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[bookmark: _Toc490661949]Abstract
Through examining cueing effects on the spatial orientation of attention, investigation has progressed revealing the mechanisms overseeing social cognition. This study builds upon past attention based research by attempting to disrupt the gaze cueing effect in a dual-task paradigm involving a more executively demanding working memory task than used in previous efforts. The design of the task executed permits complementary investigation into eye movement strategies for the encoding of verbal versus visuospatial memory information, as explored via eye tracking. The results expose gaze cueing as resistant to interference. Participants’ reaction times for identifying targets cued by congruent gaze consistently remained faster irrespective of dual or single load memory conditions. A descriptive summary of saccade end point locations indicates a clear tendency for participants to utilise covert attention when identifying targets, as expected within a Posner spatial cueing paradigm. Additionally, saccade amplitude analysis highlights an inhibition of saccades when encoding visuospatial data compared with verbal data. The effect remains in place regardless of whether participants engaged in forwards or backwards memory encoding strategies. 
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[bookmark: _Toc490661950]Literature Review
Better understanding of the collaboration between eye movements, attention and working memory is crucial for grasping how everyday life is navigated. The eyes are essential not only as a means of collecting sensory information, but also for non-verbally expressing interest towards items or locations in the surrounding setting. Although it is well known faces are capable of redirecting an observer’s spatial attention (Driver et al., 1999) there persists a misunderstanding regarding the effects of other cognitive and social processes on modulating an individual’s orientation. Working memory is one candidate system closely linked to attention (see Fougnie, 2008, for a comprehensive review) that may hold the key to interfering with spatial attention allocation. The present project takes both spatial attention orientation and working memory into consideration when assessing two main objectives. The primary aim endeavours to disrupt the gaze cueing effect through a dual-task paradigm involving learning of working memory sequences and is largely inspired by Law, Langton and Logie (2010). The second aim broadens the findings of Lange and Engbert (2013) by comparing saccade amplitude during the encoding of verbal and visuospatial working memory data. This adds to the existing literature through examining backwards, as well as forwards recall of items. 
As the principal sense organs for gathering visual information, it is not surprising that the eyes are central to cognitive processing, be it for spatial attention or otherwise. Displaying expression and movement through the eyes acts as a signal to others, revealing thoughts, goals, and mood without the need for overt verbal communication (Frischen, Bayliss, & Tipper, 2007). With regards to evolution, the ability to engage in rapid and reliable data exchange is a crucial aspect of survival, for example when initiating mating behaviour, or for effectively broadcasting status within a hierarchy (Strongman & Champness, 1968). It is therefore vital to be able to understand the implications of where another’s gaze falls even from a young age. Capacity for joint attention in childhood encourages theory of mind progression (Charman et al., 2000) and is a key building block in the initial development of social cognition (Baron-Cohen, 1995). Failure to engage in gaze-following entirely can be taken as a possible predictor of autism and is characterised by deficits in social comprehension (Webb & Jones, 2009). The importance of correctly interpreting gaze has encouraged the idea that the eyes hold a special biological relevance for transmitting social cues. Although symbolic cues, such as arrows, can be argued to engage similar attention directing effects (Tipples, 2008), the mechanisms sustaining social and non-social orienting are considered differently. Social orienting via the eyes is argued to initiate a preprogramed social-biological response (Emery, 2000). Non-social orienting, such as through arrows, is produced due to overlearned connections between a cue and its typical response (Ristic & Kingstone, 2012).

Accurately interpreting gaze is just as important for adults as it is for infants. The movement of one’s eyes to direct an observer to a specific spatial location is called gaze cueing. Research reveals subjects tend to follow the article of viewed gaze despite when observed eye direction is detrimental for predicting the location of an oncoming target (Kuhn & Kingstone, 2009) or when told to disregard the cued image altogether (Langton & Bruce, 1999). This phenomenon is termed the gaze cueing effect: demonstrating quicker reaction times for identifying a target at a location that has been cued via centrally presented gaze, with conversely slower reaction times towards identifying a target at an uncued location (e.g. Alwall, Johansson, & Hansen, 2010). Inability to supress cued orientation when viewing another’s eyes has supported the idea that attention pulled by gaze operates exogenously, in the sense that gaze-following functions automatically without conscious control (Posner, Cohen, & Rafal, 1982). Such a potent stimulus-driven effect should be expected to be rapid in action. Indeed, attentional shifts emerge as early as within 100ms from the appearance of a cue, yet deteriorate at longer intervals approaching a second whereupon the viewer regains voluntary control (Driver et al., 1999; Friesen & Kingstone, 1998). Moreover, functional imaging confirms gaze cues stimulate activation of the brain areas associated with enhanced visual processing, whereas symbolic cues trigger a less specific, more general neural network containing regions linked with volitional orienting (Hietanen, Nummenmaa, Nyman, Parkkola, & Hämäläinen, 2006). 
Despite compelling evidence gaze-following is fundamentally hardwired as an involuntary cognitive process, it is also plausible that shifting attention may be deliberate and goal-directed. Corroboration in support of a top-down account is reported through neuropsychological accounts, advocating that not reflexive but intentionally initiated and flexible processes are vital in managing social attention. Frontal lobe brain injury is known to impair the voluntary adjustment of attentional systems, leaving subjects incapable of utilising advance information when searching for targets in choice reaction time experiments (Alivisatos & Milner, 1989). To illustrate further, in the case of patient EVR (Vecera & Rizzo, 2004, 2006) an automatic shifting of attention from abrupt peripheral cues signified intact exogenous processes. Yet, EVR’s spatial attention orientation was unaffected by centrally appearing gaze cues, notwithstanding that such cues were informative of target location as often as 75% of the time. This along with problems completing goal related tasks led to the conclusion that EVR suffered from issues relating to adaptive voluntary orienting. Additionally, Ristic and Kingstone (2005) argue that while reflexive processes are engaged by viewing of biological features (e.g. another’s eyes), top-down processing elements are necessary to place the attentional mechanism into an exogenous state in the first place. If an ambiguous image is not initially distinguished as a face and is instead perceived as another object, a reflexive attentional shift will not occur. Certainly, the mental resources required and wasted on constant attentiveness should prove disadvantageous to cognitive endurance, and simply observing changing gaze does not always indicate or force a transfer of attention (Gregory et al., 2015). Thus, there is a divide within the literature for whether gaze cueing can be termed as exogenous or endogenous, in terms of the orienting of spatial attention. This investigation seeks to consider to what degree such differences are compatible with each other, rather than widening the debate further. 
The question remains to be fully answered as to the extent that top-down processes regulate the gaze cueing effect. If involved, they must exert influence by establishing a state of attention that assigns precedence first to the immediate identification and cognitive processing of a face, and there after generates movement of a viewer’s spatial awareness from the eyes towards the gazed position. Assuming that this is the case, working memory systems may hold the potential to modulate the internal mechanism controlling spatial attention. There is a range of evidence supporting working memory contributions to visual search and selection of goals. Research suggests the contents of working memory may actively guide visuospatial attention (Huang & Pashler, 2007). Downing (2000) contends that selective attention shows preferences for orientating towards faces matching recently stored representations, rather than novel alternatives. This accounts for why if a template of a stored face materialises at an oncoming probe location in a visual discrimination task, performance actually increases because the probe task benefits from engaged attention at the site of discrimination. Likewise, Lavie and De Fockert (2005) report the availability of working memory is important to the outcome of a search task, finding that a congruent digit load led to greater visual capture than if no secondary task was present. Therefore, increasing memory load results in larger interference effects from goal-irrelevant distractors, and supports the hypothesis that working memory is important for modulating visual attention. Ultimately, the evidence gathered encourages the conclusion that working memory may govern endogenous movement of attention, and therefore under certain conditions could be manipulated to disrupt the gaze cueing effect from ever occurring. Although the literature is somewhat limited exploring this area, three studies merit discussion on this point.

Firstly, Law et al. (2010) examined gaze cueing in dual-task conditions that varied working memory load for verbal and visuospatial data. Experiment 1 employed a digit learning secondary task asking participants to recall a single digit from a viewed sequence, whereas Experiment 2 saw subjects constructing a mental representation of a pattern from an audio depiction and reporting back digits based on the designs’ nature. In summary, the gaze cueing effect was determined to be resistant to interference, accounted for as highly reflexive regardless of memory type and dual load conditions. However, the authors left open the possibility that secondary tasks challenging other and more intensive aspects of executive demand could legitimise gaze cueing as vulnerable to modulation. Since the central executive is hypothesised to be a product of the interaction between separate yet overlapping neural networks (Logie, 2016), an alternative secondary task targeting a different facet of executive functioning could interact with attentional shifts elicited through eye gaze. 

Similarly, Hayward and Ristic (2013) assessed gaze cueing in conjunction with working memory digit load. In Experiment 1 eye gaze was manipulated to be counterpredictive to an oncoming target that required identification. When splitting social attention (produced through viewed gaze direction) and endogenous attention (elicited by the predictive meaning of a cue) spatially, only orienting through social attention remained intact. Endogenous orienting was inhibited by working memory contributions, implying gaze cued attention and volitional orienting processes are independent of each other. Experiment 2 was manipulated to ensure eye gaze was spatially predictive towards the objective. If gaze cued orienting is mediated through volitional mechanisms, which the authors argue share resources alongside working memory, the magnitude of gaze cued orienting under memory load should grow smaller. Yet, the sum of isolated gaze cued orienting and volitional orienting magnitudes gathered in Experiment 1 approximated the shared measure in Experiment 2, reinforcing that social attention and endogenous attention function in parallel. Ultimately, in neither experiment was gaze cueing found to be modulated by memory load.  

Lastly, Bobak and Langton (2015) combined gaze cueing with concurrent number generation where participants repeated the numbers one to nine aloud. Gaze cueing was unaffected when voicing the sequence in order, but was disrupted in conditions where numbers were spoken at random. The authors conclude that competing aims sustained by working memory deliver interference to the gaze cueing effect when goals are of sufficiently high cognitive demand and require parallel processing. Specifically, the random number generation task is distinctive because it requires maintenance of a variety of subgoals competing with one another for completion. These include, but are not limited to, internal regulation of digits to ensure randomness, and maintaining multiple representations in working memory for selection. Therefore, top-down signals regulating competing goals place demand on a pool of resources that is shared between working memory and the spatial shifting of attention in response to moving eye gaze. Hence, attention that has been cued by gaze is not purely automatic and shares elements of endogenous control.   
  
The first objective of this project is to extend these findings in an attempt to disrupt the gaze cueing effect under previously untested conditions. The gaze cueing effect has been successfully disrupted in concurrent proceedings that challenge the allocation of cognitive resources. It is anticipated that difficult goal related tasks that especially tax executive ability can produce the greatest impact on how spatial attention is orientated, as this is gauged to negate working memory’s flexibility to prioritise between competing goals with limited resources (Ma, Husain, & Bays, 2014). Yet, the secondary tasks performed by Law et al. (2010) and Hayward and Ristic (2013) were somewhat restricted in terms of placing executive demand on cognition for several reasons. The subject’s recall was prompted with a recognisable digit from the viewed sequence; recall was assessed from a single digit response only; and responses ranging from a small subset of possible answers (one to four). The complexity of the task is critical for the engagement of executive function (Best & Miller, 2010), and although simultaneous working memory demands have previously been imposed, the coordination required for manipulation and maintenance of multiple items has only been minimally stressed. To rectify these issues this project utilises a primary and non-concurrent secondary task that does not provide an initial recognisable memory prompt, assesses recall of a memory sequence presented in full, and increases the total possible numeric responses from one to nine. Furthermore, to make the task particularly difficult and unique to the current investigation, memory was tested in separate blocks of forwards and backwards recall, with the subject aware the order of recollection prior to the commencement of each block. This is important because recalling in reverse is widely argued to engage executive functions (Gerton et al., 2004), whereas forwards recall can be accused of merely tapping into whichever short term memory buffer is relevant to maintaining the current stimuli (Higo, Minamoto, Ikeda, & Osaka, 2014). Thus, if the gaze cueing effect can be disrupted by challenges to executive demand, then this should be evidenced foremost by backwards recall. 

The format of this research is executed in a manner similar to that of the cueing paradigm instigated by Posner (1980) where the engagement, release and shifting of attention are investigated. Traditionally in this scenario, a target appears on a computer monitor and the subject’s reaction time is measured via a motor response such as the pressing of a button. Previous to the targets appearance, the participant has their spatial attention cued to one of two peripheral locations from a central cue where a target may appear. In the present variation, participants will perform this gaze cue target identification task in between the encoding and recall phases of a verbal or visuospatial memory sequence. 

Additionally, this study also strives to meet a second complimentary objective related to working memory and visual information processing. Although in psychology there stands several well-known and competing representations of working memory, arguably the most renowned explanation comes from the account established by Baddeley and Hitch (1974). In the Multicomponent Model, a clear divide is highlighted within the architecture of the mind between verbal and visuospatial perceptual information domains. Evidence in favour of this cognitive arrangement is broad and spans years of study, supported by both a behavioural (Klauer & Zhao, 2004) and neuropsychological platform (Shallice & Warrington, 1970). For instance, a benchmark conclusion in experimental working memory research highlights that there is greater conflict present when actively maintaining two sets of similar information than when splitting this demand equally over both the phonological loop and visuospatial sketchpad (Sanders & Schroots, 1969). Lack of interference between the two components has given rise towards the idea of specialized and discrete passively held storage facilities (Cocchini, Logie, Della Sala, MacPherson, & Baddeley, 2002). 

Due to the strength and range of evidence in favour of the Multicomponent Model, this investigation focuses on verbal and spatial distinctions within working memory when considering eye movements for the encoding of memory items. If such divisions exist then perhaps they will manifest themselves when considering the mechanism in which our gaze collects item sequences. In fact, Lange and Engbert (2013) previously compared eye movement recordings upon encoding verbal and visuospatial data in a serial recall task. Interestingly, their results reveal that eye movement strategies differ depending on the type of information to be learned. When memorising verbal numerical data, participants were more likely to place to-be-remembered stimuli on the highly sensitive fovea region of the eye. This area ensures optimum visual acuity (Provis, Maddess, Dubis, & Carroll, 2013) and permits enhanced focus on the changing visual properties of a presented sequence, such as shape of the number. Accordingly, accurate fixation and tracking of digits advantages encoding and subsequent recall. On the other hand, visuospatial sequences were met with saccade inhibition, partly argued by Lange and Engbert (2013) as a consequence of retinotopic mapping of neurons related to the processing of visual spatial attention. Before an eye movement is produced there is a remapping of receptor fields in the visual cortex towards sites that reflect and correspond with postsaccadic retina locations (Cavanagh, Hunt, Afraz, & Rolfs, 2010). This process disrupts the encoding of spatial information at the time in which a saccade is being prepared. Thus, saccade execution should be suppressed or even delayed during encoding of spatial features in an effort to avoid conflict between oculomotor management and spatial memory encoding mechanisms. Furthermore, saccades prompt a transformation of spatial relations that distorts visual perception of location before, after, and during an eye movement (Schall, 2013). It is largely due to an efference copy signal mapped through the visuomotor pathway that visual perception appears stable to the viewer (Pynn & DeSouza, 2013). Limiting activity from the eyes should help to differentiate locations of interest because spatial relations remain more consistent. 
Lange and Engbert’s (2013) results only account for forward recall however, and this study proposes to extend such findings to conditions involving backwards memory recall. Remembering item orders in reverse is distinct from straightforward recollection because it requires a transformation of sequence (Reynolds, 1997) and arguably a further attentional-executive component. However, it is not clear whether these differences will translate into observable differences in the length of eye movement at the time of encoding. A saccade amplitude analysis is deployed to answer this question. The experimental design implemented in the current study matches closely to the original procedure used, with the exception of the memory retention period now containing the gaze cue target identification task. 

Furthermore, examination of saccade amplitude is motivated by the need to tie together the two main objectives of this study. By comparing the length of eye movements between the different types of memory items it is possible to conclude that participants approached memory tasks distinctly and did not simply perform verbal encoding strategies on each. This is important because avoidance of spatial encoding in the visuospatial task could minimise interference with target identification. Determining this to be true undermines the attempt to disrupt the gaze cueing effect under visuospatial working memory load conditions, and neither can a valid comparison of eye movement strategies be assessed if to-be-remembered items are all encoded using the same approach. Therefore implementing a saccade amplitude analysis as a check to back this paper’s claims is sensible. 
Three main hypotheses are accounted for. The first is that for both verbal and visuospatial memory tasks, the gaze cue effect is predicted to emerge for forward memory item presentation only, being suppressed during backwards recall. This lack of a cueing effect will be evidenced by valid cues no longer eliciting significantly faster target identification reaction times. Instead, statistically indifferent response speeds are expected independently of whether the cue is congruent with the oncoming target or not. The second hypothesis, similar to the findings of Lange and Engbert (2013), predicts that spatial encoding mechanisms will dictate eye behaviour to be facilitated by saccade suppression, as demonstrated by a diminished mean saccade amplitude. Lastly, it is less certain if a significant difference is expected between forwards and backwards manipulations. This paper cautiously supports the possibility that due to the increased burden on cognitive processing as a result of reverse recollection, saccade amplitude may increase. This is in an effort to better position items within the fovea for optimum visual acuity and guarantee ideal conditions for encoding.  









[bookmark: _Toc490661951]Method
Eye movements were assessed through a serial order recall task to examine the effects of saccades on encoding of memory items. In-between learning and reproducing the sequences presented, participants completed a standard gaze cue target identification task. If disruption of the gaze cueing effect were to occur for reverse order but not forward order recall, evidence would be extended in favour of the endogenous nature of gaze cueing under certain high-level processing conditions. Additionally, if memorisation of visuospatial information is hindered by overall length of eye movements, then fixation on to-be-learned stimuli should show inhibited saccade amplitude, as demonstrated through eye tracking.   
[bookmark: _Toc490661952]Participants
A total of 35 students participated in this study from the University of Edinburgh (N = 12 male, 23 female). In return, they were each awarded a financial incentive of £14 for completing two separate one hour sessions. Age of subjects ranged from 19 to 33, with a mean of 24 years (SD = 3.73). As per selection criteria, all subjects self-reported normal or corrected-to-normal vision. A preference noted in the recruitment advertisement encouraged individuals without glasses or contact lenses to participate. This was useful for avoiding measurement error as a result of reflections during eye tracking. However, this condition was not made reason for exclusion. Informed consent from subjects was received before the start of the study. 
[bookmark: _Toc490661953]Apparatus 
Subject gaze was tracked via the right eye with the exception of two subjects who could only be accurately tracked using the left, and recorded with a sampling rate of 1000 Hz from a SR Research Eyelink 2000. Head movements were physically restricted by a padded chin and forehead rest on the eye tracker’s tower mount setup. The eye tracker was situated approximately 75 cm from the pc monitor running the experiment. The monitor display was 16 inches wide, operating with a 1600 x 1200 pixel resolution. All stimuli on screen were presented with black edges against a white background. E-prime experiment generator software presented the stimuli and recorded subjects’ responses.
[bookmark: _Toc490661954]Materials
[bookmark: _Toc490661955]Verbal Memory Task: To-be-remembered digit sequences used a seven-item list length. All items were sampled without replacement within a 5 x 5 grid (height: 10.5 cm, length: 11.1 cm). The grid displayed a possible 25 spatial positions upon which numeric items could appear. The numbers presented ranged from zero to nine with an individual height of 2 cm. A different lattice was implemented for recall; a smaller 3 x 3 grid, with an extra box on the bottom end for the number zero, as commonly seen in pin and telephone keypads. Participant response on this grid was highlighted cyan to assist subjects in keeping track of the sequence already recalled. An illustration is shown in Figure 1. 
[image: ]
Figure 1: Example of a digit sequence presentation within a trial (i). Each digit is shown for 800 ms. In-between the presentation of a new digit replacing the old, there appears an interstimulus interval of 400 ms where only a blank grid is shown (ii). Recall of memory items have their own grid (iii) as recollection was tested only for digit accuracy and not spatial location.
[bookmark: _Toc490661956]Visuospatial Memory Task: The decision was taken to deviate from analogous conditions and decrease memory load in the visuospatial task from seven items to five. This is based on a common consensus in the literature that working memory span is typically reduced for visuospatial tasks in comparison to verbal alternatives (Orsini et al., 1987). The spatial stimuli presented within the 5 x 5 grid took the form of black squares (height: 2 cm). Since for spatial information the parameter of interest for accurate memory was correct position and not a changing digit, the initial presentation grid was also used for recall. This grid upon selection highlighted cyan. This can be viewed in Figure 2.
 [image: ]
Figure 2: Example of a visuospatial sequence presentation within a trial (i). Each black square is shown for 800 ms. In-between the presentation of a new digit replacing the old, there appears an interstimulus interval of 400 ms where only a blank grid is shown (ii). Recall of memory items use the same grid (iii) as in initial presentation.
[bookmark: _Toc490661957][bookmark: _GoBack]Gaze Cue Task: A centrally presented face was required, and a schematic version (height: 2.5 cm, length: 2.5 cm) was designed and edited on Microsoft PowerPoint 2013. The produced stimuli are shown in Figure 3.
[image: ]
Figure 3: Schematic faces used in the target identification task during the middle portion of a trial. The middle face denotes the image shown after the initial fixation cross. Afterwards, the face image changes depending on condition (valid or invalid cue) to direct participant gaze to the left or right of the screen where a target appears. 
[bookmark: _Toc490661958]Design
The data collection process was split by two separate sessions per subject, one for each memory task. A single session lasted for an hour and was comprised of two experimental blocks, alternating between forwards and backwards recall of items. Counterbalancing by participant ID number prevented the potential order effects of direction of recall (forwards/backwards) and memory task (verbal/visuospatial). Each block contained 56 randomised trials, altogether making a total of 112 for the entire session. The trials differed in terms of gaze cue condition. In sum from a single trial block, 24 trials existed each for congruent and incongruent variations. The remaining 8 trials contained only the working memory encoding procedure as a control comparison. Similarly, within a block 16 trials excluded the memory procedure to form a gaze cue control, comprising 8 congruent and 8 incongruent trials. After the first block participants were allowed up to a five minute break before continuing. A practice session at the start of the experiment contained 5 mixed trials, but these were not collected for analysis.        
[bookmark: _Toc490661959]Procedure
At the beginning of each session a standard 9-point calibration sequence was performed using Eyelink software. Calibration was rerun when mapping between the participants gaze and calibration points deviated more than an average error of 0.5 degrees of visual angle from one another, or when the maximum error recorded scored above 1.0 degree. The instructions directly before an experimental block informed subjects on the order of recall they should encode in. At the start of a trial, participants directed their gaze towards a fixation cross appearing on the centre of the monitor for 1000 ms. This disappeared and after a blank screen delay of 200 ms, a grid containing the first memory item emerged. Individual item duration lasted 800 ms before changing to an interstimulus interval for 400 ms. Within this interval only the empty grid was shown without any memory item present. This process was repeated until all memory items in the sequence were shown to the subject. In the case of the verbal memory task there was always a seven-item presentation, whereas the visuospatial memory task displayed five. Upon the last item and subsequent interstimulus interval, a final fixation cross appeared for 1000 ms, signalling the memory retention period in which subjects completed a target identification task cued by eye gaze.
Following the cross, a centrally presented schematic face appeared and directed gaze straight towards the participant for 500 ms. Subsequently, this image was replaced with a preliminary gaze cue that changed gaze direction towards either the left or right of the screen. This lasted for 300 ms. A target asterix “star” would then appear in one of the two peripheries, not necessarily indicative of the previous cue. Participants responded as quickly and accurately as possible to the target location by hitting one of two buttons on a response box. The leftmost button indicated the left target location and the rightmost button indicated the right. See Figure 4 for an illustration of the gaze cue paradigm. Importantly, subjects were told verbally before the start of the session that eye movement from the presented face did not accurately forecast target location, and target identification should be prioritised equally alongside learning of memory sequences. Unbeknownst to participants, observed eye gaze direction predicted target localization in 50% of trials. 

[image: ]
Figure 4: A trial sequence displaying the target identification task that participants completed in the memory retention period. This is an example of a cued trial as demonstrated by the preliminary gaze cue being congruent with the appearing target. The arrow indicates the order in which the images were shown.
Upon collecting the response for target identification, the recall display screen appeared after a blank interval of 1000 ms for the last stage of the trial. Participants aimed to select using the mouse the initial memory sequence. 
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[bookmark: _Toc490661961]Gaze Cueing Task
Altogether, participant response accuracy for successfully identifying the target location in the gaze cue task was high at 97.7%. The incorrect remainder (2.3%) were discarded from analysis. The inter-participant means for subject target reaction time (RTs) are shown in Figure 5.
 [image: ]
Figure 5: Participant mean RTs in milliseconds for correctly identifying a target across the ten experimental conditions involving gaze cueing. Error bars represent the standard error of the mean.                                                                   
Median RTs were calculated for each subject in all experimental conditions in which the gaze cue task was present. The decision was made to analyse median rather than mean response times to reduce any skew present from extreme values. From the behavioural data, a repeated measures analysis of variance (ANOVA) was performed using two levels of cue type (valid, invalid), two levels of order of recall (forwards, backwards) and three levels of memory item display (digits, positions, or no secondary task). 
A main effect of cue type, F(1, 33)  = 25.84 , p < .001,  = .44, signified faster response to targets cued by valid gaze direction (M  =  294.58) than to those trials where gaze was not congruent with the location of the oncoming target (M  = 315.40). The effect of memory item display was also found to be significant, F(2, 66)  = 4.35 , p < .05,  = .12. A further post hoc test was calculated using Bonferroni adjusted alpha levels of .0166 per test (.05/3). Results indicate that the average reaction time for identifying a target was significantly quicker with no secondary task (M  = 296.07) than when participating beforehand in the encoding of digit sequences (M  = 314.88), F(1, 34) = 6.40, p = .0162. Additional pairwise comparisons failed to meet significance. This refers to the difference in target reaction time when comparing the encoding of digits (M = 314.88) with positions (M = 299.17), F(1, 34) = 3.77, p = .06, and the difference in reaction time between the encoding of positions (M  = 299.17) versus no secondary task (M  = 296.07), F(1, 34) = .67, p = .42. The effect of order of recall was not significant, F(1, 33) = 0.361 , p = .55,  = .01, and suggests that participants were just as quick to react to targets whether or not memory sequences were tested in forwards (M = 305.59) or backwards (M  = 308.47) memory conditions. Lastly, no interactions in the ANOVA reached statistical significance (all ps > .28).
In addition to the statistical analysis on reaction times, a descriptive summary for the end points of where participant saccades fell in the gaze cue task is shown in Table 1, and illustrated in Figure 6. This summary output accounts for areas of interest and is therefore focused on horizontal shifts of gaze, to and from the face stimuli and target. Eye movements falling out-width the central face, memory grid or target locations are recorded as non-registered interest areas, included in Table 1 but excluded from Figure 6. 
Table 1: Displays end points of participant saccades in the gaze cue task as a total count and percentage, listed by interest area.
	Interest Area
	Total  Count
	Percentage Count (%)

	Left Target
	4
	0.02

	Left of Centre
	1157
	5.72

	Centre
	15993
	79.10

	Right of Centre
	1521
	7.52

	Right Target
	2
	0.01

	Non-registered
	1542
	7.63



 [image: ]
Figure 6: Total count of participant saccade end points recorded throughout the gaze cue task. The interest area where these eye movements fell, starting at the left and finishing at the right end of the screen is shown. 
[bookmark: _Toc490661962]Working Memory Task
Data were initially treated by summing up the saccade amplitudes within a trial. The mean of the summed amplitude was then computed per subject. Units of saccade amplitude are measured by degrees of visual angle. 
A two factor ANOVA was conducted on saccade amplitude using two levels of memory item display (digits, positions) and two levels of order of recall (forwards, backwards). A main effect of memory item display, F(1, 34) = 246.3, p < .001,  = .88, showed larger saccade amplitude when encoding digits (M  = 73.16°) then when encoding positions (M  = 67.13°). There was not a main effect of order of recall, F(1, 34) = 0, p = .99,  = 0, exposing no difference between forwards (70.14°) and backwards encoding (70.15°). An interaction was not found, suggesting that neither the effects of memory item display, nor method of recall, were dependent upon one another for saccade amplitudes scores (p = .74).    
A descriptive summary of recall accuracy in the secondary task is presented in Table 2. Reported is the percentage of memory items answered without error, calculated by averaging the number correct across all trials. 


Table 2: Displays the percentage of items recalled correctly per memory condition, ranging from 0 to the total list length presented.
	 
	        Verbal (%)                                                      Visuospatial (%)

	 
	 
	Forwards
	Backwards
	
	Forwards
	Backwards

	 Items Correct
	

	0
	 
	11.64
	9.73
	
	21.89
	19.29

	1 
	 
	37.25
	41.81
	
	34.04
	39.93

	2 
	 
	3.95
	3.99
	
	7.71
	9.04

	3 
	 
	3.70
	4.53
	
	9.79
	10.82

	4
	 
	3.74
	3.95
	
	8.39
	6.14

	5
	 
	7.40
	7.44
	
	18.18
	14.79

	6
	 
	3.41
	2.19
	
	-
	-

	7
	 
	28.92
	26.36
	
	-
	-














   
[bookmark: _Toc490661963]Discussion
The hypothesis that the gaze cueing effect would be disrupted upon backwards recall of a verbal or visuospatial working memory sequence was unable to be supported by this study. On the contrary, the results show a persistent trend for cueing regardless of the type of memory stimulus or order of recollection prompted for, implying gaze cueing is fully resistant to interference. This is illustrated in Figure 5. Even the smallest discrepancy in mean reaction time for target identification, as shown by the forwards digits recall condition with a difference of 9 ms, still presents responses to valid cues as faster than the invalid alternative. Backwards recall manipulations similarly follow the same cueing pattern as forwards recall and no secondary task conditions. Hence, the evidence assembled fails to be in agreement with the suppression of gaze-following when engaging in backwards memory load. This is supported statistically by a significant finding of cue type [F(1, 33)  = 25.84 , p < .001, = .44], and an insignificant finding of order of recall [F(1, 33) = 0.361 , p = .55,  = .01].
Why when previously gaze cueing has been observed to be modulated by working memory load did a null effect appear here? To answer this question it is worth returning to the findings of Bobak and Langton (2015) where gaze cueing was disrupted. Their secondary task engaged participants in verbal random number generation, running in parallel with completion of the gaze cue paradigm. Yet arguably, the secondary task used in the present experiment was dissimilar. Here, maintenance of memory sequences could be suspended without the need for active processing when undergoing cueing from viewed eye movement. Subjects only had to preserve items in immediate memory rather than be engaged in active on-line management. This would suggest that a prerequisite for modulating the ingrained cuing response is not simply allocating demand on executive resources, of which this study purposely went further than preceding examples, but requires truly concurrent goal related activity. This explanation remains in agreement with interpretations of working memory systems as flexible and capable of redistributing resources to prioritise (Ma et al., 2014), and still leaves room for working memory as candidate system for purporting modulation under the right conditions. Nevertheless, that the gaze cueing effect was prevalent throughout this study is by no means in contradiction to the overall literature, quite the opposite is true. Traditional accounts of gaze cueing claim the effect to be highly reflexive (Langton & Bruce, 1999). This research simply follows in a long list of studies with similar findings, rather than promoting gaze cueing as shifting attention endogenously, as some newer investigation has suggested (Yokoyama, Noguchi, & Kita, 2012). 
While the gaze cuing effect was resistant to working memory load, the secondary task did alter performance when taking into account target reaction times. Subjects were faster to complete the gaze cue task on its own, although only significantly taking longer when in conjunction with prior encoding of digits [F(1, 34) = 6.40, p = .0162]. It is possible the additional two-item load in the verbal task facilitated a delayed response that the visuospatial task did not exhibit, explaining the differences in mean reaction time. Still, varying list length is a standard practice within the literature (Reuter-Lorenz et al., 2000) to ensure approximately equivalent difficulty across working memory. Based on the descriptive summary of correctly recalled items shown in Table 2, the percentages correct from each task appear similar in distribution, indicating verbal and visuospatial sequences prompted roughly equal effort. Table 2 also confirms the general expectation that backwards recall results in lower scores than forwards when remembering the total list length. However, differences in total list length accuracy are minimal (2.56% for verbal sequences and 3.39% for visuospatial).  
In the past, the spatial cueing task instigated by Posner has been employed to measure reaction times in response to target stimuli, with the intention of investigating the effects of covert attentional shifts. For example, Posner et al. (1982) used a variation of this approach to study patients suffering from progressive supranuclear palsy. The subjects tested showed capable covert orienting despite having a condition obstructing voluntary eye movement. In other words, visual spatial attention was evidenced to be deployed independently from the direction of controlled gaze. The current paper is the first, as far as the author is aware, to validate the presence of covert shifts of attention within the Posner paradigm through the use of eye tracking technology. Table 1 shows a summary for the end points of where participant saccades fell in the gaze cue task, with only 0.03% in total meeting the target location interest area. The vast majority (79.1%) clearly illustrated in Figure 6, remained upon the centre of the screen where the face image resides providing the cue. This is purely a descriptive output and arguments based on this evidence must be made with caution. Nevertheless, as a tentative confirmatory finding, the results are not surprising when bearing in mind that participants were charged to spatially detect targets as swiftly as possible. Without the need to move the eyes, covert shifts are generally faster at identifying peripheral changes in the visual field, rather than having to rely on precise engagement and direct fixation from overt orienting (Harris & Jenkin, 2001). The differences between shifts of overt and covert attention are of considerable value when reviewing the social aspects of gaze following. Whereas overt orienting exhibits interest openly, acting as a signal to others, covert mechanisms may have developed to conceal intent (Jarick & Kingstone, 2015). The wider relevance of the gaze cue task highlights how directional information communicated through shifting gaze can be attended to and acted on rapidly in instances of tonic alertness. This is without the cue giver necessarily being made aware of the observers’ change in attention.
The results of the saccade amplitude analysis strengthen the view that there do exist contrasting eye movement strategies for the encoding of verbal and visuospatial information, consistent with the second hypothesis. The argument is reinforced when participants are actively engaged in the learning of numerical characters, their eye movements are typically longer in length than when engaging with positions. This is expressed through a significant main effect of memory item display for saccade amplitude scores [F(1, 34) = 246.3, p < .001,  = .88]. Although analysis was not carried out on fixation probabilities for the likelihood of looking directly at a memory item, taken in conjunction with the results reported by Lange and Engbert (2013), it is reasonable to assume that the longer eye movements detected for verbal items ensures placement of memory items on the fovea of the eye. This central eye region ensures maximum visual clarity and accordingly is of benefit to the visual processing of digits, or when gazing at structural image properties prone to change (Poletti, Listorti, & Rucci, 2013). Conversely, the approach for memorisation and capture of visuospatial data was by contrast met with saccade inhibition, and therefore implies deployment of less accurate parafoveal vision. Thus, learning verbal information is more likely to involve overt encoding, whereas visuospatial data is approached by covert encoding. The differences deliver evidence in favour of the prediction that saccade execution obstructs positional encoding. 
Given past study these results were not unexpected. What is more interesting is that the encoding strategy performed for backwards recall showed no significant difference in terms of average saccade amplitude than that of forwards recall [F(1, 34) = 0, p = .99,  = 0]. The indistinguishable pattern across the order of recollection, expressed by virtually identical means with a difference of just .01, is a strong indicator that both forwards and backwards recall are treated equally when it comes to saccade behaviour sustaining working memory processes. This could feed into what Rosen and Engle (1997) labelled the complexity view of backwards recall, stipulating that forwards and backwards recollection depend on the same cognitive resources for processing and representation. Converging evidence supports that forwards and backwards recall load onto the same factor during factor analysis and are highly related (Colom, Abad, Rebello, & Shih, 2005).  However, one may have anticipated that inconsistencies between the two, in terms of attentional demand, could have been reflected by differences in eye movement. Remembering in the reverse direction to what was presented necessitates a transformation of sequence and is categorised as a complex span of working memory (Alloway, Gathercole, & Pickering, 2006; The Psychological Corporation, 2002, p. 6). Backwards digit recall is also noted to be more susceptible to aging and impairment of brain function than the forward equivalent, a quality accredited to executive control (Reynolds, 1997). To cope with the higher demands on cognitive processing, eye movements may have adapted to become more accurate, such as by raising saccade amplitude to position items in clearer sight, or otherwise made smaller yet more precise. The absence of such a response suggests that unlike for spatial features, there exists no conflict between oculomotor management and memory encoding mechanisms when it comes to saccade execution in backwards recall. 
Overall, the saccade amplitude analysis is a useful addition alongside the gaze cue task. The results indicate subjects approached encoding and retrieval mechanisms distinctly relative to the demand placed on the phonological loop and visual spatial sketchpad. To minimise interference with target identification, participants may have attempted to perform verbal encoding on all item sequences. The significant difference in saccade amplitude between the encoding of memory lists [F(1, 34) = 246.3, p < .001,  = .88] suggests this was not the case and item sequences were remembered through separate learning processes. Therefore, the saccade amplitude analysis serves to bridge together the two parts of this study and check research claims are met.  
A major limitation of the investigation is one that is common to the field of cueing paradigms as a whole. A traditional account from laboratory experiments, particularly upon studying visual cognition, often diminishes some of the more dynamic aspects of a naturalistic environment. Such research is prone to making inferences regarding attentional cueing without considering the social processing of additional factors, such as the relationship between the onlooker and person signalling the cue. Consequently, modern studies typically try to safeguard biologically relevant stimuli within the laboratory through dynamic scene research, in turn enhancing ecological validity. The current study uses an artificial face created solely for the purpose of this experiment. While the gaze cueing effect is accepted to be demonstrated using schematic depictions (Hietanen & Leppanen, 2003) a more thoughtful interpretation could have implemented a realistic face stimuli from a photograph, or gone even further as some others have with simulating live gaze cueing procedures (Potter & Webster, 2011). Equally, the analysis for the eye tracking of memory items has difficulties too. The conclusions reached regarding saccade suppression are grounded solely from a comparison of saccade amplitudes between memory lists. Yet, there are many other types of analysis that could have been carried out to compliment and reinforce this finding. Lange and Engbert (2013) provided a far more extensive overview of their data, such as evidencing suppression of saccade motion through a slowing of saccade RTs, and showing a reduced fixation probability for looking directly at to-be-remembered visuospatial items. However, it was not within the scope of the current investigation to provide as comprehensive an account of eye tracking data. This study aims to reinforce previous findings and extend results for conditions involving backwards recall.  
Opportunities for future research in regards to disrupting gaze cueing could focus on specific clinical populations. Potter and Webster (2011) eliminated gaze cueing effects in children suffering with autism spectrum disorder in circumstances where a mouth movement and speech utterance transpired at the same time as a gaze cue. Here, susceptibility to modulation was expressed not through excessive or concurrent cognitive load, but as a result of cross modal social signals typical to real life interactions. More work is needed to assess via real life (non-video) encounters the extent to which the representational meaning of the eyes is understood in such instances (Congiu, Fadda, Doneddu, & Striano, 2016).  Alternatively, and more in keeping with the theme of working memory, eye recordings investigating objects that cross domains and share features common to both the phonological loop and visuospatial sketchpad could shed light on a more general integrated system when it comes to encoding. This could lead to further discussion on the role of Baddeley’s episodic buffer (2000) or the focus of attention as postulated by Cowan (2001). 
In conclusion, one of the main aims of this investigation was to bridge the gap between gaze cued shifts of attention being viewed strictly as either an exogenous or endogenous process. Yet, when considering automaticity of attention upon a gradient as some recent authors have suggested (Awh, Belopolsky, & Theeuwes, 2012), this project falls heavily upon the involuntary stimulus-driven end when examining the gaze cueing effect. The results blend with the traditional literature of gaze cueing as a reflexive process, and also extend understanding for how the eyes attend to different types of information when encoding, of which there are substantial behavioural differences. Both avenues of research are relevant to the real world. By recognising the extent to which cues guide the shifting of attention, techniques can be established for directing awareness to where it would prove most efficient in settings of education (Ouwehand, van Gog, & Paas, 2015) or through stimulating interpersonal skills such as joint attention in autism (Courgeon, Rautureau, Martin, & Grynszpan, 2014). As for encoding strategies, insight into oculomotor control mechanisms exposes how eye movement sustains memory function. Therefore, unravelling the relationship between eye movements and memory is imperative for making sense of how we learn.
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