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THE EFFECT OF TASK-RELEVANCY IN NON-CONSCIOUSLY RETAINED 
INFORMATION IN WORKING MEMORY 

Jonatan Gustavsson 

 

The relationship between cognitive processes and consciousness has been of 
interest for a long time in the science community. Recent studies showed that it’s 
possible to non-consciously retain information in working memory.  This study 
aimed to replicate previous findings, and to investigate the effect of task relevancy 
to the retention of non-conscious information. This study used a delayed-match-to-
sample task with a cue manipulating the attention, and continuous flash 
suppression to render the perceptual experience non-conscious on 16 participants.  
Analyses showed that cue validity affected the accuracy performance and response 
time for items reported not seen. Implications of study design, results and theories 
are deliberated in the discussion. 

 

Relationen mellan kognitiva processer och medvetande har länge varit av intresse 
för det vetenskapliga samfundet. De senaste studierna har visat på att det är 
möjligt att omedvetet hålla information i arbetsminnet. Målet med denna studie 
var att replikera tidigare fynd, och undersöka vilken effekt uppgiftsrelevans har på 
hållandet av omedveten information. Denna studien använde sig av en delayed-
match-to-sample-uppgift med en cue som manipulerade uppmärksamheten, och 
continuous flash suppression som gjorde den perceptuella upplevelsen omedveten 
på 16 deltagare. Analyser visade att validiteten av cue:n påverkade förmågan och 
svarstiden för uppgifter som rapporterats som osedda. Implikationer för 
studiedesignen, resultat och teorier reflekteras i diskussionen. 

 

 

The Oxford dictionary defines cognition as “The mental action or process of 

acquiring knowledge and understanding through thought, experience, and the 

senses” (Cognition, 17/5/2017). It includes abilities such as perception, knowledge, 

problem solving, reasoning, decision making, attention, and memory, etc. The 

processes that underlies cognition have been, and still are, meticulously 

investigated, specifically the conscious processes, like cognitive control, that allows 

rapid and flexible adaptation of behaviour, such as error detection, and task-

switching. However, unconscious cognitive processes, such as facilitated response 

through masked priming, activation of response inhibition (see review by van Gaal, 

de Lange, & Cohen, 2012), or somatic marker hypothesis (bodily reactions non-

consciously associated to previous outcomes through emotions (nausea with 

repulsion or increased heart rate with anxiety) that influences decision making) 

(Damasio, 2008). Perception, broadly defined as a complex system that processes 

sensory input into high-level information and creates it into concepts and 

representations that can be interpreted and understood, has been thought to be an 
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ability where both conscious and non-conscious processes occur. When 

concentrating, conscious awareness affects the perceptual experience, in the sense 

that a decision of what and where to focus will affect what is perceived. However, 

consciousness might not be necessary for perception. In a case study, Striemer, 

Chapman, and Goodale (2009) found that a patient with decreased visual field due 

to damage to the visual cortex, was influenced by obstacles when performing a 

reaching task. The patient, suffering from hemianopia, which causes the loss of 

conscious vision after damage to V1, still perceived sensitivity towards static 

obstacles placed in the patient’s blind field when performing in real time. That is, 

the patient managed to avoid obstacles they were not aware of. However, when 

introducing a 2 s delay, the patient failed to take into account the obstacles in the 

blind field and lost the sensitivity to avoid the obstacles. 

One ability that has been highly debated due to its relation to consciousness, 

among other reasons, is attention. The cognitive process attention, can be defined 

as selectively concentrating on an isolated piece of information while 

simultaneously ignoring other perceivable information in the surrounding. 

However, the phenomenon The Cocktail Party Effect explains an interesting aspect 

of attention and conscious processes; When focusing, and listening on a single 

conversation, the surrounding is ignored and becomes incomprehensible. But, at 

the mentioning of your name, you will most likely automatically switch your 

attention to the source that mentioned your name (Cherry, 1953). Using attention 

does not necessarily mean doing so towards an external stimulus, but can be 

directed towards internal activity, such as mental imagery (mental visualisation of 

something from memory) and working memory (interaction between attention 

and memory without external input) (Astle, Summerfield, Griffin, & Nobre, 2004). 

There’s a link between attention and conscious experience that’s heavily debated, 

where some suggest that attention is necessary but not sufficient for conscious 

experience (Cohen, Cavanagh, Chun, & Nakayama, 2012), while others suggest that 

attention is neither necessary nor sufficient for experience (Koch & Tsuchiya, 

2007). Jiang, Costello, Fang, Huang, and He (2006) found that attention can be 

engaged by presenting non-conscious information. By non-consciously presenting 

nude images of the opposite sex to observers, the attention will automatically 

switch towards the images, and if same-sex images were presented to male 

observers, the attention was turned away.  

Cognitive tasks have traditionally been viewed as dependent on consciousness, 
that conscious awareness is necessary for cognitive processes and for processing 
information for prospective use. Although previously presumed that cognitive 
processes, such as control processes, require awareness and conscious decisions, a 
growing acceptance has emerged that there is a difference between underlying 
processes involved in conscious action, and processes that aren’t engaged in 
conscious action (Jack & Shallice, 2001), and that processing to some extent is 
possible without consciousness (Dehaene & Naccache, 2001). Reuss, Kiesel, Kunde, 
and Hommel (2011) challenged the traditional view and investigated whether the 



5 
 

control process task switching could be activated by presenting subliminal stimuli.  
The study found evidence that stimuli reported subjectively unaware of can affect 
the activation of task switching, showing that cognitive control processes can be 
affected by unconscious information. 

Following the notion of executive functions activating to non-conscious stimuli, Ric 
and Muller (2012) examined the possibility of non-consciously processing simple 
arithmetic. The study was intended to test whether non-conscious processes can 
initiate and follow the arithmetic rules of addition. In the study, the authors 
observed high-level mental processes operating unconsciously from activation to 
execution, ending with a completion of the task. Encouraged by Ric and Muller 
(2012), Sklar et al., (2012) took a step further and hypothesized the possibility of 
semantically processing subliminal multiple-word expressions and solving 
arithmetic equations outside of conscious awareness. When presenting masked 
semantically coherent vs. semantically incoherent multiple-word expressions (i.e. I 
ironed coffee resp. I made coffee), Sklar et al. (2012) observed that the incoherent 
expressions broke the suppression of the masking and appeared in consciousness 
quicker than the coherent ones. On the arithmetic part of the study, the authors 
found that when presented with masked, three single-digit subtraction equations, 
the reaction time of the participants showed a significant priming effect, 
supporting the hypothesis of the authors.   

Working memory is a cognitive system that temporarily maintains a limited 
capacity of information in an accessible state over a brief period (Baddeley, 2003; 
2010). Although the existence of working memory is acknowledged, there is no 
clear consensus of the structure nor all the functions. There seems, however, to be 
a general acceptance of an interaction between several component processes, such 
as attention, representation of perceptual and long-term memories (Eriksson, 
Vogel, Lansner, Bergström, & Nyberg, 2015). In this paper, Baddeley’s multi-
component model is used as a theoretical framework of working memory. 
According to Baddeley (2003; 2010), one of the components, the central executive, 
operates as a supervisory system that controls the flow of information between the 
slave components; the phonological loop, the visuospatial sketchpad, and the 
episodic buffer. The latter is the component with a limited capacity to store 
information that binds together episodes of information, controlled by the central 
executive and accessible to conscious awareness (Baddeley, 2003; 2010).  In the 
book Theories of Memory (1995), Baddeley argues that conscious awareness 
functions as a mean of coordinating information from several sources that involves 
information of the present, the past and projections as to the future. A crucial 
function of the central executive component that allows an organism to reflect on 
the available options and choose a specific action or strategy. As a result, 
consciousness is involved in all working memory input, output and voluntary 
operations (Baddeley, 1995). 

Recent studies have shown that some executive functions previously assumed 
dependent on conscious awareness are able to function without conscious 
awareness. The question, however, whether working memory can function 
independently of conscious awareness, is one that upon recently has sceptically 
been dismissed. As mentioned above, this paper is based on the multi-component 
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model of working memory of which conscious awareness has an important role. 
Recent studies have challenged the currently held view that working memory 
relies on conscious awareness. A key issue in the question is whether working 
memory is able to operate on non-conscious information. Soto, Mäntylä, and 
Silvanto (2011) investigated the possibility for working memory to process non-
conscious information. In the study, observers were presented with a masked 
orientation cue followed by distractors, a delay period and lastly an orientation 
test. The study showed that observers were able to unconsciously encode an 
orientation cue, maintain the information although distractors were introduced, 
and perform above chance in a discrimination test. As a result of their and 
supporting studies (see opinion by Soto & Silvanto, 2014), Soto and Silvanto 
suggested a reappraisal of the relationship between working memory and 
conscious awareness, arguing that if the operational characteristics of working 
memory are met in a cognitive task that was performed without conscious 
awareness, working memory may to an extent be able to perform outside 
conscious awareness.  

If working memory can perform outside of conscious awareness, it brings the 
curiosity to what extent it may do so. Bergström and Eriksson (2014) examined 
the durability of non-conscious representation in a behavioural experiment and a 
fMRI experiment using attentional blink to manipulate the conscious experience of 
the participants. The results of the study replicated previous findings of the 
durability of non-consciously presented information of 4 s and 5 s (see 
Hesselmann, Hebart, & Malach, 2011; Soto et al., 2011), and showed that the 
information can last for at least 15 s. Results from the fMRI experiment showed a 
BOLD (blood-oxygen-level dependent) signal change while maintaining non-
conscious information in mid-lateral prefrontal cortex, a finding that is in line with 
previous research by Dutta, Shah, Silvanto, and Soto (2014), who also found 
neuroimaging results that indicated that the PFC can support the maintaining of 
non-consciously perceived visual information.  

In a follow up experiment, Bergström and Eriksson (2015) replicated their findings 
of retaining non-conscious visually perceived information for 15 s using 
continuous flash suppression (CFS), were the participants observed the spatial 
position of a masked object. Wondering whether the retention of information 
consisted of more than spatial information, the authors performed a second 
experiment to investigate the content of non-consciously perceived visual 
information. In the experiment, Bergström and Eriksson (2015) found that object 
identity and spatial position could be retained and used for category 
discrimination after 5 s. However, the authors were sceptical towards the results 
due to the possibility of other memory mechanisms than working memory, such as 
iconic memory, were involved and affected the performance.  

In this paper, I aim to further investigate the properties of non-conscious visual 
short-term memory and the capacity of the amount of information it can maintain. 
For this purpose, a delayed-match-to-sample (DMS) task was used as the 
procedure, using CFS to render two stimuli non-conscious to the observer. CFS has 
been proven an effective method in studies where conscious experience needed to 
be suppressed for long periods of time (up to 3 min; Tsuchiya & Koch, 2005; Yuval-
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Greenberg & Heeger, 2013). Since previous studies investigated and showed the 
possibility to non-consciously retain information, this study will include a cue 
priming the observer to attend either the left or the right side of the visual field 
during the task. According to Posner’s paradigm, a valid cue, where the cue directs 
the attention to the area were stimuli will be presented, will decrease the reaction 
time needed to respond, while an invalid cue, where the cue directs the attention 
to the opposite area of where the stimuli will be presented, will increase the 
reaction time (Posner, M. I., Nissen, & Ogden, 1978; Posner, M. I., 1980).  

The aim of this study was to expand previous findings of non-conscious processes 
in the field of cognitive functions, by investigating the possibility to non-
consciously retain spatial information of two presented objects and the effect a cue 
might have. If the observers non-consciously retained information of the stimuli, 
the accuracy performance should be better than chance. Furthermore, if the cue 
does have an effect, it should be noticeable with a faster response time for the valid 
cue. 

 

Method 

Participants 
Sixteen healthy participants were recruited from the Umeå University campus area. 
All the participants gave written consent of their participation, had right-eye 
dominance, normal or corrected-to-normal vision, and were reimbursed with 200 
SEK for their participation. Participants were excluded if they failed to perform the 
task per instructions (two whom systematically pressed the same response instead 
of guessing, one whom misunderstood the instructions of how to use the 
stereoscope) or if complications with the set-up occurred (once the experiment 
was incorrectly attuned resulting in corrupted data). Thus, 12 participants (M = 29, 
4 females) were included in the statistical analyses.   

Material and Procedure 
E-Prime 2.0 (Psychology Software Tools Inc., Pittsburgh, USA; 

http://www.pstnet.com/eprime.cfm) was used to create the experiment on a 

computer running Windows 7. The experiment was presented on a 15” computer 

monitor (60 Hz) in front of a mirror stereoscope, with a 115 cm distance between 

the monitor and the stereoscope. The mirror stereoscope was used to separate the 

visual input from the left and right eye, isolating the information from the left side 

of the monitor to the left eye, and vice versa.  

The participants were instructed about the procedure (see Figure 1), and then 

trained with the instructor on a practice run containing 30 trials. The experiment 

consisted of 364 DMS trials (40 absent, 164 conscious, and 160 non-conscious), 

divided into two blocks with paus between them. In a trial, firstly, a cue consisting 

of three identical arrows pointed to one side of the screen for 2 s. After the cue, the 

presentation step followed. The presentation consisted of a monocularly presented 

stimulus to the left eye, and CFS presented to the right eye. For the stimulus, two 

dots were used and placed within a 2x3 grid, creating stimuli images of nine  

http://www.pstnet.com/eprime.cfm
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Figure 1. A flowchart of the steps of the procedure: First, the cue is presented. Next, the 
presentation is randomly selected from one of the three conditions (see Figure 2 for 
explanation), followed by the delay. Then, the DMS probe; followed by PAS inquire; lastly ITI. 

different variations. The CSF was created by using mondrians (after the artist Piet 

Mondrian), images composed of randomly positioned colourful squares that 

flashed at a frequency of 10Hz for 1000ms (Tsuchiya & Koch, 2005). The 

presentation was randomly selected from one of the three conditions (see Figure 

2): Absent, were there was no stimuli presented to the left eye, but an empty grey 

background instead, and suppression of the right eye from the flashing mondrians; 

Conscious, were the stimuli where presented in the same 2x3 grid formation, but 

on top of the flashing mondrians presented to the right eye, creating a conscious 

experience of the stimuli; non-conscious, where the stimuli were presented to the 

left eye for 500ms and then were replaced with an empty grey background, and the 

flashing mondrians were presented to the right eye. Next, a delay was introduced 

with a randomly chosen duration of 5-15 s. After the delay, the observer was 

prompted to answer a probe inquiring whether the position its arm was pointing 

towards was a match or non-match with any of the two dots previously presented. 

In the case of uncertainty or consciously unaware, the participants were instructed 

to go with intuition or guess whether if it was a match or a non-match. The probe is 

set to four variations (see Figure 2): (i) the probe points towards the same side as 

the cue but doesn’t match the stimulus (i.e. valid cue, non-match); (ii) the probe 

points towards the same side as the cue and match the stimulus(i.e. valid cue, 

match); (iii) the probe points towards the opposite side of the cue, but doesn’t 

match the stimulus(i.e. invalid cue, non-match); (iv) the probe points towards the 

opposite side of the cue and match the stimulus(i.e. invalid cue, match). To 

estimate the observer’s perceptual experience, the Perceptual Awareness Scale 

(PAS; Ramsøy & Overgaard, 2004) was used. The participants were prompted to 

estimate their conscious experience of the stimuli on a three-point scale, where 

they were instructed that 1 = Saw nothing, 2 = Saw something, and 3 = Saw clearly 

or almost clearly. The trial then ended with an intertrial transition (ITI) image. 

After the procedure, the participants were debriefed about their experience and 

thoughts related to the procedure.     

  

 



9 
 

Figure 2. A chart of the three presentation conditions (i) absent, (ii) non-conscious, (iii) 
conscious, and the DMS probe where (iv) valid cue, non-match, (v) valid cue, match, (vi) 
invalid cue, non-match & (vii) invalid cue, match. 

Statistical analyses 
Trials with a DMS response time (RT) of <200 ms were excluded in accordance 
with previous research (Ratcliff, 1993). As a cut-off, trials of the absent and non-
conscious conditions were only included if PAS response = 1. Consequently, the 
trials of the conscious condition were only included if PAS response = 3. This 
measure was taken to ensure appropriate perceptual awareness of the trials and 
no visibility of the stimuli. To calculate the performance accuracy of the DMS task, 
the response conditions were divided into two categories: valid cue and invalid cue. 
Hits were defined as a match between presentation target and probe together with 
a “match” response. False alarms (FAs) were defined as a non-match between 
presentation target and probe, together with a “match” response. Correct 
rejections (CR) were defined as non-match between presentation target and probe, 
together with a “non-match” response. To calculate the accuracy performance for 
the DMS task, the result was calculated as the average of hit rate – FA rate (e.g. a 1 
= hits with no FA, and 0 = equal number of hits and false alarms). 
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Results 

In the following result, all trials with PAS = 1 in absent and non-conscious 
condition will be referred to as unseen condition. Consequently, all trials with PAS 
= 3 in conscious condition will be referred to as seen condition. 

Although oral reports of the conscious experience were that CFS efficiently 

suppressed the visual input from the non-dominant eye in the non-conscious and 

the absent condition, a mean analysis of PAS responses showed that 35% (see 

Table 1) of the non-conscious conditions and 27,5 % were reported as PAS = 2 (“I 

saw something”) or higher. This brings to question either the efficiency of CFS, or 

how low threshold the participants had for what was considered a PAS = 2.  

 

Table 1. Average perceptual awareness (PAS) responses per person distributed over the 
response conditions 

  PAS 

Conditions  1 2 3 

     

     
Absent  29  10  1  
Non-conscious  103  51  5 
Conscious  8  9  145 

 

T-tests were used to determine if the memory performance were above chance. 
Performance for valid cue and invalid cue were both above chance [ t(11) = 41.1, p 
< 0.001, two-tailed, M = 0.96, SE = 0.02 ], and [ t(11) = 9.4, p < 0.001, two-tailed, M 
= 0.82, SE = 0.09 ] respectively. To see whether there were any difference between 
the performance of valid cue and invalid cue, a paired t-test was performed on 
valid cue hit rate – FA rate and invalid cue hit rate – FA rate [ t(11) = 1.64, p = 0.13, 
two-tailed, M = 0.14, SE = 0.85 ], showing no statistically significance. For response 
time, I hypothesized that if the observer successfully retained the spatial position 
of the stimuli in working memory, the response time (RT) for valid cue trials 
should be faster than invalid cue, due to higher cognitive load for switching the 
attention to another target. Average RT for seen valid cue was for hit = 967 ms, 
correct rejection (CR) = 1195 ms, and for seen invalid cue hit = 1139 ms, and CR = 
1243 ms (see Figure 3). Due to too few items for the response conditions false 
alarm and miss, accurate averages could not be calculated for the statistical 
analysis. Repeated measures ANOVA was used to determine if RT of the DMS task 
differed as a function of the cue and response conditions for hits and CR. The 
ANOVA showed an effect of the cue [ F(1,11) = 5.09, p = 0.05 ] and response 
condition [ F(1,11) = 8.14, p = 0.02 ], although no interaction effect between cue 
and response condition [ F(1,11) = 1.86, p = 0.200 ].  
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Figure 3. Average response time for seen condition hits and correct rejections 
dispersed on valid and invalid cue. 

 

Post hoc paired t-test was performed between valid cue hit and invalid cue hit 
[ t(11) = -2.07, p = 0.03, one-tailed, M = -172.6, SE = 83.6 ], and valid cue CR and 
invalid cue CR [ t(11) = -1.09, p = 0.15, one-tailed, M= -48.4, SE = 44.3 ]. The test 
showed a significant difference between valid cue hit and invalid cue hit, but not 
between valid cue CR and invalid cue CR. The difference between valid cue hit and 
invalid cue hit explains the effect of the cue found in the ANOVA. 

If the participants successfully retain the visual information from the non-

dominant eye, their accuracy performance would probably be lower than seen 

condition, but still above chance. If the participants succeeded, the hit rate-FA rate 

should be positive, indicating that the hit rate were larger than the FA rate. T-tests 

were used to determine if the memory performance were above chance. The 

results for valid cue were borderline significant [ t(11) = 1.75, p = 0.05, one-tailed, 

M = 0.05, SE = 0.03], showing a strong trend towards the performance accuracy 

being above chance, and invalid cue were interestingly significant [ t(11) = 2.22, p 

= 0.02, one-tailed, M = 0.08, SE = 0.03 ], showing that in both conditions the hit rate 

were positive, although the valid cue hit rate barely positive. As with the seen 

condition, a paired t-test was performed to see whether there was any difference 

in the performance of the unseen condition between the valid cue hit rate – FA rate 

and the invalid cue hit rate – FA rate. The test showed that the result was not 

significant [ t(11) = -0.58, p = 0.57, two-tailed, M = -0.23, SE = 0.04 ]. 
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Figure 4. Average response time for unseen condition hits, misses, false alarms and correct  
rejections dispersed on valid and invalid cue. 

 

Average RT for unseen valid cue was for hits = 1548 ms, miss = 1608 ms, FA = 

1490 ms, CR = 1429 ms, and for invalid cue was for hits = 1537 ms, miss = 1401ms, 

FA = 1063 ms, and CR = 1419 ms (see Figure 4). A repeated measures ANOVA was 

used to determine if RT of the DMS task differed as a function of the cue and 

response conditions. Unlike the seen condition, however, the unseen had enough 

items to calculate accurate averages for all response conditions. The ANOVA 

showed an effect of the cue [ F(1,11) = 5,09, p = 0.05 ], but not with the response 

conditions [ F(1,33) = 1,04, p = 0.39 ], nor the interaction between the factors 

[ F(3,33) = 1.73, p = 0.18 ]. Post hoc paired t-test showed a significant difference 

between valid cue and invalid cue miss [ t(11) =1,95, p = 0.04, one-tailed, M = 207, 

SE = 106 ], between valid cue and invalid cue FA [ t(11) = 1.97, p = 0.04, one-tailed, 

M = 427, SE = 217 ], but no significant difference between valid cue and invalid cue 

hit [ t(11) = 0.07, p = 0.48, one-tailed, M = 11, SE = 167 ], nor between valid cue and 

invalid cue CR [ t(11) = 0.19, p = 0.43, one-tailed, M = 11, SE = 55 ]. Thus, the RTs 

were lower when the trials with invalid cues and the response was a miss or FA. 
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Discussion 

The aim of this study was to expand previous findings of non-conscious processes 
in the field of cognitive functions, by investigating the possibility to non-
consciously retain spatial information of two presented objects and the effect a cue 
might have. Although this study didn’t manage to replicate similar results as recent 
studies, it did however find that cue validity affects the accuracy performance and 
response time in non-consciously presented samples in a DMS task. 

The accuracy performance on the seen condition of the DMS task can be 
considered as a baseline of the performance, since it essentially is a basic working 
memory task, where high performance shows that the participants performed the 
task without any difficulties. As expected, the hit rate of the seen condition was 
higher than the FA rate. Since the seen condition was simple in its nature, there 
was no expected difference between the result of the cue conditions. Simply 
because there were no expectations that the cue would affect the accuracy of the 
performance considering there were no intervening distractors during the delay 
period. On the other hand, it was hypothesized that the cue would have an effect on 
the response time. The participants were instructed to focus on the focus cross in 
the middle of the image while engaging covert attention (i.e. attention without any 
eye movement) toward the cued field. The mental operations involved in covert 
attention are disengagement of focus from the current object, movement to the 
new selected target, and engagement of the new target (Posner, M. I.,  Walker, F., & 
Rafal, 1984). When inquired by the probe during a trial with an invalid cue, there 
should be a switch in the attended information, which would cause a noticeable 
increase in response time. The response time was on average faster with a valid 
cue than with an invalid cue, however, only the response time for valid cue hits 
was significant in the analysis. Since only two out of four response conditions had 
enough items to calculate an average response time, and only one of those 
response conditions was significant, it’s difficult to say whether the results gave 
any support to the hypothesis. If, however, the response condition correct 
rejection also had been significant, it would have been more credible to conclude 
that there where support for the hypothesis.  

Bergström and Eriksson (2014; 2015), and Soto et al., (2011) showed the 
possibility to retain non-conscious information for 5 s, and 15 s respectively. The 
results from this study points towards the participants retaining non-conscious 
information in working memory. Although not as convincing as recent studies, it 
did provide with some interesting findings. As with the seen condition, it was not 
expected that the cue would affect the accuracy of the memory performance. It was, 
however, peculiar to see that the invalid cue condition was significant above 
chance, and invalid cue hits and FAs significantly differed, quite the contrast to the 
seen condition. Furthermore, the result of the response time in the unseen 
condition, in addition to the performance accuracy, differed as well from the seen 
condition. The response time for the invalid cue was on average faster than the 
valid cue, inconsequently with seen condition. The cue seems to have had an effect 
on the response time, in contrast to what was expected and according to Posner’s 
paradigm. The effect can probably be explained by inhibition of return (IOR), 
which first discovered by Posner and Cohen (1984). IOR is an orientation 
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mechanism, where the response time is facilitated when the time interval between 
the onset of a valid cue prior to a target is less than 250 ms.  However, if the time 
interval is longer than 250 ms, the facilitative effect is reversed and responses of 
the valid cue targets becomes slower than invalid cue targets. Since the delay in the 
procedure surpasses 250 ms, it is possible IOR is the reason behind the results. 
This would have been far more interesting results, if it would have been the 
response conditions other than misses and false alarms.   

At the debriefing of each session, the participants reported about their experience 
and methods or possible strategies that had been used while performing the task. 
Most of the participants reported that the CFS efficiently suppressed the visual 
experience of the non-dominant eye. However, two participants reported that 
towards the end of the session, the efficiency of the suppression declined and the 
stimuli leaked through the suppression. Although CFS is considered a reliable 
method and used in recent studies (see Bergström & Eriksson, 2015; Hesselmann 
et al., 2011; Sklar et al., 2012; Soto et al., 2011; Tsuchiya & Koch, 2005; Yuval-
Greenberg & Heeger, 2013;), during the pilot run of this study it was observed that 
the efficiency of CFS varied between individuals. One issue with the presentation of 
the stimuli was the duration of the exposure to the non-dominant eye. While it was 
decided that the presentation would last 1 s (so that the CFS would flash at 10 Hz 
in accordance to Tsuchiya & Koch, 2005), the stimuli left noticeable traces when 
presented for the same duration. One speculation was that from the offset of the 
stimuli, the iconic memory was still intact and thus still able to project visual input 
that reached consciousness. In order to resolve the issue, the presentation of the 
stimuli was set to 500 ms, followed by an empty background to reset what possibly 
was stored in the iconic memory. Although the solution seemed to have solved the 
issue of latent visual input, there was a concern that 500 ms of exposure might not 
have been enough to spark a non-conscious visual perception. Interestingly, a few 
participants of the study reported that sometimes certain spatial positions of their 
visual field were more permeable to leak through the suppression, catching the 
attention of the participant. This phenomenon or occurrence did not necessarily 
mean that the participants saw the stimuli, but was enough to make them 
considered that they might have seen something and responded PAS = 2. Since 
only a few participants experienced decreased suppression from the CFS, and the 
majority reported the suppression to be efficient, the most probable explanation to 
the large amount of PAS = 2 responses is that the threshold of what was 
considered a PAS = 2 was too low. The participants were instructed to respond 
with PAS = 2 if there was any uncertainty of their perceptual experience, and it 
seems they responded accordingly. One might argue that the threshold for PAS = 2 
should be when something with certainty, but not clearly, has been observed. This 
may be a solution to reduce the number of PAS = 2 and increase the number of 
items reported as PAS = 1 that might be useful as data, though it might also cause 
confusion and complicate the task.  

Most of the participants reported that they felt a bit exhausted after the procedure, 
and a few reported that their eyes (especially the dominant eye) felt strained. 
However, none of the participants had felt that the strain was too dire to abort the 
participation. It was not unexpected that one might temporarily feel tired or a bit 
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strained after the procedure, since it could be experienced as intense, which the 
participants were informed about beforehand. None of the participants had any 
problems nor any worries with being non-consciously presented information Since 
CFS was an established and popular method with no adverse effects reported, the 
study was, with responsible use of the tools, decided to be ethically acceptable.   

The sample size of this study was unfortunately too small to be able to generalize 
any of the results that was produced. The aim was to recruit 20 participants for the 
study in order for the results to be reliable.  During the recruitment process, a 
particular problem kept reoccurring.  Out of 30 notifications of interest, 12 had 
left-eye dominance and were unsuitable to participate due to the procedure being 
set to suppress the right eye. Initially it was considered to reverse the procedure to 
accommodate for left-eye dominance, but due insufficient knowledge about the 
possible discrepancies between left and right ocular dominance, the left-eye 
dominant individuals were politely rejected from participation.  

Another problem during the study was briefing the participants so that they fully 
understood the instructions and the performance that was expected from them. 
Although the data from two participants were excluded in the analysis for 
systematically responding instead of guessing, a few that were included showed 
tendencies towards response bias, although not enough to be excluded from the 
statistical analyse. Although the participants received written and oral instructions 
of the importance of guessing when uncertain, many still reported having trouble 
of deciding when guessing “yes” was appropriate when uncertain of their 
perceptual experience. However, a few of the participants had a background in 
cognitive science, and in the briefing reported no problems when responding to 
task. It seems that unclear comprehension of the task may have been a 
troublesome factor that might have affected the implementation of the procedure. 
Although the participants did perform a trial run before the actual task, maybe a 
more extensive run should be implemented, where the participant may take part of 
the result from the run, receiving a better input of how their reasoning and method 
affects the result. 

 

In conclusion, recent studies have showed that it is possible to non-consciously 
perceive, process, and retain information for prospective use. The aim of this study 
was to expand previous findings of non-conscious processes in the field of 
cognitive functions, by investigating the possibility to non-consciously retain 
spatial information of two presented objects and the effect a cue might have. This 
study found that a cue paradigm can affect the performance in means of accuracy 
and response time in non-consciously presented samples in a DMS task.   
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