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Abstract

Brugger at al have argued that paranormal belief is triggered by the experience of accidental associations. Persons who belief in psi phenomena (sheep) are thought to have a more divergent thinking style and hence would be vulnerable for ‘seeing’ coincidences as meaningful where they are just accidental. On the other hand, it could also be that ‘sheep’ have become sheep because they encounter more real psi events in their life. 

After Brugger et al we used a lateralized word-priming paradigm in a lexical decision task to measure subjects’ ability to associate words that would normally be considered to be loosely associated at most. We also presented a similar image-priming task where the words were replaced by images of faces. The primes were of smiling or angry faces. The targets consisted of the blurred eyes of the same faces. In this task the subjects had to classify the targets as female or male. Finally, we implemented an embedded psi condition in the image-priming task. In this condition rather than presenting the prime before the target, the (subliminal) prime was presented after the target. 

Fifty-four subjects participated in the experiment. The results of the word-priming task did confirm findings in the literature of faster response times for targets presented in the right visual field compared to targets in the left visual field. More surprisingly, the response times were fastest for indirect primes (loosely associated with the target). There was no difference between sheep and goats (non-believers). 

In the image priming task we found a main effect of the presentation condition with the fastest responses for forward priming, and slower but about the same responses for control (forward) priming and backward priming. Interestingly, the (retro causal) backward condition yielded significantly faster response times than the control condition for the positive primes (t(50)= -2.981, p=0.004 two –tailed). This effect was solely due to the sheep who also showed this (psi) effect for negative primes.

It is concluded that divergent thinking does not seem to explain the origin for the development of a ‘belief’ in the paranormal but that possibly the experience of objective psi events might contribute to this belief.

Introduction

In his article ‘Creative or Defective’ Radin (2005) asserts that many academics explain the belief in the paranormal by using one the three following hypotheses: Ignorance, deprivation or deficiency. ‘The ignorance hypothesis asserts that people believe in the paranormal because they’re uneducated or stupid. The deprivation hypothesis proposes that these beliefs exist to provide a way to cope in the face of psychological uncertainties and physical stressors. The deficiency hypothesis asserts that such beliefs arise because people are mentally defective in some way, ranging from low intelligence or poor critical thinking ability to a full-blown psychosis’ (Radin). The deficiency hypothesis gets some support from the fact that the belief in the paranormal is an aspect of a schizotypical personality (Pizzagalli, Lehman en Brugger, 2001). But to state that every single person believing in the paranormal is somehow mentally deficient is a bit over inclusive. The dysfunction however may give some clues to what causes a belief in the paranormal. Pizzagalli, Lehman en Brugger propose that the belief in the paranormal could be the result of  connecting weakly related concepts or even randomly connecting unrelated concepts. This would result in processing serendipitous events as meaningful and related. An example of this kind of processing can be found in patient suffering from acute schizophrenia. These patients often display making inappropriate and incoherent associations. Their speech often consists of randomly uttered pieces of sentences, information and fragmented narratives. According to Pizzagalli, Lehman en Brugger this can also be explained by a lack of inhibition within the semantic networks. Theories of spreading activation state that concepts can be represented as nodes which are interconnected throughout a network. Activation automatically spreads through these networks. In a normal functioning cognitive system the strong related concepts are more strongly connected to each other than the weakly related concepts. In patients with schizophrenia the activation probably spreads in a diverging manner, thereby activating and associating new and unusual, weakly related connections.   

The semantic priming paradigm is a paradigm that has been developed for studying the automatic spreading of activation in semantic networks (Pizzagalli, Lehman and Brugger). In this paradigm a stimulus (prime), such as a word or an image, is presented very briefly, prior to another stimulus (target). Subjects usually have to categorize the target using a keyboard or a response box. The short presentation insures that the prime is processed at a subconscious level. From research it has become clear that subjects are able to categorize the target faster if it has a strong association with the prime (e.g. dog primes barking). However research with schizophrenics shows that patients exhibiting positive symptoms and thought disorder also respond faster to indirect primes (Pizzagalli, Lehman and Brugger). Indirect primes are words in which association is mediated by another word. For example, Stripes primes Lion through the mediation of the concept Tiger. In recent research it has been shown that a variation of the semantic priming paradigm can be used to distinguish between schizophrenic patients with or without a thinking disorder. It has been suggested that hyper associative thinking in schizophrenics is a consequence of a disinhibited spreading of activation probably as a result of over excitation / disinhibition in the brain. 

Pizzagalli, Lehman en Brugger (2001) suggested that a belief in the paranormal could be caused by disinhibtion in semantic networks and since schizophrenic patients could be primed indirectly, Pizzagalli, Lehman en Brugger wanted to find out if healthy believers in the paranormal could also be primed indirectly. In order to investigate this they used a variation of the previously mentioned semantic priming paradigm. They examined the spreading of activation as a function of the stimulated hemisphere. Subjects were divided into a group having a very strong belief in the paranormal (Sheep) en a group having a very strong disbelief in the paranormal (Goat). Directly related, indirectly related, unrelated and pronounceable nonexistent primes were presented centre screen. Half of the targets were presented in the left visual field (LVF) while the other half was presented in the right visual field (RVF). They found that responses were faster for directly related primes than the indirectly and unrelated primes. Reactions were faster for indirectly related primes than unrelated primes. Further analyses of interaction-effects showed that Sheep reacted significantly faster to primes presented in the LVF but not to primes presented in the RVF. For Goats no such effects were found. 

It appears that healthy Sheep show facilitation in the response to indirectly related word pairs when the targets are presented in the right cerebral hemisphere. According to Pizzagalli, Lehman en Brugger (2001) these findings could indicate a mechanism for divergent thinking and eventually resulting in a belief in the paranormal. They further state that inhibition within semantics networks could point towards a possible biological basis for properties that madness and genius have in common. It seems that an excessive inhibition will result in disrupted behaviour while a more moderate disinhibition may give rise to creative insights. The results obtained in the Pizzagalli, Lehman en Brugger (2001) study are in agreement with the research done by Faust and Lavidor (2003). In their research into divergent and convergent priming they found that in the right hemisphere a prime activates a broader range of concept than it does in the left hemisphere. Faust and Lavidor think that the right hemisphere plays an important role in verbal creativity. 

A different perspective on the relation between divergent thinking and belief in the paranormal can be taken when considering Thalbourne and Delin (1994). A high positive correlation was found between creative personality and belief in the paranormal. Pizzagalli, Lehman en Brugger (2001), Faust and Lavidor (2003) and Thalbourne and Delin together show that there exists at least a correlation between a creative, divergent thinking personality and the belief in the paranormal. In research related to Pizzagalli, Lehman en Brugger (2001), Gianotti, Mohr, Pizzagalli, Lehman en Brugger (2001) the relation between creativity and the belief in the paranormal was investigated using a task in which the subjects had to come up with a word that would semantically connect two other given words. It was found that subjects believing in paranormal phenomena came up with more original associations than sceptics when the two given words were unrelated. Apart from this, the Sheep tended to respond faster than Goats. In other research done by Radin, McAlpine, Cunningham (1994) and Dalton, Stevens (1996), Schlitz and Honorton (1992), Roe, McKenzie, and Ali (2001) subjects having a creative personality performed better than other subjects on various Psi tasks. When taken together these results could indicate that there exists an objective relation between processes that cause divergent thinking and the occurrence of paranormal phenomena.

Pizzagalli, Lehman and Brugger (2001) propose that the belief in the paranormal is the result of disinhibition within semantic networks. This may result in seeing connections that have no causal relation, but instead have a relation that is weak or even random. An alternative explanation for a high measure of belief in the paranormal is that this may be the result of actually having experienced paranormal phenomena. The divergent brain processes than actually may be a mechanism for sensing these kinds of phenomena. Or it may be a way of giving a post-hoc explanation after experiencing such paranormal phenomena. Until now, previous explanations on belief in the paranormal assumed that this belief would be an artefact of divergent brain processes. To date, this assumption has not been investigated. The goal of this study is to further examine this assumption. In this study we want to determine if the belief in the paranormal is the result of divergent brain processes or if it is the result of actually experiencing paranormal phenomena. Basically, two models are examined for plausibility. The first model is based on the explanation Pizzagalli, Lehman and Brugger which states that belief in the paranormal is caused by making incorrect associations as a consequence of divergent brain processes. In the second model the belief is caused the divergent brain processes are a way of percepting paranormal phenomena which in turn result in a belief in paranormal phenomena because of having actually experienced them. Apart from replication of the Pizzagalli, Lehman and Brugger study we will be using Goats, Sheep and group a subjects who represent a category in middle on measures of belief in the paranormal. Using this extra group of subject it will be possible to determine what kind of relation there exists between Sheep and Goats. Data on a questionnaire to determine belief in the paranormal will be used to explore the relation between intelligence and belief in the paranormal. This is done to see if the deficiency hypothesis as stated by Radin (2005) will hold up or not. In the current study we will be attempting to take a measure of psi performance in order to determine whether Sheep use divergent brain processes to detect paranormal phenomena. Based in the literature and previous research we predict that: (a) Sheep can be primed indirectly in the left visual field as opposed to Goats,(b) response times will be faster for direct primes than for indirect primes (c) Sheep will generally show faster response times than Goats, (d) Sheep are expected to score higher on measures of creativity, (e) if psi performances will be detected this will be stronger or found only in the group of Sheep. Both models will give the same results apart from the last hypothesis. If any observations will be done in congruence with the hypothesis, this would give some support for the second model.

Method


Subjects


A total of 61 subjects enlisted themselves for study credit as part of the University’s first year curriculum. These subjects completed a questionnaire assessing belief in paranormal phenomena. After review this resulted in data of which 54 subjects were suitable for analyses. `


Apparatus


All stimuli were presented on a PC-compatible computer (733 MHz) using the Presentation® (http://www.neuro-bs.com) software package. The operating system used was Windows® XP. The stimuli were displayed on a 17 inch monitor using a refresh rate of 75Hz. Screen resolution was set to 1024x768 pixels using a colour depth of 16 bits. 

Questionnaire 

A 13-item questionnaire was constructed to measure the degree of belief in paranormal phenomena.  Items from the ‘Paranormal Belief Scale’ (Tobacyk & Milford, 1983) and the ‘Paranormal Short Inventory’ (Randall, (1997) were adapted and translated into Dutch. Items were scored using a 5-point Likert scale. Answers ranged from ‘I Strongly Disagree’ to ‘I Strongly Agree’. The questionnaire has a good internal consistency, the Cronbach alpha coefficient was .88.


Primed Lexical Decision Task


Stimuli 

All stimuli were letter strings of three to seven characters. Stimuli were selected, translated, and adapted for use in Dutch from Weisbrod, Kiefer, Winkler, Maier, Hill, Roesch-Ely, and Spitzer (1999). Pronounceable nonexistent words were created from existing words and switching the first and last letter with the adjacent letter or substituting vowels in case a word was short or a combination of both. For instance, ‘tang’ (an existent Dutch word meaning ‘pliers’) transformed to the nonexistent ‘teng. A total of 240 prime-target word pairs were presented. The pairs were divided into four categories of prime-target relations. The prime was an existing Dutch word while the target was a directly related word (n=40), indirectly related word (n=40), unrelated word (n=40) or a pronounceable nonexistent word (n=120). 

Stimulus Presentation
The presentation of the 240 word-pairs was divided over two tasks of equal length. Each of these tasks included a subject terminated break of at least 30 seconds. Each task consisted of 20 directly word pairs, 20 indirectly word pairs, 20 unrelated word pairs and 60 nonexistent word pairs. The word pairs were presented in random order. All primes were presented in the centre of the screen while half of the targets were presented in the left visual field and the other half was presented in the right visual field. The lateralization wasn’t completely randomized; the visual field into which a target was to be presented had been predetermined for each word pair. As font Arial set to a font size of 14 pixels in black was used for displaying the word pairs. Stimuli were presented in black onto a white background. The mask consisted of a row of seven X’s using the same font-size but in uppercase and a bold face, ensuring that the words were properly masked.

The total duration of a trial was 4000 milliseconds, see figure 1 for a graphical presentation of the stimulus presentation. At the beginning of the trial the mask was presented for 1050 ms followed by the presentation of the prime for 20 ms after which the mask was presented again for 180 ms. This was followed by the presentation of the target for 1000 ms. The target was followed by the presentation of the mask for 50 ms after which the screen remained white until the next trial was started. The target was either presented 257 pixels left or right from the centre of the screen. The prime-target stimulus onset asynchrony was 200 ms, hereby ensuring that the stimulus was processed automatically rather than controlled. 

Subjects had to respond by pressing the ‘Z’-button when the presented target was an existing Dutch word or by pressing the ‘M’-button when the target was a nonexistent Dutch word.
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Figure 1: Timing of Masks, Prime and Target in Lexical Decision Task


Image task


Objective


The purpose of this task is to detect possible nonconscious psi performance. A normal forward priming paradigm has been reversed. This has been done in order to determine if stimuli presented after a target can influence the reaction to this target in a manner similar to a normal forward condition. Reaction times of the normal priming condition are compared with a control and a backward prime condition. For the detection of a possible psi performance we require that a normal priming effect must be present to the stimuli. It was found that in the second part of the image task no normal forward priming effect occurred to the stimuli. So it was decided to discard the data of this second part before checking these data for backward priming effects, and only use the data from the first part of the image task for further analyses.

Stimuli


Stimuli consisted of pictures from males and females depicting a smiling or angry face. The pictures were sampled and adapted from the NimStim face stimulus set (http://www.macbrain.org). This stimuli set has been especially developed for doing research into facial recognition and emotion. All pictures have been standardized throughout this set. Pictures of 16 different males and 16 different females were used, from each a smiling and an angry face was used. The dimensions of all the stimuli used were 506x650 pixels. The prime was a complete picture of a face. The target consisted of this same, but edited picture. Only a rectangular area around the eyes was visible. Furthermore, for the targets the visible area of the remaining eyes had been blurred as to maximize the influence of the primes. A dummy prime was created using the picture of a colored fractal and was edited as to suit the experiment. As fixation a red and green dot were used.

Stimulus Presentation
In total 192 trials were presented divided over two separate tasks. Both tasks included a self terminated break of at least 30 seconds. The prime-target pairs were randomly presented in three conditions: In the control condition, a dummy prime was presented before and after the target, in the causal condition a prime was presented before the target. While in the Retro condition, two primes were presented after the target. All stimuli were presented on a grey background.

The total duration of a trial was 5500 milliseconds. For a schematical presentation of the display times see table 1 and figure 2. The rationale for this presentation scheme was to have each trial in each condition having the same internal structure and duration while still allowing to have a clear psi condition. 

Subjects were to judge whether the displayed target eyes were eyes of a female or a male as fast as possible after the beginning of the exposure of the target. To avoid the subject looking away from the screen after response and thereby miss the retro prime, they again had to give an answer after the red fixation dot turned into a green fixation dot. Their manual response consisted of pressing the ‘Z’-button when the presented eyes were that of a female or the ‘M’-button when the presented eyes were that of a male.

Table 1. Image task display times in milliseconds
	Causal condition

	Fixation
	Prime
	Fixation
	Target
	Fixation
	Dummy
	Fixation
	dummy
	Fixation
	Fix. 2
	Blank

	800
	20
	180
	1000
	500
	20
	200
	20
	500
	1200
	560

	Retro condition.

	Fixation
	Dummy
	Fixation
	Target
	Fixation
	Prime
	Fixation
	Prime
	Fixation
	Fix. 2
	Blank

	800
	20
	180
	1000
	500
	20
	200
	20
	500
	1200
	560

	Control condition.

	Fixation
	Dummy
	Fixation
	Target
	Fixation
	Dummy
	Fixation
	Dummy
	Fixation
	Fix. 2
	Blank

	800
	20
	180
	1000
	500
	20
	200
	20
	500
	1200
	560
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Figure 2: Timing of Fixations, Dummy (P1), Target and Primes (P2 and P3) in retro-condition of the image task. In Causal and Control conditions P1, P2 and P3 are different. (See Table 1). When FIX turns into FIX-2 the subjects have to respond again. This is done to keep them looking at the display after the first response so that the retro-prime is exposed while they are looking at the screen.


Exit Interview

The exit interview consisted of 16 questions that could be answered with ‘yes’ or ‘no’. The questions inquired after the individual experience with paranormal phenomena, creative activities the subject is involved in and religious orientation.


Procedure


At the start of the experiment the subject was instructed to take place at the computer in a dimly lit room. The experimenter then gave a short explanation what the subject was supposed to do, the subject than had to follow the instructions presented on the screen. During the rehearsal trial the experimenter remained in the room to answer any questions and to see to that the subject understood the instructions. After eight rehearsal trials, the experimenter left the room. The experiment started with the image task and was followed after a short break by the lexical decision task. The lexical decision task began with ten rehearsal trials. After the lexical decision task, the subject was prompted to call for the experimenter, who in turn turned on the lights and gave the subject the paranormal belief questionnaire and the interview questions. After the subject had finished the questionnaire and interview, the experimenter turned of the lights and instructed the subject to continue the computer tasks. The tasks in the second half of the experiment again started with rehearsal trials. There was a break in the middle so as to give the subject a needed rest. In this manner, the number of presentation could be increased to obtain more statistical power. The image task was presented and after a short break was followed by the lexical decision task. Upon completion of the experiment, the subject received their student credit from the experimenter. 

Results

If not otherwise noted, all reported response times (RT) are in milliseconds. Values for which the stimulus software indicated an OS error of over 5 milliseconds were removed. Outliers, defined by a value exceeding two standard deviations, were also removed for analyses. All remaining response times were log-transformed. 

Paranormal Belief Questionnaire (PBQ)

In total 619 subjects completed the PBQ, of these 420 were female (mean age = 21.29, sd=4.56) and 196 males (mean age=21.39, sd=4.23). The mean age of all the respondents was 21.32 yrs with a SD of 4.47. 

The PBQ scores had a good internal consistency. The observed Cronbach alpha coefficient was .883. Only removing the question, “It impossible for a human being to have a soul”, would have resulted in a minor increase of the Cronbach alpha coefficient (.884). The relation between a control question, “I feel that I belief in paranormal phenomena such as telepathy, precognition etc.” and scores on the PBQ were examined using Pearson’s product moment correlation coefficient. A strong positive relation was found (r=.739, n=61, p<.0005). 

Scores on the PBQ can range from 13 to 65, indicating a low belief and a high belief in paranormal phenomena respectively.  The mean score on the PBQ was 34.42, (sd = 10.19). The average scores of females and males differed significantly (two sample independent t(615)=-6.3, p <<.0001 two tailed). The female subjects believed more in the paranormal (36.02, sd=9.61) than the male subjects (30.92, sd=10.22). 

Primed Lexical Decision Task 

According to Pizzagalli, Lehman and Brugger (2001) gender is a confounding factor in lateralisation studies. Therefore only the scores of the females (n=39) were used for analyses in this part of the experiment. Category designation was based upon the mean PBQ score and the standard deviation. Goats were defined as having a score smaller than the mean minus 1 standard deviation. This resulted in 5 goats. Subjects were categorized as sheep if they had a score larger than the mean plus one standard deviation.  This resulted in 10 sheep.  The rest of the subjects formed a third middle group (n=24).

A 3-Way ANOVA, with ‘Group’ (Sheep/Goats/Middle) as between subject factor, and ‘Visual Field (VF; LVF, RVF) and ‘Prime Category’ (directly related, indirectly related and unrelated prime-target relation) as repeated measures, was performed on individual mean RT’s of correct lexical decisions. Two significant main effects were observed: a main effect for Visual Field (F(1,38)=9.774, p=.003). Reaction times were faster for targets presented in the Right VF (mean = 659) as compared to targets that were presented in the Left VF (mean = 681), see table 2 for descriptive statistics. A main effect for association category was also observed, (F(2, 38)=9.058, p=.001). Subjects responded fastest to indirectly related primes (mean = 661), somewhat slower to direct primes (mean = 670 ms), and slowest to unrelated primes (mean = 679). See table 3 for descriptive statistics.   
	Table 2. Descriptive statistics for reaction times in log transformed milliseconds (milliseconds between brackets) for lateralized presentation of the targets. 

	Visual Field
	Mean
	SD

	Right Visual Field
	6,491 (659)
	,020

	Left Visual Field
	6,523 (681)
	,021


	Table 3. Descriptive statistics for reaction in log transformed milliseconds (milliseconds between brackets) to the different prime categories (direct related, indirect related and unrelated primes-target word pairs) . 

	Prime Category
	Mean
	SD

	Direct related
	6,507 (670)
	,020

	Indirect related
	6,494 (661)
	,020

	Unrelated
	6,520 (678)
	,021


Image task

For these analyses both male and female were used. Category designation was based upon the mean PBQ score and the standard deviation. Goats were defined as having a score smaller than the mean minus 1 standard. This resulted in 7 goats. Subjects were categorized as sheep if they had a score larger than the mean plus one standard deviation. This resulted in 12 sheep. The rest of the subjects formed a third middle group (n=32).

A 2-Way ANOVA, with ‘Group’ (Sheep/Goats/Middle) as between subject factors, and ‘Prime Type’ (Retro, Causal, Control) as repeated measure, was performed on individual mean RT’s of correct gender categorisation of the faces. A significant main effect was observed for Prime Type (F(2,49)= 15,299, p<.0005). RT’s are fastest in the Causal condition, slower in the Control condition, and slowest in the Retro condition. See table 5 for descriptive statistics and figure 3 for a graphical display of the data. As figure three shows, sheep tended to respond faster in the Retro condition, about as fast as in the the Causal condition, but the ANOVA showed no significant interaction effect, F(2,49) = 1,180, p=.324.

	Table 5. Descriptive statistics for reaction times in the different prime conditions (Retro, Causal, Control).

	Prime Type
	Mean
	N
	SD

	Retro
	740
	51
	17,62

	Control
	738
	51
	16,03

	Causal
	707
	51
	12,93


	Figure 3. Reaction times for the groups Sheep, Goat, and Middle in the conditions (Retro, Control, Causal) in the image task.
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 To further explore the significant main effect for prime condition some extra analyses using a further split of the Primes in ‘positive (smiling) and ‘negative’ (angry) were done. A 3-Way ANOVA with ‘Group’ (Sheep/Goats/Middle) as between subject factors, and ‘Prime Type’ (Retro, Causal, Control) and ‘Valence’ (positive and negative) as repeated measures, was performed on individual mean RT’s of correct gender categorisation of the faces. Again the significant main effect was observed for Prime Type (F(2,49)= 13,511, p<.0005). A significant effect was observed for Valence, F(1,50)= 8,264, p=.006. A trend for an interaction affect was observed for Prime and Valence, F(2,49)= 3,169, p=.051. See table 6 for descriptive statistics and figure 4 for a graphical display of the data. 
Since the effect for Valence was quite significant and a trend was found for the interaction between Prime and Valance, some post hoc analyses were done in order to specify what conditions were responsible for the effects. Valences of primes (angry, smiling) were compared with each other for every Prime condition using paired t-tests. A significant difference of 37 msec was found between the RT’s for positive and negative primes in the Retro condition.

A paired sample t-test comparing RT’s in the Retro positive and Control positive showed a significant difference of 22 ms, (t(50)= -2,981, p=.004). Subjects responded faster in the Retro condition as compared to the control condition. This effect was completely due to Sheep (difference = 33 ms). A paired sample t-test comparing RT’s in the Causal positive and Control positive showed a significant difference of 34 ms, (t(50)= 3,769, p<.0005). Subjects responded slower in the Control condition as compared to the Causal condition. Also a significant difference of 12 ms was found between the Causal and Retro condition for positive stimuli (t(50)= 2,430, p=.019). The RT’s were faster in the Causal condition as compared to the Retro condition. See table 7 for descriptive statistics.

	Table 6. Descriptive statistics for reaction times for the three groups (Goat, Middle, Sheep)  in the Retro, Causal and Control condition split for Valence (positive, negative)

	Group
	prime_condition
	Valence
	Mean
	SD

	Goat (n= 7)
	Retro
	positive
	754
	29,73

	 
	 
	negative
	787
	44,54

	 
	Control
	positive
	758
	34,81

	 
	 
	negative
	769
	43,89

	 
	Causal
	positive
	756
	29,51

	 
	 
	negative
	754
	31,56

	Middle (n= 32)
	Retro
	positive
	698
	13,91

	 
	 
	negative
	741
	20,83

	 
	Control
	positive
	720
	16,28

	 
	 
	negative
	723
	20,53

	 
	Causal
	positive
	690
	13,80

	 
	 
	negative
	685
	14,76

	Sheep (n= 12)
	Retro
	positive
	683
	22,71

	 
	 
	negative
	709
	34,02

	 
	Control
	positive
	716
	26,59

	 
	 
	negative
	746
	33,52

	 
	Causal
	positive
	655
	22,54

	 
	 
	negative
	699
	24,11


	Figure 4. Reaction times of the groups Sheep, Goat, and Middle in the conditions (Retro, Control, Causal) in the image task split for Valence of the stimuli.

	Positive
	Negative
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	Table 7. Descriptive statistics for reaction times in the Retro, Causal and Control condition split for valence (positive, negative).

	Prime condition
	Valence
	Mean
	N
	SD

	Retro 
	positive
	702
	51
	80,10

	 
	negative
	740
	51
	117,83

	Control 
	positive
	724
	51
	91,26

	 
	negative
	735
	51
	115,00

	Causal
	positive
	691
	51
	82,17

	 
	negative
	698
	51
	85,09


Exploratory Analysis

Intelligence and belief in paranormal phenomena

The relation between scores on the PBQ and a measure of intelligence as measured by the Raven Standard Progressive Matrices was examined using Pearson’s product moment correlation coefficient. Only the data of subjects was used who completed the Raven Standard Progressive Matrices. No correlation was found between scores on the Raven Standard Progressive Matrices and scores on the PBQ, (r(517)=-.038, p=.391). Analyses using an two sample t-test showed no significant difference between scores of Sheep and Goats on the Raven Standard Progressive Matrices,( t(80)=.528, p=.599). 

 Response times for Sheep and Goats

Whilst exploring the date it came to the attention of the experimenters that a difference might exist between response times of the Sheep and Goats. To see if a difference indeed could be observed an two sample independent t-test was performed on data in the image task for ‘Group’ (Sheep and Goat) on individual mean RT’s of correct gender categorisation of the faces. A significant difference was observed in the Causal condition, (t(17)= 2,340, p=.032), whereby reaction times of Sheep are faster than those of the Goats. The same effect was found, but this was a trend instead of a significance, if one pools the RT’s over the conditions (Causal, Retro) with  the Sheep outperforming the  Goats,( t(17)= 1.895, p=.075), see table 7 for descriptive statistics and figure 5 for a graphical representation of the pooled means of both tasks..

	Table 6. Descriptive statistics paired sample t-test for reaction times of Sheep and Goats in the Retro, Causal and control condition.

	 Prime condition
	Belief2
	N
	Mean
	SD

	Retro
	Goat
	7
	775
	96,00

	 
	Sheep
	12
	707
	100,24

	Causal
	Goat
	7
	767
	60,57

	 
	Sheep
	12
	724
	131,87

	Control
	Goat
	7
	759
	71,05

	 
	Sheep
	12
	676
	77,32


	Figure 5. Reaction times of the pooled means for the image task and the lexical decision task and.
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 Interview

Experience

The relation between the 6 items inquiring into what experiences subjects might have had with paranormal phenomena and scores on the PBQ was examined using Pearson’s product moment correlation coefficient. A positive, significant relation was observed between the two variables, (r(60)=.698, p<.0005). A high score on the PBQ was associated with more experiences with paranormal phenomena.

Creativity

The relation between the 5 items inquiring into the creative activities the subjects participate in and scores on the PBQ was examined using Pearson’s product moment correlation coefficient. Between the two variables a positive, significant relation was observed, (r(61)=.295, p<.021). A high score on the PBQ was associated with a higher reported participation in creative activities.

Discussion

As was expected the priming effect for targets presented in the right visual field was stronger than for targets presented in the left visual field. This was true for Sheep as well as Goat. The hypotheses that a stronger priming effect would be found for direct primes in comparison to indirect primes found no support. It was even observed that responses to indirect primes were faster than responses to direct primes. A possible explanation for this finding is that. in spite of the procedure to select the word pairs (see method),  some of the indirect primes were not as indirect as assumed nor were some of the direct primes, direct enough. The expected effects concerning the lateralisation hypotheses of the indirect primes were not observed. Sheep and Goat did not differ with regard to lateralized presentation of indirect related prime-target word pairs and direct related prime-target word pairs: no difference was observed between reaction times to indirect nor to direct primes for presentation in the left visual field. Sheep, Goat and the middle group all showed a priming effect to indirect related prime target word pairs. As hypothesised, there was a difference in degree of the priming effect for each group. In the image task it was observed that Sheep responded significantly faster than Goats. In the lexical decision task the difference had the same direction but failed to reach significance. The finding that Sheep in general respond faster than Goat can also be observed in the Pizzagalli, Lehman and Brugger (2001) study as well as in the association speeds in the Gianotti, Mohr, Pizzagalli, Lehman and Brugger (2001) study. A possible explanation for this finding could be that a relative decreased inhibition will result in more quickly reaching the activation threshold and hence a faster reaction. In previous research the Sheep and Goat have been compared with each other. Nothing could actually be said about how the Sheep and Goat would relate to the population that lies in between. In the current study subjects with an average belief in paranormal took part as well. From the findings in this study it has become clear that a linear relation between measures of paranormal belief and reaction time exists.

Not being able to find an indirect priming effect in the left visual field in the way Pizzagalli, Lehman and Brugger (2001) did, might be attributed to a different setup concerning the lateralisation of the targets. They used a chinrest to fixate the distance and position to the screen so that targets were presented 100 centimeter from the screen. In the current study, the distance from target and the centre of the screen was a quarter of the screen width while the distance to the screen was approximately 4 screen widths. Thus the target was about 4.7 degrees off the fixation point.  This was done to insure that the target was within in one saccade movement of the eyes. Nonetheless, the fact that a main lateralization effect was established makes this point moot.  

A more probable explanation is that our classification of Sheep and Goat may not have been extreme enough. Due to a lack of extreme subjects in the population, this classification of Sheep and Goat was made using the population mean plus and minus one standard deviation respectively. In the Pizzagalli, Lehman and Brugger study Sheep and Goat were classified using two standard deviations instead of one standard deviation. It should be noted that in the current study only the mean response times did show an effect dependent on the classification in Sheep or Goat. None of the predicted interaction effects were confirmed. This lack of further discrimination between Sheep and Goat fits with the suspicion that our classification was not extreme enough. 

   In the current study the use of stimuli also differed somewhat from the way stimuli were used in the Pizzagalli, Lehman and Brugger study. They used ten stimuli for each semantic category that were presented eight times in total, whereas the current study used 40 stimulus word pairs for each category and these were presented only once. If decline of the activation that has spread to an associated node is in the order of minutes then a subsequent activation might cumulate in the Pizzagalli, Lehman and Brugger study while this wouldn’t happen in the current study, simply because the stimuli are only used once. This would be apparent by comparing the response times for the first, second and subsequent time the same prime-target pair is used in the Pizzagalli, Lehman and Brugger study, but we don’t have access to the raw data to do this analysis.

The crucial hypothesis with regard to the ‘roots of paranormal belief’ stating that if a psi performance was observed, it would be stronger or be found only with the Sheep was not supported by the results. However, a psi (retro) priming effect for positive (smiling) primes was found, but this was present for all three experimental groups. The effect was significant at the 5% level after Bonferonni correction.

Future improvements

The near linear relation of the scores on the sheep-goat scale with response times suggests that this scale is appropriately measuring some underlying trait. We feel that in future research however the classification criterium of two standard deviations should be adhered to in order to get interaction effects. 

The image task was intended to detect nonconscious psi performance. Considering the finding that positive stimuli were the only ones resulting in an apparent retro causal influence, a future experiment could use only positive primes, reduce the number of stimuli and present these stimuli several times, thus potentially drawing also upon cumulative effects. Another improvement could be to reduce the time between target presentation and (post) prime. In this experiment it was set at 1500 ms. Because we can assume that retroactive influence declines with larger time distance a shorter interval may be tried. The mean response times in this study were around 650 msec thus there is still room for shortening the time interval between target and prime. However trials with response times exceeding the interval should be disregarded in order to exclude normal forward causal explanations. 

Conclusion

The explaining mechanism for previous findings in the literature has mostly been interpreted from the point of view of decreased inhibition. This is probably, because in cases of schizophrenia by using an explanation of disinhibition most of the pathology can be explained. But what will happen if the inhibition increases? Can this explain the slower response times for the Goats? It appears so, taken the reverse of the explanation of the fast reactions of the Sheep, one would argue that because of an increased inhibition it would take more time for activation to spread through a network and result in slower response, especially to ambiguous stimuli. If this were the case for extreme inhibition meaningful, but weak, relations may not be activated at all. A short-sightedness may in fact occur, only activating dominant concepts. According to Pizzagalli, Lehman and Brugger (2001) a moderate disinhibition might give rise to creative insight, while too much disinhibition would result in disruptive behaviour. Too much inhibition may also result in pathology, but the effects are probably less obvious compared to the patient suffering from schizophrenia. Extreme skeptics might not be able to follow logical arguments based upon subtle steps and find the world with these subtleties threatening thereby denying anything but the accepted world view. Tolerance for ambiguity might be extremely low and pathology might arise that would a.o. result in difficulties to act in new social environments. Further research on the personality of (extreme) Goat might shed light on this issue.

While a small subpopulation of people believing in paranormal phenomena may be mentally deficient, the deficiency hypothesis as explained by Radin (Radin, 2005) found no support in study. In post-hoc examination of the relation between scores on the Paranormal Belief Questionnaire and scores on a measure of intelligence as measured by the Raven Standard Progressive Matrices showed no differences between Sheep and Goats


From the presented results it is concluded that divergent thinking is unable to explain the origin for the development of a ‘belief’ in the paranormal. Also no support was found for the hypothesis that people who belief in paranormal phenomena are mentally deficient. What is observed is that a belief in paranormal phenomena is associated with faster responses on decision tasks. This may suggest that decreased inhibition will result in more quickly reaching an activation threshold that, in turn, results in more rapidly spreading of activation in the semantic networks. Eventually this might cause psi information to be manifested more easily. Although we couldn’t assess an interaction between Sheep-Goat and the retro-priming effect we were able to demonstrate this psi effect and it was clear from the descriptive data that Sheep contributed mostly to this effect.  This, together with all the previous literature, suggesting a relation between psi performance and ‘belief in the paranormal’, indicates that this belief may not arise from mental deficiency, but may arise from fact.
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