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AUTONOMIC RESPONSES TO SUBLIMINALLY PROCESSED POSITIVE STIMULI * 
 

Emma Hilding 
 

 
Subconsciously processed fearful stimuli are routed via the limbic 
system directly from the thalamus to the amygdala and can 
automatically trigger physical and behavioural fear responses to 
prevent humans from getting injured. The purpose of this study was to 
investigate if there were any autonomic responses to stimuli containing 
positive valence and a high arousal level. The stimuli were normative 
pictures, picked from the IAPS that were presented subliminally in a 
masked condition. Reactions were measured by skin conductance 
responses. Changes of SCR were registered when the participants were 
exposed to negative, positive and neutral stimuli. Responses were 
strongest as the participants were exposed to the positive pictures. 
These findings support that there could be more functions to automatic 
responding than a direct survival purpose. Further research needs to be 
done to investigate what functions these kinds of responses constitute.  

 
 
Humans constantly process information from their environment. This processing of 
information precedes both consciously and unconsciously as we register input from the 
surroundings Unconscious processing means that the processing of the information takes 
place in our brain without our conscious knowledge (Kihlström, 1999). Inputs from our 
environments that are processed without our conscious knowledge but have influence anyway 
are termed subliminal stimuli, or perception without awareness (Merikle, 2000). These 
conscious and subliminal stimuli constitute input that connects with our brain and our 
autonomic nervous system. For example, the autonomic nervous system can be activated by 
fearful stimuli (e.g. LeDoux, 2003; Najström, 2007; Öhman & Mineka 2001). The autonomic 
nervous system has to some extent influence over our actions; it regulates many of humans´ 
inner organs, but is also involved in many of our automatic responses, such as stress, 
emotions and motivation (Passer & Smith, 2003).  
 
The function of the brain  

Viewed from an evolutionary standpoint the most developed and advanced part of the human 
brain is the forebrain (Passer & Smith, 2003). One of the parts in the forebrain is the thalamus 
which has a central role in structuring input from humans’ sense organs. Stimuli that are 
registered from the surroundings have influence over the sense organs. The thalamus 
organizes these inputs and makes sure that the information gets routed to the correct areas of 
the brain. Because of its function the thalamus has been referred to as “the human brain 
switchboard” (Passer & Smith, 2003). Emotional and motivational response patterns are 
managed by the amygdala and specifically response patterns linked to fear and aggression 
(LeDoux, 2003). The amygdala has a central role in human fear activation (Öhman, Carlsson, 
Lundquist & Ingvar, 2007), and it can be activated both by conscious and unconsciously 
processed stimuli. The amygdala can evoke emotional responses without our cerebral cortex 
knowing that we are emotionally aroused which could be the explanation of emotional 
responding to unconsciously processed stimuli. Stimuli input reaching the thalamus can be 
directly transferred to the amygdala, this is what Joseph LeDoux (2003) called the low road.  
 

* I would like to thank my supervisor Mats Najström for great help and support during the process with this essay.  
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The high road and the low road 

LeDoux (2003) meant that emotional stimulus reaches the amygdala both trough the high 

road and the low road. The high road is when stimuli processes from the thalamus via the 
cortex to the amygdala. The low road is when stimuli proceed directly from the thalamus to 
the amygdala without cortical processing. The low road is unfiltered and brings us a coarse 
estimation of the external world that is faster than what processing through the high road 
would be. According to LeDoux the low road should be an important function to humans as it 
has remained through millions of years of evolution. He argues that if we did not need the low 
road it would have been prioritised away and only the more developed high road would have 
remained in the human brain. LeDoux reasons that the low road’s indeed useful function can 
be a matter of life and death in potentially dangerous situations (LeDoux, 2003). This is 
because fear activation in the amygdala automatically can trigger fear reactions in human 
behaviour (Öhman et al., 2007). The main role of the amygdala seems to be a primary 
estimation of the potentially threatening stimuli (Carlsson et al., 2004). The function of the 
low road is not to produce the appropriate response but rather to prevent us from inappropriate 
responses (LeDoux, 2003). It is far more useful to react quickly and be alerted to potential 
danger before we are able to define the threat exactly, instead of failing to respond, or respond 
to slow. This frames a fear reaction system where responses both from the thalamus and the 
cortex are included. First a rapid estimation of potential threat from the thalamus reaches the 
amygdala and then a more accurate representation from the cortex (LeDoux, 2003).  
 
Individual differences 

Preferential processing and reactions to unconsciously processed stimuli to some extent vary 
along with some individual differences. Some of these individual differences that probably 
have influence over the individuals’ reaction to for example, fearful stimuli are trait- anxiety 
(e.g. McNally, 1989; Mogg & Bradley, 1998; Najström, 2007; Weinberg, Schwarts, & 
Davidsson, 1979). Trait - anxiety can be defined as a relatively stable individual difference of 
anxiety proneness. This is enclosed with a tendency to generally respond with anxiety to 
experienced threats in the environment, and heightened activity of the autonomic nervous 
system (Spielberger, Gorsuch, Lushene, Vagg & Jacobs, 1983). Fear and anxiety are closely 
related to each other as they both are connected to what can be experienced as potentially 
threatening situations. The distinction between fear and anxiety can be defined as the lack or 
the presence of external stimuli. Anxiety can be activated without external stimuli and comes 
from within us, while fear is elicited from external stimuli (LeDoux, 2003). Another 
definition of anxiety is that it can be unresolved fear (Öhman, 1992). In this context fear is 
related to escape and avoidance in fearful situations. If escaping or avoidance is thwarted fear 
can become anxiety (LeDoux 2003). A big interest has been shown in fear and anxieties in 
psychological science as humans with increased enduring level of anxiety (trait - anxiety) are 
prone of developing a variety of many different anxiety disorders (e.g. Mogg & Bradley, 
1998; Öhman, 1992). For example, phobias, post-traumatic stress disorders and panic attacks 
can be linked to fear and trait - anxiety. Öhman means that these disorders probably reflect the 
same underlying anxiety responses. Individual difference in preferential processing can be 
linked to trait – anxiety.  Individuals scoring high when trait - anxiety is measured are likely 
to react stronger when exposed to fearful stimuli (e.g. Mogg & Bradley, 1998).  It has been 
shown that anxiety-prone individuals show stronger autonomic reactions to unconsciously 
processed negative/threatening stimuli (e.g. McNally, 1989; Mogg & Bradley, 1998; 
Najström, 2007; Weinberg, Schwarts & Davidsson, 1979). Preferential processing seen from a 
cognitive perspective is intertwined with personal differences and characteristics (e.g. Mogg 
& Bradley, 1998), and if viewed from an evolutionary perspective it stems from fundamental 
biological factors (Öhman & Mineka, 2001).  
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Preferential processing 

It’s known that human prioritize fearful stimuli in their preferential processing. This is to 
increase their chances to survive potential threats (e.g. Lundquist & Öhman 2005; Öhman et 
al., 2001a; Öhman, Lundquist & Esteves, 2001b) There is a possible evolutionary explanation 
for this. Mammals evolved in an unpredictable environment where threats often were present. 
The purpose of the species was to reproduce and the focus was on finding food, mating 
partners, and avoiding dangerous situations. To find food and to reproduce is named by James 
(1890) as goal-driven processes whereas threatening situations are stimulus driven processes. 
By this James means that threatening stimuli automatically and reflexively capture mammals’ 
attention. (James, 1890, referred to by Öhman et al., 2001a). Albert Seligman also wrote 
about preferential processing from an evolutionary perspective and developed a preparedness 
theory (1970). Seligman meant that perhaps organisms because of their evolutionary 
development are prepared for some situations, and therefore they learn more easily and with 
minimal effort in these situations. And in unprepared situations, that the organisms not 
naturally are associated with, it takes more effort and repetitions for the organism to learn. He 
meant that even if organisms have the same physiological components to deal with different 
situations, they vary a lot in their ability to learn and to understand the relation between the 
situations. Seligman argued that this evolutionary preparedness could be what causes us to 
fear things that are no longer dangerous in our modern life, as it was dangerous to our 
ancestors. Seligman related his theory to (irrational) fear such as spider, snake and height 
phobias (Seligman, 1970). Seligman got support from Susan Mineka and Michael Cook 
(1993) among others. Mineka’s and Cook’s experiments indicated that baby monkeys lacked 
an inherited fear of snakes. Instead they learned to be afraid of the snakes seeing their mother 
react with fear to them (Mineka & Cook, 1993). This was not the case with non frightening 
stimuli to which they did not adapt as rapidly, suggesting that the baby monkeys more quickly 
adapted biologically relevant fearful stimuli (Mineka & Cook, 1993; Öhman & Mineka, 
2001). Thus it appears that attention is quite automatically captured by stimuli of evolutionary 
age (such as spiders, snakes and angry faces) (e.g. Lundquist & Öhman, 2005, Öhman & 
Mineka, 2001). This has been confirmed several times through a series of experiments. For 
example, Öhman, Flykt and Esteves (2001a) implemented three experiments with the purpose 
of testing the hypothesis that humans preferentially concentrate their attention towards stimuli 
of potential threat (Öhman et al., 2001). In their experiments the participants were trying to 
spot fearful pictures among fear-irrelevant pictures and vice-versa. The participants more 
rapidly found the fearful pictures presented with the non-fearful pictures. The experiments 
also showed that participants with phobias even more easily detected pictures that depicted 
objects of their phobia (such as snakes or spiders) (Öhman et al., 2001). Lundquist and 
Öhman (2005) implemented a series of studies to test the hypothesis that humans 
preferentially orient attention towards potential threat. In this series of four experiments they 
used angry faces as fearful stimuli. Lundquist and Öhman found that the participants were 
faster and more accurate in their detection of faces with a threatening expression than of faces 
expressing friendliness (Lundquist & Öhman, 2005).   
 

Skin conductance response 

As the autonomic nervous system is triggered for example by fearful stimuli, humans react 
both with emotionally and physiological responses (Öhman, Flykt & Esteves, 2001a; Öhman 
& Mineka, 2001). These reactions are activated to prepare the individual for actions that will 
prevent them from getting injured, or killed (e.g. Öhman & Mineka, 2001). Some of humans’ 
physical reactions to fear are increased sweating, that the heart is pounding faster and 
increased blood pressure (e.g. Najström, 2007; Öhman & Mineka, 2001). Fear reactions of 
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humans can therefore be measured by skin conductance response (SCR) that is expressed as 
sweating or conductance. SCR has been found to co-vary with human arousal level. This 
makes it possible to use SCR to track factors that have influence over human arousal such as 
anxiety, fear, stress and pain (e.g. Cutmore & James, 2007; Öhman & Mineka, 2001). SCR 
for over a century has been (and still is) a widespread and accepted index of psychological 
functioning or responsiveness (e.g. Najström, 2007). Primarily it is the sympathetic nervous 
system that influences the SCR (e.g. Cutmore & James, 2007; Flykt, Esteves & Öhman, 
2006). 
 
The most common way to measure SCR (which will be used in this study) is called the 
exosomatic method which was developed by Féré in the 19th century (Féré, (1888, referred to 
by Najström, 2007). This method is to register changes in SCR that are produced by the 
eccrine sweat glands (Cutmore & James, 2007; Najström, 2007). The main function of the 
eccrine sweat glands is thermoregulation of the body, but they also react to emotional factors 
(Cutmore & James, 2007). The activation of the glands is primarily influenced by the 
sympathetic nervous system. The best parts of the body to measure the activity of these glands 
is either on the palms or on the soles as the glands are most dense there (Cutmore & James 
2007). As it is confirmed that SCR is responding to fearful stimuli it also reflects general 
emotional attention and interest (Lang, Bradley & Cuthbert, 1997).  
 
Conscious or unconscious processing of the presented stimuli 

What distinguishes unconscious processing from conscious processing of information? The 
discussion about this question has been going on for over a decade, and still no exact 
definition of what unconscious processing means exists (Najström 2007). Many studies have 
been carried out to investigate unconscious processing and human responses to subliminally 
presented stimuli (e.g. Flykt et al., 2006; Lundquist & Öhman, 2005; Najström & Jansson, 
2006). Results have shown that stimulus without perceptual awareness has evoked autonomic 
responses, and that these responses are results of unconscious processing of information. 
There have been (and still are) some methodological issues in designing an experimental form 
that allows us to state any definite conclusions about the relative roles of conscious and 
unconscious processing (Wiens et al., 2004). One of the techniques that have been 
successfully used is backward masking (e.g. Najström & Jansson, 2006; Öhman et al., 2001). 
Backward masking of a picture stimulus means that the picture is presented briefly and is 
directly followed by another exposed stimulus which is the mask (Wiens et al., 2004). The 
mask is often a distorted version of the original stimulus. The function of the mask is to 
reduce conscious processing of the actual stimulus. People often report that they only saw the 
masking stimulus on a conscious level and not the actual preceding picture (Wiens et al., 
2004). Two major approaches to the question of how to define whether stimuli are processed 
unconsciously or not is defined. These approaches are related to each way of defining human 
thresholds of unconsciously processed stimulus, developed by Cheesman and Merikle (1984). 
Firstly there is defining conscious or unconscious stimulus by self – reports which 
corresponds with a subjective threshold and secondly there is an objective threshold 
(Cheesman & Merikle, 1984). Criticism has been allotted to the subjective threshold as it 
relies on self reports. This means that the results can vary along with the subjects’ willingness 
to cooperate in a threshold task, as a response bias. The participants’ confidence and 
ambivalence in their judgement can also have an influencing effect on the results. This could 
involve an inconsistence among experiments. An objective measure of threshold contains 
fixed alternatives that the participants are forced to choose, or to discriminate between.  The 
objective threshold is found when the participants’ perceptual performance is actually 
discriminated at a chance level (Cheesman & Merikle, 1984). The objective measure of 
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thresholds contains a more conservative estimation of when subliminal perception occurs, as 
it provides a lower threshold for conscious awareness. There is a difference of opinion among 
researchers whether the objective or the subjective thresholds should be used in experiments 
containing subliminal perception. Using subjective threshold is today commonly accepted in 
studies regarding unconscious processing (e.g. Najström, 2007; Öhman & Mineka, 2001) and 
was also used in this study.   
 
Ontogenetic versus phylogenetic fear stimulus 

Fearful stimuli are often divided into two types that are based on phylogenetic or ontogenetic 
factors. Phylogenetic factors are factors of evolutionary origin, such as spiders and snakes that 
have been threatening to our ancestors. Factors of ontogenetic origin are more recent and   
developed by culture, such as pointing guns. Both ontogenetic and phylogenetic fearful 
stimulus conducts SCRs (Flykt et al., 2006). There is an ongoing discussion whether one of 
these two types of fearful stimuli generates stronger reactions (responses) to humans (e.g. 
Flykt et al., 2006; Öhman & Mineka, 2001). The general claim is that fear stimuli of 
phylogenetic origin generate stronger autonomic reactions on humans (and also show stronger 
conditioning effects as will be discussed below). But there is today no clear evidence that this 
is the case.  
 
Many researchers have made experiments to try to distinguish between the representation and 
intensity in human reactions to phylogenetic and ontogenetic fearful stimuli (e.g. Brosh & 
Sharma, 2005; Flykt et al., 2006; Hugdahl & Johnsen, 1989). The results are not homogenous. 
For example, Hugdahl and Johnsen (1989) conducted a study on the subject with a classic 
conditioning perspective. In their study Hugdahl and Johnsen (1989) exposed the participants 
to pictures of snakes and guns either directed towards the participant, or averted from the 
participant. An electric shock followed as the pictures of the snakes directed towards the 
participants were exposed. A loud noise followed after the pictures of the guns directed 
towards the participants were exposed. Both these conditionings resulted in strong 
conditioning effects (measured by SCR). The strongest conditioning effect were evoked on 
the participants where the fearful stimuli were directed towards the participant and combined 
with the unconditioned stimuli that best could be paired with he conditioned stimuli (pointing 
gun-loud noise; directed snake-electrical shock) (Hugdahl & Johnsen, 1989). The result of 
this study showed contrary to previous studies that both conditioning of fear stimuli of 
ontogenetic origin as of phylogenetic resulted in strong conditioning effects. Thus according 
to this result neither of phylogenetic or ontogenetic fearful stimuli is dominant to the other 
(Hugdahl & Johnsen, 1989). This study has been criticised as there is a natural belongingness 
between the conditioned stimulus and the unconditioned stimulus. This could be the reason 
for the strong conditioning effect of the ontogenetic stimulus (Flykt et al., 2006; Öhman & 
Mineka, 2001).  
 
Flykt, Esteves and Öhman (2006) also made an experiment to test the hypothesis that fear 
stimuli of evolutionary origin would require less conscious information processing than 
culturally developed ones. This resulted in an establishing that it is difficult to separate these 
kinds of fearful factors from each other. Instead of trying to distinct these fearful stimuli 
factors, and human reactions to them, we should try to see them together in a broader 
framework which both have influence over human behaviour (Flykt et al., 2006). Similar 
results are found by Brosh and Sharma (2005). They came to the conclusion that the relevance 
of the fearful stimuli is more important than their evolutionary age in the purpose of capturing 
human’s attention.  
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IAPS – normative stimuli, arousal-valence  

In studies where human reactions to subliminal perception of different kinds of stimuli will be 
examined, it is a benefit to get access to the International Affective Picture System (IAPS). 
The IAPS is a database that contains a set of colour photographs which can be used in studies 
of emotion and attention as normative emotional stimuli (Lang, Bradley & Cuthbert, 1999). 
The goal of the IAPS is to supply researchers all over the world with a large set of this kind of 
standardised emotional evocative stimuli. There are three important aspects of the existence of 
the IAPS. At first; by using emotional stimuli from the IAPS researchers contain better 
experimental control as the stimuli are normatively selected. Secondly; it allows better 
comparison between results from different studies when the same kind of normative stimuli 
has been used. And thirdly; it makes it to the greatest extent possible to make exact 
replications of former studies. 
 
The pictures in the IAPS are chosen to the database on the basis of three major dimensions. 
The two chief dimensions are; affective valence and arousal (Lang et al., 1999). The affective 
valence dimension is ranging from pleasant to unpleasant, and the arousal dimension is 
ranging from calmness to excitement. The third dimension, dominance or control, is not as 
strongly related as affective valence and arousal. The pictures in the IAPS database have been 
rated by Lang’s affective rating system (Lang, 1980 referred to by Lang et al., 1999). This 
system is called SAM – Self Assessment Manikin, and contains ratings in all the three 
dimensions mentioned above. Examples of pictures in the IAPS are; erotic female (high 
arousal, positive valence, referred to as positive pictures in this study), mutilated bodies (high 
arousal, negative valence, referred to as negative pictures in this study), lamp (low arousal, 
neutral valence, referred to as neutral pictures in this study). The pictures in the IAPS system 
have been tested repeatedly by the SAM – system to ensure that their ratings are correct, 
whereas t-tests provided no significant difference in the means of the dimensions across the 
studies. Therefore the IAPS database favourably can be used in studies where standardised 
emotional evocative stimuli are to be used (Lang et al., 1999).  

 
Appetitive and defensive motivational system 

Emotions are considered to be organized around two systems, one appetitive, and one 
defensive system (Lang et al., 1997). These two emotional systems are put into operation by 
neural routs in the brain, mediating the somatic and the autonomic physiological systems 
involved in attention and action (e.g. LeDoux 2003). The basic factors that have influence 
over these two systems are hedonic valence and arousal (as the normative stimuli in the IAPS 
are assessed upon). Positive valence activates appetitive motivation and negative valence 
activates defensive motivation. The second basic factor, arousal determines the intensity of 
the motivational activation. The defensive system is primarily activated by contexts involving 
threat, and fear. The appetitive system is activated in context promoting survival including 
sustenance, procreation, and nurturance (e.g. LeDoux 2003). There are also other aspects 
influencing the appetitive and the defensive system such as personal (for example trait-
anxiety, as discussed above), cultural, and situational factors (Bradley, Codispoti, Cuthbert & 
Lang, 2001). Behaviour that automatically can be activated through the defensive system by 
fearful stimuli includes freezing, fight activation and flight, which sometimes are referred to 
as “fight-or-flight response” (e.g. LeDoux, 2003). Appetitive motivational factors are often 
more complicated to rank than defensive motivational factors as the individuals´ needs tend to 
vary a lot. For example, stimuli like food or drugs vary along with hunger or addiction (Rolls, 
2000). Sexual stimuli constitute a clear expectation as they have shown to evoke strong 
appetitive motivation regardless of previous state of the individual (Bradley et al., 2001). 
Bradley, Codispoti, Cuthbert and Lang (2001) conducted a study in which the aim was to 
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compare the participants’ ratings of normative picture stimuli (picked from the IAPS) to the 
participants’ physiologic responses (SCR, facial expression, heart rate). Their study contained 
a vide variety of pictures with miscellaneous valence and arousal level. Of all pictures with 
positive valence that were presented the ones depicting erotic couples, or opposite-sex erotica 
evoked the strongest SCRs. Few other positive stimuli conducted any change in SCR. There 
participants accordingly showed strong autonomic physical reactions to pictures with positive 
valence and a high level of arousal. Over all, pictures of fearful stimuli evoked the strongest 
SCR on the participants. The results in this study support a motivational defensive and 
appetitive standpoint of emotional organization. The intensity of the activation of these 
systems is varying depending on the presented stimuli. The activation of the systems involves 
attention that is motivating action. Their findings also suggest that evoked emotional 
responses attend different functions connected to the motivational systems. These functions 
are for example attention, mobilization for action and social communication (Bradley et al., 
2001). This study points out that positive stimulus seems to give a significant reaction in 
SCRs when processed consciously. What we does not know is if there is a reaction when the 
stimuli are presented on an unconscious level.  
 

The purpose of this study was to investigate whether humans show autonomic responses to 
stimuli containing positive valence and a high level of arousal that are presented on an 
unconscious level. No previous studies have been carried out with unconsciously processed 
positive stimuli. Hence there were no already established results to expect to this part of the 
experiment. Furthermore the participants´ reactions to the stimuli would be compared to their 
level of trait - anxiety to see if there were any correlations between their responding to the 
stimuli and their level of trait - anxiety. Previous studies have shown that individuals with a 
higher level of trait - anxiety respond with stronger SCRs to fearful stimuli than individuals 
with a low level of trait - anxiety and these results were therefore also expected in this study. 
The expectation for this study was that the results would correspond with previous studies 
carried out with fearful stimuli, and also that the results would exhibit new interesting results 
to human responding to unconsciously processed positive stimuli.  
 

 

Method 

 

Participants 

There were 31 participants (23 female) in this study. They were students of Stockholm 
University connected to the psychological department. The students volunteered to participate 
in the study through a poster placed on a notice board on the psychological institution.  
 

Instruments 

Spielberger’s Trait Anxiety Inventory (STAI-T) (Spielberger, Gorsuch, Lushene, Vagg & 
Jacobs, 1983) is measuring the individuals’ level of anxiety and contains 20 items that are 
scored on a 1-4 scale whereas score 4 represents a high level of anxiety and score 1 represents 
a low level of anxiety. Example of item; I feel on the verge of tears. The possible range of 
total score is 20-80.  
 
Stimulus material 

The pictures that were used as stimuli in the study were picked from the International 
Affective Picture System (IAPS) (Lang, Bradley & Cuthbert, 1999). 7 unpleasant and 
arousing (negative) pictures were taken from IAPS, as were 7 pleasant and calm (neutral) 
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pictures and 7 pleasant and arousing (positive) pictures. Examples of what the pictures 
depicted are; negative – molested body, neutral – building, positive – erotic couple.  
 
Apparatus 

For the picture presentation a 19´´ Sony colour monitor was used. The presentation was 
controlled through a Dell computer, software; Tachistoscope 8,5. To measure the participants’ 
skin conduction responses Biopac Systems Inc. EL 507, EDA (isotonic gel) electrodes were 
used. These were attached to Biopac Systems Inc., model mp100A. Data was registered in a 
Power Macintosh G3, software AcqKnowledge III for MP100WS 3, 2.  
 

Procedure 

The tests were performed individually and contained three different parts; (1) Completing 

questionnaire (STAI- T), (2) Threshold task, (3) Picture perception task.   
 
(1) Each participant started to fill in the two forms in a room next to the laboratory (without 
any other persons attending in the room). The participants were informed to fill in the forms 
quickly and to choose the alternative that first seemed correct, without further consideration 
over the other alternatives. Before the participants started completing STAI-T they were asked 
to go directly to the laboratory as they soon as they were done with the forms.  
 
(2) This task was performed to verify each participants´ subjective threshold to assure that the 
following picture exposures would not be processed consciously by the participants. One 
neutral picture (depicting mushrooms) was exposed 6 times in the threshold task, the exposure 
condition was masked. The first time the picture was exposed it lasted for 6 milliseconds on 
the screen (as in the actual picture perception task (3)). The same picture was then shown 
repeatedly for 5 more times. For each time the picture appeared on the screen the exposure 
time was extended for 6 milliseconds. The last exposure time was accordingly 36 
milliseconds. A white dot appeared on the screen each time before the picture was shown to 
get the participants attention. The screen was black for 4 seconds between each exposure. The 
participants were informed to concentrate to try to see what the picture depicted and to say out 
loud if they thought they saw, or had a clue of what the picture illustrated.  
 
(3) The participants got attached to the electrodes on the medial phalanxes of the forefinger 
and the middle finger of their none dominant hand. As SCRs are sensitive to measure and 
easily evoke from for example movement, the participants were asked to try to sit as still and 
relaxed as possible during the experiment. The participants were informed that they would be 
presented to 3 more picture exposures similar to the first one they saw (2). This time they 
should not say out loud what they thought the picture depicted, but only to stay focused at 
watching the pictures (the participants did not know what kind of pictures that would be 
exposed to them). And it was pointed out that it was important for the measuring equipment 
that the participant tried to stay still, relaxed and without speaking during the picture 
exposure. As the participants ensured that they sat comfortably the three picture sets was 
shown. The participants had the possibility to move and talk in a short break before each 
picture set if they wanted to. There was one exposure with only the negative pictures, one 
exposure with the positive pictures and one exposure with the neutral pictures. All of these 
three exposures were made in masked condition. Each picture was preceded by a white dot 
that showed for 6 seconds on the computer screen. The pictures were exposed for 6 
milliseconds, and directly after a mask that was exposed for 200 milliseconds followed. The 
mask was a fragmental picture made out of the original picture. After each exposure there was 
nothing on the screen for 16 seconds until the white dot showed up again to get the participant 
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Figure 1.  

to get prepared for the next picture. The participants were randomised to one of six different 
presentation orders. These were: (I) 7 negative pictures followed by 7 positive, followed by 
neutral; (II) 7 negative, 7 neutral, 7 positive; (III) 7 positive, 7 negative, 7 neutral; (IV) 7 
positive, 7 neutral, 7 negative; (V) 7 neutral, 7 positive, 7 negative; (VI) 7 neutral, 7 negative, 
7 positive.  During (1) and (4) the participants sat with their face about 900 mm from the 
computer screen. The room was lightened up by a dim lamp.  
 
Data Analyses 

The participants max (A, figure 1) and min (C, figure 1) 
SCR-level for each presented stimuli were registered. 
These readings were measured on a period of 5 seconds 
starting on the onset for each stimuli presentation. The 
SCR-level was also registered as a separate measure one 
second before each stimuli presentation (B, see figure 1). 
The ranges were calculated as each stimulus max SCR-
level minus the SCR-level one second before the exposure 
(B figure1). Means for the range of each of the three 
stimulus types (neutral, negative and positive) were 
calculated. Indexes were calculated as the means for 
positive respective negative stimuli ranges minus the 
neutral stimuli response ranges.  
 

 

Results 

 
For 25 of the 31 the participants their subjective thresholds were above fixed 36-miliseconds 
exposure duration used for the presentation of masked pictures. Of 31 participants one was 
able to identify the picture in the threshold task at the exposure time of 18 milliseconds, one 
participant at 24 milliseconds, two at 30 milliseconds and one at 36 milliseconds.  
 Paired sampled t-tests were carried out to see if there were any main effects between the three 
picture exposures. Due to a skewness in the data a log transformation (log [SCR + 1]) was 
performed to normalize the data. Both SCRs to negative and positive stimulus exposure 
showed a significant main effect when compared with the neutral stimulus reaction. Neutral- 
Negative (t (30) = 2.192, p = 0.036) and Neutral –Positive (t (30) = -6.284, p < 0.0001). The 
SCRs of the participants was stronger for the stimuli exposure of positive nature than to the 
SCRs to the negative stimuli exposure.  
 
Table 1. Correlation between the stimuli and STAI-T.  

  Positive Negative  

STAI-T 0,031 0,369*  

* correlation is significant at the 0.05 level (2-tailed). Pearson Correlation 

 
A correlation was carried out to attain an estimation of the relation between the indexes, and 
STAI-T. There was a significant correlation between STAI-T and the index calculated for the 
negative stimuli (index negative = means of SCRs to negative stimuli – means of SCRs to 
neutral stimuli). There was no significant correlation between the positive index and STAI-T. 
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Discussion 

 

The aim of this study was to investigate if there are autonomic responses to unconsciously 
processed stimulus containing strong positive valence and a high level of arousal. Previous 
studies have shown autonomic reactions to fearful stimuli (e.g. Flykt et al., 2006; Lundquist & 
Öhman, 2005; Najström & Jansson, 2006). Studies have been carried out within this area and 
there seems to be an interesting relation between fear, fear-reactions, anxiety and a number of 
disorders like posttraumatic stress, phobias, panic attacks (e.g. Mogg & Bradley, 1998; 
Öhman, 1992; ). To cover a gap in science it is also of interest to investigate positive stimuli 
and human reactions to these kinds of stimuli to get better understanding of the complex 
functions of the human brain.  
 
The participants in this study were exposed to three types of normative stimuli that were 
picked from the IAPS (Lang et al, 1999). The neutral and the negative stimuli were used to 
obtain parameters to compare the participants’ reactions to the positive stimuli with. The 
results showed that the participants conducted stronger SCRs to the stimuli containing 
positive valence than to the stimuli containing negative and neutral valence. This indicates 
that the participants in this study got more emotionally aroused by pictures of erotic origin 
than to pictures of fearful and neutral origin, all presented on a subliminal level. The results 
point towards that humans respond automatically to this kind of positive stimuli via the 
autonomic nervous system. If this is the case, some questions arise, where the major question 
is what the purpose of this autonomic reaction would be?  
 
Prior studies have shown that human are processing fearful stimuli preferentially (e.g. 
Lundquist & Öhman, 2005; Öhman et al, 2001a; Öhman et al.; 2001b). This ought to fill a 
function to increase chances of survival in threatening and dangerous situations. James (1980, 
referred to by Öhman et al., 2001a) explained this preferential processing through an 
evolutionary perspective. He divided mammals´ urges into goal-driven and stimulus driven 
situations. Fearful situations would be stimulus driven situations and would then 
automatically activate attention of potential threat and danger. According to James (1980) 
reproducing would be a goal-driven process and would not obtain attention automatically like 
situations of potential threat. The positive stimulus in this study would most likely be 
connected with what James described as a goal-driven process. According to this humans 
would not process these kinds of stimuli preferentially. But as the result in this study indicates 
that humans show strong autonomic reactions to unconsciously presented positive stimuli 
maybe this is not the case? According to Seligman’s preparedness theory (Seligman, 1970) 
organisms because of their evolutionary development would be more prepared in some 
situation than to others. In situations that the organisms are prepared for through evolution, 
the organisms require less effort to learn. Therefore individuals more easily would learn and 
adapt to situations of evolutionary age. The positive stimuli in this study would probably be 
described as stimuli depicting actions of evolutionary age. This means that the participants 
would process this kind of stimuli preferentially and also that they more easily would learn 
and adapt these kinds of behaviours.  
 
Seen through an evolutionary perspective there is a survival function to autonomic responses, 
and preferential processing of fearful stimuli (e.g. James, 1980; LeDoux, 2003; Lundquist  & 
Öhman 2005; Najström, 2007). This is most likely not the case with positive stimulus as there 
is no direct value to survival to react automatically to these types of stimuli. But why would it 
be necessary to react to this kind if stimuli on a subconscious level? A function could of 
course be reproduction and the survival of the species. As breeding is essential to all species it 
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is likely that this kind of stimuli is processed via the limbic system. The limbic system 
contains evolutionary old cortex in difference to the cortex (Passer & Smith 2003). It seems 
quite logical that sexual arousal is not cortically processed. If inputs of positive stimuli are 
processed the same way as fearful inputs are according to LeDoux (2003) theory then also 
these types of stimuli would be processed directly from the thalamus to the amygdala. It is 
also a possibility that positive stimuli are subconsciously processed in another route than 
negative stimuli. For example, the hypothalamus has a central role in humans’ emotions and 
sexual behaviour and it is also dealing with the experience pleasure or displeasure (Passer & 
Smith, 2003). The hypothalamus is connected with the limbic system and is also involved in 
sleeping, eating and other needs. Urges of emotional and motivational origin arise in the 
hypothalamus and the limbic system directs behaviours to please those urges. Perhaps the 
hypothalamus is involved in subliminal processing of stimuli with sexual allusion. Another 
interesting fact is that the hypothalamus also has a major role in temper regulation (Passer & 
Smith, 2003). This is interesting in this context as the eccrine sweat glands are regulating 
body temperature (e.g. Cutmore & James, 2007) and the eccrine sweat glands are also what 
produce SCR. Maybe this could have some inference with the fact that the participants 
showed the stronger SCRs to the positive stimuli in this study?  
 
There is a disagreement between researchers whether phylogenetic fearful stimuli generate 
stronger SCRs to humans than ontogenetic ones and vice versa. The discussion is still 
proceeding and there is no convincing evidence of stronger reactions to either of these two 
types of fear stimuli (e.g. Brosh & Sharma, 2005; Flykt et al., 2006). If there is a distinction in 
the reactions to phylo- v.s. ontogenetic stimuli of fearful origin, then maybe this also would 
be the case for positive stimuli. If so, it would quite likely have affected the results in this 
study. There are two concerns in this discussion. At first, which one of phylo- or onto- genetic 
positive stimuli would have generated strongest SCRs, and secondly; how should the 
classification between the stimuli be made? Also with fearful stimuli there is no clear 
boundary between the stimulus types (e.g. Najström, 2007). So what would pictures of erotic 
origin be classified as? On one hand reproduction and sexual behaviour are, and have always 
been essential to human and evolution. On the other hand sexual behaviour is a part of many 
humans’ daily lives and the attitude to sexual behaviour changes along with culture and 
society. It is a complex task to try to separate phylo- and ontogenetic types of both fearful and 
positive stimuli from each other. And as Flykt et al., (2006) among others point out, the 
relevance of whether stimuli can be classified as phylo- or ontogenetic should be of secondary 
priority. Instead of trying to separate the types of stimuli from each other we should try to see 
them together in a broader framework. Both cultural factors and factors of evolutionary age 
are influencing human reactions and behaviours. Some types of stimuli generate stronger 
responses to human, and this should be more interesting than their evolutionary age (Brosh & 
Sharma, 2005). The same line of reasoning could successfully be carried out according to 
positive stimulus. In this context it is not an important matter to try to separate the stimuli 
from each other according to their evolutionary or culturally origin. It would also be very 
complicated to try to implement this kind of distinction.  
 
Instead of focusing on the origin of the stimuli, another issue is to which extent the 
participants are able to relate to the presented stimuli. As the stimuli in this study are 
presented on a subliminal level it could possibly make a difference in the SCRs as a 
consequence of how easy it is for the participants to detect the exposed pictures. If the 
participants easily can relate to the presented stimuli then maybe this would make it more 
accessible for them to see what the exposed stimuli represent. Then if the pictures depicted 
something that the participants are more familiar with in their daily lives, maybe this can 
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affect the intensity of their reaction. The negative stimuli in this study portrayed corps and 
molested bodies and it is likely that most of the participants never had encountered situations 
containing these kinds of objects in real life. Could this have been influencing the results, as it 
is less easy for the participants to relate to these kinds of stimuli? On the other hand, many 
people see these kinds of pictures and objects in movies, computer games and on television. 
Could this cause decreased responses to this kind of negative stimuli as humans get their 
senses blunted to them? Najström and Högman (2003) carried out an experiment where they 
measured soldiers´ SCRs to fearful stimuli via a similar procedure as in this study. The 
purpose of their study was to find out whether there would be a difference in reaction to the 
fearful stimuli between soldiers with combat experienced and soldiers without combat 
experience. The results indicated that the soldiers with combat experience reacted with lower 
SCRs to pictures presented on a subliminal, as well as on a supraliminal (consciously 
processed) level. Due to the results in the study by Najström and Högman (2003) the former 
reasoning about what the individuals more easily can relate to is probably not the explanation 
to the result in this study. The results do not correspond as the participants in this study 
reacted with stronger SCRs to the positive stimuli and it seems more likely that they have 
more experience of that type of stimuli than to the exposed negative stimuli. It is possible that 
it is not achievable to compare responses to negative and positive stimuli in this context. But 
it is still very likely that most of the participants probably have more experience and a closer 
relation to situations that the positive stimuli depicted than the negative ones and this could 
potentially be a factor that in some way has affected the participants´ SCRs and the results in 
this study.   
 
These theories about preferential processing assume that preferential processing concerns 
survival. The function of preferential processing to positive stimuli would not directly have a 
function of a survival purpose. Bradley and colleagues (Bradley et al., 2001) concluded that 
affective responses seem to serve different functions like attention, mobilization for action, 
and social communication. According to the theory regarding appetitive and defensive 
motivational system the erotic pictures should serve an appetitive function (Lang et al., 1997).  
While responses to fearful stimuli serve a defensive motivation function of survival and 
avoidance of possible danger, it is more difficult to see what the direct functions of 
corresponding responses to positive stimuli are. As mentioned earlier the purpose of such 
autonomic reactions seen through an evolutionary perspective could be survival of the species 
But if this would be the case, then why would this reaction have to be so fast that we show 
strong responses to stimuli that are not consciously processed? To get a better understanding 
of reactions to unconsciously processed positive stimuli, and why they evoke strong 
autonomic responses more research on the subject needs to be carried out.  
 
Validity/reliability  

When using subliminal perception it is important to take consciousness and unconsciousness 
in consideration. There are two major approaches on how to detect individuals’ thresholds 
(Cheesman & Merikle, 1884). In this study subjective thresholds were used as a measure for 
unconscious processing. This means that the participants by self- reporting tell the experiment 
leader when and if they are consciously aware of the stimulus presented to them. This kind of 
threshold is subjective and can vary along with the participants’ willingness to cooperate in 
the study, as well as their self-esteem and their insecurity in their judgement of the presented 
stimuli (Cheesman & Merikle, 1884). Although the self-reported threshold can vary along 
with the participants individual characteristics it is quite excluded that the participants in this 
study were able to consciously process the stimulus presented for 6 milliseconds in a masked 
condition. From another point of view the question is not whether the participants consciously 
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processed the stimuli or not, but if they processed the stimuli at all?  But as the level or the 
SCR were distinguished between the stimulus types this should not be the case. If the 
participants did not process the stimuli subconsciously they should probably have reacted 
with the same extent of SCRs to all three types of stimuli. Nevertheless it is a complex task to 
secure more precisely how much of the participants’ responses to the exposed stimuli that 
actually are effects of what the stimuli are depicting.  
 
There are also some other topics to take into consideration when using SCR as it is not 
uncomplicated to use this technique as a measurement of human arousal and emotional 
reactions. First of all it is known that SCR arises from many types of emotions (e.g. Lang et 
al., 1997; Öhman & Mineka, 2001). So therefore it is not possible to exclude that the 
participants´ responding is evoked by something else than what we consider it to be. Maybe 
the SCRs are measuring, for example, stress and attention instead of fear reactions or positive 
arousal. Secondly, measuring changes of SCRs is a very sensitive method for determination of 
emotional responding. For example, noises, movement of the participants, and any changes of 
the electrodes´ contact with the skin can conduct SCRs (e.g. Najström, 2007). To avoid these 
kinds of errors in data, the participants in this study got the information that the experiment 
instruments were highly sensitive and that it was important for them to remain as still as 
possible during the procedure. But as it is impossible to confirm that the participants sat 
exactly still during the experiment and did not get distracted by any stimuli from outside the 
test premises during the experiment, is not possible to exclude that the results in some extent 
depends on these kind of inaccuracy.  
 
Another important factor in this context is social desirability. Social desirability can be 
defined as our need to be socially accepted and to behave in a culturally correct manner 
(Marlowe & Crowne 1961). Social desirability highly influences individuals’ way of self-
reporting as the individuals with high social desirability tend to try to moderate negative 
attributes. This is a major validity concern for researchers using self-reports as a way to 
collect data (Marlowe & Crowne 1961) and could also have influenced the participants’ way 
of scoring in the STAI-T in this study. To be able to eliminate potential errors related to the 
individuals’ level of social desirability in future studies it would be suitable to measure the 
participants’ level of social desirability. For example, Karolinska Scale of Personality: the 
Social Desirability scale (e.g. Schalling, 1985) could be used.  
 
Even though the interaction between the participants and the experimenter is not very 
extensive during the implementation of this experiment there still exists a possibility of an 
experiment leader effect. This possibility is worth taking into consideration. The main parts of 
the participants in this study were women and the leader was a woman too. Maybe this in 
some extent could have affected the results. Were the participants´ SCRs to the positive 
stimuli in this study an indication of stress, or disgust as another woman was present in the 
experiment room? An earlier study suggests that exposure of erotic pictures depicting humans 
of the same sex made the participants react with a facial expression of disgust (Bradley et al., 
2001). The participants in Bradley and his colleagues study (2001) rated same sex erotica-
pictures as slightly unpleasant and moderately arousing. Despite these ratings the participants 
responding in SCR did not differ much when they were exposed to same sex erotic pictures as 
to erotic pictures of the opposite sex. The participant’s subjective ratings were accordingly not 
consistent with their measured SCRs. The authors discussed whether these facial expressions 
could have to do with sociocultural norms as there is a prevailing heterosexual Western 
culture where appetitive reactions to same sex erotic portrays are disapproved. This could 
have influenced the participants’ ratings and their facial expressions. The increased arousal 
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level to the same sex erotic pictures could also be a cue to sexual behaviour in general 
(Bradley et al., 2001). The pictures in their study were on the other hand presented on a 
supraliminal level which makes it a bit problematic to compare their results to the results in 
this study. As the participants´ SCRs to erotic pictures of humans of the same and opposite 
sex did not differ from one and another when processed consciously there should probably be 
no difference when processed unconsciously either. But of course it is impossible to be 
completely certain that no experimental leader effect have preceded in this experiment and it 
would be interesting to investigate this further by reproducing the same study again with a 
larger amount of participants with the same amount of both men and women, where one 
group had a female experiment leader and the other group had a male leader of the 
experiment. On the other hand there would most likely not be a big difference regarding this 
topic as every one of the positive stimuli in this study depicted an erotic couple containing a 
male and a woman, and the experimenter has a quite reserved role in the study.  
 
Another topic that deserves more attention is the way of which the indexes were used to carry 
out the results of the paired sampled t-tests this study. The neutral pictures are in the middle 
of positive and negative valence (“neutral valence”) and the arousal level for them are very 
low, closely to non-existent. The SCRs to these neutral stimuli should be considered as a 
measurement of the participant level of attention to the stimuli in general as the neutral stimuli 
should not provide any arousal. It is not possible to tell what the exact cause of the SCRs is. 
And it is possible that the negative and the positive stimuli are unconsciously processed 
different from each other and have different ways of evoking autonomic reactions. Therefore 
it makes more sense to compare the positive and the negative indexes to the index of the 
neutral stimuli. To compare the negative and the positive stimulus directly to each other could 
be like comparing apples to pears.  
 
Previous studies have shown that the individuals level of trait - anxiety have an influencing 
effect over SCRs as individuals with higher trait - anxiety tend to react stronger to fearful 
stimuli (e.g. McNally, 1989; Najström, 2007; 1998; Weinberg et al., 1979). The results of the 
correlation between the STAI-T and the mean range of the SCRs to the fearful stimuli were 
significant at the 0.05 level. This indicates that there seems to be a prominent relation between 
the participants´ SCRs to negative stimuli and the scoring in their self-evaluated trait - 
anxiety. This is in agreement with previous studies as individuals scoring high in trait - 
anxiety tends to respond with stronger SCRs (e.g. McNally, 1989; Mogg & Bradley, 
Najström, 2007; 1998; Weinberg et al., 1979). These results support the usefulness of the 
STAI-T in studies like this, and it also indicates that this study corresponds with previous 
studies. There was no significant correlation between the participants´ SCRs to positive 
stimuli and STAI-T. This indicates that there is no relation between the individuals’ trait - 
anxiety and their autonomic responding to unconsciously processed positive stimuli. These 
results indicate that positive stimuli and negative stimuli are differently processed in the 
human brain and that different mechanisms have influence over the processing of these types 
of stimuli.  
 
In conclusion this study indicates that unconsciously processed positive stimuli containing a 
strong positive valence and a high level of arousal evoke autonomic reactions. This result 
elicits many questions about humans processing of positive stimuli as this research area is 
relatively unexplored. To be able to investigate what function these kind of responses fill, and 
to clarify how this type of stimuli are processed, further research needs to be done.   
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