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Research shows that spatial memory span is selectively impaired by concurrent tasks that 

require spatially directed attention such as pursuit eye movements (Baddeley, 1986; 

Lawrence et al, 2001; Pearson & Sahraie, 2003; Postle et al., 2006). Despite this clear 

interference between spatial working memory and ocular control, an equivalent 

interference to visual working memory has never been carefully examined. 

Experiment 1 (n=18), participants made either pursuit eye movements or equivalent shifts 

of attention during the retention of visual information. Visual working memory was 

disrupted by both conditions but eye movements produced a larger impairment. In 

Experiment 2 (n=12), a novel paradigm for investigating the effects of eye movements 

and shifts of attention on visuo-spatial encoding processes was used. Discrimination 

performance was better when visuo-spatial representations were encoded using 

attentional tracking than when encoded using eye movements. The results suggest that 

visual and spatial working memory encoding and maintenance processes are impaired by 

concurrent tasks that require spatial attention and ocular motor processing.   
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3. Present Research  
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4. Experiment 1 

4.1. Participants 

Nineteen Carleton University undergraduate/graduate students participated. Fifteen 

participants were recruited using Carleton University’s online experiment sign-up system 

and received 1% course credit for their participation. The remaining participants were 

colleagues of the experimenter and participated on a voluntary basis. All participants 

were assumed to have normal or corrected-to-normal visual acuity. 

4.2. Design 

A 3 (Tracking Condition: No Tracking vs. Eye Tracking vs. Attentional Tracking) × 2 

(Discriminability: Easy vs. Hard) repeated measures design was used. Tracking 

Condition was a blocked factor whereas shape Discriminability was mixed. All factors 

were completely crossed with each level within each factor being sampled an equal 

number of times. Tracking Condition was counterbalanced across participants using a 

Latin-Square design such that the three conditions occurred in each position an equal 

number of times. 

4.3. Apparatus 
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4.4. Stimuli 

All visual stimuli were white on a black background. A fixation cross appeared in the 

center for the display and subtended a visual angle of 0.76° vertically and horizontally. 

The Eye Tacking and Attentional Tracking conditions consisted of a pursuit tracking task 

in which participants tracked a small circle as it moved on the screen. The movement of 

the circle appeared to be random but was determined by the product of two cosine waves 

and moved at an average velocity of 2.2°/s. The movement of the circle was limited to 

10° of visual angle both horizontally and vertically which approximated the dimension of 

the visual shapes.  
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Due to the automaticity of the target/foil shape generation program, some target/foil pairs 

were inevitably and obviously more discriminable than others. The level of 

discriminability of the target/foil pairs was subjectively evaluated a priori by the 

experimenter and binned into either Easy or Hard discriminability groups of 60 target-foil 

pairs each. The categorization of stimuli was determined by the qualitative similarity 

between the target and foil shapes. Target and foils that contained large (obvious) visual 

differences were categorized as Easy whereas stimuli pairs that differed by small (subtle) 

visual differences were categorized as Hard. The categorization of Easy and Hard created 

two groups of equal number Easy and Hard stimuli. Examples of easy and hard target/foil 

pairs are shown in Appendix A. 
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Critically, shape discriminability should not be confused with shape complexity since all 

shapes were assumed to be equally complex since they all contained 9 vertices and were 

generated by the same algorithm. Rather, shape discriminability refers to the degree of 

similarity between the target and associated foil shape. 

4.5. Procedure 

In all three Tracking Conditions, participants were required to perform a delayed 

recognition task in which a test shape was either the same as or different from the target 

shape. Each Tracking Condition consisted of 40 trials with an equal number of 

No Change/Change trials using equal number of Easy/Hard stimuli. Participants were 

instructed to respond as quickly and as accurately as possible. Prior to the experimental 

trials, participants completed 4 practice trials from each tracking condition. None of the 

stimuli used in the practice trials were repeated in the experimental trials. 
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In the Eye Tracking condition, participants were instructed to track the circle by 

following it using eye movements while keeping their head still. In the Attentional 

Tracking condition, participants were instructed to fixate on a stationary cross in the 

center of the display while keeping their head still but to attend to the moving circle by 

shifting their attention away from visual fixation. Tracking instructions were displayed at 

the beginning of each Tracking Condition block to remind participants of their retention 

interval task.  

 

4.6. Results 

The data from one participant were removed because they did not understand the task 

instructions and made improper responses throughout the experiment. RT outliers were 

identified using an outlier labelling technique described by Tukey and colleagues 

(Hoaglin, Iglewicz, & Tukey, 1986; Tukey, 1977) where trials with RTs that exceeded 

the 75
th

 percentile plus 2.2 times the interquartile range of each tracking condition were 
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removed. Additionally, responses that were less than 250 ms were omitted as “fast 

guesses.” This resulted in a combined elimination of 4.7% of the data. 

The remaining data were analyzed based on whether the test shape was the same or 

different from the target (Change vs. No Change). Data from Change trials were 

submitted to a 3 (Tracking Condition: No Tracking vs. Eye Tracking vs. Attentional 

Tracking) × 2 (Discriminability: Easy vs. Hard) Analysis of Variance (ANOVA). Given 

that Discriminability was not manipulated on the No Change trials (the target and test 

shapes were identical), these data were submitted to a one-way ANOVA with three levels 

(Tracking Condition: No Change vs. Eye Tracking vs. Attentional Tracking). In all cases, 

Mauchly’s test indicated that the assumption of sphericity was met, thus the degrees of 

freedom were not adjusted. Post-hoc analyses were conducted using Jarmasz and 

Hollands’ (2009) 95% confidence intervals (CI), which were computed using 

MorePower6.0 (Campbell & Thompson, 2012). Means that differ by more than one half 

of the CI multiplied by √2 are significant and can be compared visually using the rule of 

thumb that if CIs overlap by less than one quarter of the entire interval, then the 

difference is significant. 

4.6.1. Change Trials 

4.6.1.1. Response Time Analysis 

Only RTs for correct responses were analyzed. Mean RTs for each tracking condition 

were aggregated by participant and submitted to the ANOVA for Change trials. There 
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was a significant main effect of Tracking Condition, F(2, 34) = 3.692, p < .035, 

ƞ = .178, MSE = 38679.88. RT means that differed by more than 93 ms (66 ms × √2) 

were statistically significant. As shown in , RTs in the Attentional Tracking 

condition (1123 ms) were faster than in the No Tracking conditions (1248 ms). RTs in the 

Eye Tracking condition (1173 ms) were statistically equivalent to the other conditions. 

There was a main effect of Discriminability, F(1,17) = 10.805, p < .004, ƞ = .389, 

MSE = 54764.28 where RTs for Hard discriminations (1255 ms) were longer than for 

Easy discriminations (1107 ms) . The Tracking Condition x Discriminability interaction 

was not significant, F < 1.  
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4.6.1.2. Accuracy Analysis 

ƞ

ƞ

50%

60%

70%

80%

90%

100%

No Tracking Eye Tracking Attentional Tracking

P
e

rc
e

n
t 

C
o

rr
e

ct
 

Tracking Condition 
CI = ±  3.0%  



  Ocular and Attentional 

4.6.2. No Change Trials 

4.6.2.1. Response Time Analysis 

Only RTs for correct responses were analyzed. Mean RTs for each tracking condition 

were aggregated by participant and submitted to the ANOVA for No Change trials. 

ƞ
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4.6.2.2. Accuracy Analysis 
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4.7. Discussion 

The two main finding from Experiment 1 were that (1) relative to no tracking,  eye-based 

and attentional-based pursuit tracking disrupted visual maintenance and (2) eye-based 

tracking produced larger impairments than attention-based tracking. Under the 

assumption that the visual maintenance task in Experiment 1 required the activation of 

visuo-spatial working memory, the finding that pursuit tracking interfered with the 

maintenance of visual information is consistent with the claim that visual pursuit tracking 

is a function of visuo-spatial working memory. By extension, the on-line processes 

required for pursuit tracking must therefore compete for the same resources as the 

processes used to maintain visual information. In the context of domain-specific models 
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of working memory (e.g., Baddeley’s (1986) multicomponent model of working 

memory), the current findings show that visual pursuit tracking involves the visuo-spatial 

sketchpad.  

The finding that visual pursuit tracking disrupted the maintenance of visual information 

stands in contrast to Postle et al. (2006), who, using a nearly identical experimental 

design, showed that random eye movements did not disrupt visual maintenance. In 

particular, the effect of pursuit tracking on visual maintenance processes highlights that 

there is a difference between the systems responsible for pursuit tracking (present 

experiment) and those used for the random generation of eye movements (Postle et al., 

2006). Specifically, the systems responsible for pursuit tracking appear to interfere with 

visuo-spatial working memory whereas the systems responsible for generating random 

eye movements do not. Given that the present experiment showed that visual 

maintenance is disrupted by eye-based tracking and, to a lesser degree, by attention-based 

tracking, it follows that Postle et al.’s null effect of ocular motor activity on visual 

maintenance processing may be limited to random eye movements. It is proposed here 

that Postle et al. may not have observed any effect of eye movements on the maintenance 

of visual information because their random eye movement task selectively taxed the 

central executive, which is responsible for generating random outputs (e.g., Baddeley, 

Emslie, Kolodny & Duncan, 1998; Towse, 1998). In contrast, the pursuit tracking task 

used here is more likely to be performed in the same visuo-spatial subsystems used to 

maintain visual information, and therefore produced an interference effect. 
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Experiment 1 also showed that eye tracking impaired the maintenance of visual 

information more than attentional tracking. Although the accuracy scores for these two 

conditions were similar on No Change trials, RTs in the Eye Tracking condition were 

170 ms longer than in the Attentional Tracking condition. This finding is consistent with 

Pearson and Sahraie (2003), who reported a similar impairment for spatial information. 

Specifically, these authors reported that spatial memory span was disrupted by eye-based 

and attention-based pursuit tracking but that eye-based tracking produced larger 

impairments. Pearson and Sahraie argued that this difference was due to the interference 

produced by the ocular motor systems associated with eye-based pursuit tracking. The 

results of the present experiment extend Pearson and Sahraie’s findings to the visual 

domain.  

Since the No Tracking condition did not include an intervening tracking task, it was 

expected that this single-task condition would yield better performance than the (dual-

task) eye-tracking and attentional-tracking conditions. The finding that (on Change trials) 

RTs in the No Tracking condition were significantly (125 ms) longer than in the 

Attentional Tracking condition and statistically equal to the RTs in the Eye Tracking 

condition do not support this seemingly obvious prediction. This effect was also observed 

on the No Change trials to a lesser (non-significant) extent. 
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The results of this experiment have several additional implications. First, this experiment 

extends previous work on the effects of eye-based pursuit tracking on the maintenance of 

spatial information (e.g., Pearson & Sahraie, 2003; Postle et al., 2006) by showing that 

the maintenance of visual information is also disrupted by processes associated with 

pursuit ocular motor components. Second, the differences between the current findings 

and those reported by Postle et al. (2006) highlight an important distinction between the 

working memory subsystems that support pursuit eye tracking (visuo-spatial working 

memory) and those that support random eye movements (the central executive). By 

extension, the combined results of the present experiment and those reported by Pearson 

and Sahraie (2003) and Postle et al. (2006) show that the memory subsystems that are 
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responsible for the active maintenance of visual and/or spatial information in working 

memory share capacity with those used for pursuit tracking and that the generation of 

ocular motor commands adds an additional cognitive cost to this process. 

The purpose of Experiment 1 was to determine whether or not eye and/or attentional 

tracking interfered with the maintenance of visuo-spatial information in working 

memory. The purpose of Experiment 2 is to extend these findings by examining the 

effects of eye and attentional tracking on the encoding of visuo-spatial information. The 

relationship between pursuit eye movements and spatial encoding was investigated by 

Postle et al. (2006) who showed that pursuit tracking interfered with spatial memory 

span. For this purposes of this thesis, it is important to note that Postle et al.’s experiment 

required participants to generate a spatial representation of information that was 

presented acoustically. Postle et al.’s task was therefore not purely visuo-spatial in that it 

likely shared some of the encoding processing demands with the phonological loop. 

Experiment 2 addressed this issue by using a novel visuo-spatial task that ensured that the 

entire memory task (i.e., encoding and maintenance) did not involve the phonological 

loop. That is, Experiment 2 used a memory task that required the concurrent encoding 

and storage of purely visuo-spatial information. 
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5. Experiment 2 

5.1. Participants 
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5.2. Procedure 

5.3. Stimuli 

The stimuli in Experiment 2 were identical to those in Experiment 1 with the exception 

that the (invisible) outline of the target shapes were traced in Experiment 2 rather than 
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being displayed as a whole as they were in Experiment 1. A common strategy reported by 

participants during the pilot phase of this experiment was to only remember the first and 

last segments of the shape (and ignore the middle segments) under the assumption that 

one of those two segments would be different in the (foil) test shape. To discourage this 

strategy, the first and last segments of all target shapes were always identical to those 

segments in their corresponding target shape. In other words, the difference between a 

target shape and its associated (foil) test shape always occurred in the middle segments. 

Participants were not informed of this constraint. 

5.4. Results 

Outliers were identified using the same techniques as Experiment 1, which resulted in an 

elimination of 3.8% of the data. The remaining data were analyzed using the same 

ANOVA design as Experiment 1, except that Tracking Condition was reduced to two 

levels (the No Tracking condition was removed). Change trials were submitted to a 2 

(Tracking Condition: Eye Tracking vs. Attentional Tracking) × 2 (Discriminability: Easy 

vs. Hard) ANOVA whereas No Change trials were analyzed using a paired samples t-test 

(Tracking Condition:  Eye Tracking vs. Attentional Tracking). 

5.4.1. Change Trials 

5.4.1.1. Response Time Analysis 

Only RTs for correct responses were analyzed. Mean RTs for each tracking condition 

were aggregated by participant and submitted to the aforementioned ANOVA. There was 
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no main effect of Tracking Condition (F < 1). RTs were statistically equivalent between 

the Eye Tracking (1851 ms) and Attentional Tracking (1916 ms) conditions. Although 

RTs were longer for Hard discriminations (2055 ms) than for Easy discriminations 

(1711 ms), this difference failed to reach significance 

ƞ . There was no Tracking Condition × Discriminability 

interaction (F < 1).  

5.4.1.2. Accuracy Analysis 

There was no main effect of Tracking Condition (F < 1) with overall accuracy (collapsed 

across Discriminability) in both the Eye Tracking and Attentional Tracking conditions at 

48%. The main effect of Discriminability was significant, 

ƞ Easy discriminations (63.6%) than for 

Hard discriminations (32.6%)

Th

ƞ
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5.4.2. No Change Trials 

5.4.2.1. Response Time Analysis 

Only RTs for correct responses were analyzed. Mean RTs for each tracking condition 

were aggregated by participant and submitted to a paired samples t-test. There was no 

difference between the Eye Tracking and Attentional Tracking conditions (t < 1). Mean 

RTs in both conditions were identical (1570 ms).  
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5.4.2.2. Accuracy Analysis 

Mean accuracy scores for each tracking condition were aggregated by participant and 

submitted to a paired samples t-test. There was no difference between response accuracy 

in the Eye Tracking (84.6%) and Attentional Tracking (85.1%) conditions (t < 1).  

5.5. Discussion 

Experiment 2 shows that ocular behaviour affects visuo-spatial encoding processes. 

At face value, this finding is 

inconsistent with the view that maintaining visual fixation on an object will always 

produce a superior representation in visuo-spatial working memory. The results from the 

present experiment are more consistent with the view that there is a trade-off between the 

ability to detect large and small changes and that this ability depends on what type of 

tracking strategy (eye-based vs. attention-based) is used.  
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Given that eye/attentional tracking interfered with the encoding of visuo-spatial 

information, the ocular motor system and visuo-spatial encoding processes must be 

related. In the context of domain specific models of working memory, the current results 

are consistent with the view that visuo-spatial encoding systems share capacity with 

systems responsible for pursuit tracking. Although other researchers (e.g., Postle et al., 

2006; Baddeley & Lieberman, 1980) reached similar conclusions regarding the 

relationship between visuo-spatial encoding processes and pursuit tracking, their 

experimental paradigm did not use encoding tasks that selectively taxed visuo-spatial 

working memory. The present experiment addressed this issue by using a novel task that 

required participants to only encode visuo-spatial information using pursuit tracking.
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6. Conclusion 
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