using a 

series of 9 fixation points (8 peripheral and 1 central). Each trial began with a central fixation at 

which participants were instructed to look. At the end of each trial, the screen was diffusely 

illuminated for a short period of time to prevent dark adaptation. Participants either made eye 

movements or used a Gamepad to provide responses to the tasks. Participants could take breaks 

between the tasks or between blocks as desired. They were also offered a break midway through 

pre-testing as well as post-testing.  At the end of each task, feedback on their performance 

(percent correctly performed trials) was provided as a numerical score on the screen. 

Training sessions began the day after recording the pre-test data and continued over a 

course of 10 days. Control participants came to the computational sensorimotor laboratory daily 

to perform the training task whereas Parkinson’s participants performed the training task at their 

homes as we provided them with tablet computers on which they were practicing the task at their 

leisure. Each training session was approximately 15-20 minutes in duration. Each session 

consisted of 3 blocks of 60 trials, totalling 180 trials. Participants could take a break as needed. 

Both older controls and Parkinson’s patients’ participants performed the same training task 

(Interleaved pro/-anti saccade), in which the number of pro-saccade and anti-saccade trials were 

equal and were randomly interleaved. Controls and patient participants inputted responses using 

the Gamepad or tablet touch screen respectively. Each trial of the training task (Figure 3) began 

with a central instruction – either the word same or opposite, indicating whether a subsequent 

Landholt C symbol (see Figure 3) will appear at the same location as the target or at the opposite 
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location. Following the instruction, the target appeared for approximately 100ms at one of 8 

possible locations, and the participants had to look either at the target or opposite to it depending 

on the initial task instruction. After an interval of 100ms, the Landholt C array appeared for a 

random duration (16 to 500ms). The target Landholt C array consisted of a central landholt C 

surrounded by 4 square noise masks. The participant’s task was to make saccade either to the 

target or opposite to it as soon as it appeared in order to be able to discriminate the Landholt C. 

Because of the surrounding masks, the C was only discriminable if fixated upon. The direction of 

opening of C symbol varied randomly and had four possible orientations (up, down, right, or left). 

The participants reported the direction of opening of C symbol using either the corresponding 

button on the gamepad or tablet touch screen. Participants received feedback at the end of each 

training session. A graph showed up on the screen as cumulative score of the percentage of 

correct responses and changed with each training day. The task was relatively easier on the first 

day of training compared to the following days, where the task increased in difficulty everyday by 

presenting the Landholt C for a shorter duration. Within each day of training, the duration of the 

landholt C was selected from 16ms to 500ms in 16ms intervals. On the first day, the selection was 

such that there were more trials with longer durations, e.g. 15% of trials consisted of landholt C 

durations from 450 to 500ms, whereas only 5% of trials consisted of landholt C durations of 

50ms or less. Each day, more and more trials were selected with shorter durations and fewer 

selected with longer durations. For example, by the 10th day, approximately 15% of trials had 

durations of 50ms or less, whereas only 5% of trials had durations between 450-500ms. The 

average duration on the 1st day was 300ms. There was a consistent decrease of approximately 

10ms per day, resulting in the average duration of 200ms by the 10th day of training.  For the 

tablet training, the eye movements were not measured. However, we motivated participants to 

perform eye movements by the inclusion of the discrimination task. The participants were 
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required to perform the appropriate eye movement (to the target or opposite to it) in order to 

correctly discriminate the subsequent Landholt C. 

 Visual spatial working memory task – this task measured the ability of participants to 

memorize the locations of a number of targets which were presented briefly (Figure 4). Each trial 

began with a central fixation cross on a grey background and participants were asked to look at 

the cross until it disappeared (700 ms duration). Next, the cross was replaced with 1, 3, or 5 

colored squares presented at a random location within a square of 10 degrees for 1 second. The 

number and color of squares were randomly selected, and the 7 possible colors were red, green, 

white, blue, yellow, cyan, and black. All the squares then disappeared and were replaced with a 

blank screen for 500ms (the memorization period). After that, one of the squares (randomly 

selected) reappeared on the screen for duration of 250ms but was shifted either by 0.5, 2 or 5 

degrees to the right or left compared to where it previously was. The participants’ task was to  
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Figure 3. Timing of events. The training task.  

Each trial began with a central instruction word (1100-1500 ms duration). Participants were instructed to maintain fixation 

on the central instruction which was either the word “same” or “opposite” until its disappearance. Next, the target stimulus 

appeared for 100 ms at one of eight eccentric target locations and after a blank of 100 ms, a Landholt C array appeared 

either at the same location as the target or opposite to it, depending on the instruction at the beginning of each trial. The 

target Landholt C array consisted of a central landholt C surrounded by 4 square noise masks. The participant’s task was to 

make saccade either to the target or opposite to it as soon as it appeared in order to be able to discriminate the Landholt C. 

Because of the surrounding masks, the C was only discriminable if fixated upon. Participants were asked to report the 

orientation of the C letter (up, down, right, left) using a game pad. The Landholt C was presented for a varied duration of 

time that changed with each training day. The task became relatively more difficult towards the end of the training by 

presenting the symbol for a shorter interval each training day. 

Instruction 

(1100-1500 ms) 

Target 

(100 ms) 

Blank 

(100 ms) 

Landholt C 

(16-500 ms) 

Blank 

(till button response) 

opposite 

same 
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Figure 4. Timing of events. Visual spatial working memory task. 

Participants were instructed to maintain fixation on the central cross until its 

disappearance (duration = 700 ms). A group of squares with different colors appeared 

on the screen for a second and the participants were asked to memorize their locations 

before they were extinguished. After a delay period of 500 ms, one square reappeared 

displaced either to the left or right and the participants were asked to report whether 

this square was shifted to the right or left compared to where it was. 

fixation cross  (700 ms) 

1, 3 or 5 small colored squares (1000 ms) 

blank period for 500 ms 

1 square reappears 
 but shifted either 
 to the right or left (250 ms) 

until response 
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report whether the square was shifted to the left or right. At the end of the trial, the screen was 

diffusely illuminated for 1 second.  The task consisted of 2 blocks with 54 trials per block. 

Decision making task– the decision making task measured how quickly and accurately 

participants were able to make a decision about the direction of movement of dots (Figure 5). 

Each trial began with a central cross where participants fixated (700ms duration). Next, the 

fixation cross was replaced with a central circular window (10 degrees in size) with a group of 

constantly moving small dots (3 seconds duration). The total number of dots was 250. The 

majority of the dots were moving randomly in all directions and small percentage of them moving 

together in one direction towards the right or left. The percentage of coherently moving dots was 

either 20% or 30% (randomly selected) as the 10% coherence level was too difficult for 

Parkinson’s participants. The participant’s task was to decide as soon as possible upon the 

direction of the coherently moving dots among the randomly moving dots. The participants 

responded by pressing an appropriate button in the gamepad. The next trial began as soon as the 

participants responded. The task consisted of 2 blocks with 40 trials per block. 

Visual search - this task tested the ability of participants to find a target among 

distractors (12, 24 or 48 randomly selected) (Figure 6). Participants performed two types of visual 

search tasks, pop-out and serial. Each version of the task comprised a single block and each block 

consisted of 81 trials. Each trial began with a central dot which was replaced with the search array 

which ended by button press. In the pop-out search, the participant looked for a Q- like symbol 

(circle with a vertical bar at the base) among empty circles, whereas in the serial search, 

participants looked for an empty circle among the ones with bars. The participant’s task was to 

respond as soon as possible if they found the target. There were 9 catch search trials in which no 

target was presented on the screen, to ensure that participants were performing the task. 

Participants were instructed to press a different button on the gamepad if no target was present. 
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dots moving randomly with    

 20 & 30%  (3000 ms)  

(till participant responds) 

  

Blank        

different coherence levels    

  

fixation (700ms)   

Figure 5. Timing of events. Decision making task. 

Participants were instructed to maintain fixation on the central cross until its 

disappearance. A central circular window with a group of randomly moving 

dots appeared for 3 seconds. Some of the dots were moving together towards 

the right or left. Coherence levels were either 20% or 30%. The participants 

were asked to report as accurately and quickly as possible the direction of 

motion using a response pad.     



 

33 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

fixation dot   
(800 - 1200 ms)   

searching for target    
among distractors (12, 24,or 48) 

which is ended by button press  

  
  

blank (300 ms)   

pop - out   serial   

Figure 6. Timing of events. Visual search task.   

In this task, the participants were asked to find a unique target amongst a number of 

distractors as quickly as possible. Each trial began with the presentation of an initial fixation 

dot at the centre of the screen. Participants were instructed to maintain fixation on the 

fixation dot until its disappearance.  In the pop-out block (Left panel), the search array was 

composed of a target stimulus (Q-like symbol) and different number of distractors (12, 24, or 

48 empty circles) appeared on the screen. The search array remained on the screen until the 

participant responded (button press). The serial block (right panel) had the same trial 

sequence as described for the pop-out block except that the target stimulus and the 

distractors were reversed. 
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Interleaved pro/-anti saccade task– Participants had to make either pro-saccades or anti-

saccades depending on the task instruction at the beginning of each trial (Figure 7). The task 

consisted of 2 blocks with 40 trials per block. Each trial began with a central fixation dot (1100 to  

1500 ms duration), which was either green or red in color indicating a pro-saccade or anti-saccade 

trial respectively. Next, a target (a black dot) presented for approximately 100ms at one of four 

possible locations (diagonal axes, 8 degrees eccentricity). The participant’s task was to make a 

saccade either to the target or opposite to the target (180 degrees away), as soon as it appeared, 

according to the instruction at the beginning of each trial. Participants had to press a button on the 

gamepad in order to begin each trial. Participants were not given performance feedback during 

this task. 

 Oculomotor capture task– this task tested the participant’s ability to ignore distractors 

while performing a discrimination task (Figure 8). The task consisted of 2 blocks with 36 trials 

per block. Each trial began with a central fixation square surrounded by small black circles 

contained figure 8s within each of them, and arranged in a circle. Participants were asked to look 

at the central square until the color of the surrounded circles changed (1second duration). All the 

black circles turned into red ones except one which stayed black and which was the target. The 

target presented at the same location in all trials (in the second panel). Next, the figure 8 which 

was inside the target circle turned to a small C letter which stayed on the screen for duration of 

0.5 second.  The figure 8s inside the distractor circles were replaced by other letters. The 

participant had to make a saccade to the target as fast as possible and then to report the direction 

of opening C using the gamepad. In 50% of the trials, an additional distractor circle was presented 

when the circles changed colors and it always appeared opposite to the target. The participants 

were instructed to ignore it.  
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anti   -   saccade     pro   -   saccade        

target appears at one of 4        
locations (100 ms)         

initial instruction       
fixation dot (1100   -   1500ms)       

blank (1000 ms)       

Figure 7. Timing of events. Interleaved pro/-anti saccade task. 

A central colored dot which served as both the fixation point and task instruction appeared on the screen 

for a varied amount of time (1100-1500 ms duration) and the participants were instructed to look at it 

until it disappeared. An eccentric target appeared at one of 4 diagonal locations for 100ms. The 

participants were asked to make a saccade either to the target or 180° opposite to it as soon it appeared. 
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8   8   

8   8   
8   8   Fixation at central square    

(1000m s)   

F   
H   

E   S   
U   F   

H   

E   S   

U   

F   

50% of the trials   50% of the trials   

Figure 8. Timing of events. Oculomotor capture task. 

The task measured the participant’s ability to ignore the task irrelevant distractor (additional circle) which 

appeared opposite to the target in 50% of the trials. The trial began with the central black fixation square 

which was surrounded by figure 8s within black circles. Participants were instructed to maintain fixation on 

the square until the color of the surrounded circles changes. After some time, all the circles changed color to 

red, except one, which was the saccade target. Participants were asked make saccade to the target as soon as 

it appeared and to report the direction of opening of the letter C (up, down, right, or left) located inside the 

target circle. During 50% of trials, a distractor circle appeared opposite to the target at the same time as the 

colour change. Participants were asked to ignore the distractor if it appeared. 
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3.3.4 Data Analysis 

Pre-test and post-test data was collected and analyzed using Matlab (The Math Works, 

Natick, Massachusetts). Tasks with saccades: the interleaved pro/-anti saccade task and the 

oculomotor capture task were low-pass filtered to reduce noise using a digital filter 

(autoregressive forward-backward filter, cutoff frequency: 50 Hz). Next, Saccades were detected 

using a custom saccade marking program (velocity threshold = 50 degrees/second) and eye 

movement traces were visually inspected. All trials with improper fixation, where no saccade was 

made or trials in which participants blinked when the target presented, or where the tracker lost 

the eye position were eliminated from the analysis. For the interleaved pro/-anti saccade task and 

the oculomotor capture task, we measured the first saccade made after target onset. The saccade 

reaction times were calculated as the difference between the saccade and the stimulus onset. For 

the interleaved pro/-anti saccade task, we also calculated the directional errors (trials in which 

saccade made to the wrong direction).  For the oculomotor capture task, the error trials were the 

trials in which the participants did not discriminate the opening of C letter correctly by pressing 

wrong button on the gamepad. All analyses were based on comparing performances between  pre-

test and post-test and between groups, using reaction times and/or error rates as parameters. All 

latencies were evaluated using the mean with outliers (± 2 standard deviations away from the 

mean) removed.  Repeated-measures ANOVAs with group as a between-subject factor and t-tests 

were used to assess statistical significance (an alpha level of 0.05 was used as a cutoff value in all 

the following results). Parkinson’s participants made a large number of fixation errors at the 

interleaved pro/-anti saccade task; they tended to make saccades away from the fixation dot, not 

fixate on it at trial start or blinked during the saccade. Consequently, we ended up with an 

insufficient number of good trials to perform adequate analyses. We therefore did not perform 

any further analyses on the interleaved pro/-anti saccade task. Participants with Parkinson’s 

disease had also difficulty performing the oculomotor capture task and we therefore did not 

collect data for this task. For tasks in which fixation was not necessary such as the memory task, 
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the decision making task and the visual search tasks, data was processed using a custom saccade 

marking program (velocity threshold = 50 degrees/second) and eye movement traces were 

visually verified for any trial with improper fixation or trials in which participants blinked when 

the target presented, or where the tracker lost the eye position. For the decision making and the 

visual search tasks, response times were calculated as the difference between the button press and 

the stimulus onset. For the decision making and working memory tasks the error trials were 

defined as trials where a wrong button used to report the response. All analyses were based on 

comparing the  percentage of errors and/or the reaction times between the pre-test and post-test 

and between groups. Repeated-measures ANOVAs with group as a between-subject factor, and t-

tests were used to assess statistical significance (an alpha level of 0.05 was used as a cutoff value 

in all the following results). 

3.4 Results 

We designed this experiment to examine the impact of anti-saccade training on cognitive 

functions in Parkinson’s patient participants compared to healthy older control participants. For 

this purpose, we compared performance after training to before training within each group and 

between groups.  The results will be presented in a task by task fashion in the following order: 

pre-test and post-test comparison, improvement index and then linear regression analyses. 

3.4.1 Pre-test and post-test comparison analysis 

Visual spatial working memory task   

This task required subjects to memorize the locations of a number of targets which were 

presented briefly. After a memorization period, the targets were represented on the screen but one 

of them was displaced either to the right or left. The subjects had to report which direction the 

target was shifted to by pressing a corresponding button on the game pad.  An error trial in this 

task is the trial in which participants made an incorrect response to indicate the direction of target 
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displacement. For example, participants reported that the target had moved to the right while it 

actually had moved to the left.   

The percentage of error trials is plotted both before and after training for older control 

and Parkinson’s participants (Figure 9). A three-way repeated measures ANOVA, with time (pre-

test vs post-test), number of targets (1, 3, 5) as within subject factors, and group (older controls vs 

Parkinson’s participants) as a between-subject factor, was conducted to detect any significant 

difference in performance between pre-test and post-test and between groups. A significant main 

effect of time on accuracy was observed (F (1,18) = 6.619, p = 0.019), showing that both older 

control and PD participants made fewer directional errors (Mean % error = 23.7 in PD vs 12.7 in 

controls) after training compared to before (Mean % error = 26.3 in PD vs 16.7 in controls). A 

significant main effect of the number of targets on accuracy was also observed (p < 0.05). In 

addition, a significant main effect of group was observed (F (1, 18) = 8.597, p = 0.042), where the 

error rates were higher in Parkinson’s participants. However, no significant interaction was 

detected between group and time or between target and time (p > 0.05). The data suggested that 

training improves accuracy on the spatial working memory task for both older controls and 

Parkinson’s participants.  

Decision making task  

In this task participants were instructed to respond as quickly as they could once they 

decided upon the direction of dots. Participants responded by pressing an appropriate button on a 

gamepad. Data from the decision making task was used to plot the percentage of error trials and 

response times. Error trials for this task referred to the trials in which participants reported a 

wrong direction for the motion. The response time was calculated from when the dots appeared to 

when the button was pressed. 

Response time distributions. Response times are plotted as a cumulative distribution for 

correct and error trials across coherences and testing times for one PD participant (AO) and for 
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one control participant (II) in the decision making task (Figure 10). Overall, the PD patient’s 

response times were slower and the range of response times was wider than control participant. 

Comparing correct trials, the PD patient was much slower than control participant at making 

correct decisions. 
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Figure 9. Pre-test and post-test comparison for controls and Parkinson’s 

participants for the visual spatial working memory task. The percentage of errors (± SEM) 

is plotted both before training and after training for both controls and PD participants. A significant 

reduction of the error rates after training was observed in both groups. *significant difference at p < 0.05.  
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Figure 10. Cumulative distribution of reaction times for older a control participant and a 

PD patient participant. Note that the range of response times in the x-axis vary between the two 

participant graphs. This is because it would have been too compressed to clearly view the control 

participant’s cumulative distributions had we kept the same range.  
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  Main results. In figure 11, the percentage of error trials is plotted before and after 

training for older control and Parkinson’s participants. A three-way repeated measures ANOVA, 

with time (pre-test vs post-test), coherence level (20% vs 30%) as within subject factors, and 

group (older controls vs PD) as a between subject factor, revealed a significant main effect of 

group (p < 0.05), where patient participants showed higher error rates than controls during both 

pre-test and post-test. Parkinson’s group showed an increase in the mean percentage of errors 

from 20.5% before training to 28.1% after training. In contrast, controls showed a decrease in the 

mean percentage of errors from 11.6% before training to 4.8% after training.  A non-significant 

effect of time on accuracy was observed (p > 0.05). However, the ANOVA also revealed a 

significant interaction between group and time (F(1,18) = 10.073, p = 0.005). A post hoc paired t-

test showed that this increase in percentage of errors in PD participants was statistically non-

significant for both the 20% (t(8) = -2.020, p = 0.078) and the 30% coherence levels (t(8) = -

1.304, p = 0.228). The paired t-test results were not significant in older control participants as 

well, either for the 20% (t(10) = 2.178, p = 0.054) or for the 30% coherence level (t(10) = 1.898, 

p = 0.087).  These results indicate that Parkinson’s participants may not benefit from the training 

whereas controls may benefit from the training in terms of accuracy on the decision making task.   

 Mean response times for correct trials were compared across pre and post-tests for each 

participant group (Figure 12). A three-way repeated measures ANOVA, with time (pre-test vs 

post-test), coherence level (20% vs 30%) as within subject factors, and group (older controls vs 

PD) as a between subject factor, showed a significant main effect of group (p < 0.05). Parkinson’s 

participants’ response times increased after training (Mean response times in ms = 1943.3) 

compared to before training (mean response times in ms = 1848.5), while older control 

participants’ response times decreased after training (mean response times in ms = 1033.7) 

compared to before training (mean response times in ms = 378.7).   A non-significant main effect 

of time on response times was observed (p > 0.05).The ANOVA also revealed a significant main 
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effect of coherence on accuracy (p < 0.05). No interactions were observed between time and 

group or time and coherence (p > 0.05). These results indicate that Parkinson’s participants may 

not benefit from the training whereas controls may benefit from the training in terms of response 

times on the decision making task.    
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Figure 11. Pre-test and post-test comparison for controls and 

Parkinson’s participants for the decision making task (error 

rates). The percentage of errors (± SEM) is plotted both before training and after 

training for both controls and PD participants. There was a significant interaction in 

which the magnitude of the difference between pre and post test scores differed 

significantly between the two groups. 
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Figure 12. Pre-test and post-test comparison for controls and Parkinson’s 

participants for the decision making task (response times). The response time (± 

SEM) is plotted both before training and after training for both controls and PD participants. No 

significant changes were observed after training in either group. 
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Visual search task 

 In this task, we tested how quickly participants were able to find a unique target among a 

group of distractors (the number of distractors was 12, 24, or 48). The response time was 

calculated from the moment the search array appeared to the moment the button was pressed to 

indicate the end of the search. Only data for 10 control participants and 7 PD participants was 

analyzed because data files for participant II, participant AN, and participant AV were mistakenly 

not recorded.   

Mean response times for correct pop-out and serial trials for both older control and PD 

participants were compared (Figure 13). Each version of the task (pop-out vs serial) was analyzed 

separately using repeated-measures 3-way ANOVA with time (pre-test vs post-test), number of 

distractors (12, 24, 48) and group (older controls vs PD) as factors. In the pop-out version of the 

task, there was a significant effect of time, indicating a significant reduction in the mean search 

time after training (mean search time pre-test = 1076.7ms for PD vs 732.5ms for controls, mean 

search time post-test = 618.3ms for PD vs 526.40ms for controls, F(1,15) = 11.52, p = 0.004). A 

significant main effect of the number of distractors was observed (F (1.78, 26.7) = 47.17, p = 0). 

In addition, a significant main effect of group was observed (F(1,15) = 15.57, p = .001).  A 

significant interaction between time and group was also observed in the pop-out task (F (1,15) = 

9.867, p = 0.007), indicating that the effect of training on the search time was significantly 

different between the PD and control participants. However, no significant interaction was 

observed between distractor and time (p > 0.05). For the serial task a significant decrease in 

search time after training was obtained in both controls and PD  participants (mean search time 

pre-test = 1920.3ms for PD vs 1311.7ms for controls, mean search time post-test = 1011.6ms for 

PD vs 945.8ms for controls, F(1,15)=7.17, p=0.017). A significant main effect of group was 

observed (F(1,15) = 14.696, p = .002). There was also a significant main effect of the number of 

distractors on search time (F(1.16, 17.36) = 52.07, p = 0). No significant interactions were found 



 

48 

 

between the time and group or time and distractor (p > 0.05). These results indicate that training 

improve search time in both controls and Parkinson’s participants. 
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N = 11  N = 7  

Figure 13.  Pre-test and post-test comparison for controls and 

Parkinson’s participants for the visual search task. The response 

time (± SEM) is plotted both before training and after training for both controls 

and PD participants. A significant reduction in the search time after training was 

observed in both groups. *significant difference at p < 0.05.   
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3.4.2 Improvement index 

 

To illustrate the overall magnitude of improvement in each cognitive task, we computed 

an improvement index for PD participants and compared their performance to controls. For each 

participant, the improvement index was calculated using the following formula: 

𝑝𝑒𝑟𝑓𝑜𝑟𝑚𝑎𝑛𝑐𝑒 𝑠𝑐𝑜𝑟𝑒𝑠 (𝑏𝑒𝑓𝑜𝑟𝑒 𝑡𝑟𝑎𝑖𝑛𝑖𝑛𝑔) − 𝑝𝑒𝑟𝑓𝑜𝑟𝑚𝑎𝑛𝑐𝑒 𝑠𝑐𝑜𝑟𝑒𝑠(𝑎𝑓𝑡𝑒𝑟 𝑡𝑟𝑎𝑖𝑛𝑖𝑛𝑔)

𝑝𝑒𝑟𝑓𝑜𝑟𝑚𝑎𝑛𝑐𝑒 𝑠𝑐𝑜𝑟𝑒𝑠 (𝑏𝑒𝑓𝑜𝑟𝑒 𝑡𝑟𝑎𝑖𝑛𝑖𝑛𝑔)
 

Next, the average improvement was computed for each group (PD vs older controls). Different 

amounts of improvement across groups and across participants were observed as can be seen in 

figure 14 and 15. Participants with PD improved in the visual search task and memory task; 

however, PD participants made more errors and became slower at the decision making task after 

training compared to controls. One sample t-tests were used to detect any significant 

improvements in performance within each group, and independent t-tests were used to detect any 

significant differences in the improvement between the PD and controls. What follows are the 

results for the statistical tests above presented for each task. 

Visual spatial working memory task. Only older control participants improved significantly at 

accuracy in the memory task (t(10) = 4.111, p = 0.002), while the improvement of PD 

participants was insignificant (t(7) = 1.066, p = 0.322). No significant difference was detected in 

the mean improvement between the two groups (p > 0.05)(figure 14. A). 

Decision making task. The increase in the percentage of errors (t(8) = -2.036, p = 0.076) and 

response time (t(8) = -1.712, p = 0.125) in PD group was not significant. Older control 

participants improved significantly, making fewer errors in the decision making task (t(10) = 

2.418, p = 0.036); however, there was no decrease in response speed (t(10) = 0.645, p = 0.534). 

The mean improvement was statistically significantly different between the two groups for 

accuracy scores (t(18) = 3.141, P = 0.006) but not for response time (t(18) = 1.536, p = 0.142). 
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The results showed only a significant improvement in controls on accuracy in decision making 

task. Parkinson’s participants’ performance became insignificantly worse in this task after 

training (figure 14. B& C).  

Visual search task. One sample t-test showed that PD participants significantly improved at the 

pop-out search (t(6) = 3.189, p = .019) compared to controls whose improvement was statistically 

insignificant (t(9) = 0.278, p = 0.787). An independent t-test revealed a significant difference in 

performance between older controls and Parkinson’s participants (t(15) = -2.357, p = 0.032).  For 

the serial task, the mean improvement for both older controls and PD participants was not 

significantly different from zero (p > 0.05). The difference between the two groups was also 

insignificant (p > 0.05). These results suggest that training improves Parkinson’s participants’ 

performance in the pop-out search but not in serial search. Controls did not show significant 

improvement in either search types after training (figure 15. A & B).  
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                                   Visual spatial working memory task 
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Figure 14.  Improvement indices for PD and controls in the memory task 

and decision making task. The mean improvement per group and per 

participant within each group for memory task (A) and decision making task for 

response times (B) and percentage of errors(C).  PD; Parkinson’s disease. 

*significant difference at p < 0.05. 
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Figure 15.  Improvement indices for PD and controls in the visual search 

task. The mean improvement per group and per participant within each group for 

pop-out visual search (A) and serial visual search task (B). PD; Parkinson’s 

disease. *significant difference at p < 0.05. Error bars represent the standard error 

of the mean. 
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3.4.3 Linear regression analysis results 

We performed several Linear regression analyses in an attempt to explain some of the 

variability observed in the data and also to examine whether the impaired performance of PD 

participants in the decision making task was related to their cognitive test score, impulsivity in 

action using data collected in the UPDRS (see below), or age. For this aim, we investigated the 

relationship between the measure of performance (error rates/ reaction time) and age, MOCA 

scores, and impulsivity in action (sum scores of finger tapping, postural tremor and kinetic 

tremor) by group and by task. We found no significant relationship between the participants’ 

performance and each of the above variables (p > 0.05). Furthermore, a linear regression analysis 

was performed to examine the whether the mean improvement was attributed to the age, MOCA 

scores, or impulsivity in PD participants and healthy controls. A significant linear regression was 

observed between the mean improvement in the spatial working memory task and age among the 

controls (p < 0.05) but not for PD (p > 0.05), indicating that age was a factor in the magnitude of 

improvement for the healthy control participants in this task, as can be seen in figure 16.  In 

summary, no relationship was observed between Parkinson’s participants’ performance and their 

ages, MOCA scores and impulsivity in action. However, there was a positive relationship 

between the mean improvement and age in the control group. 

3.5 Discussion 

In this study, we compared performance of Parkinson’s disease patients and controls in 

several cognitive tasks (visual spatial working memory task, decision making task, and pop-out 

and serial visual tasks) after training to their baseline performance in terms of percentage of 

errors and latency. Our results were consistent to previous studies in terms of the differences in 

the baseline performance between Parkinson’s disease patients and the neurologically intact older 

controls (e.g. Chan et al., 2005). That is to say, Parkinson’s participants were generally slower at 

making   
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correct responses, and tended to make greater number of errors compared to controls in the pre-

tests as well as in the post-tests. Even so, previous studies have shown that Parkinson’s 

participants who are in the early stages of the disease are capable of learning and benefitting from 

cognitive training (Frank, 2004; Reber & Squire, 1999; Sammer, Reuter, Hullmann, Kaps, & 

Vaitl, 2006). Thus, we anticipated that our Parkinson’s participants would exhibit improvement in 

all these cognitive tasks. Our findings revealed that Parkinson’s participants mainly showed a 

significant improvement in the pop-out visual search compared to controls whose improvement 

was insignificant; however, no significant improvement was observed for the serial search in both 

groups. This can be attributed to the relative difficulty of the serial search compared to the pop-

out search (Eckstein, 2011). In other words, the serial task requires greater top-down control and 

attention than the pop-out search does possibly the reason why Parkinson’s participants did not 

show improvement in the serial task because of their limited resources and the serial search is a 

cognitively demanding task. For the visual spatial working memory task, only control participants 

improved significantly at remembering the location of the items presented in the task; however, 

improvement noticed in PD participants did not reach statistical significance. The improvement in 

this task could be due to the improved attention abilities and top-down control after training.  In 

the decision making task, Parkinson’s patient participants were insignificantly slower and made a 

greater number of errors after training compared to before training and to controls. Controls 

showed a trend towards significant reduction in response times and also a significant decrease in 

the percentage of errors after training compared to before training. The reason why the 

Parkinson’s patient participants became worse at performing the decision making task compared 

to their base-line performance is unclear for us. A linear regression analysis revealed that their 

performance at the decision making task was not related to their cognitive test scores, impulsivity 

in action, or age.   
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Age Difference  

Our Parkinson’s patient and older control participants were not well-matched in terms of 

their ages (mean age = 71± 5.9 for PD vs 62 ± 6.6 for controls), and this was due to several 

factors. Firstly, the controls were tested before the Parkinson participants to verify that the tasks 

were appropriate for this age group. Secondly, we had difficulties in recruiting Parkinson’s 

participants that led to the limited number of participants in the present study. We tested whether 

age was a factor in task performance for our study participants.  In order to determine if the 

difference in the baseline performance that was observed between the patients and the control 

participants was due to the age difference or to the disease, we performed several correlation 

analyses between age and the performance measures (error rates and response time scores) in 

both Parkinson’s disease patient and older control participants across all cognitive tasks for the 

pre-tests. For both controls and Parkinson’s participants, the number of errors and response time 

scores were not correlated with their ages. The linear regression relation between the pre-test 

scores and age was non-significant (p > 0.05), indicating that age was not a factor in task 

performance. Instead, we propose that it might be due to the difference between intact and 

diseased brain which manifested in the impaired performance of the patients participants 

compared to the healthy controls.    

3.6 Conclusions 

In examining the effect of anti-saccade training on the cognitive function in Parkinson’s 

participants and older control participants, we observed a subtle improvement in cognitive 

function in Parkinson’s participants in some tasks compared to older control participants. This 

improvement might be caused by an underlying improvement in the top-down control after anti-

saccade training.   
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Chapter 4 

Anti-saccade training vs pro-saccade training in younger healthy adults 

4.1 Abstract 

The anti-saccade task is a simple yet, a powerful task that has been used as a means to 

examine higher cortical abilities in participants from all age groups and patients with brain 

diseases (Everling & Fischer, 1998; Mirsky et al., 2013; Peltsch et al., 2011; Munoz & Everling, 

2004). Our study hypothesized that training on anti-saccade improves top-down control, which 

will transfer to all other cognitive function tasks. In this study, we wanted to investigate if the 

cognitive improvement after training was because of anti-saccade training specifically or whether 

other saccade types such as pro-saccade, which do not require top-down control function, are also 

capable of producing such an effect on cognitive tasks. To test this, we recruited two groups of 

age-matched healthy participants (mean age =23 years). One group performed interleaved pro/-

anti saccade training and a second group performed pro-saccade only training, which served as a 

control task. Baseline performance in terms of reaction times and accuracy was measured before 

training for all participants in several cognitive tasks which included visuospatial working 

memory, decision making, visual search, oculomotor capture, and interleaved pro/-anti saccade 

tasks. After 10 days of training, performance scores were reassessed using the same cognitive 

tasks and compared to the baseline scores. Improvement scores were also compared between the 

two groups to determine whether the pro/-anti saccade training and pro-saccade training differed 

in terms of improving cognitive function in the different tasks. We observed an improvement 

after both training types, with the exception of two tasks, the interleaved pro/-anti saccade task 

(pre and post testing) and an oculomotor capture task. These two tasks showed benefits only with 

the interleaved training. One caveat for this study is that young adult participants are at the peak 
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of their cognitive performance and have high executive control. A significant difference between 

anti-saccade training and pro-saccade training might be better identified if the study was 

replicated in different group of participants, such as older participants or those with brain 

disorders who have impaired executive functions such as Parkinson’s disease patients.  

4.2 Introduction  

As has been discussed in the previous chapters, a version of anti-saccade task – interleaved pro/-

anti saccade task was proposed as a means of improving function in top-down control through 

training. However, in order to test the reliability of the task, we conducted this second study to 

exclude the effect of eye movement practice independent of inhibitory control. In other words, we 

wished to examine if the improvement that we obtained in cognitive function after training was 

because of anti-saccade specifically or whether other types of saccades such as pro-saccade, 

which does not require the top-down control function, are also capable of producing the same 

effect on cognitive function. To explore this, two groups of age-matched younger healthy 

participants were trained for 10 days with two different eye-movement tasks and probed for the 

outcome of training. The first training group consisted of 11 participants who performed our 

regular training task - an interleaved pro/-anti saccade task while the second group consisted of 

10 participants who performed a control training task – only pro-saccades. At the end of training, 

we measured the improvement in several cognitive tasks in each training group and across the 

two training groups to determine whether the group that underwent the interleaved pro/anti-

saccade training was significantly different from the pro-saccade training group in terms of 

improving cognitive function.  
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4.3 Materials and Methods 

4.3.1 Participants 

Study participants included 21 undergraduate and graduate students of Queen’s 

University who were recruited to make up two participant groups. The first group consisted of 11 

participants who performed the interleaved pro/-anti saccade training whereas the second group 

consisted of 10 participants who performed only pro-saccade training. Participants in the first 

group (four female) were aged between 19 and 33 (mean age = 22 and standard deviation = 3.3) 

whereas participants in the second group (six female) were aged between 21 and 28 (mean age = 

23, standard deviation = 2.5). All participants had normal or corrected to normal vision and had 

no neurological, oculomotor or visual disorders. All participants provided written informed 

consent to the experimental conditions, which were pre-approved by the Queen’s University 

General Board of Ethics, and participants were compensated for their participation.  

4.3.2 Apparatus 

Participants were seated in a dark room at approximately 70cm from a computer screen 

(12×16 inches, 1280×1024 pixels, 60Hz refresh rate) with their heads stabilized by a chin and 

forehead rests. Their eyes were aligned to the centre of the screen. Using a video-based tracker 

(Tower Mount Eyelink 1000, SR Research, Kanata, Ontario), eye movements were recorded at 

1000Hz. Tasks were presented using Matlab (The Math Works, Natick, Massachusetts) and the 

Psychophysics Toolbox (Brainard 1997, Pelli 1997).  Participants inputted perceptual responses 

using a Gamepad (SR Research, Kananta, Ontario).  

 Participants performed the training task on tablet computers (Samsung tab2, 10.1 inch) 

on which the interleaved pro/-anti saccade as well as the pro-saccade training programs were 

installed.   
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4.3.3 Experimental paradigm and task design 

The same experimental procedures described in chapter 3 were performed except for the 

following: 

1. In the testing sessions (pre-testing and post-testing), participants performed two 

additional cognitive tasks, which are the interleaved pro/-anti saccade and oculomotor 

tasks, (described in detail below) apart from the four tasks which were described 

previously in chapter 3, and thus participants performed 6 tasks in total.   

2. The spatial working memory task consisted of 3 blocks as opposed to two blocks in 

chapter 3.  

3. The decision making task consisted of three coherence levels 10%, 20% and 30%. 

4. Participants of both training groups were required to come to the computational 

sensorimotor laboratory (located in the Abramsky Hall, Queen’s University, Kingston) 

daily for training and in addition, they also performed additional training on the tablet at 

their home each day. The goal for adding the tablet training was to test the effectiveness 

of the training task on the tablet to compare performance for anti-saccade errors and 

landholt C performance. Also, to provide us with a feedback before we implement that 

for Parkinson’s participants. 

5. As per above, each group performed a different training task. The first group performed 

the interleaved pro/-anti saccade training task (50% of the trials were pro-saccade trials 

and other trials were anti-saccade trials, interleaved and randomly presented). The second 

group performed only pro-saccade training (100% of the trials were pro-saccade trials).  

4.3.4 Data Analysis 

Pre-test and post-test data was collected and analyzed using Matlab (The Math Works, 

Natick, Massachusetts). Tasks with saccades: the interleaved pro/-anti saccade task and the 
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oculomotor capture task were low-pass filtered to reduce noise using a digital filter 

(autoregressive forward-backward filter, cutoff frequency: 50 Hz). Next, Saccades were detected 

using a custom saccade marking program (velocity threshold = 50 degrees/second) and eye 

movement traces were visually inspected. All trials with improper fixation, where no saccade was 

made or trials in which participants blinked when the target presented, or where the tracker lost 

the eye position were eliminated from the analysis. For the interleaved pro/-anti saccade task and 

the oculomotor capture task, we measured the first saccade made after target onset. The saccade 

reaction times were calculated as the difference between the saccade and the stimulus onset. For 

the interleaved pro/-anti saccade task, we also calculated the directional errors (trials in which 

saccade made to the wrong direction).  For the oculomotor capture task the error trials were the 

trials in which the participants did not discriminate the opening of C letter correctly by pressing 

wrong button on the gamepad. All analyses were based on comparing performances between  pre-

test and post-test and between groups, using reaction times and/or error rates as parameters. All 

latencies were evaluated using the mean with outliers (± 2 standard deviations away from the 

mean) removed.  Repeated-measures ANOVAs with group as a between-subject factor and t-tests 

were used to assess statistical significance (an alpha level of 0.05 was used as a cutoff value in all 

the following results). For tasks with no saccade such as the memory task, the decision making 

task and the visual search tasks, data was processed using a custom saccade marking program 

(velocity threshold = 50 degrees/second) and eye movement traces were visually verified for any 

trial with improper fixation or trials in which participants blinked when the target presented, or 

where the tracker lost the eye position. For the decision making and the visual search tasks, 

response times were calculated as the difference between the button press and the stimulus onset. 

For the decision making and working memory tasks the error trials were defined as trials where a 

wrong button used to report the response. All analyses were based on comparing the  percentage 

of errors and/or the reaction times between the pre-test and post-test and between groups.  
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Repeated-measures ANOVAs with group as a between-subject factor, and t-tests were used to 

assess statistical significance (an alpha level of 0.05 was used as a cutoff value in all the 

following results).   
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Figure 17. Typical eye movement trace from the interleaved anti/pro-saccade task  

(A). Timing of the trial and eye position. The blue line represents X-eye position and green line 

represents the Y- eye position. (B)&(C). Eye velocity.   

 

0 500 1000 1500 2000 2500 

0 500 1000 1500 2000 2500 

-10 

0 

10 

-50 

0 

50 

-50 

0 

50 

Target 

  on 

Saccade 

start end 

0 500 1000 1500 2000 2500 

E
y
e

 v
e

lo
c

it
y
 Y

 (
d

e
g

re
e

\S
) 

   B 

   A

 

A 

   C 

Time (ms) 



 

65 

 

 

 

 

4.4 Results 

We designed this experiment to test the validity of the interleaved pro/-anti saccade 

training in improving cognitive functions. For this aim, we compared the outcome of training of a 

group of participants who performed the interleaved pro/-anti saccade training to that of a second 

group who performed pro-saccade training only. We analyzed data by comparing performance 

after training to before training within each group and between groups.  The results will be 

presented in a task by task fashion. In the last part of the results, improvement indices were 

calculated for each group to illustrate the overall magnitude of improvement, as well as for each 

individual participant to examine the between subject variability.  

4.4.1 Pre-test and post-test comparison analysis 

Visual spatial working memory task  

This task required subjects to memorize the locations of a number of targets which were 

presented briefly. An error trial in this task is the trial in which participants performed a wrong 

response to indicate the direction of target displacement. For example, participants reported that 

the target had moved to the right while it actually had moved to the left.  

 The percentage of error trials is plotted both before and after training for the interleaved 

pro/-anti saccade training and Pro-saccade training participants (Figure 18). A three-way repeated 

measures ANOVA, with time (pre-test vs post-test), number of targets (1, 3, 5) as within subject 

factors, and group (anti-saccade and pro-saccade training vs pro-saccade training) as a between-

subject factor, was conducted to detect any significant difference in performance between pre-test 

and post-test and between groups. No significant main effect of time on accuracy was observed 

(F(1,19) = 0.011, p = 0.919). Overall, no significant changes in performance were observed after 

both training types. A significant effect of the number of targets was observed, F = (1.941, 36.87) 
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= 35.94, p = 0. However, no interaction was observed between time and group (F(1,19) = 1.051, p 

= 0.318), suggesting that both training types were not significantly different in improving the 

accuracy in this task. In addition, no interaction was observed between time and target number (p 

> 0.05).  

Decision making task 

In this task participants were instructed to respond as quickly as they could once they 

decided upon the direction of dots. Error trials for this task referred to the trials in which 

participants reported a wrong direction for the motion. The response time was calculated from 

when the dots appeared to when the button was pressed.  

The percentage of error trials is plotted both before and after training for the interleaved 

pro/-anti saccade training and Pro-saccade training participants (Figure 19). Data for participant 

18 was excluded from the analysis for this task, because the participant was suspected of having 

answering randomly without attending to the task. A three-way repeated measures ANOVA, with 

time (pre-test vs post-test), coherence (10%, 20%, 30%) as within subject factors, and group 

(interleaved pro/-anti saccade training vs pro-saccade training only) as a between subject factor 

was conducted. No significant effect of time on accuracy was observed (F(1,18) = 1.001, p = 

0.330), indicating that no significant changes in performance were observed after both training 

types.  A significant main effect of coherence level was observed (p < 0.05). No interaction was 

observed between time and group (F(1,18) = 0.035, p = 0.855), suggesting that both training 

types were not significantly different in improving the accuracy of participant’s choices. Also, no 

interaction was observed between time and coherence (p > 0.05).   
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Figure 18. Pre-test and post-test comparison for the interleaved training and pro-

saccade training for the visual spatial working memory task. The percentage of errors (± 

SEM) is plotted both before training and after training for both the interleaved training and pro-only training 

participants. No significant changes were observed after both training types. 

N = 11  N = 10  
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 Response times data from the decision making task was also collected and analyzed for 

both the interleaved pro/-anti saccade training participants and pro-saccade training only 

participants. Mean response times for correct trials were plotted, and pre-test and post-test 

performance was compared for each group and between groups (Figure 20). A three-way repeated 

measures ANOVA, with time (pre-test vs post-test), coherence (10%, 20%, 30%) as within 

subject factors, and group (interleaved pro/-anti saccade training vs pro-saccade training only) as 

a between subject factor was conducted to detect any significant difference in performance 

between pre-test and post-test and between groups. No significant effect of time on response 

times was observed (F(1,18) = 0.777, p = 0.390), indicating that no significant changes in 

performance were observed after both training types. A significant main effect of coherence was 

observed (p < 0.05). No interaction was observed between time and group (F(1,18) = 0.002, p = 

0.961), suggesting that both training types were not significantly different in improving the mean 

response time of participant’s choices. Also, no interaction was observed between time and 

coherence (P > 0.05).   
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N = 11  N = 9  

Figure 19.  Pre-test and post-test comparison for the interleaved training 

and pro-saccade training for the decision making task (% errors). The 

percentage of errors (± SEM) is plotted before training and after training for both the interleaved 

training and pro-only training participants.  No significant changes were observed after both 

training types. 
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N = 11  N = 9  

Figure 20. Pre-test and post-test comparison for the interleaved training and 

pro-saccade training for the decision making task (response times). The response 

time (± SEM) is plotted before training and after training for both the interleaved training and pro-only 

training participants.  No significant changes were observed after both training types. 
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Visual search task 

  In this task, we tested how quickly participants were able to find a unique target among a 

group of distractors (the number of distractors was 12, 24, or 48). The response time was 

calculated from the moment the search array appeared to the moment the button was pressed to 

indicate the end of the search.   

Mean response times for correct pop-out and serial trials for both the interleaved pro/-anti 

saccade training participants and pro-saccade training participants are plotted in figure 21. 

Performance was compared before training to after training.  Each version of the task (pop-out vs 

serial) was analyzed separately using a 3–way repeated-measures ANOVA with time (pre-test vs 

post-test), number of distractors (12, 24, 48) and group (interleaved pro/-anti saccade training vs 

pro-saccade training only) as factors. In the pop-out version of the task, the ANOVA revealed a 

significant main effect of time on response time, indicating a significant reduction in the mean 

search time after both training types (F(1,19) = 6.840, p = 0.017). However, the ANOVA 

revealed no interaction between time and group (F(1,19) = 0.019, p = 0.757), suggesting that both 

training regimens were not significantly different in improving the participants search time. A 

significant main effect of distractor was also observed, F (1.72, 32.7) = 88.65, p = 0.  However, 

no interaction was observed between time and distractor (P > 0.05). For the serial search task, no 

significant main effect of time on response times was observed (F(1,19) = 2.701, p = 0.117). A 

significant main effect of distractor was observed (F(1.22, 23.2) = 132.8, p = 0). No interactions 

were observed between time and group or time and distractor (p > 0.05).    

Interleaved pro/-anti saccade task  

In this task, participants were asked to make a saccade either to the target or opposite to 

the target, as soon as it appeared, according to the instruction presented at the beginning of each 

trial.  Directional errors were defined as saccades made to the incorrect location (for example, 
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looking to the target when it was an anti-saccade trial). Saccade latency or saccade reaction time 

was defined as the time duration from target onset to the start of saccade.  

Reaction time distributions. As shown in Figure 22, pre-test and post-test data from the 

interleaved pro/-anti saccade task was used to compare between the distributions of reaction time 

of one participant (NN) who performed the interleaved pro/-anti saccade training to that of 

participant (AH) who performed pro-saccade training only. These participants were selected 

because they demonstrated typical behaviors in this task. Reaction times were plotted as a 

cumulative distribution for correct and error anti-saccades, and correct pro-saccades across testing 

times (pre-test vs post-test). The main observation was that the participant AH was faster at 

making correct pro-saccades and error anti-saccades than participant NN. However, participant 

AH was slower at making the correct anti-saccades than participant NN.   

Main results. The percentage of error anti-saccades and pro-saccades are plotted before 

and after training for the interleaved pro/-anti saccade training participants and pro-saccade 

training participants (Figure 23). Only anti-saccades were further analysed as there weren’t 

sufficient erroneous pro-saccade trials to perform statistical analysis.  We used  a two-way 

repeated measures ANOVA, with time (pre-test vs post-test) and group (interleaved pro/-anti 

saccade training vs pro-saccade training only) as factors to detect any significant difference in 

performance between pre-test and post-test and between group. No significant main effect of time 

was observed (p > 0.05). A significant interaction was observed between time and group (F(1,19) 

= 4.786, p = 0.041). A post-hoc analysis was performed using dependent t-test for each group 

separately and showed that the interleaved pro/-anti saccade training group made fewer errors 

after training while pro-saccade training group made more errors after training. However, neither 

of those results reached statistical significance (t(10) = 1.223, p = 0.249- for the anti/pro-saccade 

training group) and (t(9) = -1.775, p = 0.110 -  for the pro-saccade training group). No significant 

main effect of group was observed (p > 0.05).  
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Figure 21. Pre-test and post-test comparison for the interleaved training and 

pro-saccade training for the visual search tasks. For both the pop-out and serial search 

tasks, the response time (± SEM) is plotted before training and after training for both the interleaved 

training and pro-only training participants. Pop-out task: there was a significant reduction in search time 

after both training types. Serial task: No significant reduction in the search time was observed after both 

training types. *significant difference at p < 0.05.      
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Figure 22. Cumulative distributions of saccade reaction times for a participant from interleaved 

pro/-anti saccade training and a participant from pro-saccade training 
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Figure 23. Pre-test and post-test comparison for the interleaved training and 

pro-saccade training for the interleaved pro/-anti saccade task (percentage of 

errors). The percentage of errors (± SEM) is plotted before training and after training for both the 

interleaved training and pro-only training participants. There was a significant interaction in which the 

group who performed the interleaved training made fewer errors after the training whereas the group 

who performed the pro-only training made greater errors after training.  
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Latency data from the interleaved pro/-anti saccade task was also collected and analyzed 

for both the interleaved pro/-anti saccade training and pro-saccade training participants. Mean 

saccade reaction times (msrt) for correct trials were plotted separately for pre- and post-tests and 

were compared for each group and between groups (Figure 24). A three-way repeated measures 

ANOVA, with time (pre-test vs post-test), saccade type (anti-saccade vs pro-saccade) and group 

(interleaved pro/-anti saccade training vs pro-saccade training only) as factors was performed to 

detect any significant difference in performance between pre-test and post-test and between 

groups. The ANOVA revealed a significant main effect of time on latency (F(1,19 = 31.051, p < 

0.0001), indicating a significant decrease in the mean saccade reaction times after both training 

types. No significant interaction was detected between time and group (F(1,19) = 0.044, p = 

0.836), suggesting that there was no difference in the two groups in terms of the reduction of 

saccade reaction time. No significant main effect of group was observed (p > 0.05).  

Oculomotor capture task 

 This task measured the ability of participants to ignore distractors while performing a 

discrimination task. The participants were required to report the direction of C letter opening 

(right, left, up or down) using a gamepad. The error trials for this task were defined as trials in 

which participants reported a wrong direction of the C letter opening. Data for participant AD 

was mistakenly not recorded for this task. Therefore, the 9 remaining participants who performed 

the pro-saccade training were compared with the 11 participants who performed the interleaved 

pro/-anti saccade training. 

The percentage of error trials is plotted both before and after training for the interleaved 

pro/-anti saccade training and pro-saccade training participants (figure 25). A three-way repeated 

measures ANOVA was conducted, with time (pre-test vs post-test),  the presence of the distractor 

(distractor present, distractor absent) as within subject factors, and group (interleaved pro/-anti 

saccade training vs pro-saccade training only) as a between subject factor, to detect any   
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Figure 24. Pre-test and post-test comparison for the interleaved training and 

pro-saccade training for the interleaved pro/-anti saccade task (saccade 

reaction times). The mean saccade reaction time (± SEM) is plotted before training and after 

training for both the interleaved training and pro-only training participants. There was a significant 

reduction in the reaction time after both types of training in both saccade types. *significant 

difference at p < 0.05.   
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significant difference in performance between pre-test and post-test and between groups. A 

significant main effect of time on accuracy was observed (F(1,18 = 6.732, p = 0.018), indicating a 

significant improvement in accuracy after both training types. A significant main effect of 

distractor on accuracy was also observed, (F(1,18) = 53.7, p = 0). In addition, a significant main 

effect of group was observed (F (1, 18) = 4.806, p = 0.042).  No significant interaction was 

observed between time and group (F(1,18) = 0.159, p = 0.695), suggesting that the two training 

types were not significantly different in improving performance for this task. However, ANOVA 

revealed a significant interaction between time and the presence of distractor (F(1,18 = 9.179, p = 

0.007). A post hoc t-test revealed a significant improvement during distractor trials after training 

in both training groups (p < 0.01). These results indicate that participants made fewer errors and 

improved at ignoring distractors after both training types. In addition, there was a significant 

interaction between distractor and group (p < 0.05). 
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Figure 25. Pre-test and post-test comparison for the interleaved 

training and pro-saccade training for the oculomotor capture 

task. The percentage of errors (± SEM) is plotted before training and after training 

for both the interleaved training and pro-only training participants. There was a 

significant reduction in the percentage of errors after both training types during the 

distractor-present trials. *significant difference at p < 0.05.     
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4.4.2 Improvement index 

Figures 26 to 29 show the improvement indices, which were calculated and plotted in a 

similar manner as in chapter 3. Generally, improvement was observed after both types of training. 

Participants became faster at the pop-out visual search task, decision making task and interleaved 

pro/-anti-saccade task after training. As well, participants made fewer errors at decision making 

task and oculomotor capture task after training. What follows are the t-tests result presented for 

each task. 

Interleaved pro/-anti saccade task. Participants who performed the interleaved pro/-anti saccade 

training made fewer errors after training whereas the participants who performed pro-saccade 

training made more errors after training. One sample t-tests performed for each group separately 

indicated that improvement which was observed for the interleaved pro/-anti saccade after 

training was non-significant (p > 0.05). In contrast, a t-test showed that the increase in error rates 

after the pro-saccade training was significant (t (9) = -2.431, p = 0.038). An independent sample 

t-test revealed that the mean improvement was significantly different between the two training 

groups (t(19) = 2.847, p = 0.010). A significant improvement in the mean saccade reaction time 

was observed for both the interleaved pro/-anti saccade training group (t(10) = 5.229, p < 0.0001) 

and pro-saccade training group(t(9) = 4.839,  p = 0.001). No significant difference was observed 

in the mean improvement between the two training groups (p > 0.05). 

Oculomotor capture task. Reduction in error rates was used to measure the improvement in this 

task. A significant improvement was observed after the interleaved pro/-anti saccade training (t 

(10) = 2.816, p = 0.018), whereas, the improvement observed after the pro-saccade training was 

insignificant (p > 0.05). No significant difference was observed in the mean improvement 

between the two training types (P > 0.05). 
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Visual spatial working memory task. Reduction in the mean percentage of errors was used as 

indicator of improvement in this task. No significant improvement was observed after the training 

in either group. In addition, no significant difference was observed in the mean improvement 

between the two training types (P > 0.05).  

Decision making task. No significant improvement was observed after training in either group in 

terms of error rate or response time. In addition, no significant difference was observed in the 

mean improvement between the two training types (P > 0.05).  

Visual search task. Reduction in the mean search time was used as an indicator of improvement 

in this task. No significant improvement was observed after the training in either group for the 

pop-out search (p > 0.05). In addition, no significant difference was observed in the mean 

improvement between the two training groups (P > 0.05). For the serial search, no significant 

improvement was observed after the training in either group (p > 0.05), and the mean 

improvements were not significantly different between the two training types (p > 0.05). 

  In summary, a significant improvement in accuracy was observed after the interleaved 

pro/-anti saccade training for the oculomotor capture task during distractor trials. Participants 

who performed pro-saccade training made significantly greater errors after training in the 

interleaved anti/pro saccade task. There was a significant difference in the mean performance 

between the two groups in the interleaved pro/-anti saccade task in terms of accuracy.  A 

significant improvement in latency was equally observed after both training types. No significant 

results were obtained from the visual search task, the memory task or the decision making task (p 

> 0.05).    

4.5 Discussion 

In this study, we tested how specific the anti-saccade task was in terms of improving 

cognitive functions. In other words, did the participants exhibit improvements in cognitive tasks 

because of the improved top-down control after anti-saccade training or it was only the effect of 
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eye movement practice that could be produced by any type of saccadic eye movements such as 

pro-saccades. To test this, we trained two groups of healthy younger participants for 10 days and 

we compared their performance in several cognitive tasks (interleaved pro/-anti saccade task, 

oculomotor capture task, visual spatial working memory task, decision making task, and pop-out 

and serial visual tasks) after training was completed to before training began. The first group 

performed interleaved pro/anti-saccade training and the second group performed pro-saccade only 

training. Overall, there were no clear differences between the interleaved pro/anti-saccade 

training and the pro-saccade training in terms of improved cognitive functions in younger healthy 

people.  

In the interleaved pro/-anti saccade task, we observed a reduction in the number of anti-

saccade errors post-training. On the other hand, a significant increase in the number of anti-

saccade errors was observed for the group who performed the pro-saccade training.  These 

findings were consistent with the results of a previous study that reported improvements in anti-

saccade performance after practicing a blocked-design anti-saccade task (Dyckman & McDowell, 

2005). The same study showed that training with pro-saccades worsened performance for anti-

saccades. The study concluded that anti-saccade performance can be improved by practicing the 

anti-saccade task. For reaction times, participants from both training groups became significantly 

faster at making correct anti- and pro-saccades after training, suggesting that training helped 

speed up saccade generation in general. In the oculomotor capture task, even though the 

difference between the two training types was insignificant in terms of improvement, the 

reduction in the number of errors was significant following interleaved pro/-anti saccade training. 

In the visual spatial working memory and the decision making tasks, no significant changes were 

detected in either group. In the visual search task, we observed improvement only in the pop-out 

search but not in the serial search in both training groups. This may be due to the difficulty of the 

serial search compared to the pop-out search.  Few other points should be discussed here. 
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Participants in this second study were young students who are at their height of cognitive function 

which could be the reason why there was not a substantial difference after the interleaved pro/-

anti saccade training compared to pro-saccade training. We addressed this in our future direction 

section by suggesting testing older controls and Parkinson’s patients who will perform only pro-

saccade training. Another point is that there is also the possibility that it’s simply the fact that 

they repeated the tasks two weeks apart that resulted in the improvements observed, rather than 

being due to eye movement training in general.  This needs to be tested by recruiting a group of 

participants who will perform only the pre-test and post-test with no training in between.   

4.6 Conclusions 

This experiment aimed to test how specific anti-saccade task was in improving cognitive 

capabilities. Our results suggest that the improvement observed may not be due to the anti-

saccade training specifically; we observed improvements in the cognitive tasks after both types of 

training.  However, a significant increase in the number of error anti-saccades was observed after 

pro-saccade training. A significant interaction between time and group was only observed for the 

interleaved pro/-anti saccade task which could mean that the pro-only training had a maladaptive 

effect on anti-saccades. A significant improvement was also observed at the oculomotor task for 

distractor trials after anti-saccade training but no significant changes were observed for the spatial 

working memory task, visual search task or the decision making task. We concluded that that the 

interleaved pro/-anti -saccade training is not specific in improving cognitive function in younger 

people.  
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Figure 26. Improvement indices for both training groups for the 

memory task and oculomotor capture task. The mean improvement 

per group and per participant within each group for memory task (A) 

and oculomotor capture task (B). PA; interleaved pro/-anti saccade 

training, P; pro-saccade training.*significant difference at p < 0.05. 

Error bars represent the standard error of the mean 
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Figure 27.  Improvement indices for both training groups for the decision 

making task. The mean improvement per group and per participant within each 

group for decision making task for response times(A) percentage of errors (B). 

PA; interleaved pro/-anti saccade training, P; pro-saccade training. *significant 

difference at p < 0.05. Error bars represent the standard error of the mean. 
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Figure 28. Improvement indices for both training groups for the visual 

search task.  The mean improvement per group and per participant within 

each group for pop-out visual search (A) serial visual search (B). PA; 

interleaved pro/- anti saccade training, P; pro-saccade training.*significant 

difference at p < 0.05. Error bars represent the standard error of the mean.   
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Figure 29. Improvement indices for both training groups for anti-

saccade trials in the interleaved pro/- anti saccade task.  The mean 

improvement per group and per participant within each group for 

percentage of errors (A) and for saccade reaction times (B). PA; 

interleaved pro/-anti saccade training, P; pro-saccade training. *significant 

difference at p < 0.05. Error bars represent the standard error of the mean 
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Chapter 5 

General Discussion 

The primary aim of this research was to investigate the usefulness of anti-saccade training on 

improving cognitive function in Parkinson’s disease. Previous studies used different training 

strategies as a means for improving cognitive functions. For example,  playing Sudoku puzzles or 

practicing working memory tasks ( Nombela et al., 2011; Sammer et al., 2006)  but no study has 

explored whether the anti-saccade can be used as a means for improving the cognitive 

capabilities.  Our study was the first study to use anti-saccade task as a means of improving 

cognitive function through improving top-down control. In our first experiment, we explored the 

influences of anti-saccade training on cognitive function in participants with Parkinson’s disease 

and older control participants. To test this, we trained Parkinson’s participants and older controls 

using the interleaved pro/-anti saccade task after their baseline performance was measured at 

several cognitive tasks.  After the completion of the10 days of training, participants were re-

measured for the same cognitive tasks, and their post-test and pre-test performance were 

compared for the outcome of training. Performance between the Parkinson’s participants and 

controls was also compared. Our data confirmed our speculation that Parkinson’s patient 

participants would show impaired baseline performance at different cognitive tasks compared to 

the healthy older control participants. In addition, we expected post-training improvement in the 

performance of both groups. The control participants showed an overall improved performance 

across all cognitive tasks. In the same way, Parkinson’s participants were able to demonstrate a 

better performance after training except for the decision making task. The improved performance 

in both older control and Parkinson’s participants after training suggests a potential improvement 

in the top-down control. For the second experiment, we tested the reliability of anti-saccade task 

in improving the cognitive function. For this purpose, we measured the outcome of the 
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interleaved pro/-anti saccade training in a group of younger healthy participants and compared it 

to that of a second participant’s group who trained only with a pro-saccade task. Improvement 

was generally observed after both training types except for the interleaved pro/-anti saccade task 

where a significant increase in the percentage of errors was observed after the pro-saccade 

training. The results of this experiment suggest that the improvement observed is not due to the 

interleaved pro/-anti saccade training specifically in younger people.  

Study Strengths and Implications 

To our knowledge, the present study was the first study to investigate the influence of 

anti-saccade training on cognitive function in Parkinson’s disease patients and healthy 

participants. In our study, improvement in cognitive function was assessed directly via measuring 

performance in cognitive tasks. Moreover, installing the training task on tablets provided greater 

ease to participants with Parkinson’s disease and increased the feasibility of the training. Despite 

being non-significant, we observed an improvement in the interleaved pro/-anti saccade task after 

anti-saccade training but we also observed evidence of transfer to the other unpracticed tasks: the 

oculomotor capture task, spatial working memory task, the decision making task and visual 

search tasks. This let us believe that there is a subtle improvement in the top-down control. 

Finally, if anti-saccade task was shown to be beneficial in improving cognitive function, it can be 

integrated with the clinical practice which would improve the quality of life of people with 

Parkinson’s disease. Furthermore, far transfer of anti-saccade training to unpracticed tasks could 

raise important research questions such as whether the anti-saccade training can improve the 

patients’ abilities to complete their daily living activities which would have valuable clinical 

implication and ultimately increase the quality of life of the patients and their caregivers and 

reduce the burden on health services. 
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Study Limitations 

Limitations of study included the small sample size because of the limited Parkinson’s 

population in Kingston. Moreover, we encountered a high between subject variability particularly 

in Parkinson’s patient group. Both the small sample size and the high variability reduced the 

power of our analysis by reducing our ability to detect statistical significance. Challenges with 

eye movement recording in Parkinson’s participants were also an added limitation that we faced 

in this study. Parkinson’s participants tended to make many fixation errors in the interleaved 

anti/pro-saccade task; where they made saccades or they blinked while they were required to 

fixate at the fixation dot. There were also many trials in which the tended not to make a saccade, 

and these were also excluded from the analysis. Consequently, we ended up with insufficient data 

to complete the analysis and the anti/pro-saccade task was removed from analysis. Participants 

with PD had also difficulty performing the oculomotor capture task and as a result, we did not run 

them on this task. As Parkinson’s patients show impaired abilities in suppressing an automatic 

actions (e.g. saccade to a target) in preference of performing goal directed action (e.g. saccade 

opposite to the target) as well as inefficiency in ignoring distractors, tasks that require executive 

control, the interleaved pro/-anti saccade and oculomotor capture  tasks would provide a direct 

measure for improving top-down control. In addition, for a couple of tasks that requires 

peripheral resources (visual search and the interleaved task), the older participants’ performance 

might also was limited by the target eccentricity. Some propose that older adults have a poorer 

utilization of peripheral vision and a higher reliance on central vision than younger adults 

(Yamada et al., 2012). In addition, another study suggested that this might also contributed to the 

longer reaction time observed in older people during task performance (Uemura, Yamada, Nagai, 

Mori, & Ichihashi, 2012).        
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Future Directions 

On the light of the study limitations above, recommendations for future research would 

be to increase the sample size to increase the statistical power in order to account for the high 

between subject variability observed in Parkinson’s participants. Furthermore, we recommend 

future studies testing cognitive function in both older controls and Parkinson’s patients who will 

perform only pro-saccade training. This is because no significant difference was observed in 

younger participants between anti-saccade training and pro-saccade training in terms of 

improving cognitive function. The possible interpretation for this result is that younger people are 

already at their height of cognitive function and thus they did not show a greater benefit after the 

interleaved pro/-anti saccade training. Accordingly, older controls and Parkinson’s participants, 

who have a reduced top-down control, are expected to exhibit greater benefits from the anti-

saccade training in comparison to pro-saccade training. In addition, it would also be useful to test 

older controls and Parkinson’s patients in a study where there only performed pre-test and post-

test with no training in between, this would allow to test whether the effect was due to the 

training or only because participants performed the tasks twice. The duration of training also 

something to consider in future studies. Perhaps if participants in the present study had been 

trained longer, there would have been greater differences. For instance,  previous studies who had 

participants trained as long as 6 months showed a significant improvement in performance 

(Nombela et al., 2011).  Future studies may also validate the current cognitive tasks or consider 

using different tasks. One suggestion for the next research is to use cognitive tasks that do not 

include eye movements. This is to rule out the potential that the participants showed improvement 

simply because of the improved ability to perform eye movements instead of being due to 

improved cognition. Finally, future studies might extend to neuroimaging to examine for any 

structural or functional changes induced by training.    
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Summary 

These two studies examined the efficacy of anti-saccade training in improving the 

cognitive capabilities. The first experiment showed some improvement in cognitive function in 

Parkinson’s participants after the training with a significant improvement in the pop-out visual 

search as well as an overall improvement in older controls performance across all cognitive tasks 

after training. However, we could not find sufficient evidence from the second experiment to 

attribute this improvement to anti-saccade training specifically. Further research is needed before 

a final conclusion can be drawn.    
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