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Abstract 

Adaptive modulation of viewing time during visual processing of repeated stimuli: 

Investigating preferential viewing of novel stimuli 

Author: Trym A. E. Lindell 

Supervisor: Bruno Laeng 

The aim of this thesis was to investigate how viewing time is adaptively modulated to 

facilitate memory formation as novel stimuli are processed by the visual system. As pupil 

constrictions have been found to be associated with the quality of memory formation (Kafkas 

& Montaldi, 2011), pupillometry was utilized in parallel with facial electromyography of the 

zygomaticus major (the “smiling muscle”) in a novel experimental paradigm to explore the 

relationship between viewing behaviour, memory formation and the reward system. 

Through a counterbalanced within-subjects experiment, 61 participants viewed a set of 50 

images 3 times while the pupil size (i.e. memory formation) and zygomaticus major activity  

(i.e. ‘liking’)  was recorded. It was found that viewing time was modulated so that stimuli 

were viewed longer during the first stimuli exposure. This appeared to have facilitated 

memory formation. Activity of the zygomaticus major indicated more positive affect during 

the first stimuli exposure than the last. The results suggest an interaction between multiple 

brain systems that adaptively modulates viewing time based on the temporal demands of 

memory formation in the visual system. 

The thesis was an independent research project designed and conducted by the author. 
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1 Introduction 
 

 According to the most common contemporary view of curiosity, it is an intrinsic 

motivation for learning and information-seeking/exploration (Loewenstein, 1994; 

Schmidhuber, 2006; Kaplan, 2007; Oudeyer & Kaplan, 2007). Gottlied, Oudeyer, Lopes and 

Baranes (2013) place it within a larger family of information-seeking mechanisms like 

automatic attention for novelty, and extrinsically motivated information gathering like 

looking at a watch to know the time. However, Kidd and Haydn (2015) reason that the 

delineation of what is and what is not curiosity is difficult in the current state of the field. 

They suggest that exploring the motivations for information-seeking behaviour in ethological 

contexts without focusing on defining curiosity will be more conducive to progress.  

The early groundwork of curiosity research was laid decades ago. Two waves of interest in 

curiosity rose in the 1960’s and 1970’s, the first was focused on explaining curiosity, while 

the second was, rather unsuccessfully, focused on measuring it (Loewenstein, 1994). The two 

early waves were followed by an extended lack of interest, and only recently have scholars 

been curious about curiosity again.  

Modern research in curiosity is highly multi-disciplinary. The topic has been approached from 

both psychology (Loewenstein, 1994), neuroscience (Kang et al. 2009), and machine-learning 

(Schmidhuber, 2006). Multiple authors have also attempted to combine these separate 

approaches (Gottlieb et al. 2013; Kaplan & Oudeyer, 2007). 

Gottlieb and colleagues (2013) have suggested that because eye-movements represent active 

information-seeking performed by the brain they may be an excellent model system for 

investigating curiosity. Indeed, in humans the chief source of information about the outside 

world is vision. Through eye-movements we are constantly seeking out information about 

specific aspects of the visual scene. In many cases, like in the example given earlier, this 

attention allocation serves as a step in the process of achieving a goal. In other cases, it 

appears to serve no other purpose than to gather information. This is exemplified by attention 

being preferentially allocated to novel stimuli over stimuli that has been seen before. 

Preferential viewing of novel stimuli (PVN) was studied during the early wave of curiosity 

research, and was later adopted and extensively used by researchers studying infant memory, 
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due to its utility in tracking memory without verbal report (Burbacher & Grant, 2012). 

Despite its frequent use, the mechanisms that cause novel stimuli to be preferentially viewed 

longer than old are not well understood. This warrants further inquiry. 

1.1 Preferential viewing of novel stimuli  
 

The basic observation is that, in experimental settings, participants tend to look longer 

at novel stimuli than familiar stimuli or stimuli that have been seen before (Berlyne, 1958; 

Leckart, 1966, 1967; Faw, 1970; Rose, 1982; Snyder & Marsolek, 2008). This effect has been 

studied extensively using the visual paired-comparison paradigm (VPC) in which two stimuli 

are presented side by side, one novel and one old, while time spent looking at each stimulus is 

recorded.  

There are however several nuances to the preferential viewing effect that have been difficult 

to explain. In infants, preferential viewing for novel stimuli is only found if the infant first is 

given enough time to familiarise themselves with said stimulus. Also, the length of time that 

is needed for the familiarisation process is dependent on infant age. Older infants require less 

time, most likely due to faster processing (Rose, 1982). Leckart (1966) found the same pattern 

in adults, with viewing time being inversely related to time spent familiarising with stimuli 

prior to testing. Snyder & Marsolek (2008) found that during a VPC experiment with stimuli 

durations of 5000 ms, familiar stimuli were preferentially viewed in the early time window 

(0-1500 ms), while novel stimuli became preferentially viewed in the later time window 

(1500 – 5000 ms).  In light of Leckart’s (1966) results, prioritising the familiar stimuli over 

the novel may indicate that a time-consuming perceptual process was initiated but was 

interrupted by short presentation durations (2000 ms). Participants were then more motivated 

to complete the interrupted process than to view the novel stimulus. Such motivation to 

continue interrupted activities is known has the Ovsiankina effect and is also found for other 

activities like puzzle solving (Ovsiankina, 1928). The claim that visual processing may be 

time demanding is supported by further evidence from studies manipulating complexity and 

congruity. Complex stimuli presumably require more processing (Berlyne, 1958) and the 

same can be said for incongruous stimuli (stimuli that are different from the norm; (Berlyne, 

1957; Faw, 1970), both resulting in longer viewing times.  
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Lastly, the phenomenon of preferential viewing of novel stimuli disappears when stimuli have 

emotional valence (Snyder & Marsolek, 2008) indicating that novelty is only one of the 

relevant cues influencing viewing time. 

Note that, in many of the above experiments the participants are not given any explicit task 

that should motivate them to preferentially view novel stimuli, but the fact that they still do 

suggests that this behaviour may somehow be intrinsically motivated. Given the reliability of 

such a preference, it seems that it likely serves some important purpose.  

In line with Kidd & Haydn’s (2015) suggestion not to attempt to define PVN as curiosity we 

should rather ask two essential questions. Why is longer viewing of novel stimuli 

necessary/adaptive? And how is longer viewing of novel stimuli motivated?  

In the following sections, these two questions will be explored, and the biological 

underpinning of related mechanisms will be described. 

1.2 The Visual system  

1.2.1 Anatomy and neurophysiology of object and scene perception 

 

The brain processes visual information over two visual streams dubbed “the ‘where’ 

and ‘what’ systems” (Goodale & Milner, 1992; Ungerleider & Haxby, 1994). The dorsal 

‘where’ system mainly processes movement and spatial vision, or ‘vision for action’, while 

the temporal ‘what’ stream processes the identity of objects and scenes. Both streams are 

further divided into sub-areas. The ‘what’ stream is divided into an interconnected hierarchy 

of areas of which cortical projections start in the primary visual cortex (V1) and projects 

hierarchically upwards through V2, V3 and V4, to the inferior temporal cortex (IT).  IT 

divides into more specialised areas like the fusiform gyrus and the parahippocampal gyrus 

(Joshi, et al., 2010) which contain areas for expert object perception (Mcgugin, Gatenby, Gore 

& Gauthier, 2011) and scene perception (Epstein, Harris, Stanley & Kanwisher, 1999). 

Numerous other areas also receive projections from this ‘what’ visual stream like the 

hippocampus (Yukie & Iwai, 1988), amygdala (Spiegler & Mishkin, 1981), orbitofrontal 

cortex (Cavada,, Tejedor, Cruz-Rizzolo & Reinoso-Suarez, 2000) and the frontal eye fields 

(Schall, Morel, Kinf & Bullier, 1995; Distler, Boussaoud, Desimone & Ungerleider, 1993). 

Most of these areas also send feedback connections back to the area directly below them in 

the hierarchy (Lamme, Super & Spekreijse, 1998), but some, like the inferior temporal cortex 
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also sends feedback connections further back to more distal areas, for example, V1 (Rockland 

& Van Hoesen, 1994).  

Neurons in the lower layers of the ‘what’ system have small receptive fields and are sensitive 

to simple visual features like orientation or colour (Hubel & Wiesel, 1968). Multiple neurons 

in lower layers converge on neurons in higher layers resulting in more complex tuning and 

larger receptive fields as one moves upwards in the processing hierarchy, with IT neurons 

having receptive field sizes of 11 – 39 degrees diameter (Rolls, Aggelopoulos & Zheng, 2003) 

vs ¼ x ¼ to ½ x ¾ degrees in V1 (Hubel & Wiesel, 1968). In IT cortex, studies in macaques 

have shown that some neurons are tuned for “critical features” of a stimulus which appears to 

be relatively complex abstract shapes (Tanaka, 1993). Tuning preferences have been found 

for prototypes (Leopold, Bondar & Giese 2006) and in cells responsive to faces, to feature 

magnitude like inter-eye distance or iris/pupil size (Freiwald, Tsao & Livingstone, 2009). 

In the higher areas, learning seems to be of importance: Panis, Wagemans and Op de Beeck, 

(2011) reported that prototypes of a novel object classes can form over the course of a single 

experiment with as little as 25 x 500 ms stimuli presentation. They also found that the 

resulting prototype was dependent on which exemplars from the class was shown, indicating 

that the brain partly uses a norm-based encoding scheme. The prototype was associated with a 

smaller blood oxygen level dependent signal (BOLD) response than non-prototype exemplars 

in the posterior fusiform, a high-level object selective area in the human IT cortex. 

Repetition of stimuli also result in reduced neural activity, evident both in single cell 

recordings and fMRI, the processes behind this are debated although multiple theories exist 

(Grill-Spector, Henson & Martin, 2006). Some controversy remains concerning fMRI results 

as repetition enhancement has also been observed (Gauthier et al., 1999). However, a recent 

meta-analysis investigating the results of 137 papers on repetition of visual stimuli and BOLD 

changes, found that repetition suppression effects were the result of decreased engagement of 

encoding systems, while enhancement effects appeared to be due to successful explicit 

retrieval (Kim, 2017). This suggests a lower metabolism in perceptual areas as a result of 

stimuli familiarisation. 

1.2.2 Processing in the visual system  
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When seeing a stimulus for the first time the neural signal must traverse the above-

described anatomical hierarchy and be processed by the ‘what’ pathway so that a memory of 

it can be formed for later recognition and/or recollection. The time dependencies of these 

processes and related task performance may inform us about the temporal needs of visual 

processing and thus how longer viewing time for novel stimuli have been evolutionary 

adaptive. 

1.2.2.1 Recognition memory 

 

Recognition itself does apparently not require much processing time (Grill-Spector et 

al. 2000), with high accuracy at both 500 ms (approx. 100%) and 120 ms (approx. 90%). The 

formation of the memory that allows for recognition appear to have slightly different temporal 

demands. 

Standing, Conezio & Haber (1970) found that recognition accuracy was very high (exceeding 

90%) in a delayed forced-choice VPC task, even with a large number of stimuli (up to 2560) 

and with only 1-10 second familiarisation. This result has however been questioned more 

recently as Laeng, Øvervoll & Steinvik (2007) did not find such high accuracy (50-60%) in a 

similar task. Laeng and colleagues suggested that this may be due to methodological 

differences such as the usage of a yes/no response format, instead of a forced choice VPC 

format as in Standing et al. which would have allowed for “negative recognition”. In other 

words, recognising that a stimulus had not been seen before. Laeng and colleagues also found 

better recognition performance when stimuli had been presented for 2000 ms in comparison 

to 100 ms during encoding, which demonstrates a temporal demand on the formation of 

recognition memory. The above results were found for substantially delayed recognition tasks 

(1-6 days). In an old/new task delayed with only 2000 ms, Laeng and colleagues observed 

high accuracy (99.1%) which indicates a time dependent decay of these memory traces. 

Performance on such tasks also appear to be affected by between stimuli similarity. In both 

Standing et al. and Laeng et al. stimuli were photographs portraying subjects/scenes. 

However, in Snyder and Marsolek (2008) polygon shapes which are inherently similar to each 

other were used. This also resulted in relatively low performance (53.8 % correct) on the same 

forced-choice recognition task that was used in Standing and colleagues. 

When stimuli are similar to each other, participants may require more time to extract the fine 

details necessary to distinguish one from the other as exemplified by the “change blindness” 
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effect (Simons & Levin, 1997). Recognition memory relies on vague feelings of familiarity 

and can be distinguished from recall memory, which pertains to recollection of details 

(Yonelinas, 2002). This may underlie more fine discrimination and may require more time to 

form. In addition, anatomical constraints set a temporal demand on high acuity perception.  

1.2.2.2 Recall memory 

 

Grover (1974) tested fourth grade students on verbal recall of visual stimuli of varying 

complexity (simple drawing/simple drawing + colour). Stimuli were presented at 0.5, 1 or 2 s 

durations and results showed both main effects of complexity and duration, and an interaction 

between duration and complexity. Note that performance was relatively low with only around 

2 (complex, 0.5 s duration) to 4 (simple, 2.0 s duration) out of 7 images being recalled 

correctly. Craig (1970) found that participants’ ability to accurately report the number of sides 

of geometric shapes was dependent on both complexity (number of sides) and time allowed to 

view the shapes. Full accuracy for the most complex figures (24 sides) was only achieved at 

15 seconds stimuli duration. Using pseudo-words of varying similarity to real English words, 

Miller, Bruner and Postman (1954) similarly showed that recollection of letters was 

dependent on stimulus duration and performance was higher for pseudo-words more similar 

to real words (i.e., less incongruous).  

1.2.2.3 Anatomical constraints on visual processing 

 

The highest foveal acuity of the retina only encompasses 1.25 degrees of the visual 

field (Curcio et al. 1990), contrast sensitivity also falls off towards the edges of vision 

(Pointer & Hess, 1989). This means that for fine-grained details to be perceived these must be 

fixated, which sets a temporal requirement based on how many fixations would be needed to 

build a fine-grained mental representation of the stimulus, depending also on its complexity. 

 At the cortical level, spatial acuity is affected by attention and neurons in IT of the macaque 

have been shown to drastically change their receptive field size depending on both attention 

and background detail (Rolls et al. 2003). In V4, attention also affects neuronal firing so that 

attending to one stimulus causes increased firing in the coding cell while inhibiting those 

neurons that are not coding for the stimuli. This happens even when a stimulus that normally 

would drive a cell is within the receptive field and thus neuronal inhibition effectively gates 

information flow (Moran & Desimone, 1985).  
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The findings of Laeng, Bloem, D’Ascenzo and Tommasi (2014) provide a link between 

anatomical constraints and recall memory. They reported that participants re-enacted the 

fixation patterns performed at encoding during recall and that interfering with this re-

enactment reduced recall ability. The authors suggested that the initial fixation pattern likely 

indicate attention allocation to different stimulus features. Interference with this allocation 

through temporal constraints would also presumably reduce recall ability. 

1.2.2.4 Visual detection  

 

Having seen a stimulus previously improves its detection speed (James et al., 2000; 

James & Gauthier, 2006). James and colleagues (2000) provide an interesting example of an 

experiment simulating the detection of objects in visually noisy environments like forests or 

savannahs. Specifically, images of objects were first shown to participants, who were then 

asked to attempt to detect both previously seen and new objects as they were revealed either 

from behind a noise mask or from behind a series of vertical bars. The previously seen objects 

were detected earlier than novel objects. James and Gauthier (2006) used a different paradigm 

where participants were first familiarised with a set of stimuli and later asked to silently name 

a series of old and new stimuli during brief (83 ms) stimuli presentations. After each 

presentation, participants responded with a rating of how confident they were that they had 

identified the stimulus. High confidence identification was more frequent for stimuli that had 

previously been seen. 

Savres and Grill-Spector (2006) performed experiments in which repetition parameters varied 

on multiple dimensions. The participants performed a classification task where they had to 

classify an image as feline or not. The following repetition parameters varied: number of 

presentations, number of stimuli between repeats, time between repeats and duration of each 

repeat. Reaction times improved with all of the following manipulations: more image repeats, 

shorter time between repeats and fewer stimuli intervening between each repeat. Recognition 

accuracy increased with duration but effects on reaction time were not tested.  

Improved detection rate and speed have likely been highly valuable for survival both when 

humans were at risk from, and when we ourselves were, predators. Intrinsically motivated 

attention towards novel stimuli may thus have been essential. As both detection, recognition 

and recall appear to be improved with extended viewing time it would also have been 
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adaptive to view stimuli long enough for these perceptual and memory processes to be 

optimised. 

1.3 How is viewing preference for novel stimuli motivated?  
 

Based on the above literature, it appears that the underlying reason for participants 

viewing novel stimuli longer than old stimuli is likely due to the temporal demands of visual 

processing and memory formation. Notably, when repetitions are closer together i.e. 

approaching continuous stimuli presentation, performance increases on reaction time are 

highest. 

Extending viewing time of novel stimuli thus appears adaptive as it improves performance on 

detection and classification, and reduces the metabolic cost of perception.  

An adaptive need for longer viewing time might however not cause longer viewing time on its 

own, additional circuitry is likely to be needed to translate the need into behaviour. The 

following sections will address a set of plausible mechanisms that might underlie this process. 

1.3.1 Locus coeruleus, tonic and phasic firing   

 

As Gottlieb, Oudeyer, Lopes and Baranes (2013) have noted, attentional bias towards 

novelty may be an important brain function for information-seeking. Gaze may in addition 

automatically settle on an object until categorisation and memory formation is complete.  

The locus coeruleus (LC) may be involved in such a process. LC is a small nucleus in the 

brain stem that sends wide-ranging projections to the neo-cortex, this area has been suggested 

to play an important role in modulating both cortical activity and attentional switching 

(Aston-Jones & Cohen, 2005). Aston-Jones and Cohen proposed a theory for LC function 

based around the two known firing modes it displays.  

The phasic firing mode, characterised by short bursts of activity, is thought to function as a 

temporal filter and is initiated by task-related decision processes. It increases the gain of 

neurons in the cortex in a short time window when a task-relevant stimulus is perceived.  For 

example, when a target-stimulus in a target detection task appear. Distractors do not elicit 

strong phasic firing, but both targets and distractors elicit weak early increases in LC firing 

rate (Rajskowski, Majczynski, Clayton & Aston-Jones, 2004). The phasic activity is further 
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thought to facilitate following behaviour and optimise performance (Aston-Jones & Cohen, 

2005).  

The tonic mode is characterised by a steady firing rate. High activity is associated with higher 

distractibility, low activity with drowsiness and medium activity with optimal task 

performance (Aston-Jones et al., 1998). Aston-Jones and Cohen suggest that the purpose of 

high activity in this mode is to motivate task switching and exploration when the current task 

decreases in utility, for example when it no longer result in reward.  

Novel stimuli in most PVN experiments would require a somewhat different firing mode than 

what has normally been studied for LC activity to be adaptive. As mentioned, strong phasic 

firing is not activated unless stimuli are targets in a task. Novel stimuli in most PVN 

experiments are not targets as most often no specific task is given. They are thus not likely to 

elicit strong phasic firing. High tonic firing is associated with poor foveation, more scanning 

gaze and poor task performance, while low tonic firing is associated with drowsiness (Aston-

Jones et al., 1998). Depending on tonic activity prior to onset of novel stimuli (most likely 

high, related to exploration), LC could thus switch to a medium firing rate to ensure good 

focusing of attention until the novel stimulus has been adequately processed followed by 

increased tonic firing to initiate further exploration. 

 However, alone, adaptive LC activity does not explain all the nuances of PVN, for example 

that ‘semi-familiar’ stimuli are prioritised over novel stimuli in the beginning of VPC 

presentations (Snyder & Marsolek, 2008). Aston-Jones and Cohen also noted that the high 

firing-rate tonic mode may be activated to resume exploration when stimuli are no longer 

rewarding as processed by OFC and/or anterior cingulate cortex (ACC). The prioritisation of 

‘semi-familiar’ stimuli and the possible reward dependence of LC firing hint at the 

involvement of additional systems and more active allocation of attention. 

1.3.2 The function and anatomy of the reward system 

 

The reward system has been tied to motivation and may be essential to understanding 

an intrinsically motivated mechanism like PVN. It has been studied both in animals and in 

humans, and mounting evidence suggests at least three functional subdivision, these being 

‘liking’, ‘wanting’, and learning (Berridge, Robinson & Aldridge, 2009).  
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‘Liking’ and ‘wanting’ are here used in quotes to delineate objective behavioural measures 

from subjective self-report. ‘Liking’ can be defined as hedonic impact or pleasure/displeasure. 

In animal studies it was first objectively measured in rodents through their licking response to 

sweet tastes or gaping to bitter tastes, which are also found in orangutang and infants 

(Berridge, & Kringelbach, 2015). ‘Wanting’ on the other hand refers to incentive salience or 

motivation towards a stimulus and is exemplified as approach behaviour like approaching 

food or increased consumption of it. 

The reward system involves a distributed network of hedonic hotspots and coldspots and 

areas involved in incentive salience (‘wanting’). The hedonic hotspots and coldspots 

identified in rats include the NAc shell, ventral palidum (VP), parabrachial nucleus (Pons), 

and potentially the orbitofrontal cortex (OFC) and insula cortex (IC). OFC, NAs, VP, IC, and 

Pons overlap with areas of incentive salience, which additionally include the dorsal striatum, 

amygdala, lateral hypothalamus and ventral tegmental (VT) area. Additional areas in humans 

may be involved like ACC (Berridge & Kringelbach, 2015). 

1.3.2.1 Viewing time is associated with ‘wanting’ and ‘liking’ 

 

Viewing time has been associated with activity of some areas of the reward system 

(Aharon et al., 2001). These researchers found that variations in viewing time of pleasurable 

stimuli was related to activity in NAc, sublenticular extended amygdala and VT as measured 

using fMRI. Additional activity related to beauty was found in OFC. The NAc contains 

hedonic hotspots, coldspots, and is also involved in ‘wanting’ responses in rats (Ito, Robbins 

& Everitt, 2004). In humans, deep brain stimulation of this area does however not result in 

pleasurable ‘liking’ responses, as was evident in 3 patients with implanted electrodes for 

treatment of severe depression (Schlaepfer et al., 2008). Stimulation did alleviate the severe 

lack of motivation experienced by the patients as they spontaneously reported desires to 

explore the city or take up old hobbies that were lost due to the depression. As mentioned, the 

VT and amygdala are also areas specifically associated with incentive salience. The close 

association between increased viewing time and activity in these incentive salience areas 

suggest that viewing time may be related to ‘wanting’. 

In contrast, experimentally manipulating viewing time has been found to affect self-reported 

liking of visual stimuli. Longer stimulus duration has been shown to increase subjective liking 

and decrease disliking for square patterns (Reber, Schwarz & Winkielman, 1998), increase 
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liking for neutral everyday objects (Winkielman & Cacioppo, 2001), for dot patterns, both 

with and without gestalts (Topolinski, Erle & Reber, 2015) and abstract patterns (Greger, 

Forster & Leder, 2016).  

Repetition of stimuli, which as discussed earlier leads to a range of recognition related 

performance increases, has also been found to increase liking. This is called the mere-

exposure effect and has been found using: Chinese ideograms (Monahan, Murphy & Zajonc, 

2000), photographs, polygons, welsh figures (Bornstein & D’Agostino, 1992) and faces 

(Harmon-Jones & Allen, 2001). Several factors affect the exact pattern of the effect. 

Remarkably, it is strongest with subliminal presentations (Bornstein & D’Agostino, 1992), 

and can be negative for simple stimuli, but increases liking for complex stimuli (Cox & Cox, 

2002). Moreover, it has been found to reverse after a certain amount of supraliminal 

repetitions of complex stimuli (Bornstein, Kale & Cornell, 1990). Bornstein and colleagues 

also found that differential effects on complex vs simple stimuli were dependent on 

heterogenous levels of stimuli complexity within the experimental session and that boredom 

proneness could negate the mere exposure effect. Lastly, massed supraliminal repetitions can 

fail to elicit increased liking (Bornstein & D’Agostino, 1992). 

As mentioned in the section on visual processing, prototypes of novel stimuli classes can form 

rapidly as the result of perception of a novel stimuli class (Panis, Wagemans & Op de Beeck, 

2011). The formation of the prototype thus appears to be the result of a learning process 

whereby the visual systems learns to classify the new stimuli. The closer to a prototype a 

stimulus is, the faster it is categorised into their associated class (Winkielman, Halberstadt, 

Fazendeiro & Catty, 2006). Prototypical stimuli are also subjectively liked more than non-

prototypical stimuli which has been found for human faces (Rhodes & Tremewan, 1996), 

objects (Halbertstadt, 2000) and even dot patterns (Winkielman, Halberstadt, Fazendeira & 

Catty, 2006). 

Through ‘wanting’ and subjectively-reported liking, the reward system appears to be 

involved in multiple phenomena related to PVN and may signal LC to modulate its activity. 

However, a mechanism that translates the need for longer viewing time of novel stimuli into 

the ‘wanting’ and ‘liking’ components that may motivate longer viewing time is still needed.  

Theories on curiosity have attempted to grapple with this issue since the beginning of interest 

in the topic. The theories form the first wave of curiosity research would however struggle to 
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explain the nuances of PVN. Loewenstein (1994) suggested a theory called Information-Gap 

theory as a synthesis of the earlier studies. It proposes that curiosity is an aversive state 

elicited by a perceived gap in one’s knowledge. For an information gap to be perceived it 

requires some knowledge to exist as a reference point. It also requires the perceiver to be able 

to estimate the size of the gap as the intensity of curiosity is dependent on this size. Gottlied, 

Oudeyer, Lopes and Baranes (2013) have criticised this as an issue when it comes to open-

ended situations where information gaps can be near impossible to estimate. Consider for 

example an infant, whose entire world is a giant information gap. An alternative theory has 

arisen from machine-learning and developmental robotics (Schmidhuber, 1990), which may 

provide a more plausible explanation as it is specifically designed to function from “birth” 

(when turning-on the robot) and provides an explanation down to the mechanistic level. 

1.3.3 Predicted learning progress 

 

Predicted learning progress is a method described by Schmidhuber (1990; 1991; 2006) 

for creating curious artificial agents (robots, artificial intelligences) using reinforcement 

learning and predictive coding. 

Reinforcement learning is an approach in artificial intelligence (AI) inspired by behaviourism 

where the agent is programmed to maximise a ‘reward’. ‘Reward’ in this context is simply a 

numerical value that increases as the AI approaches a goal set by its creator and will be 

delineated with single quotes from biological reward. Applied in a prediction coding 

paradigm, the agent attempts to predict which actions will maximise the cumulative reward 

and acts accordingly. The difference between the expected outcome and the actual outcome is 

calculated as a prediction error, and the reduction of it drives learning.  

Initially, such an algorithm will perform random explorations to find ways of reducing its 

prediction error. When a random prediction results in a reduced prediction error relative to 

other predictions, more targeted predictions will be made around this prediction, and this 

process repeats itself resulting in learning. When performance becomes optimised, the agent 

effectively switches from exploration to exploitation of the discovered method of maximally 

reducing its prediction error, which is similar to how LC engages in an exploitation mode 

resulting in phasic firing during detection tasks (Aston-Jones & Cohen, 2005) 
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Schmidhuber’s motivation to develop curious AI came from an issue that is often faced when 

trying to strike a balance between exploration and exploitation. Reinforcement learning 

algorithms can often become stuck in a locally good solution, that is not globally the best 

solution. This happens because learning algorithms generally learn incrementally. When a 

method of achieving a goal is found and optimised, any incremental change away from it will 

lead to decreased performance and thus less predicted reward. Human infants face this issue 

as they learn to move from A to B. At first the child will learn to crawl, this is the easiest 

method of getting to the desired destination but it is far slower than walking. However, to 

discover the better method of locomotion, the child first must learn to stand. This results in a 

large decrement in locomotion performance as one is basically stationary during this process. 

When standing is mastered, it allows learning to walk which drastically improves locomotion 

performance. A single-minded AI would however never discover walking because it is only 

concerned with getting from A to B, something learning to stand does not result in. 

Schmidhuber’s method of solving this problem was to ‘reward’ predicted learning progress 

itself instead of progress towards a specific goal (defined as predicted reduction in prediction 

error). When this is implemented, the result is a curious agent that will perform general 

exploration of its environment and itself, and will simply try to learn what it can learn. 

However, when a learnable regularity is fully optimised, for example the sequence of actions 

that leads to the fastest form of crawling, it will move onto some other learnable regularity, 

for example the muscle movements needed to stand. Standing unlocks walking as a learnable 

action sequence, which unlocks running and so on. 

In the domain of vision, it has been suggested that object perception also functions through 

prediction and prediction error. Rao and Ballard (1999) proposed that the high-level object 

selective areas of the cortex send predictions down to lower layers, the error between this 

prediction and the actual activity in the lower layers is then sent up to the higher areas as 

prediction error, which like in the predictive coding model described above, would be used 

for learning. Recently, the existence of such top down predictions has been confirmed using 

fMRI (Kok, Failing & de Lange, 2014) making Schmidhuber’s model plausibly implemented 

for vision in the brain. Kaplan and Oudeyer (2007) have also suggested that tonic dopamine 

activity may serve as a ‘wanting’ signal related to learning progress and that the extended 

lateral hypothalamic corridor, which runs from VT to NAc is likely involved due to its 
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importance in exploratory behaviour, thus plausibly linking such a mechanism to the reward 

system. 

The fovea which allows for optimal acuity perception is as mentioned rather small. Therefore, 

Schmidhuber’s model would express itself as fixating on a regularity in the ever-changing 

visual input, for example a face, until high-level predictions match low-level activity. When 

the prediction is optimised, fixating on this regularity no longer generates ‘reward’ and thus 

exploration for a new learnable regularity is resumed. This explains the basic preference for 

novel stimuli. ‘Reward’ is in this model proportional to the predicted speed of learning 

progress, which allows it also to explain the nuances of PVN. When learning has been 

initiated but not completed, the final steps in the learning process are faster than starting to 

learn something new. For example: when one has learned that a face generally consists of an 

oval shape with two eyes by fixating these in turn, learning that it also regularly has a mouth 

and a nose is faster than starting to learn the regularities of a horse from scratch. Predicted 

learning progress theory thus predicts that when the process of optimising predictions has 

started but is interrupted, continuing the optimisation process to completion is more 

‘rewarding’, at least briefly, than re-starting with a novel stimulus. 

The parallel from computational models to biological systems are not straightforward. What 

can be implemented with one line of code in a computer may need thousands of neurons in 

the brain. The imperative in Schmidhuber’s model to maximise learning progress serves the 

purpose of task switching and prioritisation. In the brain, the task switching function and the 

trade-off between exploration and exploitation may be more akin to the role Aston-Jones and 

Cohen (2005) has suggested for tonic locus coeruleus activity. In addition, the predicted 

learning progress itself may be translated into ‘wanting’ for actual learning progress, actual 

learning progress resulting in ‘liking’. For half-finished processing to be prioritised, the brain 

would need to associate high predicted learning progress with the stimulus of which 

processing was interrupted. Strong desires to complete interrupted tasks are found in humans 

and have been experimentally demonstrated using activities like puzzle solving (Ovsiankina, 

1928). However, it must be noted that few studies have attempted to replicate the Ovsiankina 

effect, and it is likely not valid for all types of tasks. While such association mechanisms will 

not be addressed in this thesis, predicted learning progress appear to be a highly plausible 

mechanism for generating ‘wanting’ and ‘liking’ in the brain, even if not implemented in the 

exact same way in the brain as in current computational models. 
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1.4 Measuring the components of PVN 
 

 Based on the above literature, one may propose that PVN involve five components: 

memory formation, ‘liking’, ‘wanting’, LC activity, and predicted learning progress. The 

process of memory formation is translated through predicted learning progress into ‘wanting’ 

and ‘liking’. This affects LC activity, which together with ‘wanting’ results in adaptive gaze 

behaviour.  

To gain a better understanding of PVN and whether these components truly are involved, 

methods of measuring them will be important. The LC activity and ‘wanting’ components 

should lead to the same behavioural outcomes, i.e., viewing time. 

‘Liking’ and memory formation are however more difficult to quantify. Self-report may not 

be adequate; more objective measures may be required to be able to accurately compare 

memory formation and the intensity of ‘liking’ as stimuli are processed from novel to old.  

In the two following sections of this introduction, methods of measuring memory formation 

and ‘liking’ will be suggested.  

1.4.1 Pupillometry and memory formation, the pupil/old new effect 

 

Pupillometry is the study of the variations in size of the eye’s pupil, these changes in 

size are associated with a wide range of cognitive phenomenon, from working memory 

demand, to affect (Laeng, Siriois & Gredebäck, 2012). Recently, memory formation has also 

been associated with changes in the pupil’s size. Specifically, memory formation typically 

results in pupil constrictions (Vo, Bylinskii & Olivia, 2017; Ferrari et al., 2016; Snowden et 

al. 2016; Bradley & Lang, 2015; Kafkas & Montaldi, 2015; Naber, Frässle, Ruthishauser & 

Einhäuser, 2013; Kafkas & Montaldi 2012). The effect of memory formation on the pupil is 

however sensitive to a number of variables, making it difficult to measure.  

Ferrari et al. (2016), Snowden et al. (2016), and Bradley & Lang (2015) utilised images from 

the International Affective Picture System (IAPS) in experiments with repetition of stimuli. 

The notion that emotional stimuli induce pupil dilation was evident from these studies. In 

addition, Ferrari et al. and Snowden & Gray found larger constrictions at the initial stimulus 

encounter for both affective and neutral images during passive viewing. However, Bradley & 
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Lang did not find this difference during passive viewing of emotional images, but found such 

a difference during explicit recognition. Explicit recognition does however require a response 

and a decision to be made which has been shown to result in pupil dilations which start at 

response and peak at around 1 – 2 s (Einhauser, Koch & Carter, 2010), these dilations may 

have confounded the results due to systematic variations in reaction time. Bradley & Lang did 

find larger pupil constrictions for neutral images during initial stimuli encounter in the passive 

viewing condition. They also varied repetition parameters, using both massed and distributed 

repetitions. Massed repetitions resulted in larger reduction in pupil constriction than 

distributed repetition did.  

In addition, Ferrari et al. found that the dilation effect of emotional (fear) stimuli was 

attenuated with repetition so that eventually there was no difference between emotional and 

neutral stimuli after repetition. This does not match Bradley & Lang’s results as they found 

differences between both different affective valence (negative and positive) and neutral 

stimuli both during the passive condition and during explicit recognition. Snowden & Gray 

did not find attenuation of the effect of emotional stimuli but rather found a consistent 

reduction of pupil constriction for both emotional and neutral stimuli which appear to increase 

linearly with repetitions. 

While all these studies utilised images from the IAPS, the selection of stimuli was variable, 

which may have contributed to the differing results. Repetition effects for neutral stimuli does 

however appear to be consistent. Hence, when measuring repetition effects in a memory 

context it is important to only utilise neutral images as the pupil old/new effect, like PVN can 

be occluded by emotions. 

A further issue is that repetition of stimuli can lead to increased liking (Zajonc, 1968), which 

may be a confound causing the difference between novel and repeated stimuli, as liking of 

stimuli is related to pupil size change (Laeng, Suegami, Aminihajibashi, 2016). However, 

Kafkas & Montaldi (2011; 2012) explored the pupil old/new effect in a series of experiments 

and provided evidence to the contrary. In their 2011 study, participants viewed a large 

stimulus set without warning of later memory tests. Participants then rated the familiarity (at 

three levels) and recollection of stimuli. Critically, memory strength was linearly related to 

pupil size during the initial viewing of stimuli. The pupil was largest for forgotten images and 

smallest for highly familiar and recollected stimuli. Some key differences in methodology 

used by Kafkas & Montaldi result in their pupil measures being biased towards dilation from 
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baseline (they used images with low contrast and extracted peak pupil dilations instead of 

averages). This resulted in the difference in pupil size being found in dilation from baseline, 

instead of constriction from baseline as was the case in the previously described studies. 

Similar findings were reported by Naber et al. (2013) in which the size of the slope’s angle of 

pupil constriction at encoding of stimuli correlated with a higher probability of later 

remembering the stimulus. They also found that novel stimuli elicited stronger constrictions 

than familiar stimuli during the recognition phase of the experiment, and this was also true for 

stimuli mistakenly rated as novel. Testing pupil size at recognition/retrieval, Kafkas & 

Montaldi (2012) also found the smallest pupil size for novel stimuli, larger for familiar and 

largest for recollected stimuli.  

As memory strength and likelihood of remembering a stimulus was dependent on pupil 

constriction during the first viewing of stimuli independent of pupil size at 

recognition/retrieval, it can safely be assumed that pupillometry can be used to measure 

memory formation; although only confidently for neutral stimuli. 

It must be noted that locus coeruleus activity is also tightly linked to pupil size (Aston-Jones 

& Cohen, 2005; Laeng, Siriois & Gredebäck, 2012), the above-mentioned studies may in fact 

be measuring the adaptive LC activity suggested for processing of novel stimuli earlier. 

Barbur (2004) has alternatively suggested that pupil constrictions can be caused by a surge in 

processing in the visual cortex, causing a release from the cortex’s steady state-inhibition of 

brainstem areas.Sahraie, Weiskrantz, Trevethan Cruce and Murray (2002) has found reduced 

pupil responses to spatial gratings presented in the blind visual-field of a patient with lesion to 

the primary visual cortex which support this claim. Thus, the above explanations are not 

mutually exclusive. 

1.4.2 Facial electromyography (fEMG), as a measure of ‘liking’ 

 

  Facial electromyography is a method of measuring electrical activity produced by 

muscles in the face. Activity in certain muscles have been found to correlate with mental 

effort (Boxtel & Jessurun, 1993) and affect (Dimberg, 1990). Dimberg reviewed the 

application of fEMG for the study of emotion and found that activity in specific muscles are 

spontaneously elicited by emotional stimuli, differ according to the emotion experienced and 

is consistent with subjective self-report. The author concludes that activity in facial muscles is 
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a general component of emotional reactions making it highly relevant for the current thesis. 

Subjective liking of stimuli is associated with increased activity in zygomaticus major (ZM) 

also called the ‘smiling muscle’. ZM activity has been found in blindsight patients when 

images of happy faces and happy body postures are shown in the blind areas of their visual 

field (Tamietto et al., 2009), and has been used extensively as an objective measure of ‘liking’ 

when studying affective reactions to visual stimuli (Dinberg, 1990; Winkielman & Cacioppo, 

2001; Larsen, Norris & Cacipoppo 2003; Leder & Tinio, 2011; Topolinski, Erle & Reber, 

2015). 

The strength of fEMG responses varies greatly between participants and it is typically 

stronger in women (Dimberg, 1990), making within-participant designs and pre-processing 

like z-scoring important. ZM activity does however appear to be highly similar to the licking 

response described earlier as it is also spontaneously elicited as a general component of 

positive hedonic experiences and thus may serve as a good measure for ‘liking’ in the current 

study. 

1.5 The current Thesis 

 

The purpose of this study was to investigate how viewing time is adaptively 

modulated to facilitate memory formation. The reviewed literature suggests a constellation of 

mechanisms that may explain its necessity, motivation and, tentatively, the bridge between 

necessity, motivation and behaviour.  

Preferential viewing of novel stimuli has however mainly been studied using the visual 

paired-comparison paradigm, which makes distinguishing its underlying effect difficult, as 

both old and new stimuli are seen simultaneously. To further explore the changes in 

motivation, processing, and reward that is associated with old and new stimuli, this study will 

employ a within-participant design where viewing time, zygomaticus major activity, and 

pupil size will be compared over 3 repetitions of single stimuli. Novel/old comparisons will 

thus be made within stimuli instead of between stimuli as in the visual paired-comparison 

paradigm. 

Hypotheses 

The core hypothesis of this thesis is that PVN can be explained by a curiosity-like set 

of mechanisms evolved to ensure that novel stimuli are processed for an optimal amount of 
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time for the purpose of forming recognition and recall memory. Furthermore, it is suggested 

that this mechanism involves the reward system which generates ‘wanting’ and ‘liking’ based 

on predicted learning progress which then affects locus coeruleus activity, which together 

with ‘wanting’ modulates viewing time.  

When encountering stimuli multiple times, participants should thus be motivated to extend the 

time spent viewing stimuli during the first encounter until memory formation is complete. As 

viewing time, pupil size, and zygomaticus activity are hypothesised to measure different 

aspects of the same process, they should all change in the same pattern over stimuli repeats. 

Prediction 1: Viewing time will be longest, pupil size will be smallest, and ZM 

activity will be highest at first stimuli exposure. 

Prediction 2: The change in all measures will be larger between the first two stimuli 

exposures than the last two. 

 2 Methods 

2.1 Ethics 
 

The experiment was approved by the local ethics committee (IRB Reference No.: 

1721085) at the department of Psychology, University of Oslo. All participants read and 

signed an informed consent form prior to participation. 

2.2 Participants 

 
Sixty-one participants (39 female, mean age = 26, SD = 3.3) were recruited through 

social media advertisement, and posted announcements at the University of Oslo. Participants 

were mainly students but also included a range of other professions. Participants with a 

formal art education were excluded as art experts may engage with visual stimuli differently 

from other participants (Hekkert & Wieringen, 1996). A range of nationalities were also 

represented due to recruitment from international student groups, however, these demographic 

data were not collected to respect participant anonymity. All participants had normal or 

corrected to normal vision. 
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Participants were awarded with participation in a lottery with three prizes (500, 300 & 200 

NOK) 

2.3 Stimuli 
 

Experimental stimuli were 50 images of manmade and natural objects (see examples 

in Figure 1). Twenty-nine additional stimuli served as buffer images or fillers and therefore 

were not analysed. All objects were placed within a bounding box equal to 9 x 9 degrees 

visual angle in the current experiment setup to ensure similar size. As luminance and contrast 

have strong effects on pupil size this was controlled using the luminance tool in Photoshop 

(version 6), luminance: mean = 100.00, SD = 0.40, Contrast (SD of pixel luminance): mean = 

6.13, SD = 1.68. 

Care was taken to include a wide range of object categories, both common and uncommon 

(e.g., common: barn, bike helmet; uncommon: shark egg, abstract 3D printed figure) to ensure 

variable demands on visual and memory systems. Stimuli of arousing qualities similar to 

those used in the IAPS (animal threat, violence and erotic/romantic couples) were specifically 

avoided due to the pupil old/new effect’s susceptibility to arousing stimuli (Bradley & Lang, 

2015). 

2.4 Apparatus 

2.4.1 Pupillometry equipment 

 

Pupil data was recorded at a sampling rate of 60 Hz using a SMI RED 250 by 

SensoMotoric Instruments (SMI, Teltow, Germany). This SMI eye-tracker can operate at a 

distance of 0.5 – 1.5 m and can record small changes in pupil size. It is able to record eye-

    

Figure 1. Examples of stimuli utilized in the current study 
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movements at a spatial scale of down to 0.1 degrees. The eye-tracker utilises the centroids of 

the pupil and corneal reflection to mathematically estimate gaze direction.  

Data acquisition was done using SMI iViewX (version: 2.7 Build 9) running on a SMI laptop 

with an Intel core i7 M620 2.67 ghz 1.17 ghz CPU, 3 GB RAM, an ATI mobility Radeon hd 

4500 512mb graphics card, the operating system was Windows XP 32 bit.  

The experiment was designed and run in SMI Experiment Center (version: 3.1.116) running 

on a SMI laptop. Stimuli were displayed on a dell LCD (47.5 cm horizontal, 30 cm vertical) 

screen at a 1680 x 1050 resolution.  

Keypresses were obtained with an Enermax Aurora keyboard. 

2.4.2 EMG equipment 

 

Facial EMG data was recorded using a Biopac Systems MP150 with a BioNomadix 

(Biopac Systems, Inc, Bulgaria) wireless system sampling at a frequency of 2000hz. This 

system records subdermal electrical activity from muscle regions using silver/silver-chloride 

bipolar electrodes placed over the muscle region and a reference electrode placed at an area of 

minimal electrical activity. Data was acquired using Acqknowledge (version: 4.4) running on 

a Dell laptop with an Intel i5-2520m 2.50 Ghz CPU, 8 GB RAM, Nvidia nvs 4200m 512 MB 

graphics card running Windows 7 64 bit. 

2.5 Procedure 

2.5.1 Participant instructions and EMG preparation 

 

 Participants met the researcher in the eye-tracker lab at the Department of Psychology, 

UiO and read the information sheet prior to signing a consent form. Participants were 

informed that they would take part in an experiment on perception and that their pupil size 

and electrical activity in the face was being measured. They were not informed about the 

purpose of the electrical measurement nor that it measured muscle activity, so as to avoid 

biasing responses. After the consent form was read and signed, electrode sites were first 

cleaned using a 70% ethanol solution and abraded using NuPrep skin prep gel (Weawer and 

Company, Aurora, USA). Conductive gel (Signa gel, Parker Labs, Fairfield USA) was then 

placed over the electrode site and briefly let to dry. Electrodes were then placed over the 
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electrode sites according to Fridlund & Cacioppo 

(1986) (see figure 2.) and inter electrode 

electrical resistance was measured using a 

standard multi-meter. Resistance was kept below 

20 kilo ohms, and site preparation was redone if 

the resistance exceeded this value. The 

BioNomadix wireless recorder was attached to 

participants upper arm and wires were attached 

to the electrodes. Wires were further harnessed 

with tape to the participant as movement induces 

large amounts of noise in the EMG signal. Signal 

quality was assessed visually from the online 

recording in Acqknowledge as participants were 

asked to mimic the experimenter as he furrowed 

his brows and bared his teeth. This was done to 

avoid priming the participants with words 

like ‘smile’ or ‘frown’. Some minutes were 

allowed between electrodes being attached 

and the start of the experiment to allow the 

conductive gel to seep into the skin and 

further reduce resistance. The participants 

were then seated comfortably in front of 

the experiment computer and rested their 

chin in a chin-rest 60 cm from the screen to 

minimise head movements. Roof lights were turned off to reduce electrical noise, the room 

was only lit by the 4 computer screens present. The experimental session started with a 9-

point calibration procedure and validation and was followed by a 60 seconds baseline period 

and an instruction screen. Participants were instructed to view the images as long as they 

wished and to respond by pressing spacebar when they wished to move on to the next trial, 

they were also asked to fixate on a central fixation cross between trials. 

After the experimental session participants were fully debriefed as to the purpose of the study 

and the measurements involved, and thanked for their participation.  

Figure 2: Atlas of EMG electrode placement for 

recording over facial muscles. Reprinted from 

“Guidelines for Human Electromyographic 

Research” by A.J. Fridlund and J.T. Cacioppo, 

1986, Psychophysiology, 23(5), p. 571. Copyright 

1986 by The Society of Psychophysiological 

Research Inc 
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2.5.2 Experimental design 

 

 The pupil old/new effect is one of the smaller pupil changes in pupillometry, typically 

inducing changes as small as 0.05 mm (Snowden & Gray, 2016). This makes experimental 

design of outmost importance as most other pupil effects are far larger, with changes ranging 

from 0-1 mm for spatial frequency (Slooter & Norren, 1980) , 0.1 mm for emotional arousal 

(Bradley & Lang, 2015) and 0.5 mm for working memory tasks (Kahneman & Beatty, 1966), 

even baseline fluctuations which are caused by random locus coeruleus activity (Aston-Jones 

& Cohen, 2005) may occlude the pupil old/new effect. To avoid the effects of any of the 

stimuli attributes, the experiment was designed so that the same stimuli would be compared to 

itself, in other words stimuli would be repeated in a within-subjects design.  

Inter-stimuli intervals are often short in pupillometric experiments, however Ferrari et al. 

(2016) found that in an experiment similar to the current one, the pupil required 5 s to return 

fully to baseline, EMG measures may also require more time to return to baseline and thus the 

inter stimuli interval was set to 6 s. This period consisted of a blank grey screen with a central 

fixation cross that was isoluminant with stimuli. 

Participants were allowed to view stimuli for as long as they wished, responding with a 

keypress removed the stimuli from the screen and moved on to the next trial. As Snowden & 

Gray (2016) found that pupil constriction was significantly different with stimuli durations of 

100 vs 300, 300 vs 1000 but not 1000 vs 3000 ms, a 1000 ms stimuli offset delay was added 

after keypress to avoid this confound. This was also done to distinguish any pupil dilation as a 

result of responding from the effects of stimuli offset. 

Prior to the implementation of the final experiment, multiple pilot experiments were 

conducted to optimise the design and avoid confounds. An initial pilot utilised 70 images 

presented in randomised order, then repeated in randomised order. While this induced the 

predicted results, a strong tedium effect appeared to be the cause of reduced viewing times. 

Massed repeats induced viewing times so short at secondary exposures that pupil data 

analysis would be difficult due to the possible confounding effect of a response dilation due to 

key presses. In the final experiment, stimuli were randomly assigned in groups of 5 and each 

group was presented 3 times in succession. Stimuli order within each group was fully 

randomised. The series of 5 x 3 stimuli presentations were presented in a counterbalanced 

fixed random order. Between each group of 5 stimuli a buffer image was presented to avoid 
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the same image being repeated after itself. Every stimulus was preceded by the 6 s fixation 

cross. The experiment lasted for approximately 40 min. 

2.5.3 Data Processing 

2.5.3.1 Pupil data 

 

Raw pupil data was exported from SMI BeGaze (version 3.6) and a custom MATLAB 

R2017a (MathWorks, Natick, USA) script was written for pre-processing.  

Epochs were extracted centred on both stimuli onset and response. Both epoch types were 

baseline-corrected using a mean derived from the 1000 ms prior to stimuli onset. Blinks, as 

detected by BeGaze, were linearly interpolated from 5 data points (83 ms) prior to blink, to 5 

data points after blink offset. A moving average filter calculating the mean of 167 ms, was 

then employed to smooth the data and remove any high frequent noise. 

As participants were able to respond at any time after stimuli onset, the viewing time of each 

trial varied accordingly. A systematic decrease in viewing time with repetition of stimuli is 

predicted which may induce a confound resulting in false positives. This is due to response 

Figure 3. Response locked pupil size, the yellow field indicate the time during which 

stimuli were shown on screen. Transparent fields signify standard deviations from the 

mean at each time point while the bold lines signify mean values. 
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locked dilations (Einhauser, Koch & Carter, 2010) and the pupil’s gradual return to baseline. 

Before further analysis of the data this issue had to be addressed. 

Response-locked epochs (figure 3.) were first extracted from the datasets, visual inspection 

suggested that a response-locked dilation did follow responses and peaked around 1500 ms 

following a response. To estimate if this potential confound had any effect on the data, the 

average response-locked pupil trace, starting at response, was linearly subtracted from the 

onset-locked pupil epochs at response. This attenuated any response-locked effects on the 

pupil trace. 

Visual inspection of the resulting graph (figure 4.) indicate that there are increasing 

confounding effects that could potentially lead to a false positive. In order to reduce the risk 

of such confounds a 2000 ms analysis window was selected from 0 ms to 2000 ms after 

stimuli onset in which confounding effects appeared minimal.  

Because variability in pupil scores can be high between participants and stimuli, data used for 

analysis was z-scored over stimuli repeats. This procedure translates the raw mm value to 

standard deviations from the mean of the three repeats. Z-scoring over conditions thus reduces 

the effect of any extreme scores and variations in pupil size between stimuli and participants, 

but conserves the relationship between pupil size over the three conditions. As the expected 

change in pupil size is a reduction in constriction, the values were multiplied with -1 so that 

Figure 4. Confound corrected mean pupil traces, the dotted lines signify the mean values 

after confound correction. 
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they would more intuitively represent a reduction (a positive value decreasing, instead of a 

negative value increasing). 

To calculate the change in pupil size between stimuli repeats the z-scored pupil size from the 

second stimuli exposure was subtracted from the first, and the third from the second. 

2.5.3.2 fEMG data 

 

Due to hardware failure, 2 participants were excluded as data from their recording 

sessions were lost. In addition, an error in the encoding of stimuli during the counter-balanced 

version of the experiment lead to a single stimulus being assigned into the wrong condition. 

This required the last 10 stimuli to be removed from further analysis. 

Raw data was pre-processed online in Acqknowledge by applying a 50 hz notch filter to 

remove line noise, and was translated into an integrated EMG signal. These data were then 

exported to MATLAB R2017a. A custom script was written for further processing of the data.  

Processing was identical to pupil data with the exception of the size of the moving average 

filter which was 500 ms for the fEMG data due to EMG being susceptible to more noise. Z-

scoring was also performed in the EMG data, however, due to the experimental setup the 

specific stimuli identity was as mentioned not discernible. This meant that z-scoring was 

performed after averaging over stimuli. The analysis window was selected to be identical to 

the one used for pupil analysis (0 – 2000 ms after stimuli onset). 

To calculate the amount of change in ZM activity over stimuli exposures, the same procedure 

as with pupil data was performed but after averaging over stimuli. 

2.5.3.3 Viewing time data 

 

Viewing times also varied to a large degree between participants and stimuli. To 

normalise the data, the same z-scoring procedure that was done on pupil and fEMG data was 

performed on the view time data. To calculate the change in viewing time between first to 

second and second to third stimuli encounter, the z-scored view time from the second 

exposure was subtracted from the first exposure, and the third from the second. 
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3 Results 
  

All data was tested for normality using a Shapiro-Wilk test to asses if the assumptions 

of repeated-measures ANOVA was upheld. The assumption of normality was violated for the 

first exposure for Viewing time (p = 0.040) and all exposures for fEMG  (p < 0.001). For ease 

of comparison all omnibus tests were performed using the non-parametric Friedman tests. 

Post-hoc analysis was performed using sign tests because data from only one stimuli exposure 

for viewing time violated normality, meaning that the assumption of symmetry of distribution 

of the paired differences for Wilcoxon signed-rank test was violated. The significance level 

was Bonferroni correction for multiple comparisons resulting in a significance level of p < 

0.017 for the post hoc analyses.  

The use of sign tests is also fitting as it reports the direction of change in scores i.e. how many 

participants showed a decrease or increase in a measure over repetitions which is of primary 

interest for the current thesis. This justifies the use of sign test for pupil data despite it being 

parametrical. 

All scores are z-scores of the original measures. 

3.1 Viewing time 
 

To test if repetition of stimuli affected viewing time, a Friedman test was conducted. 

There was a statistically significant difference in the viewing time of the stimuli exposures, χ2 

(2) = 110.393, p < 0.001.  

Post hoc tests revealed that the first stimuli exposure (Mdn = 0.724) was viewed longer than 

second (Mdn = -0.178) in 59 out of 61 participants with a median difference of  Mdn = 0.876, 

Z = -7.170, p < 0.001, and third stimuli exposure (Mdn = -0.5127) in all participants, median 

difference Mdn = 1.227, Z = -7.682, p < 0.001. The second stimuli exposures was also viewed 

longer than the third in 57 out 61 participants, with a median difference of Mdn = 0.315, Z = -

6.658, p < 0.001.  
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3.2 Change in viewing time 
A sign test was conducted to compare the change in viewing time between the first to 

second and second to third stimuli exposures. There was a significant difference (Z = -6.658, 

p < 0.00), with larger viewing time change between the two first stimuli exposures (Mdn = 

0.876), than the two last (Mdn = 0.315) in 56 out of the 61 participants.  

 

3.3 Pupil size 

 

A Friedman test was conducted to determine the effect repetition of stimuli had on 

pupil size. There was a significant difference between stimuli exposures (χ2 (2) = 52.328, p < 

0.001). Post hoc analysis revealed significant differences between all stimuli exposures.  

Out of the 61 participants, 52 displayed larger pupil constrictions at first stimuli exposure 

(Mdn = 0.1278) than at second (Mdn = -0.042) with a median difference of Mdn = 0.206, Z = 

Figure 5. Boxplots of z-scored viewing time at each stimuli exposure. 
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-5.378, p < 0.001. Fifty-three also had larger constriction at first vs third (Mdn = -0.103) 

stimuli exposure, with a median difference of Mdn = 0.249, Z = -5.634, p < 0.001. From 

second to third exposure 42 participants had larger pupil constrictions at second exposure than 

at third with a median difference of Mdn = 0.090, Z = -2.817, p = 0.005. 

 

 

 

 

 

 

 

 

 

 

 

3.4 Change in pupil size 
 

 A sign test was performed to test if there was a difference in change in pupil 

constriction between the first to second and second to third stimuli exposure. There was a 

significant difference with test results showing a larger change between the two first stimuli 

exposures (Mdn = 0.206) than the two last (Mdn = 0.090) for 40 out of 61 participants, the 

median difference was Mdn = 0.126, Z = -2.305, p = 0.021. 

 

Figure 6. Boxplots of z-scored pupil size at each stimuli exposure. 
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3.5 Zygomaticus activity 
 

Similarly to the above, a Friedman test was conducted to discover if ZM activity 

changed over the course of stimuli repeats. There was significant effect (χ2 (2) = 8.237, p = 

0.016). Post hoc sign tests were conducted to identify which exposures significantly differed. 

Only between first stimuli exposure (Mdn = 0.325) and third (Mdn = -0.523) did the results 

reach significance with a median difference of Mdn = 1.004, Z = -2.604, p = 0.009. Out of the 

59 participants in the fEMG dataset, 40 had reduced ZM activity from the first to the third 

stimuli exposure. 

3.6 Change in Zygomaticus activity 
 

 To test if there was a difference in the change in ZM activity between the two first and 

the two last stimuli exposures a sign test was conducted. This revealed no significant 

difference in median change: Z = -1.942, p = 0.298. 

 

Figure 7. Boxplots of z-scored zygomaticus major activity at each stimuli exposure.  
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4 Discussion 
 

 The purpose of this study was to explore the underlying mechanisms of preferential 

viewing of novel stimuli. A set of consecutive mechanisms from early vision to behaviour 

was described that may cause PVN: When novel stimuli are encountered, top down 

predictions from high level visual cortex are sent to primary visual cortex. Prediction error is 

here calculated and predictions are updated resulting in reduction in prediction error. 

Reduction in prediction error, i.e. learning was suggested to result in ‘liking’. Predicted 

reduction in prediction error was suggested to result in ‘wanting’. Locus coeruleus is then 

proposed to receive input from ‘wanting’ and ‘liking’ areas and modulate its tonic firing mode 

to facilitate stable gaze during stimuli processing and task switching after.  

To further investigate the involvement of the proposed mechanisms, and the hypothesis that 

PVN is an effect arising from behaviour meant to optimise memory formation. PVN was 

examined through repetitions of stimuli. Three methods of measuring the proposed underlying 

components were used, pupillometry, viewing time and zygomaticus major activity. These 

were hypothesised to measure both overlapping and different parts of the mechanisms 

underlying PVN. 

 The results of the current study should however only be viewed as exploratory as multiple 

issues with confound removal and pre-processing was not resolved adequately and would 

require further work before confident interpretation can be done.  

4.1 Primary findings  
 

As was predicted, most measures were highest at first stimuli exposure: stimuli were 

viewed longer, pupil constriction indicated more memory formation. Critically, the change 

between the two first stimuli exposures was significantly larger than between the last two for 

both pupil size and viewing time. When participants were allowed free viewing time they 

appeared to view stimuli long enough to complete more memory formation during the first 

exposure, resulting in the larger change between the two first stimuli exposures than the two 

last. The hypothesis that participants will extend viewing time of novel stimuli for the purpose 
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of optimising memory formation is thus supported by the current results. However, there was 

still a significant difference between second and third stimuli presentation. This would 

suggest that although more memory formation was done during the first stimuli exposure 

there was still further optimisation that could be performed during the second. 

Zygomaticus activity indicated more ‘liking’ during the first exposure than the third, but no 

significant differences with the second exposure. As mentioned, the fEMG data was most 

susceptible to noise and confounds in the current experiment, which may have compromised 

the data. The general direction and significant difference between first and third exposure 

does however support the involvement of the reward system in PVN. While no definite 

conclusions can be made concerning whether the proposed mechanisms are involved in PVN 

based on these results, they are not contradictory and the measures mainly followed the 

pattern predicted. Further investigation is needed. 

4.2 Change in viewing time, ‘wanting’ or locus coeruleus? 
 

 Tonic LC activity has been shown to affect the stability of foveation with high tonic 

activity resulting in more scanning gaze and distractibility (Aston-Jones et al. 1998). Lower or 

optimal LC tonic activity may facilitate stable gaze during processing of novel stimuli.  

 However, the specific nuances of PVN cannot solely be explained by changes in tonic locus 

coeruleus activity. Tonic changes would only be able to affect the probability of switching 

from the current activity and would not lead to prioritisation of ‘semi-familiar’ stimuli over 

novel as was found by Snyder & Marsolek (2008). Such prioritisation is also found in a range 

of other activities and is known as the Ovsiankina effect (Ovsiankina, 1928) in which 

interrupted activities result in strong desires to complete the activity. Viewing time, has also 

been associated with areas associated with ‘wanting’ in the brain (Aharon, et al. 2001). The 

most likely interpretation of the current result is that both ‘wanting’ and tonic LC activity 

work in concert to affect viewing time of stimuli. In natural environments, when no other 

pressing needs are had or tasks performed, LC activity may increase, which in turn initiates 

exploration as suggested by Aston-Jones and Cohen (2005). Such a state might be seen as 

“restless boredom”. This result in scanning gaze and increased sensitivity to stimuli. When a 

novel stimulus is then fixated, predicted learning progress increases resulting in increased 

‘wanting’ and ‘liking’. In more natural settings this may also result in approach and 

manipulation of the novel stimuli, due to the ‘wanting’ for learning progress. LC activity 
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would decrease to temporarily lower distractibility while stimuli are processed. When stimuli 

processing approaches completion, ‘wanting’ and ‘liking’ becomes attenuated. While 

‘wanting’ and ‘liking’ may reverse to cause aversion for the stimulus, thus gaze shifting away 

from it, it might not be adaptive to associate negative affect with stimuli that may become 

useful at a later time. Aversion would also just lead to gazing away from stimuli, not further 

exploration. Increased LC tonic firing, when ‘wanting’ and ‘liking’ are attenuated, might thus 

be an evolutionary better solution, in line with Aston-Jones and Cohen’s theory of the purpose 

of increased tonic LC activity. However, when processing of the stimulus is interrupted 

‘wanting’ for the remaining learning progress should incentivise returning to complete 

processing. In this interpretation, ‘wanting’ serves as an attractor that is activated through 

predicted learning progress when novel stimuli are fixated. When stimuli are no longer 

‘wanted’, LC activity rises and serves to engage the exploratory mode again before stimuli 

becomes boring and associated with negative affect.  

4.3 Pupil size, memory formation and LC activity 
 

 While pupil constrictions are associated with memory formation and followed the 

pattern predicted by this interpretation in the current study it is also consistent with adaptive 

LC activity (lower LC activity resulting in lower pupil size when stimuli were viewed longer). 

The exact mechanism behind pupil constriction related to memory formation is not fully 

understood. Based on the literature review, both V1 (through prediction error) and LC (trough 

modulation of gaze) may be relevant for controlling viewing time, and both affect pupil size. 

LC activity has already been tightly linked with changes in pupil size (Aston-Jones & Cohen, 

2005), the nature of V1’s effect on it is however not fully understood. While the primary 

visual cortex also appears to be involved in the pupil response (Sahraie, Weiskrantz, 

Trevethan Cruce & Murray, 2002) it is not certain whether top down prediction can affect 

pupil size through V1. Top down effects have been associated with pupil size change in the 

form of expectations of luminance and mental visualisation (Laeng & Sulutvedt, 2014). The 

question is whether these effects on pupil size are caused by the top down prediction to V1 

that were found by Kok, Failing and de Lange (2014), or if they more directly affect pupil 

size without necessarily involving the primary visual cortex.  Furthermore, does changes in 

top down prediction as they are optimised for novel stimuli result in changes in pupil size? 
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These questions and whether the brain computes prediction error at all need further 

investigation before such questions can be answered.  

Pupil size has been found to increase when stimuli (e.g., wine bottles) are liked and disliked, 

which has been suggested to involve LC activity (Laeng, Suegami, Aminihajibashi, 2016). In 

the present study the opposite pattern was found with larger pupil constrictions observed 

during stimuli exposure with relatively higher ZM activity. Some key methodological 

differences may underlie these opposing results. Laeng, Suegami and Aminihajibashi asked 

participants to rate how much they would be willing to pay for the wine bottles after each 

stimulus presentation. The stimuli presentation may thus have represented a task where 

participants were looking for cues to base their judgement on. When stimuli are targets, they 

typically elicit phasic LC activity (Rajskowski, Majczynski, Clayton & Aston-Jones, 2004). 

Thus, when the stimuli contained visual qualities that could affect judgements in a negative or 

positive direction, phasic LC activity may have been engaged. Phasic activity may not have 

been activated when stimuli were neutral and did not contain any specific cues to bias 

decisions away from the average price. Furthermore, the stimuli used were relatively self-

similar, as they were all wine bottles, while the stimuli used in the current study varied 

widely. The current study may thus have been more likely to elicit pupil constrictions due to 

more available learning progress as each stimulus represents a large amount of novel features 

at first encounter, whereas wine bottles, even with different labels have many overlapping and 

repeated features. It must be noted that while the grand average ZM activity seen in figure 8. 

appear to show increased ‘liking’ compared to baseline the statistical test employed only 

tested for relative difference over repeats, not increased activity from baseline. 

Affective images like erotic couples and animal threat also elicits pupil dilations (Bradley & 

Lang, 2015). Identification of the affective nature of such stimuli is however rapid and can 

affect early pupil change (Henderson, Bradley & Lang, 2014). As the nature of such stimuli is 

rapidly identified the LC may initiate its high tonic firing mode to prepare the participant for 

action, higher overall sensitivity would in the case of an encounter with a snake be adaptive to 

be able to rapidly react to unforeseen movements and changes in the surroundings. Novel, 

neutral stimuli (encountered in a safe environment) may on the other hand require calmer, 

undistracted assessment. 

Independent of the exact underlying cause, the effect as was found in the current study and 

several others (Kafkas & Montaldi, 2011, 2012: Naber et al. 2013) consist in a relatively 
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smaller pupil size. The change is small, but this is the case with most cognitive influences on 

the pupil. The important question is whether the modulation of pupil size serves any purpose 

or whether it is a side effect of some other functional connection. The size of the pupil does 

affect visual acuity (Atchison, Smith & Efron, 1979) and different spatial frequency result in 

different pupil size (Slooter & Norren, 1980), there does however not seem to be any clear 

reason why the pupil should be biased towards smaller size for novel and not familiar stimuli 

based on optical reasons.  

Bombeke et al. (2016) has recently found that the size of the pupil can affect early V1 activity 

in the form of the C1 ERP component from EEG. Pupil size was inversely related to the V1 

activity independent of objective luminance or attentional load. C1 is however a very early 

ERP component (around 60 ms) meaning that it is unlikely to be affected by slow pupil 

changes elicited by stimuli onset. The study does demonstrate that pupil size may affect 

processing in V1, thus there might be a functional purpose to pupil change influenced by 

cognitive processes although exactly what the purpose is can only be speculated upon. 

4.4 Pleasure and processing 
 

 The fEMG result showed that pleasure was relatively higher during the first stimuli 

exposure than the last. As mentioned the fEMG data may have been far more influenced by 

noise than the other measures, which may somewhat have compromised the results. 

Furthermore, the test used in the current experiment can only inform about the relative 

amount of pleasure (over repeats, not from baseline) during the time-window selected for 

analysis. While this time window captures the part of the pupil trace of maximal constriction 

there is no guarantee that zygomaticus activity follow pupil-change perfectly over time. 

Inspection of the grand average of the raw data would suggest that ZM activity peaked 

slightly after the end of the analysis window (figure 8). However, this should be viewed with 

caution due to the possible influence of extreme scores and noise.  
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The general direction of the results is however in line with a predicted learning progress 

account and support the involvement of reward systems. Since stimuli were allowed extended 

processing over the first exposure ‘liking’ was significantly reduced at the last. This happened 

over just 3 exposures which shows a rapid decrease in ‘liking’. The pattern of reduced ‘liking’ 

over exposures are interesting for a number of reasons.  

Multiple psychological theories exist concerning the relationship between ‘liking’ and visual 

stimuli. The hedonic-fluency model has suggested that the subjectively experienced ease of 

processing is perceived as affectively positive, which has been suggested to be because it 

signals progress towards successful stimuli recognition (Reber, Schwarz & Winkielman, 

2004). Predicted learning progress is highly similar to this interpretation, as ‘liking’ is related 

to the speed of learning progress, and provides a mechanistic explanation which has been 

lacking in the fluency literature. 

Predicted learning progress may also help explain some of the nuances of the mere-exposure 

effect. Bornstein (1990) found that ratings of optical illusions that were presented up to 5 

times saw increased liking ratings, but higher exposure numbers (10, 25 or 50) resulted in 

Figure 8. Onset-locked zygomaticus major activity, yellow signifies the analysis window, 

transparent fields signify standard deviations. 
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decreasing liking relative to peak liking. Welsh figures presented during the same session did 

not show increased liking ratings but ratings also started to decrease with more than 5 

exposures.  Cox and Cox (2002) found a similar pattern, i.e., they did not find reversal, only 

decreased liking with repetition for simple and increased for complex stimuli (professional 

drawings of fashion apparel). Stimuli were however presented for 20 s each, 0, 1, or 3 times 

prior to rating and the difference in complexity may have been larger than in Bornstein (1990) 

which may have led to the lack of reversal. When stimuli are repeated multiple times, the 

predicted learning progress may increase if stimuli are not fully processed during first 

exposure. This would be dependent on stimuli complexity, exposure duration and forgetting 

between exposures and rating. When stimuli are presented enough times for processing to 

complete they may however start to become disliked as one cannot disengage from stimuli 

during experimental sessions like increased LC activity normally would promote.  

Massed repetition can also fail to elicit mere exposure effects both for polygons and photos 

with supraliminal exposures (Bornstein, 1992). Bradley and Lang (2015) found larger 

reductions in pupil constrictions during massed repeats than distributed. Thus, if stimuli were 

presented in a massed fashion, remaining learning progress would be smaller at rating 

compared to distributed repetitions, depending on the number of repeats and complexity of 

stimuli this could lead to the lack of a mere-exposure effect. As the current study also found 

reduction in viewing time, ‘wanting’ may also be involved and stimuli may become boring 

more rapidly when stimuli are simple or repetition is massed. 

There are however still some unexplained nuances to the mere exposure effect. The reversal 

found in Bornstein (1990) was only present when complex and simple stimuli were presented 

together, alone the typical mere-exposure effect was elicited. Wanke and Hansen (2015) have 

proposed that the effects caused by ease of processing become more salient when they are 

compared with less easily processed stimuli. The same may be the case for predicted learning 

progress which may explain the reversal found in Bornstein (1990). There are however still 

numerous manipulations that affect the mere-exposure effect that remain unexplained 

(Bornstein, 1989). The purpose of such an effect is also still debated (Harmon-Jones & Allen, 

2001). To elucidate the function of the mere exposure effect it may be interesting to explore 

the known variations using free viewing time like in the current study as this is a far more 

ecological valid form of interacting with stimuli than fixed duration repetitions. 
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4.5 Limitations 
 

 The key limitations of the current study lie in the issues of confounding effects from 

response-locked pupil dilations and the lack of proper artefact correction in the fEMG data. 

These would need to be addressed before the results can be properly interpreted.  

The method of analysing the data may also not have been optimal. Max constriction during 

time spent viewing stimuli may be a more appropriate measure and would reduce the issue of 

stimuli being presented different amounts of time.  

The exact nature of changes in pupil size is also not fully discernible which makes 

interpretation of pupil data somewhat difficult, further research into the relationship between 

the pupil, visual cortices and the locus coeruleus would be needed to properly interpret what 

pupil change means in the context of the current study. 

4.6 Conclusion 
  

The results of the current study support the hypothesis that viewing time is adapted to 

the novelty of stimuli which facilitates memory formation. ‘Liking’ was found to be involved 

which hints at the relevance of the reward system in this process. Evidence support the 

proposed mechanisms which provide grounds for additional research into the relationship 

between memory formation, ‘wanting’, ‘liking’, predicted learning progress and locus 

coeruleus firing modes.  

4.7 Future studies 
 

Current computational models of curiosity has not involved the equivalent of locus 

coeruleus in their structures, to gain better insight into its role in exploration and exploitation 

it may be fruitful to explore LC function in curiosity-like behavior. 

As pupillometry can measure memory formation it may also be highly useful to study how 

different variations of experiments testing the mere-exposure effect can affect memory 

formation during stimuli exposure prior to rating. Similarly facial EMG could be employed to 

measure affect during stimuli repetition in addition to self-reported liking during rating. 
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Appendices 

Appendix 1: Information sheet 

Participant information sheet 

 

 

You are invited to take part in this psychological study on object perception. 

The research project is a master thesis conducted by Trym A. E. Lindell (master student, 

cognitive neuroscience, University of Oslo) and is supervised by prof. Bruno Laeng of 

University of Oslo. 

 

What will happen? 

If you wish to take part in this study you will be asked to meet the researcher (Trym Lindell) 

in the Yarbus eye tracker lab, in the cognitive laboratories at the institute of psychology (PSI) 

at an appointed time that is convenient for you. 

Before the experiment starts some preparations has to be performed due to the measurement 

methods utilized during the experiment.  

The following methods will be used: 

1. A Biopac Nomadix wireless EMG which measures electrical activity. 

Prior to starting the experiment the EMG electrodes will be attached at different point on your 

face. These are simple stickers with conductive gel which allows for measurement of 

electrical activity. To ensure as good a signal as possible your skin will be cleaned with 

alcohol and a special preparation gel before putting on the electrodes. 

2. A SMI RED 250 eye-tracking system which measures your pupil size and gaze 

patterns. 

This is a high speed infrared camera which is placed under the screen you will be viewing 

images on, you will be seated in a chair in front of the screen and camera and your chin will 

be resting on a chin rest to keep the distance from the screen constant. 

Just before the actual experiment starts the eye-tracker needs to be calibrated, you will view a 

series of dots on the screen which will change position, and you are asked to fixate on these as 

they change their position. 
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After the calibration you will view an instruction screen and the experiment will start. The 

experiment itself consists of viewing a series of images and pressing a key when you wish to 

progress to the next image.  

The entire experiment will take around 60 minutes and a full debriefing on the purpose of the 

experiment will be given after it has finished. 

 

 

 

Rights and Anonymity 

- You may choose to withdraw yourself from the experiment at any time.  

- You have the right to refuse to answer or respond to any question asked of you. 

- Data will be stored fully anonymized. 

- Data collected may be used for further research purposes and may be provided to 

reviewers, there will be no way of identifying you from these data. Sharing data with 

reviewers and other researchers is done to ensure transparency in data collection and 

analysis. 

By signing this form you confirm that (i) all information given is correct (ii)you have read and 

understood the participant information sheet (iii) all questions relating to the study has been 

answered satisfactorily (iv) you participate in this study out of free will and without coercion. 

 

Participant 

Name (printed):  ________________________ 

Signature:  ________________________ 

Date:   ________________________ 

 

Researcher 

Name (printed) : ________________________ 

Signature:  ________________________ 

Date:   ________________________ 
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Contact details 

The researcher will be happy to answer any other questions relating to the study, for any 

queries please contact Trym Lindell on the email shown below. 

Email: 

talindell@student.sv.uio.no 

Phone: 

+47 41238842 

 

Appendix 2: Onset-locked pupil response 
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