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Abstract 

It has been suggested that the brain tries to predict the most probable outcome in each 

circumstance using prior predictions to evaluate posterior outcome. That way the brain works 

as a probabilistic machine that avoids prediction error. This raises the problem: if the brain 

tries to avoid surprises, its optimal arousal level would be in a dark room where nothing ever 

happens. A recent proposal by Chetverikov and Kristjánsson tries to overcome this problem 

by adding that prediction is also guided by affect. Different perceptual outcomes yield 

negative or positive affect that influence futures choices. The proposal further suggests that 

cognition is driven by the chance of learning rather than the most probable outcome. Here, I 

tested under what conditions humans prefer novelty to familiarity. The hypothesis is that 

when all stimuli have a high prior likelihood, people are biased towards novelty. Furthermore, 

it suggests that when all stimuli do not have a high prior likelihood, people prefer familiarity. 

I tested whether manipulation of the context surrounding the stimuli affected which stimuli 

were chosen. The results did not support the proposal that participants choose differently 

depending on the surrounding context. The obtained results can be explained by the mere 

exposure effect. 
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Perception is achieved almost as if automatically (Trapp, Shenhav, Bitzer & Bar, 2015), 

however there are many limitations to the liability of sensory information (Knill &Pouget, 

2004). Many hypotheses have attempted to explain how our perception is guided, including 

the Bayesian brain hypothesis which proposes that perception is a “process of unconscious, 

probabilistic inference” (Knill & Pouget, 2004. p.1; Mach, 1980; Helmholtz, 1925). 

According to the hypothesis the brain uses sensory information to calculate internal 

probabilities to update posterior believes (Friston, 2010). The brain tries to optimize the 

probabilities for what caused its sensory input by analyzing the prediction error and compare 

it to conditional expectation. This way the brain tries to reduce its prediction errors. The 

outcome of the brains calculations gives us what we believe to be the most likely results of 

what truly caused the sensory input (Friston, 2010). That way the brain tries to learn how to 

interact according to the most probable outcome in each situation.  

One form of learning is reinforcement learning (Kaelbling, Littman & Moore, 1996; 

Sutton & Barto, 1998), referring to that we learn how to make decisions based on previous 

outcomes. Theories about reinforcement learning state that decisions can be followed by 

either a reward or punishment (Krigolson, Hassal & Handy, 2014). When our predictions are 

correct, we are reinforced with a positive affect. But when our predictions are incorrect, we 

experience a negative affect. (Chetverikov & Filippova, 2014: Allakhverdov & Gershkovich, 

2010; Chetverikov, 2014; Chetverikov, Jóhannesson & Kristjánsson 2014). Handy et al 

(2014) conducted an experiment where the results supported that maximum rewarding 

computations underlying decision-making follow principles of reinforcement learning. 

Decision-making therefore depends largely on the possible outcomes (Krigolson, Hassal & 

Handy, 2014). The Free energy principle suggests that to maximize positive affect we need to 

minimize surprises, where a surprise is a negative outcome or an entropy (Friston, 2010). 

According to that we are more likely to be wrong when we experience surprise, and therefore 

more likely to experience negative affect. 

  One may assume that all changes are bad because they give rise to uncertainty. Up to 

some point this seems to be true. In an experimental test, in which translational approach was 

used to study mice and humans, unpredictability alone was enough to elicit anxiety-like 

behavior (Herry et. al., 2007). But, do we need to avoid unpredictability altogether to 

maximize positive affect? A debate on this assumption has suggested that this strategy does 
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not work. If this was true one could assume that the best way to maximize positive affect is to 

stay in a dark room and never leave (Friston, Thornton & Clark, 2012).  

Chetverikov and Kristjánsson (2016) tried to overcome this problem by putting 

perceptual predictions in a wider perspective. They suggest that behavior is guided by affect. 

When we make decisions we inversely weight prediction error with prior probabilities. The 

results of our predictions are either correct or incorrect and lead to affect that can be positive 

or negative (Chetverikov & Kristjánsson, 2016). When more probable predictions are 

confirmed they yield less positive feedback. However less probable predictions yield more 

positive affect when they are correct. Perceptual predictions leading to positive affect are 

more likely to be used in the future while predictions leading to negative affect are not. By 

linking affect to predictive coding Chetverikov and Kristjánsson (2016) suggest that cognition 

is driven by the chances of learning rather than the most probable outcome. Therefore a 

probable outcome alone would not necessarily lead to a positive affect. That means that 

staying in a dark room where the outcome is highly probable would ultimately drive people 

out of the dark room where they would lack positive affect. 

The current study is conducted following the framework of Chetverikov and 

Kristjánsson (2016). The aim of this study is to specify the conditions under which humans 

prefer novelty. The hypothesis is that when all stimuli have a high prior likelihood, people are 

biased towards novelty. Furthermore, it suggests that when all stimuli do not have a high prior 

likelihood, people prefer familiarity. I used two phases to test the hypothesis. In phase 1, 

participants were familiarized with different meaningless forms through repeated exposure. In 

phase 2, the contextual breadth of objects surrounding the forms was manipulated. The 

surrounding context was either specific, namely, things one can find in a kitchen, or varied. In 

a specific context, for example kitchen, one can allow more prediction of what comes next 

(and could therefore possibly be activated via contextual priming). The hypothesis is that 

when a specific context surrounds the stimuli, participants will be biased towards novel 

stimuli. But if the stimuli are presented surrounding various contexts, no object will be primed 

and expected. Therefore participants will be biased towards familiar stimuli.  
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Method 

Participants 

Twenty-three subjects participated in the study (mean age = 28 years, SD = 6.7; 11 females 

and 17 males) who were selected with a convenience sampling. 

Six participants were replaced with new ones: five because of problems in recording 

due to software failure during the experiment and one because this participant misunderstood 

the instructions given. All participants gave written informed consent and participated without 

additional reward. 

Equipment 

The objectives were displayed on a on 17” computer screen with screen dimensions of 

36.18×16.6 cm and an effective resolution of 1280×1024 pixels using Dell Optiplex 755 

computer. The program used in the experiment was Presentation Software (version 14.7, 

Neurobehavioral Systems, Inc.). 

Stimuli  

The experiment had two phases. The first phase was a visual short–term memory task. Ninety 

differently colored visual shapes devoid of meaning were used as stimuli. Of these, 30 shapes 

were assigned to familiar conditions. They were presented during the pre–familiarization in 

the short–term memory task. Other 30 shapes were assigned to novel conditions and were not 

presented in the short–term memory task. They were only presented in phase two. The last 30 

shapes were assigned to “absent” conditions and were not used at later stage of the 

experiment.  

For the second phase of the experiment, 112 gray scale pictures of different objects 

were used. Half of them, 56 pictures, were from the same context. They were all pictures of 

things one can find in a kitchen, for example a plate or a glass. The other half where pictures 

from different contexts. The context could for example be from an office or a beach. The 

pictures from a different context could for example be of a pen or towel. Phase two also had 

12 gray–scale pictures of abstract sculptures. They served as distractors.  
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Procedure 

The experiment was run in a quiet and well lit room. A participant was always alone in the 

room while taking the tests. The participants underwent the phases. Together, both phases 

lasted ~30 minutes.  

Phase one. Participants were told that they were participating in a short–term memory 

task. During this phase participants were only presented with half of the visual shapes that 

would later appear in phase two. Each trial begun with three shapes being presented 

simultaneously for 900ms (Figure 1, test array). After a variable delay (2000, 2500 or 

3000ms) one shape appeared on the center of the screen for 900ms. Participants had to choose 

if this shape was presented in the previous test array. They had to press the right arrow key on 

the keyboard if the shape had been presented in the previous test array, and the left arrow key 

if it had not been presented. Emphasis was given on speed and accuracy. Participants did not 

receive any feedback about their performance to avoid tagging correct answers with reward-

like outcome that might influence their preferences in subsequent parts of the experiment. 

Variable inter-trial interval, i.e. 2000, 2500 or 3000ms followed the response. Participants 

saw twelve triplets, where each triplet had 10 repetitions. There were 120 trials in total and 

the experiment lasted ~ 15 minutes. 

 

Figure 1. Stimuli sequence in phase 1, short-term memory task. 
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Phase two. Before starting phase two participants underwent training were they 

learned correct response buttons. Each training had four trials that consisted of prime–target–

preference sequence (see below). 

Participants were exposed to pictures of normal objects and pictures of abstract 

sculptures. The participant had to decide whether the object was a normal object or an abstract 

sculpture. Each trial started with a picture presented at the center of the screen for 1000ms 

(prime) followed by a variable interval that could last 100, 200 or 300ms. The second picture 

appeared on the middle of the screen for 1000ms (target). Only the target stimulus could be an 

abstract sculpture. The probability of an abstract sculpture was 10%. Following target 

stimulus came at variable intervals (2000, 2500,300ms). The last task was a forced–choice 

preference task, see Figure 2.  

 

 

Figure 2.  Stimuli sequence in phase 2, preference task. 
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Pictures of two shapes appeared on the screen. One shape had appeared in phase one 

(“familiar” condition), while the other had not (“novel” condition). The participant had to 

choose which shape he preferred. The pair was presented at the screen until response was 

given but the participants were urged to respond quickly. The positions of familiar and novel 

shapes on the screen (to the left or to the right from fixation point) were randomized.  

Each participant underwent 60 trials that consisted of prime, target, and preference 

tasks. These trials were divided into two blocks of 30 trials. In one block, items from the same 

context (“kitchen”) appeared as prime or target while in the other block the items from 

different contexts were used. The order of conditions in blocks was counterbalanced across 

participants. The 30 familiar and 30 novel shapes were repeated in subsequent block in 

randomized pairings. The blocks were separated by a break which participants could end self-

paced. Trials were separated by a various inter-stimulus interval that could be 1500, 2000 or 

2500ms. Phase two lasted ~15 minutes. 

Results  

All responses from all participants (N = 23) were included in analyses, no outliers were 

removed. 

1. Short-term memory test 

To evaluate whether stimuli were learned, I analyzed accuracy and reaction times. The mean 

accuracy in phase 1 was 0.88 (range 0.70 to 0.98, SD = 0.07). Mean reaction time for all 

participants where 5798ms (range 5010ms to 6651ms, SD = 0.415). 

2. Categorization task 

I wanted to see whether a difference in reaction time depended on context or object type. A 

paired t-test was used to test whether reaction time between a block of one context and 

different context differed. The reaction time between one context (M = 589ms, SD = 199) and 

different context (M = 694, SD = 683) was not significantly different, t(22) = -0.779, p = .445.  

  Two-way ANOVA for object type and context showed main effect for object type 

(figure 3), indicating that the reaction time was longer when participant was exposed to an 

abstract sculpture rather than a real object (F(1, 1346) = 11.252, p = .001). Reaction time was 

however neither depended on the context (F(1, 1346) = 0.471, p = .493), nor on the 

interaction between object type and context (F(1, 1446) = 0.068, p = .794). 
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Figure 3. Average reaction time for different object types depending on context. 

3. Preference 

A paired t-test was used to test whether participants were more likely to choose familiar 

stimuli, or stimuli that had previously been exposed, rather than novel stimuli. The results 

showed a mere exposure effect. Participants preferred familiar over novel stimuli 55% of the 

time on average. Preferences towards novelty were lower by 0.05 (95% CI = [0.01,]) than 

would be predicted if participants responded randomly, t(45) = -3.043, p = .004. 

A cut point was made at 50% when determining how many participants chose familiar 

stimuli. That is, if participants chose familiar stimuli less then 50% or more than 50% of the 

time on average. The group of participants who went through a block that had a different 

context first chose familiar stimuli 91% of the time on average. The group, who underwent a 

block that had one condition first, chose familiar stimuli 42% of the time on average. 
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3.1. The effect of context 

Evaluation of preferences towards novelty was used and compared with block of one context 

(“kitchen”) vs. block of different context to test the main hypothesis. I wanted to test if 

preferences towards novel stimuli differed depending on the variety of context. Thirteen 

participants had more preferences towards novel stimuli surrounding different condition. 

However nine participants had more preferences towards novel stimuli surrounding one 

condition. One participant did not have a preference, there was no change in choices 

depending on the context. Median score for preferences towards novelty in different context 

was 47% where median score towards novelty in one context was 48%. Preferences towards 

novel stimuli were not different depending on the variety of context (Wilcoxon Signed-Rank 

test: (Z = -0.894, p = .371).  

3.2. Additional analyses 

Wilcoxon signed-rank test was used to test if preferences towards novel stimuli depended on 

which block of context came first. Fifteen participants had more preferences towards novel 

stimuli when different context came first and seven participants had more preferences towards 

novel stimuli when one condition came first. Median score for preferences towards novelty 

when different context came first was 39% where median score towards novelty when one 

context came first was 50%. The result showed that preferences for novel stimuli where not 

significantly different depending on which context came first (Z = -1.511, p = .13).  

Two-way ANOVA with context and context order showed that the probability of 

choosing novelty (M = 46%, SD = 11) was slightly higher when one context was shown first 

than different ones (figure 4), however the difference was not significant (F(1, 42) = 3.529, p 

= .067). The main effect of context also did not affect the preference towards novelty (F(1, 

42) = 0.599, p = .443), and neither did the interaction between which block of condition came 

first and the context itself, F(1, 24) = 0.777, p = .383. 
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Figure 4. Average probability of choosing novel stimuli depending on condition and context. 

  

Various inter-stimulus intervals (2000, 2500 or 3000ms) did not affect the choice of 

stimuli (Chi-Square: X2 (2, N = 682) = 0.091, p = .995). 

Finally, participants were divided into two groups depending on if they noticed the 

difference between block of one context and the block with different context. There were 14 

participants who noticed the difference and nine participants who did not. I wanted to 

compare if these two groups differed in preferences towards novelty on average. Mean 

preference for novel stimuli for those who did not realize the difference was 45% while it was 

44,5% for those who did. The results showed that participant’s chose were not affected by the 

fact that they noticed the difference between blocks (One-way ANOVA: F (1, 44) = 

0.014, p = .906).  
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Discussion 

The results did not support the hypothesis that preferences towards novel stimuli are different 

depending on the context of its surroundings. The participants did however show a preference 

towards familiarity in general. My results can be explained by mere exposure effect, and 

many studies support this explanation (Trapp, Shenhav, Bitzer & Bar, 2015; Hill, 1978; 

Zajonc, 1980). A research by Harmon-Jones and Allen (2001) testing the role of affect in 

mere exposure showed that when participants where repeatedly exposed to non-reinforced 

stimuli their positive affect increased towards that stimuli. Repeatedly exposed stimuli 

seemed to evoke more zygomatic activity in participants than unfamiliar ones, that is, 

participants smiled more when they saw familiar stimuli rather than unfamiliar ones. These 

results demonstrate that the positive effect of mere exposure seems to be genuine (Harmon-

Jones & Allen, 2001). Another experiment, conducted by Saegert, Swap, and Zajonc (1973), 

showed that different experience during mere exposure did not affect attraction. They 

manipulated the conditions that each participant underwent, which were either negative or 

positive. The different conditions did not seem to affect attraction. Attraction was rated in a 

direct function to a number of encounters in negative and positive conditions. These results, 

including my experiment, all demonstrate the effect of mere exposure.  

My results also showed that the manipulation of the context order had no impact on 

the choice. That is, it did not seem to matter which condition - one context (“kitchen”) or 

different contexts – came first. Although the results presented here did not show more 

difference than that could be found by chance, there where less participants that chose novel 

stimuli over familiar when they began with a block of different context. That is in favor with 

the hypothesis proposed. However, when participants started with a block of one context first, 

participants had no preferences towards novelty rather than familiarity which contrasts the 

hypothesis.  

Reaction time was independent of context, but object type affected reaction time. 

Reaction time increased when participants needed to identify an abstract sculpture rather then 

a normal object. That is consistent with what is known, that is, that readiness depends on 

accessibility of the stimuli (Bruner, 1957) where normal objects are more accessible to the 

brain than abstract sculptures. After a target stimulus, and before participants chose between 

stimuli, a delay of various inter-stimulus intervals followed (2000, 2500 or 3000ms). This 

various delay in inter-stimulus intervals did not affect choices.  



  

 15 

Not all of the participants noticed the difference between block with one context 

(“kitchen”) and block with various context. Even though some noticed the difference and 

others did not seem to notice there was no difference in how participants chose. Both groups 

chose novel stimuli less then 50% of the time on average. This is consistent with what has 

already been reported (Harmon-Jones & Allen, 2001) and can be linked to mere exposure 

effect.  

The psychological phenomenon of mere exposure is strong. Kunst-Wilson and Zajonc 

(1980) found out that participants were affected by the mere exposure of stimuli even though 

they didn´t recognize that they had seen the stimuli before (Kunst-Wilson and Zajonc, 1980). 

Uncertainty can decrease likability but too much predictability can also lead to a negative 

affect (Chetverikov & Kristjánsson, 2016). Therefore different levels of predictability can 

lead to similar inverted U-shaped curve in preferences (Chetverikov & Kristjánsson, 2016; 

Bornstein, 1989; Lee, 2001).  

One of the explanations for the lack of support for the hypothesis in this study could 

be related to the concept of predictability. Part of the participants did not notice the difference 

between the blocks of one context vs. different context. Nine out of 14 participants did not 

notice that different photos where all from one context (“kitchen”). Because of that, 

participants did potentially not experience the level of predictability needed to lead to a 

negative affect. Therefore the affected feedback might not have been strong enough to elicit 

the drive to change. That way, participants still chose the familiar stimuli surrounded by one 

context in contrast with what had been suggested. 

In addition, it should be noted that the sample size in the current study was small and 

participants were possibly too similar. The majority of the sample recruited was young people 

who were currently studying or had just finished their study at universities. According to 

Harmon-Jones and Allen there are individual differences in susceptibility to mere exposure 

effect (Harmon-Jones & Allen, 2001). Individual differences could also affect the context of 

evaluating prediction errors and predictability (Trapp, Shenhav, Bitzer & Bar, 2015). 

Therefore different results could perhaps be found in a bigger and more varied group. It 

cannot be eliminated that the homogenous group in the current study may influence the results 

and thus not allow for assumptions made for a whole population.  

The present study shows that further research is needed to answer questions about 

whether and when people chose novelty over familiarity. Amongst questions yet to be 
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answered is how to solve the dark–room problem, which states that people do not simply seek 

a dark–room and stay there (Friston, Thornton & Clark, 2012). This study did not succeed to 

overcome the mere exposure effect by manipulating surrounding context. Further research 

may reveal, or at least get us one step closer, to what is behind the process that motivates 

people to seek changes and chose novelty. Further attempt is needed to explain what guides 

our perception when we make choses. 
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