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NON-CONSCIOUS RETENTION AND WORKING MEMORY LOADAlexander Rosendahl
Nya studier av undermedvetet processande har indikerat att visuellt behandlad undermedveten information kan användas för att påverka beteende efter så mycket som 5000 ms. Denna studie undersöker även möjligheterna vad gäller undermedveten inlagring i det visuella arbetsminnet. Tolv deltagare fick i denna studie i uppdrag att memorera maskade ansikten och sedan fatta beslut utifrån vad de tror att de såg eller gissa intuitivt. Resultaten  tyder på att ökad belastning av arbetsminnet påverkar endast medvetna försöksomgångarna, vilket tyder på icke-medvetna  stimuli  förblev  osedda.  Eftersom  ingen  medvetandeeffekt  observerades  vid  svarstiderna  under kongruenta försök stöder inte denna studien undermedveten lagring av arbetsminnet.
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NON-CONSCIOUS RETENTION AND WORKING MEMORY LOADAlexander Rosendahl
Recent studies of non-conscious processing have indicated that visually processed non-conscious information can be used to influence behaviour after as much as 5000 ms. This study further explores the possibilities of non-conscious visual  working memory retention.  Twelve participants  were in  this  study instructed to  memorize masked faces and then make decisions based on what they believe they saw or guess intuitively. Results indicate  that increased working memory load only affected conscious trials, suggesting non-conscious stimulus remained unperceived. Since no consciousness effect was observed when measuring response times of congruent trials this study do not support non-conscious working memory retention.   
While for long being seen as a domain exclusively for philosophers, the study of consciousness has steadily grown in the areas of psychological and neurobiological research. This has come to mean observing consciousness as a natural phenomenon. The model of working memory has so far been considered dealing exclusively with conscious processing, a subject that might  come to be challenged as non-conscious processing is further studied. This study will explore how retention of non-consciously perceived stimuli is affected by working memory load.When defining consciousness, the word can either refer to a state of vigilance and wakefulness as in for example the state of a person in a coma. For the purpose of this study, however, it will  refer to the state of  conscious awareness.  This  refers to having conscious access or being aware  of  oneself  or  a  certain  piece  of  information  (Dehaene  &  Changeux,  2011). Consciousness was for long not considered a suitable topic for scientific investigation because of  its  subjective  nature.  Nagel  (1974)  pointed  out  the  greatest  difficulties  in  the  study of consciousness is because it is a subjective experience. While we can develop an intellectual  understanding of  the experiences of  other organisms have,  we can never truly experience what it is like to be them. More recently, consciousness has been defined as a unique biological  phenomenon that differs from others by also being a first person experience (Searle, 2000). The gains from studying this field can therefore be philosophical in terms of telling us more  about  our  free  will  in  terms  of  decision  making.  Beyond  the  philosophical,  the  study  of consciousness  can  tell  us  about  to  what  extent  our  consciousness  actually  influence  our behaviour. Therefore, the study of consciousness can be said to implicate every decision we make. Conscious awareness is not to be confused with attention, or more specifically endogenous attention. Endogenous attention could be described as the selection of relevant information over irrelevant, while at the same time maintaining access to a greater sensory input. While conscious awareness is not the same as this attentional selection of information it could be defined as the access to sensory information (Dehaene & Changeux, 2011; Posner & Dehaene, 1994).  Studies  suggest  that  attentional  selection  can  occur  without  conscious  processing (Tsuchiya & Koch, 2005) which makes the topics of attentional selection and conscious access related, but distinct topics. It has further been suggested that selective attention serves as a  gateway  that  controls  which  information  should  be  consciously  processed  (Dehaene  & Changeux, 2011). Understanding consciousness and its effects will therefore require studying how information is processed in the absence of consciousness. Such studies would also reveal  if non-conscious processing can elicit some sort of behavioural responses. 
Non-conscious processingBy presenting stimulus images intermixed with noise-images in a rapid pace, a masking effect 
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can be achieved.  A study by Kouider and Dehaene (2007) suggested this  type of  masking technique can be used in order to observe non-conscious processing.  Furthermore,  Morris Ohman & Dolan (1998)  successfully  used non-conscious  masking in  order  to  elicit  neural  responses in the amygdala by masking images of angry faces. This indicated that non-conscious 
masking could be used in order to elicit emotional responses. A study by Gaillard et al (2006) suggested that masked words can still be processed on a semantic level, another indication that high-level non-conscious processing occurs.  A  study  by  Leuthold  and  Kopp  (1998)  used  masking  in  combination  with  non-conscious priming, a technique that consists of presenting a non-conscious cue in order to influence a stimulus.  The  results  recorded  with  electroencephalography  suggested  that  visual  non-conscious  priming  could  be  used  to  trigger  motor-related  responses.  There  are  also indications that non-conscious money cues are able to influence participants motivation and answers.  A  study  showed  that  non-conscious  money  cues  would  influence  participants decisions even if they were aware that their performance and reward for participation were unrelated (Zedelius,  Veling and Aarts,  2013).  In the creation of non-conscious stimuli  it  is  desirable to greatly reduce the bottom-up effects of the stimuli so that it remains undetectable despite  focused  attention.  At  the  same  time  it  is  however  desirable  to  create  a  minimal contrast between conscious and non-conscious stimuli in order to pinpoint the effects of non-conscious processing (Dehaene and Changeux, 2011).Dehaene and Changeux (2011) identified three separate possible limitations of non-conscious processing.  First,  the  processing  of  information  quickly  decreases  with  processing  depth. Second, the strength of non-consciously encoded memories quickly deteriorates, suggested by Dupoux,  Gardelle  and  Kouider  (2008)  as  quickly  as  after  500  milliseconds  in  regards  to auditory stimulus.  Third,  non-conscious  priming rarely influences  executive  control  to  the same extent conscious priming does. (Dehaene & Changeux, 2011)In contrast to the suggested limitations by Dehane and Changeux (2011), a study indicates that  non-conscious  visual  priming was  successful  despite  a  5000 millisecond  delay  (Soto, Mäntylä & Silvanto,  2011).  The prefrontal cortex and several other brain areas involved in classic  top-down  factors  such  as  strategy  and  goal-directed  behaviour  can  be  activated through non-conscious priming (Degonda et al., 2005). Neural evidence suggests that other top-down  functions  such  as  planning,  strategic  decisions,  cognitive  intentions  as  well  as temporal- and spatial attention can be triggered through non-conscious priming (Degonda et al., 2005). Hippocampal activation is seemingly crucial for conscious, explicit memory access. However,  recent behavioural  and neuroimaging studies have suggested that  non-conscious processing  occurs  in  the  hippocampus when visual  stimuli  are  presented non-consciously (Degonda et al., 2005). Lesion studies on consciousness has involved patients with damages to their primary visual cortex who have lost conscious access to some of their visual sensory information. These patients have still been able to process sensory information in a way that would influence their behaviour (Van Gaal & Lamme, 2012).Since  earlier  studies  have  given  a  strong  indication  that  we  process  sensory  information despite  lack  of  conscious  awareness,  it  becomes  relevant  to  question  to  what  extent  this information can be used to facilitate our future decisions. Beyond this it would be valuable to know for how long this non-consciously processed information would be available to us. A study by Reber et al (2012) suggested that cognitive processes such as encoding retrieval, integration  and  inference  could  be  accessed  non-consciously  and  facilitate  participants decision making without conscious awareness.
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Working memory and capacityThe basic premise of working memory is that information is kept online for short periods of time in modality specific subsystems. Auditory sensory input is  handled in a phonological loop,  visual  and  spatial  information  is  handled  by  a  visuo-spatial  sketchpad  while  all information in  the  WM is  overlooked  by a  central  executive  (Baddeley,  2003;  Baddeley  & Hitch,  1994).  In regard to the amount of  items that  can be held consciously in memory, a classic study by Miller (1994) suggests that seven plus or minus two is the amount of one dimensional  objects  that  can  be  held  simultaneously  in  memory.  This  idea  was  later incorporated into the theory of WM.The model of  WM (Baddeley,  2003;  Baddeley & Hitch,  1994) has for long been the widely accepted replacement of the earlier short-term memory model. New findings have however further questioned the role consciousness plays in tasks related to WM, as the traditional model of WM sets conscious awareness as a precondition to the operational functions of the WM and its top-down effects (Dehaene & Changeux, 2011). While the  number of  objects  that  can be held in  the  auditory WM had been well  studied  earlier, the study of visual WM capacity was further explored in a study that focused on the visual working memory's capacity in regards to different stimulus features and conjunctions by Luck and Vogel (1997). The study concluded that while the WM only could contain visual information about four separate objects at one time, but this however also included the colour and orientation of all those four objects. This suggested that as much as sixteen individual features could be contained in the working memory when distributed across four separate objects. Luck and Vogel (1997) considered this giving further cause to believe that items are stored in the WM as fully integrated objects rather than as individual features.  A study by Cowan (2001) suggested that a limit for the capacity of conscious memory was divided into roughly three to five chunks, on average four chunks. These chunks can however be further limited by information overload that causes them to limit the chunks into individual stimulus items.Similar to the idea of chunking, a study by Anderson, Vogel, and Awh (2012) suggested that a discrete item limit for the WM exists, but items instead are stored in slots. These slots are  perceptual groups following a hierarchic representation of the viewer's representation of the scene. Therefore the capacity of the WM is constant despite the fact that the discrete number of items may vary depending on if they are bundled together in units or observed separately.Instead the capacity is dependent on the complexity of the stimulus observed.
Visual memory and visual perceptionThere has historically been made a clear distinction between the study of visual perception of items still in view and visual memory. A recent study covering both neurophysiological and psychophysiological  evidence  has  however  proposed  that  there  exists  a  certain  overlap between the two (Tsubomi et al., 2013). Studies regarding conscious visual perception have traditionally  involved  letting  participants  study  a  present  stimulus.  Studies  regarding conscious  visual  memory  have  however  involved  presenting  and  removing  a  stimulus.  Compared to each other, no difference in neural activity or in the participants' capacity was found between the two experimental designs. This could be interpreted as an indication that WM is  involved in the  visual  processing of  stimuli  still  in  view.  Alternatively it  can be an indication that our conscious representations suffer from the same capacity limitations as the WM. If the capacity of WM is involved to a greater extent in the perceptual processing of visual 
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items, it gives further cause to study the possible item capacity of non-conscious perception and memory. The research question that was further explored in this study was “Are there capacity limits for non-conscious working memory retention?”.
Method
ParticipantsTwelve people participated in the experiment, four women and eight men ranging between age 18 to 30. All participants gave their consent and reported having normal or corrected vision and no known attention-deficiencies. 
MaterialA computer was used with the screen positioned at 60 cm from where the participants were to have their heads positioned when they were seated. The distance was considered appropriate in order for the participants to be able to perceive everything presented on the screen without being  required  to  make  any  saccades.  E-prime  2.0  was  used  both  in  order  to  create  the experiment and to present it to the participants. 23 angry male faces taken from Karolinska Directed Emotional Faces ([KDEF; Lundqvist, Flykt & Öhman, 1998) to be used as stimulus. While no emotional effects were studied in this experiment, the study by Morris et al (1998)  indicated that non-consciously presented angry faces could elicit emotional responses. It was therefore decided that they should be used in order to facilitate non-conscious retention. The faces were edited in Adobe Photoshop to blend in with the grey background on which they were presented. All the sharp edges of the face images, including the hair, was edited out  using the layer mask tool, while replacing the original background of the images with a grey background. The faces and their background were kept in grey-scale and all contrasts of the face images were carefully balanced. This editing was done in order to reduce the bottom-up effects of the stimulus while still keeping a minimal contrast between the conscious and non-conscious stimuli (Dehaene & Changeux, 2011). Also, this gave the faces the appearance of being separate items blended into the same area while being distinguishable through their facial features instead of the picture frames.Having  target  images  with  low  contrast  required  the  need  of  a  high-contrasting  masking stimuli in order to suppress the faces properly (Degonda et al.,  2005). White-noise images created in MATLAB were used for this purpose. For the statistical analysis the program IBM Statistical Package for the Social Sciences (SPSS) version 19 was used.
ProcedureThe participants were given a leaflet to read with instructions about the experiment, detailing what  they  should  do  and  what  their  main  concerns  should  be.  Following,  all  experiment participants were asked to do five test trials with the experiment leader present, meanwhile  explaining their decisions out loud in order for the experiment leader to see that they had fully understood their assignment. When the experiment leader was confident the participant had understood what they were supposed to do, the participants were left alone to run through the experiment themselves. This experiment was conducted by allowing the participants to sit in front of a computer and focus on the screen where they had been told to focus upon a fixation cross that would appear. Series of faces would then be presented on the screen and these faces sometimes would be masked.  After  the  presentation  of  masked  or  non-masked  faces  the  fixation  cross  would 
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appear once more, this time for 5000 ms. The reason for the delay was in order to support  earlier  studies  on  non-conscious  processing  that  used  the  same  delay  (Soto,  Mäntylä  & Silvanto, 2011).  Following the delay, the participants were required to answer two questions regarding  the  faces  presented.  The  participants  had  been  told  to  answers  as  quickly  as possible but to prioritize correct answers over speed. Beyond that, the participants had been instructed to avoid blinking or closing their  eyes during the presentation of  the faces,  the  fixation cross  or  masking images.  Furthermore,  they had been told  not  to form strategies regarding their answers or giving the same answer systematically.The  experiment  was  a  2  x  3  factorial  design  with  two  levels  defining  the  of  state  of  consciousness and three levels of WM load. The two levels of consciousness were trials set to be  consciously  visually  perceivable  to  the  participants  or  non-consciously  perceivable.  In practice, the difference between the two levels was that during the conscious trials faces were not  masked  while  the  non-consciously  perceivable  faces  were.  Both  consciously  and  non-consciously perceivable trials had three levels of WM load. These WM load categories where trials for one, four and eight faces presented respectively. Altogether there were seven types of trials, including one masked baseline trial without any stimulus present.Non-conscious trials used both forwards and backwards masking of the faces by allowing the target  faces  to  be  preceded  and  followed  by  a  brief  masking  stimulus.  The  faces  were presented for a period of 50 ms. The reason for this was in order to keep the non-conscious  trials presented for as long as possible while simultaneously reducing the bottom-up effects.  When presenting the trials that would be consciously perceivable no masking was applied. Also instead of presenting the stimulus on twelve separate brief occasions for every trial the stimulus was presented only once for 1500 ms. Each individual non-conscious trial presented the faces on 12 separate occasions for 50 milliseconds each presentation.  Faces presented where never shown during two consecutive trials in order to prevent bias effects. The general set-up of the design was inspired by a study by Reber et al (2012) that also used masking to  study effects of consciousness.After the presentation of the stimulus and the following delay, participants were given the task of answering two questions.The  first  question  to  be  presented  was  a  forced  choice  task  where  the  participants  were presented with a single face and asked if it was presented during the last trial. Their option was either to press button 2 for “Yes” and button 1 for “No”. The reason for this configuration of the decision buttons was due to participants in similarly conducted studies had reported feeling this configuration being more intuitive. If the participants did not know the answer they had been asked to make an intuitive guess,  in other words,  follow their  gut reaction whenever they believed the following face had been presented or not.  The suggested face would  always  have  50%  chance  of  being  congruent  with  one  of  the  faces  that  had  been presented in the last trial (if the empty baseline trials are excluded from consideration). The  target  face  was  taken  from  a  random  position  every  trial  in  order  to  avoid  having  the participants memorizing certain positions instead of all the faces.The  second  question  dealt  with  the  participants'  visual  experience.  This  meant  the participants themselves would be allowed to grade the stimuli subjectively on how well the stimuli was perceived. In a study by Overgaard et al (2010) the Perceptual Awareness Scale (PAS) proved to match performance best of all major subjective measures. The PAS is typically  set from 1-4 were the participants' themselves grades their visual experience of a stimulus from “No visual experience” to “Clear visual experience”. The reason for including one or more 
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middle alternatives is in order to prevent bias when the participants believed they might have seen a stimulus. If only two options regarding visual experience would have been available,  the risk would increase of the participants judging a slightly perceived stimulus as not being perceived (Irvine, 2013). In this experiment, answers graded 1, 2 or 3 on the PAS scale where 1 being the weakest and 3 being the strongest. It was decided to include three rather than four  answers  because it  was considered more intuitive  and more options  risked confusing the participants. No question about visual experience was explicitly presented in the test, but the answers  were  presented  intuitively:  1.  “No  visual  experience”  –  No  stimulus  faces  were perceived. 2. “Weak visual experience” – Some outlines of stimulus faces or some features of one  or  more stimulus  faces.  3.  “Strong visual  experience”  –  A pretty  clear  or  clear  visual experience of one or more stimulus faces. 

Figure 1. Example of a non-conscious trial with four faces.A total  270 of  non-consciously perceivable  trials,  90 consciously perceivable trials  and 30 baseline trials were shown to each participant. The trials were divided between five blocks,  each  block  allowing  the  participants  to  take  a  short  break  in  an  attempt  to  counteract boredom and lapse in task focus. 
Measures of consciousnessObjective measures were chosen in order to measure the effects of consciousness, a type of  measure that uses two ways of measuring the data, one direct and one indirect. An indirect measurement  is  made  without  the  knowledge  of  the  participants,  in  this  experiment  the  reaction time of the participants was used. A direct measurement requires the participants making  an  explicit  response  based  on  relevant  information,  but  is  not  required  to  be significant (Destrebecqz & Peigneux, 2005; Irvine, 2013). When studying consciousness while using objective measures Kouider and Dehaene (2007) suggest that a suitable design is to let  the participants answer a forced choice question at chance-level. The direct measurement of this  experiment  was  therefore  the  participant  performance  on  the  experimental  question regarding if a face was seen earlier.Median numbers were used in order to evaluate the response time and performance data. The cut-off was to be set after 5500 ms and before 350 ms so that the only responses that were measured were in-between that time. The reason for the early cut-off was because motor preparations in response to a visual stimulus are unlikely to occur before 300-400 ms after 
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the presentation of a visual stimulus (Thorpe, Fize and Marlot, 1996). The later cut-off at 5500 ms was set because the data had amassed densely within the selected range. It was therefore deemed  probable  that  the  data  within  the  selected  range  could  still  be  memory  related.  Conscious trials that had been graded one on the PAS scale were excluded, as well as non-conscious trials that had been graded two or three.
ResultsThe data from one participant was excluded because all the non-conscious trials were graded above one, and therefore as visible on the PAS. In order to test the accuracy during congruent trials a repeat measures ANOVA was made (see figure 2). A significant consciousness effect was found (F=58,524, p<0,00) and the quantity of faces also had a significant effect  (F=6,979,  p<0,027).  Consciousness also had a significant effect to the quantity of faces (F=14,881, p<0,004). Tested separately, there was no significant quantity  effects  regarding  non-conscious  accuracy  responses  (F=0,153,  p>0,704).  During individual t-testing against a test value of 0,5 the three non-conscious quantity categories did neither  achieve  a  significant  result  (t=-0,054,  Std=0,0633,  Mean=0,49,  df=10),  (t=0,04, 
Std=0,056, Mean=0,50, df=10), (t=-1,406, Std=0,075, Mean=0,46, df=10).

Figure 2. Congruent trial accuracy between conscious and non-conscious trials.In order to examine the non-conscious response times an analysis was made in comparison to the baseline trials. No significant response time effects were found (F=0,960, p>0,353). 
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The  response  times  of  incongruent  trials  of  both  conscious  and  non-conscious  trials  was subtracted by the response time of congruent trials. Afterwards a repeat measures ANOVA was also used in order to examine the difference in response time between congruency in conscious and unconscious trials. The quantity of faces did not show a significance in reaction time  (F=3,738,  p>0,085).  There  was  no  significant  quantity-times-consciousness  effect (F=3,852, p>0,081) and no main consciousness effect was observed either (F=1,925, p>0,199). See figure 3 for further information.

Figure 3. Difference in response time between congruent and incongruent trials.
DiscussionThe purpose of this study was to discover how many of the faces that could be remembered after  being  non-consciously  perceived.  The  direct  measurement  of  this  study  is  the participants performance that had a effect close to chance-level during non-conscious trials. Expectedly, the performance during visual trials was higher and to a greater extent affected by the quantity of faces. As suggested by Kouider and Dehaene (2007) a direct measurement at chance-level is desirable. What these results suggest is that the participant did not perceive the stimulus visually during the non-conscious trials, just as expected. While the masking of the faces was successful, the non-conscious influence of their behaviour proved more difficult to  establish.  Since  the  response  time  -  the  indirect  measurement  -  did  not  show  any consciousness effects however, it is not possible to assume that any non-conscious processing has occurred. Even in comparison to the response times of the baseline trials the results of the non-conscious  congruent  trials  were  not  significant.  The  explanations  for  this  might  be numerous. 
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While the participants were kept blind regarding the purpose of the study, it was likely that they all had an interest in performing well. Many participants assumed that their participation would  be  evaluated  on their  performance  on how  well  the  faces  were  perceived  visually.  Therefore,  it  is  not  unlikely  that  the  participants  valued  many  trials  on  the  PAS  scale  as perceivable because of a assumed response bias, rather than actually perceiving the faces. This type  of  response  bias  should  not  have  affected  the  statistical  outcome  since  trials  with mismatching PAS score were excluded. While the participants where left alone for the majority of the experiment, it would be considered unlikely that a lapse of focus on the task by the would be the cause of the result of the study. The environment the participants were seated limited distractions from other causes beyond the task. However, while there is little chance the participants escaped from perceiving the stimulus, it is impossible to say how engaged they were in the task of actually making a intuitive guess during the non-conscious trials. When faced with the question if the participants had seen a particular face, one participant  had a 100% bias towards the “No” option on every masked trial, including baseline. It can be speculated  that  participants  with  a  strong  bias  had  difficulties  understanding  their assignment.  While  any  such  bias  should  have  been  averted  due  to  the  use  of  objective measures,  it  brings to question if  the participants misunderstanding the assignment could have any possible effects on the response time. The 5000ms delay that was set for the study was done in the light of the accumulated data and the earlier study by Soto et al (2011). It is possible  however  that  visual  non-conscious  information  deteriorates  just  as  rapidly  as  is suggested in other modalities (Dupoux et al., 2008). It is not impossible that the results of Soto  et al (2011) regarding late non-conscious effects on working memory were somehow flawed.As  evident  by  the  earlier  passages  of  this  study,  the  scientific  support  for  non-conscious processing is immense. Nevertheless, the results of this study do not support non-conscious working memory processing and should perhaps be seen as a indication that the limits of non-conscious processing are even greater than expected. Therefore these results could be taken as a proof for the proposed limitations of non-conscious processing by Dehaene and Changeux (2011). The general idea of these limitations needs to be further explored before studies of conscious processing can overcome these obstacles. As Nagel (1974) described we can never truly experience what it is like to be somebody else. Perhaps that is why it is so  difficult to study a field concerning the subjective experience of others. However, it is far from impossible  that  future  studies  with  a  greater  statistical  validity  will  bring  substantial indications of non-conscious processing.  If  new studies on the same design on the subject where to be conducted, it would be advisable to use a design that is more engaging to the participants while still using objective measures in order to prevent response bias.
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