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Abstract

Even though surprise is a common emotion or experience in everyday life, we rarely think
about the effects it can have on us. Previous research has shown that a surprise enhances
memory, but not much is known about the cognitive mechanisms underlying this effect.
Therefore, the current research investigated whether different strengths of surprise (mild or
strong) or different directions of surprise (positive or negative) differentially influence
memory. Based on the literature it was hypothesized that positive rather than negative and
stronger rather than weaker surprises are better remembered. Moreover, it was investigated
whether the emotional valence (positive or negative) of an image has an effect on memory.
Participants (N = 25) undertook a recognition memory experiment with emotionally valent
images spanning over three phases. Thereby participants encountered surprises of different
strengths and of different directions. Based on the participants responses it was determined
which level of surprise had the biggest effect on memorization and whether emotional valence
had an effect. The results showed a significant interaction of the strength and direction of
surprise. The interaction indicated that images associated with no surprise and images
associated with strong negative surprise were significantly better remembered than images
associated with a strong positive or a mild negative surprise. Furthermore, it was found that
negative images are more frequently correctly recognized than positive images. Overall, the
results of the study showed that only a strong negative surprise enhances memory for
associated images but that also no surprise at all led to better memory. These findings can be

of great relevance in education and learning research.



The interaction of surprising feedback and emotional valence in an image recognition
task

Surely most of us are familiar with the phenomenon that memories for very salient
events in our life are recalled more vividly and in much more detail. These so-called flashbulb
memories can occur for very negative events like a relative’s death but also for very positive
events like finally expecting a child (Kraha & Boals, 2014). Two crucial factors determining
the occurrence and strength of flashbulb memories are emotion and surprise (Conway et al.,
1994; Kraha & Boals, 2014). That is, mostly the events that come by surprise and are highly
emotionally significant to us are the ones remembered most vividly.

However, apart from these extreme events, surprise and emotion were also shown to
enhance memory in everyday life. Surprise and emotion are very much intertwined, and some
even view surprise as a basic emotion itself (Ekman et al., 1983). Others view surprise as an
experience based on beliefs regarding the likelihood of an event (Lorini & Castelfranchi,
2007). Nevertheless, surprise might be a mixture of both, emotion and cognition, thereby
bridging the two (Mellers et al., 2013). In general terms, surprise is experienced when people
are confronted with stimuli that are not in accordance with their prior expectations
(Noordewier et al., 2016). Various studies have demonstrated that the experience of surprise
can be crucial for enhancing memory, as the discrepancy between what was expected and
what occurs triggers learning and directs attention (Butterfield & Metcalfe, 2006; Rescorla &
Wagner, 1972). For example, it was shown that surprising feedback increases attention which
leads to better memory (Fazio & Marsh, 2009) and that memory can be predicted by the
degree of expectancy violation (Greve et al., 2017). Also, developmental research has shown
that children have better learning for objects and words presented after an expectancy
violating event (Stahl & Feigenson, 2015, 2017). Nevertheless, not much is known about the
difference between a positive and a negative surprise. A positive surprise is encountered when

something goes against one’s predictions but turns out better than expected. A negative



surprise is encountered when something goes against one’s predictions but turns out worse
than expected. Some studies suggest that positive and negative surprises differentially
influence memory (De Loof et al., 2018; Jang et al., 2019), while other studies suggest that
only the magnitude of a surprise is what influences memory (Fazio & Marsh, 2009; Rouhani
et al., 2018).

Apart from surprise, emotional valence was also repeatedly shown to influence
memory, as it is generally established that emotional events are remembered more vividly and
accurately than neutral events (Tyng et al., 2017). However, it remains unclear to what extent
positive or negative emotional content differentially influences learning and memory (Tyng et
al., 2017). The current study investigates both surprise and emotional valence and aims to
clarify their impact on episodic memory. For this purpose, a three-phase recognition
experiment was carried out utilizing images with emotional valence. In phase 2, participants
had to tell whether an image was old (from phase 1) or new. After every image the
participants got feedback on whether their decision was correct or incorrect. This feedback
was manipulated so that for half of the images participants received “correct” as their
feedback and for the other half of the images “incorrect” as their feedback. Through this
manipulation naturally positive and negative surprises occurred as even though participants
might have been sure of their decision, the feedback they received was incorrect and vice
versa.

Firstly, this study aims to investigate whether these positive or negative surprises
differentially influence memory formation. It is hypothesized that images for which a positive
surprise was encountered are generally better remembered than images for which a negative
surprise was encountered. This hypothesis is based on classic theories of learning which
predict that more attention is paid to stimuli with a positive outcome in order to better
remember a possible reward in the future (Miendlarzewska et al., 2016; Schultz & Dickinson,

2000). Moreover, it is hypothesized that the magnitude of the surprise predicts the



memorability of an image, such that images for which a higher level of surprise was
encountered are also remembered better. Furthermore, to extend the literature investigating
the differential effect of positive versus negative stimuli on memory, the emotional valence of
the images was taken into account. The current study also looks at the combination of
emotional valence and the valence of surprise to explore possible interacting effects. This
relation was, to our knowledge, not yet investigated. The current study's findings could be of
great relevance in the educational setting and for learning in general, as giving the right

feedback and using emotions is crucial for learning success.

Surprise and the Prediction Error

Even if we are sometimes not conscious of it, our brain continuously makes
predictions based on our past experiences and memories to optimally utilize incoming
information and select the most beneficial action (Friston, 2010). Making these predictions
entails forming and updating internal models on the probability of events and occurrences in
our environment, on which we base our decisions (O’Reilly et al., 2013). Naturally however,
some events are predicted less well than others, which often leads to an experience of surprise
for these unpredicted events (Noordewier et al., 2016). Thus surprise can be defined as the
experience one encounters if an error in prediction is made and an event goes against prior
expectations (Greve et al., 2017). Consequently, many studies operationalized surprise in
terms of a prediction error (PE) (Fernandez et al., 2016; Schultz, 2016).

A PE is the degree of conflict between a prediction and the actual encountered
information (Greve et al., 2017; Schultz & Dickinson, 2000). The PE, and therefore surprise,
is vital to human memory formation and updating. A PE signals a mismatch between our
stored information and the actual information that occurs and thereby triggers learning in the
brain (Fernandez et al., 2016; Sinclair & Barense, 2018). This is in line with now-classic

formal learning theories, which state that learning is proportional to the PE, or the difference



between expected and actual information and that learning occurs fastest when an event
violates someone’s expectations (Rescorla & Wagner, 1972). It is believed that the PE error
has essential functions throughout the brain, being relevant for perception, approach, priming
and several types of memory, including episodic memory (Henson & Gagnepain, 2010).
Furthermore, PEs were found to be fundamentally important in domains such as reward
learning (Pearce & Hall, 1980), decision making (Schultz & Dickinson, 2000) and associative
memory formation (Greve et al., 2017). These widespread functions are thought to result from
the PE because it modulates dopamine release in the brain (Schultz & Dickinson, 2000).

A distinction can be made between positive PEs and negative PEs, which according to
Rescorla and Wagner (1972) and Schultz and Dickinson (2000), differentially influence
dopamine release and learning. A positive PE is encountered when one makes a PE and gets
positively surprised by the actual information. A negative PE is encountered when one makes
a prediction and gets negatively surprised by the actual information (Fernadndez et al., 2016).
Positive PEs, or in other words, when something turns out better than expected, are thought to
increase the firing of dopaminergic neurons. In contrast negative PEs are thought to restrict
the firing of dopaminergic neurons (Montague et al., 1996).

The modulation of dopamine release is especially relevant for learning and memory
because increased dopamine levels were shown to promote synaptic plasticity in the
hippocampus (Lemon & Manahan-Vaughan, 2006). The hippocampus is a structure located in
the medial temporal lobe crucially responsible for encoding and retrieving episodic memories
(Squire et al., 2004). An increase in synaptic plasticity, also known as long-term potentiation,
is a process vital for the formation of long-term memories and can therefore explain how
positive PEs enhance memory through dopamine modulation (Lemon & Manahan-Vaughan,
2006). From an evolutionary perspective, dopamine release for a positive PE act as a teaching

signal. The predictive value of the preceding cue and the possibility to obtain a reward are



better remembered, thereby ultimately guaranteeing better evolutionary fitness.
(Miendlarzewska et al., 2016).

In this regard, several studies could show that increasingly positive PEs as opposed to
negative PEs indeed lead to increasingly better memory (De Loof et al., 2018; Jang et al.,
2019). The theory that positive and negative PEs have a differential effect on learning and
memory is commonly referred to as the signed effect of the PE, as the valence of the PE
matters in this case. (Fernandez et al., 2016). However, a different line of research has also
found support for the theory of an unsigned effect of PEs on memory and learning (Fazio &
Marsh, 2009; Rouhani & Niv, 2021; Rouhani et al., 2018). The unsigned effect of PEs implies
that the magnitude of the PE, rather than its valence predicts enhanced memory for a
surprising event. This means that positive and negative surprises are remembered equally well
but that the absolute discrepancy between prediction and actual event influences memory and
learning (De Loof et al., 2018).

Evidence for an unsigned effect of PE’s on memory and learning stems from several
accounts. Studies investigating the effect feedback has on subsequent memory have
discovered and confirmed an effect which is often in the literature referred to as the
hypercorrection effect (Butterfield & Metcalfe, 2001). The hypercorrection effect entails that
when people are highly confident in their answer but make an error, they more readily and
easily correct that error as long as they are given correct feedback (Butterfield & Metcalfe,
2006). Furthermore, high confidence answers that were corrected were also significantly
better remembered, indicating that surprising feedback on the incorrectness of an answer can
improve memory encoding (Butterfield & Metcalfe, 2006). By directly investigating the
effects of surprising feedback on memory, Fazio and Marsh (2009) examined the mechanism
underlying the hypercorrection effect and explored the difference between a positive and a
negative surprise. In their experiment, participants answered general knowledge questions and

were subsequently asked how confident they were in their answers. Participants received



feedback on their answers written in either green or red font for both, correct and incorrect
feedback. In accordance with their predictions, Fazio and Marsh (2009) found that the color
of the feedback and the content of the question was more often correctly remembered for high
confidence errors and low confidence correct guesses. This finding is in line with the
unsigned effect of the PE as both a positive surprise (low confidence correct guess) as well as
a negative surprise (high confidence error) led to improved memory for the respective stimuli.
Because participants also had better memory for the color of the feedback, an attribute they
were not instructed to remember, Fazio and Marsh (2009) concluded that the hypercorrection
effect and the effect of surprising feedback on memory is likely to occur due to increased
attention being allocated to the surprising stimulus. This notion is in accordance with previous
research that found that the experience of surprise interrupts ongoing thought processes and
redirects attention upon the surprising stimulus to make sense of it (Horstmann, 2006).
Support for an unsigned effect of PEs on memory and learning also comes from a
study by Rouhani et al. (2018). In their study, they specifically tested if signed or unsigned
PEs differentially influence episodic memory. They presented participants with images of
various scenes and let them, by trial and error, guess a predefined monetary reward each scene
was associated with, whereby one category of scenes was generally associated with higher
rewards and another category associated with lower rewards. As participants learned the
associations between the scenes and got more confident in their answers, naturally positive
and negative PEs occurred. In several experiments using this paradigm, Rouhani et al. (2018)
could show that scenes, for which a large positive or negative PE was encountered, were
remembered better in a subsequent recognition task. This demonstrates an unsigned effect of
PEs and shows that the absolute magnitude of the PE predicts the influence of a PE on
memory and learning. Contrary to the findings demonstrating an unsigned effect of PEs on
memory, aforementioned studies on the neural mechanism underlying the link of PEs and

dopamine release would predict a signed asymmetric effect, where negative PEs decrease



dopaminergic firing and positive PEs increase dopaminergic firing (Schultz & Dickinson,
2000).

However, advances in neuroscience have revealed that negative PEs or negative
surprises lead to an activation of the locus coeruleus (LC), which releases norepinephrine to
help allocate attentional resources and improve performance (Clewett et al., 2014). It was
shown that these noradrenergic influences improve memory encoding for negative or
unexpected feedback (Clewett et al., 2014). Furthermore, recent studies suggest that the LC
not only releases norepinephrine but also releases dopamine in the hippocampus (Kempadoo
et al., 2016). Some studies even suggest that the LC is the primary source of dopamine release
in the hippocampus (Smith & Greene, 2012). This link between the noradrenergic system and
dopamine release in the hippocampus provides a neural mechanism underlying findings
demonstrating an unsigned effect of PEs on memory.

In a further study on the differential effect of signed and unsigned PEs on learning and
memory, Rouhani and Niv (2021) could replicate their previous findings (Rouhani et al.,
2018) and show that stimuli for which large unsigned PEs were encountered were better
memorized throughout all experiments. Rouhani and Niv (2021) assume that the unsigned
effect of PEs on memory is based on the heightened engagement of the LC, which releases
norepinephrine and dopamine, thereby modulating hippocampal plasticity. However, in their
experiments Rouhani and Niv (2021) could also show a signed effect of PEs on memory, that
is, better memory for cues associated with a higher expected value.

As multiple separate findings show that both signed and unsigned PEs can enhance
memory, it can be assumed that the effects occur in interaction through midbrain dopamine
release and LC dopamine release, respectively. However, it is not yet evident how far
unsigned and signed PEs differ in their effect on episodic memory. As previous studies
focused on reward learning (Rouhani & Niv, 2021; Rouhani et al., 2018), associative learning

(Greve et al., 2017) or memory for general knowledge questions (Fazio & Marsh, 2009), it



would be of great interest to explore how signed or unsigned PEs effect episodic memory in a
classic image recognition task.

Another related phenomenon is that of incidental encoding of new “foil” items in a
memory test. The first study using a memory-for-foils paradigm was conducted by Larry
Jacoby and colleagues in 2005. In their study, Jacoby et al. (2005) presented participants with
a random set of words, some of which should be processed on a deep semantic level (e.g.
pleasantness of the word) and some on a more shallow, non-semantic, level (e.g. does the
word contain e or u). In a second phase, an old/new recognition memory test was
administered in which participants were tested on the deep semantic vs. shallow non-semantic
words they studied earlier. In both memory tests (deep vs shallow) participants had to tell
whether a word was part of the initial encoding or whether it was new (i.e. a foil words). In a
final surprise recognition memory test, all semantic and non-semantic foil words of phase 2
were intermixed with completely new words and participants had to differentiate whether they
already encountered a word or whether they have not seen it before. The results of the study
showed that foil words which were part of the deep processing category were remembered
better than foil words of the shallow processing category. This is remarkable because
participants were not given processing instructions for any of the foil words but remembered
words in the deep processing category better solely because they were processed in a more
elaborate deep way. Thus, it was the cue presented in the phase 2 memory test (deep vs
shallow) that initiated a deep vs shallow retrieval orientation and led to better incidental
encoding of deep vs shallow foils (Jacoby et al., 2005). The foil effect could also play a role
in the current study as it is also distributed in three phases. After participants have encoded
images in phase 1, they had to tell in phase 2 whether an image was part of phase 1 or whether
it is a new (foil) image. In phase 2 the current study induced positive and negative PEs of
different strengths in participants by giving them feedback on their decision, similarly as

Fazio and Marsh (2009). However, in contrast to Fazio and Marsh (2009), the current study
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will also manipulate the feedback so that large positive or negative surprises occur whenever
participants receive feedback that goes against their expectations or feedback that is
surprisingly in line with their expectations. As a consequence, all foil images of phase 2 will
be associated with a certain strengths and valence of surprise. Finally, in phase 3 all previous
old and foil images are intermixed with completely new items to investigate whether the
association of foil and old word with surprise has an influence on the memory for these
images. Furthermore, this study investigates whether the magnitude or the sign of PEs is the
primary factor for the influence of surprise on memory.

To our knowledge, no previous study investigated the differential effect of positive
and negative PEs in an image recognition task, which is why the results of the current study
can help to clarify the effect of positive and negative surprises on memory. This distinction of
positive and negative surprise could have consequences for education and learning in general
as giving the right feedback is crucial for learning success. Therefore, a general aim of the
study is to extend the literature on signed versus unsigned PEs and yield unambiguous results

on the effect of positive and negative surprise on memory. The hypotheses are:

H1: Unsigned effect: Stimuli for which a higher surprise in either positive or
negative direction was encountered are remembered better than stimuli for

which less surprise was encountered.

H2:  Signed effect: Stimuli for which a positive surprise was encountered are

remembered better than stimuli for which a negative surprise was encountered.

Emotional Valence
Next to surprise also emotion was frequently shown to influence memory and learning

(Phelps, 2004; Um et al., 2012). Typically, emotion is classified within two continuous
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dimensions, valence and arousal. Valence specifies how positive or negative an event is,
arousal specifies how intense an event is (Lang et al., 1993). It was shown that emotional
stimuli compared to neutral stimuli induce a “pop-out” like effect capturing attention, which
has as a consequence that emotional stimuli are more likely to be encoded into long term
memory (Vuilleumier, 2005; Yiend, 2010). Such an emotional memory effect could be
confirmed by multiple studies which showed that emotional stimuli, like pictures, words or
faces, are remembered better quantitatively as well as qualitatively than neutral stimuli
(Buchanan & Adolphs, 2002; Kensinger & Corkin, 2003; Kensinger & Schacter, 2006).

The modulation of memories through emotions was formerly not as evident. It was
assumed that the brain is organized in clearly separated neural systems where for instance the
amygdala is responsible for emotional processes while the prefrontal cortex is responsible for
cognition (Dolcos et al., 2011; Metcalfe & Mischel, 1999). However, recent research
postulates that no area can be conceptualized as being specifically cognitive or affective as
these neural systems are not reliant on a single brain region but are supported by a network of
regions (Pessoa, 2008). It was shown that typical cognitive areas like the pre-frontal cortex
are critically involved with emotion regulation and that emotions heavily influence cognition
(Okon-Singer et al., 2015). Consequently it is not surprising that emotions influence memory
systems and have a profound and long-term impact on memory formation and learning
(Pessoa, 2008; Tyng et al., 2017).

That emotional stimuli are better remembered than neutral stimuli was, by most
theories of emotional memory, attributed to arousal rather than to valence because positive
and negative stimuli had similar effects on memory (Bowen et al., 2018; Dolcos et al., 2006).
It is thought that emotional arousal improves memory because it captures attention and fosters
elaboration of the stimuli (LaBar & Cabeza, 2006). Furthermore, emotional arousal was
shown to be associated with greater activation of the amygdala, hippocampus and frontal as

well as temporal areas (Murty et al., 2011) The strengthened connections of these areas,
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which are crucial for memory formation, are thought to be the cause for the better
memorability and persistence of emotionally arousing stimuli (Murty et al., 2011).

However, studies that match emotionally valent stimuli for arousal found evidence for
an effect of valence which is independent of arousal (Bowen et al., 2018). Investigating the
difference between positive and negative valence, Khairudin et al. (2011) and Khairudin et al.
(2012) found that positive stimuli are being remembered better than negative stimuli with the
authors concluding that negative valence may suppress explicit memory. Also Madan et al.
(2019) showed that positive valence had an enhancing effect on memory whereas negative
valence had an impairing effect. Furthermore it was shown that words associated with
emotionally negative film clips were remembered less well than words associated with
emotionally positive film clips (Anderson & Shimamura, 2005).

The aforementioned studies suggest that generally, positive stimuli are remembered
better than negative stimuli. However, overall, the behavioral effects of valence on memory
are mixed, such that multiple studies also found that negative rather than positive stimuli are
remembered better. For instance, it was shown that participants remember negative stimuli
more vividly than positive stimuli (Ochsner, 2000), and that they also recognize negative
stimuli more often than positive stimuli (Kensinger et al., 2007). It was also shown that
participants had better episodic memory of visual details of negative stimuli rather than
positive stimuli. Furthermore, it was found that negative faces are better recognized than
positive faces and that negative faces have better discriminability (Wang, 2013).

In their paper, Bowen et al. (2018) reviewed the differential effects of positive versus
negative valence on memory. They found that overall, the amount of behavioral evidence for
greater memorability and recognition of negative stimuli outweighs that of positive stimuli. A
possible mechanism underlying this difference is that the encoding of negative stimuli,
compared to positive stimuli, is more depended on sensory processes (Mickley & Kensinger,

2008). The enhanced utilization of sensory processes for stimuli of negative but not of
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positive valence is in line with studies demonstrating that more attention is allocated towards
negative stimuli (Simola et al., 2013) and explains why negative stimuli are remembered
better quantitatively and qualitatively. Furthermore it was shown that valence also
differentially influences neural processes, with only negative arousing stimuli but not positive
arousing stimuli increasing connectivity within the amygdala (Kark & Kensinger, 2015). This
is in line with a recent study that could detect differences in amygdala activation for memory
retrieval of positively versus negatively valanced stimuli (Beyeler et al., 2016).

The previous studies demonstrate that emotional memory effects appear not only due
to arousing effects of emotion but also due to the emotional valence. As especially negative
valence was shown to affect memory processes the current study adheres to the model
proposed by (Bowen et al., 2018) and predicts negative stimuli to be more frequently
correctly recognized than positive stimuli. This study aims to extend the literature by
demonstrating an effect of positive versus negative valence using the novel Open Affective
Standardized Image Set (OASIS) that, to our knowledge, was not yet used in an picture
recognition task investigating the effects of emotional valence (Kurdi et al., 2017). Previous
studies investigating the effect valence has in an image recognition task have predominantly
used the IAPS set which is considerably older and was already amply investigated on (for a
review see Bowen et al. (2018)). Thus the current study aims at finding additional support for
the results of (Bowen et al., 2018) while using a different and novel picture set. Confirming
the theory with a different picture set can help to increase validity by showing that it is

applicable to different contexts. The hypothesis regarding emotional valence is:

H3  Pictures of negative emotional valence will be more often correctly recognized

than pictures of positive emotional valence.
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Surprise and Emotional Valence

As mentioned above, some view surprise as a basic emotion (Ekman et al., 1983).
However, unlike any other emotion, it is difficult to characterize surprise as being distinctly
positive or negative in valence (Noordewier & Breugelmans, 2013). The initial affective
reaction to surprise is driven by the unexpectedness of the stimulus and was shown to be of a
mildly negative connotation (Noordewier & Breugelmans, 2013; Noordewier & van Dijk,
2019). This is because generally humans prefer consistency and predictability and why any
surprise might at first be interpreted negatively (Bromberg-Martin & Hikosaka, 2009).
However the actual affective reaction happens only a fraction later when the stimulus was
made sense of and the valence of the surprising content leads to a clear positive or negative
reaction (Noordewier et al., 2016). Both the valence of surprise and the valence of the
stimulus have in common that they grab attention and foster elaboration (Noordewier et al.,
2016; Vuilleumier, 2005). Thereby the surprise increases the more explanatory work has to be
done in order to make sense of its outcomes (Foster & Keane, 2015, 2019). Previous studies
investigating the effects of surprise on memory have mostly done so using neutral stimuli
(Fazio & Marsh, 2009; Rouhani & Niv, 2021; Rouhani et al., 2018). However, as both
emotional valence and positive and negative surprise were shown to differentially influence
memory it is of great interest to see how both variables interact with each other. It can be
assumed that being presented with stimuli of emotional valence influences the effect surprise
has on memory, because especially negative stimuli were shown to be processed differentially
than positive or neutral stimuli (Mickley & Kensinger, 2008; Simola et al., 2013). In this
regard it is possible that being negatively surprised (high confidence error) for an emotionally
negative stimulus has the most pronounced effect on memory. Consequently, if negative
stimuli are remembered significantly better than positive stimuli and a high confidence error

was made, the magnitude of the surprise should be higher than for positive stimuli or a
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positive surprise. This is because more explanatory works has to be done to make sense of the

mistake. Therefore, the hypothesis on the interaction of emotional valence and surprise is:

H4:  Stimuli for which a negative surprise was encountered are better remembered
if the stimuli were of negative emotional valence compared to positive
emotional valence.

Method

Participants

A prior power analysis was conducted using G*Power (Faul et al., 2007) to estimate a
sample size that yields sufficient statistical power for an effect size (d= .88) and alpha of .05.
The effect size was based on the study of Fazio and Marsh (2009) who used a similar
paradigm as they also investigated to what extent surprising feedback improves memory. The
effect size was calculated with the help of an effect size calculator spreadsheet (Lakens,
2013). Results showed that a total sample of 19 participants is required to achieve a minimum
power of .95. Based on the power analysis the overall sample consisted of 25 participants.
Originally 28 participants successfully completed the study, but 3 participants were excluded
because their accuracy in categorizing the images was significantly below chance level or
because they had a strong (intentional) response bias. Of these 25 participants, 11 were male
and 14 were female. The age of the participants ranged from 18 to 27 with a mean age of 21
years. Of the participants 10 were Dutch, 5 German, 1 French, 1 Belgian, 1 Ukrainian, 1
Spanish, 1 Hungarian, 1 Cypriot and 4 who preferred not to say. Of the participants, 11 stated
that their highest education was school, 6 bachelor’s degree, 3 a master’s degree and 5
preferred not to say.
Participants were recruited by advertising the study directly in the Faculty of Social and
Behavioral Sciences of Leiden University through the universities study participation system

“SONA” (https://www.sona-systems.com) and by publishing invitations on social media
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websites and via messenger apps. Only participants native or fluent in English with an age
between 18-35 were recruited to ensure an even sample distribution. Furthermore, participants
were excluded if they are using any (legal or illegal) psychoactive drugs or medication, have
been diagnosed with any neurological or psychological disorders or are colorblind.
Participants were asked to sign an informed consent and were compensated through credits
for their participation. For the data collection and analysis, approval was requested of the
ethical committee of Leiden University. Participants were debriefed about the purpose of the

study after all data was collected.

Materials

For the purpose of the study an experiment was created using the program Psychopy
(Peirce et al., 2019). The experiment was run on the online platform Pavlovia (pavlovia.org)
and the overall study was conducted with Qualtrics (qualtrics.com). In total 320 images were
used in the experiment. All pictures were taken from the Open Affective Standardized Image
Set (OASIS) (Kurdi et al., 2017). The experiment consisted of three phases in which 80, 160
and 320 images were shown respectively. Phase two included all images of phase one
together with the same number of new “foil” images. Phase three included all “old” and “foil”
images of phase one and phase two and the same amount of completely new pictures. Before
each phase participants read an instruction and performed a practice round consisting of five
neutral pictures. Each phase consisted of the same amount of positively valanced and
negatively valanced images. To achieve this the 160 most negatively valanced images and the
160 most positively valanced images were pre-selected and randomly assigned to each phase.
Images with a very high positive or negative valence were excluded from the experiment in
order to avoid pictures that stand out too much and to adhere to ethical guidelines. However,

positive and negative images were matched for arousal such that positive and negative images
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in every phase did not differ in their mean arousal level. For the three practice rounds before

every phase 15 images with the most neutral valence were taken from the OASIS set.

Procedure

The overall procedure of the study can be divided into three phases. In phase 1,
participants were presented with a randomized succession of 80 pictures of which 40 were of
positive valence and 40 of negative valence. Each picture was shown to the participants for
exactly two seconds. Between every picture a blank screen with a fixation cross was shown
for one second. Participants were instructed that they would be presented with a series of
pictures and that for each picture they had to indicate whether or not it contained a person.
This simple task was chosen to ensure that participants engaged in the task.

After phase 1, the participants were instructed for the recognition memory task in
phase two. Participants were told that they will again see a succession of pictures in phase 2,
of which some will be “old” previously seen pictures from phase 1 and soGTR13me will be
“new” not previously seen pictures. Participants were instructed to indicate for each picture
how confident they are that the picture is new or old on a 4-point scale. For this the
participants were instructed the use the numbers 1, 2, 8 and 9 on their keyboard. The choices
in the scale were “sure old”, “unsure old “, “unsure new” and “sure new”. The participants
were also told that after every picture they will receive feedback on whether their decision
was correct or incorrect. In phase two participants were shown 80 “new” pictures as well as
the 80 old” pictures in a randomized order. Each picture is shown for two seconds with the
scale of choices for the confidence rating being presented to them for three seconds below the
picture. This means participants could view the picture for two seconds but had three seconds
to give their response. Subsequently, participants saw feedback on the correctness of their
decision for 1.5 seconds. The feedback said either “correct” or “incorrect” and was presented

in green and red font respectively. However, the feedback was falsified, such that the



feedback presented was not dependent on the actual answer of the participant. This was done
in order to evoke surprise in participants who might be confronted with incorrect feedback
without being aware of it. Beforehand the feedback was randomly assigned to each image
such that it is evenly distributed and that correct and incorrect feedback is given for the same
amount of positive and negative pictures for each phase and within each category. For each
participant the feedback on all images was newly randomized to avoid that each image is
always paired with the same feedback. Additionally, the images within each phase of the
experiment were randomized for every participant. Phase 2 resulted in four different
possibilities regarding the feedback: A correct decision with unmanipulated feedback, an
incorrect decision with unmanipulated feedback, a correct decision with manipulated
feedback and an incorrect decision with manipulated feedback.

In phase 3, participants performed an old/new recognition memory task in which they
were shown all previous 160 pictures from phase 2 and an additional 160 new pictures.
Participants were instructed to once more differentiate between old pictures, which were all
pictures from phase 2, and completely new pictures which they have never encountered
before. In phase 3, participants viewed the pictures and the confidence choices for the same
amount of time as in phase 2 but were able to switch to the next picture by giving their
response. In phase 3, participants also did not receive any feedback on their decision. After
phase 3, the participants were debriefed about the purpose of the study. The procedure of the

study is illustrated in Figure 1.

18
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Figure 1

Overview and Illustration of the different study phases
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Note. In phase 1, a leftward arrow with the text “No, I don’t see a person” and a rightward arrow with the text
“Yes, I do see a person”, was written below every image. Below every image in phase 2 the answer possibilities
1,2, 8 and 9 were depicted with the captions “sure old”, “unsure old”, “unsure new” and “sure new”,
respectively. After every image in phase 2, the new screen with the feedback appeared. In phase 3, every image

had below it the same answer possibilities as in phase 2.

Measures

The independent variable of emotional valence is specified to be either positive or
negative depending on the respective picture. The variable surprise is specified as the
discrepancy between the confidence judgement and the received feedback. It was
differentiated between mild surprises and strong surprises and positive surprises and negative

surprises. Thereby it was assumed that a strong positive surprise is encountered when the
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confidence in the judgement was low but the feedback indicated the answer was correct. A
mild positive surprise was assumed to be encountered when the confidence in the answer was
high and the feedback was correct (no surprise). A strong negative surprise was assumed to be
encountered if the confidence in a judgment is high but the feedback for the answer is
incorrect. A mild negative surprise was assumed to be encountered if the confidence in the
answer was low and the feedback was incorrect. Hence every old and foil image presented in
phase 3 could be associated with one level of surprise encountered in phase 2. This was done
so that in phase 3 it can be detected which level of surprise influences the correct recognition
of the images. The left section of table 1 illustrates which responses in phase 2 were
associated with which level of surprise depending on the content of the feedback.
Furthermore, the right section of table 1 shows how the confidence rating of phase 3 was
interpreted. For old and foil images (“‘old” was the correct answer for both in phase 3) the
responses sure old, unsure old, unsure new and sure new were interpreted to be differentially
correct. This means that the answer sure old was the most correct whereas the answer sure
new was the least correct. Consequently, a new variable was created that does not only
differentiate between a correct and an incorrect answer but also incorporates the confidence
judgements of phase 3.

Table 1

Phase 2: response options and their associated level of surprise for old and foil images

Response Options Feedback shown was “Correct” Feedback shown was “Incorrect”
1 (Sure Old) Mild positive surprise Strong negative surprise

2 (Unsure OI1d) Strong positive surprise Mild negative surprise

8 (Unsure New) Strong positive surprise Mild negative surprise

9 (Sure New) Mild positive surprise Strong negative surprise
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Results

In order to test hypothesis 1, which predicted that the magnitude of surprise decidedly
influences memory (unsigned effect) and hypothesis 2 which predicted that the valence of
surprise decidedly influences memory (signed effect), several repeated measures analyses
were performed. The analyses were split into only foil images and only old images of phase 3.
For all analyses, a repeated measures ANOVA was carried out, which included the four levels
of surprise as specified in table 1. In this way, the repeated measures ANOVA included the
two factors direction of surprise (positive or negative) and the strength of surprise (mild or
strong).

A repeated measures ANOVA on recognition memory for foil images in phase 3
showed no significant main effect of either the direction of surprise, F(1, 24) = .16 p = .698,
n2 = .01 or the strength of surprise, F(1, 24) = .30, p = .586, 12 = .01. Also the interaction of
the direction and the strength of surprise was not significant F(1, 24) =2.07, p =.164, 12 =
.08. A repeated measures ANOVA on recognition memory for old items in phase 3 showed no
significant main effect of either the direction of surprise, F(1, 24) = .39, p =.539, 12 = .09, or
the strength of surprise, F(1, 24) = .94, p = .341, 2 = .04. However the interaction of the
direction and the strength of surprise was significant (1, 24) =11.81, p =.02, 12 = .33.
Figure 2 illustrates this interaction for the correctness of only old images in phase 3 showing
that when a mild surprise was encountered, mild positive surprises were remembered better
than mild negative ones. Whereas when a strong surprise was encountered the strong negative
surprise was remembered better than the strong positive one. Post-hoc paired sample t-tests
(two-tailed) showed that the difference between mild positive and mild negative surprise was
significant, M = .11 and SD = .21, #(25) =2.77, p = .011, d = .21, and that the difference
between strong positive and strong negative surprise was significant M = -.08 and SD = .17,

#25)=-2.43, p <.023, d = .17. This confirms the aforementioned relationship of positive
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mild surprises being significantly better remembered than negative mild surprises and strong
negative surprises being significantly better remembered than mild negative surprises.
However, since none of the four repeated measures analyses could find significant
main effects of either the direction or the strength of surprise, the original hypotheses of a
signed or an unsigned effect of surprise could not be confirmed. This means that neither
direction nor the strength of a surprise could predict how well participants correctly
remembered old or foil images in phase 3.
Figure 2

Interaction of the direction and the strength of surprise for only old images in phase 3
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Note. The y-axis of the figure gives the mean of correctly categorized of images in phase 3. The x-axis gives the

strength of surprise while the different lines give the direction of the surprise.

To investigate hypothesis 3, which predicted that images of negative valence are better
remembered than images of positive valence, two repeated measures analyses were
performed. This analysis included both the images from phase 2 as well as from phase 3.
Again, a repeated measures ANOVA was conducted which included the factors emotional

valence of an image (positive or negative), and image condition (old or foil). The repeated
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measure analysis of images in phase 2 showed that the factor of emotional valence was
significant, F(1, 24) = 14.05, p <.001, n2 = .37 with negative images being more often
correctly recognized than positive images. The condition of the image had no significant
effect in phase 2, F(1, 24) =3.75, p =.0650, 2 = .14, but the interaction of emotional valence
and image category was significant, F(1, 24) =4.75, p = 0.039, 12 = .17. Two (two-tailed)
follow-up paired sample t-tests showed that the difference between negative foil and negative
old images is not significant, M = .02 and SD = .17, #(25) = .81, p = .426, d = .17, while the
difference between positive foil and positive old images is significant, M = .11 and SD = .21,
#25)=2.47,p=.021,d = .21. This relationship is illustrated by Figure 3 which shows that
old positive images are significantly less frequently correctly recognized than foil positive
images.

Figure 3

The interaction of emotional valence and image category for images of phase 2.
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The same repeated measures ANOVA performed for phase 2 images was also
performed for images of phase 3. The analysis also showed that emotional valence predicts
image recognition with negative images being significantly better recognized than positive
images, F(1, 24) = 13.24, p = .001, 12 = .36. These results as well as the results of phase 2 are
in line with hypothesis 3 which predicted that negative images will be more frequently
correctly recognized than positive images. In phase 3, contrary to phase 2, the image
condition had a significant effect, F(1, 24) = 112.19, p <.001, n2 = .82 with old images being
significantly better correctly recognized than foil images. Furthermore, as Figure 4 illustrates,
the interaction of emotional valence and image condition was shown to be not significant F(1,
24)=.54,p= 818,12 =.01.

Figure 4

The interaction of emotional valence and image condition for images of phase 3.
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In order to test hypothesis 4, which predicted that a negative surprise is better
remembered for negative images than for positive images, two separate repeated measures
ANOVA were performed. One looking at only images of positive emotional valence and one
looking at only images of negative emotional valence for phase 3. Both analyses had two
factors with two levels each: the direction of surprise (positive and negative) and the strength
of surprise (mild and strong). However, for these analyses, trials for old and foil images were
combined because if trials were split by the four levels of surprise, emotional valence and
image category (old or foil), there would not be enough trials for all categories.

The analysis for only images of positive emotional valence resulted in no significant
main effect of either the direction of surprise, F(1, 24) = 1.83, p = .189, 12 = .07 or the
strength of surprise, F(1, 24) = .16, p = .690, 12 = .01. However the interaction between the
direction of surprise and the strength of surprise was significant, (1, 24) = 15.52, p <.001,
n2 =.39. Two post-hoc paired samples (two-tailed) t-tests confirmed the interaction, showing
that for images of positive emotional valence a mild positive surprise was significantly better
remembered than a mild negative surprise, M = -.12 and SD = .19, #25) =-3.25, p =.003, d =
.19, and a strong negative surprise was not significantly better remembered than a strong
positive surprise, M = .05 and SD = .15, #25) = 1.80, p = .084, d = .15.

For images with negative emotional valence, the two main effects of the direction of
surprise F(1, 24) = 0.67, p =.798, n2 = .01 and the strength of surprise F(1, 24) = .94, p =
341, n2 = .038 were not significant. However, the interaction between the direction if
surprise and the strength of surprise was significant, F(1, 24) =5.91, p =.023, 12 =.19. Two
post-hoc paired samples (two-tailed) t-tests confirmed the interaction, showing that for images
of negative emotional valence a mild positive surprise was not significantly better
remembered than a mild negative surprise, M = -.05 and SD = .13, #25) =-1.79, p = .086, d =
.13, and a strong negative surprise was significantly better remembered than a strong positive

surprise, M = .09 and SD = .20, #(25) =2.12, p = .084, d = .20.
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Figures 5 and 6 illustrate these significant interactions for images of negative and positive
emotional valence respectively. It can be seen that for images of positive valence a mild
positive surprise is significantly better remembered than a mild negative surprise while a
strong negative surprise is not significantly better remembered than a mild negative surprise.
For images of negative valence, the pattern reverses and a mild positive surprise is not
significantly better remembered than a mild negative surprise, but a strong negative surprise is
significantly better remembered than a strong positive surprise. These analyses could not
confirm hypothesis 4 as the main effect of the direction of surprise had no significant effect
when differentiating between positive and negative images. However, the significant
interactions of the strength and the direction of surprise for both only positive and only
negative images demonstrate that the emotional valence stands in interaction with the level of
surprise in their effect on image recognition.

Figure 5

The interaction of direction and the strength of surprise for only positive images in phase 3
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Figure 6

The interaction of direction and the strength of surprise for only negative images in phase 3
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Discussion

Theoretical Implications

The aim of the current study was to investigate how different levels of surprise
influence the memorability of images in a recognition memory task. To study this, we
designed an experiment that manipulated the strength of surprise (mild vs strong) and the
direction of surprise (positive vs negative). In addition, we were also interested in examining
whether the emotional valence of the stimuli influenced subsequent recognition memory.
Previous studies have demonstrated a significant unsigned effect of surprise on memory
(Fazio & Marsh, 2009; Rouhani & Niv, 2021; Rouhani et al., 2018) or a significant signed
effect of surprise on memory (De Loof et al., 2018; Jang et al., 2019). Studies demonstrating

the unsigned effect of surprise on memory showed that the magnitude of a surprise is what
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decidedly influences memory (Fazio & Marsh, 2009; Rouhani & Niv, 2021; Rouhani et al.,
2018). This led to the prediction of the current study that strong positive and negative
surprises will be better remembered than mild positive and negative surprises. Moreover by
showing that positive surprises are generally better remembered than negative surprises, a
different line of research has demonstrated a signed effect of surprise on memory which
means that the direction of the surprise was shown to decidedly influence memory (De Loof
et al., 2018; Jang et al., 2019). This led to the prediction of the current study that positive
surprises will be generally better remembered than negative surprises. Our results showed that
neither the strength of surprise nor the direction of surprise significantly influenced memory.
Consequently, it could not be confirmed that stronger surprises are remembered better than
milder surprises or that positive surprises are remembered better than negative surprises.
Therefore, the results of this study are not in accordance with previous studies because no
clear signed or unsigned effect of surprise on memory could be demonstrated.

Nevertheless, in the analyses looking at only old images a significant interaction of the
direction and the strength of surprise was found. Images for which a mild positive surprise
was encountered were significantly better remembered than images for which strong positive
surprise was encountered and images for which a strong negative surprise was encountered
were significantly better remembered than images for which a mild negative surprise was
encountered.

To better make sense of this interaction, which is illustrated in Figure 2, it is important
to understand that for the conception and the analysis of the study the four different levels of
surprise, see Table 1, were regarded to be comparable with one another. This means, it was
assumed that a mild positive surprise was of equal magnitude as a mild negative surprise and
that a strong positive surprise was of equal magnitude as a strong negative surprise. However,
the magnitude of surprise for a strong positive and a strong negative surprise can only hardly

be equated because the formation of the two different levels of surprise is fundamentally
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different: A strong negative surprise is encountered when you are very sure in your answer
and receive “incorrect” as feedback whereas for a strong positive surprise you are unsure in
your answer and receive “correct” as feedback. According to Foster & Keane (2015, 2019)
the magnitude of a surprise can be best estimated by the amount of explanatory work one has
to undertake in order to make sense of the surprising event. Therefore, the result that a strong
negative surprise was significantly better remembered than a strong positive surprise is
comprehensible. Subjectively seen, more explanatory work has to be carried out to explain
being wrong when one was very sure in the answer than to explain being right when one was
unsure of the answer. The magnitude of a strong negative surprise is even further increased
when the feedback was manipulated, because more explanatory work has to be done to
explain receiving “incorrect” as feedback when the answer was actually correct. The
magnitude of a strong positive surprise on the other hand is not affected by manipulated
feedback because participants were unsure in their answer and consequently did not expect a
specific answer to be correct.

Furthermore, it is possible that compared to a strong negative surprise, a strong
positive surprise might not pass a certain threshold in magnitude of surprise that would be
necessary for an image to be better remembered. That a strong positive surprise is not
comparable to and might not reach the same magnitude of surprise as a strong negative
surprise might also be because of a negativity bias in their perception. The negativity bias
describes the common effect that people generally learn from and attend more to negative
rather than positive information (Baumeister et al., 2001; Soroka et al., 2019; Vaish et al.,
2008). Consequently, a strong negative surprise might be perceived significantly different in
magnitude than a strong positive surprise which makes them hard to compare and further
clarifies why a strong negative surprise was significantly better remembered than a strong

positive surprise.
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Moreover, the results also showed that images associated with a mild positive surprise
were significantly better remembered than images associated with a mild negative surprise.
Similarly, as for both strong levels of surprise, both mild levels of surprise are not evenly
comparable in the magnitude of their surprise. A mild negative surprise was assumed to be
encountered when one is uncertain of an answer and receives “incorrect” as feedback. A mild
positive surprise on the other hand was assumed to be encountered when one is certain of an
answer and gets “correct” as feedback, which could actually be regarded as encountering no
surprise at all. Consequently, their comparison is difficult and like the strong positive surprise
they might not reach a high enough magnitude of surprise to significantly affect the
memorization of the associated images. However, the question begs why a mild positive
surprise, which can be subjectively as seen the least surprising, leads to a similarly high
remembrance of associated images as a strong negative surprise? According to the negativity
bias theory (Baumeister et al., 2001; Soroka et al., 2019; Vaish et al., 2008), a mild negative
surprise should be better remembered than a mild positive surprise. A mild negative surprise
is however not as negative as a strong negative surprise and hence the negativity bias could
not be as effectual.

That images associated with a mild positive surprise were remembered well could be
explained in terms of a confirmation bias (Nickerson, 1998; Tarantola, Folke, Boldt, Pérez, &
de Martino, 2021; Vedejova & Cavojova, 2020). The confirmation bias states that information
which is in accordance with our beliefs and expectations is favored, attended to more and also
recalled better than information that is not in accordance with our beliefs (Nickerson, 1998;
Tarantola et al., 2021; Vedejova & Cavojové, 2020). Furthermore, a recent study by Frost et
al. (2015) showed that recognition memory is better for information that is in accordance with
our beliefs compared to information that is not in accordance with our beliefs. Hence images
for which a mild positive surprise was encountered could be remembered better because the

participants’ belief got confirmed, as one was sure in a decision and received “correct” as
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feedback. This confirmation of one’s beliefs could have led to an enhanced memorization of
the respective images according to the confirmation bias.

Furthermore, this study also investigated whether images of positive or negative
emotional valence are remembered better. Even though some previous research has shown
that positive stimuli are remembered better than negative stimuli (Anderson & Shimamura,
2005; Khairudin et al., 2011, 2012; Madan et al., 2019), the majority of studies found that
generally negative stimuli are remembered better than positive stimuli (Kensinger et al., 2007;
Mickley Steinmetz, Knight, & Kensinger, 2016; Ochsner, 2000; Ritchey, Dolcos, & Cabeza,
2008; Sava, Paquet, Dumurgier, Hugon, & Chainay, 2016; Wang, 2013). Also, a metanalysis
by Bowen et al. (2018) investigating whether positive or negative stimuli are generally
remembered better came to the conclusion that evidence for negative stimuli being better
remembered prevails. Therefore, hypothesis 3 predicted that the negative images in the study
would be more frequently correctly recognized than the positive images. The results
confirmed this hypothesis in showing that in both phase 2 and phase 3 of the experiment,
images of negative emotional valence were significantly better remembered than images of
positive emotional valence. Hence the current study is in line with and confirms findings of
the metanalysis by Bowen et al. (2018) which demonstrated that in the majority of cases
information of negative emotional valence is remembered and recognized better than
information of positive emotional valence.

Additionally, this study set out to investigate whether there is a relationship between
surprise and emotional valence in their effect on memory. It was predicted that images for
which a negative surprise was encountered would be better remembered if they were of
negative emotional valence compared to positive emotional valence. The results revealed that
also when differentiating between images of positive and negative emotional valence the
direction of surprise had no significant effect and therefore this hypothesis could not be

confirmed. However, when looking at images of positive emotional valence and images of
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negative emotional valence separately, an interaction between the direction of surprise and the
strength of surprise was found for both positive and negative emotional valence (see Figure 5
and 6). For images of positive emotional valence there was a significant difference only for
mild levels of surprise whereas for images of negative emotional valence there is a significant
difference only for the strong levels of surprise. In other words, the data indicated that for
images of positive emotional valence, a mild positive surprise is significantly better
remembered than a mild negative surprise, whereas for images of negative emotional valence
the opposite pattern was observed. It might be the case that not only the aforementioned
confirmation bias but also the positive emotional valence drives the better remembrance for
images of mild positive surprise over images of mild negative surprise. However, this
interpretation should be treated with caution as it goes against the finding that negative
images are generally better remembered than positive images and cannot be supported by
literature. Furthermore, the analysis conducted to test hypothesis 4 showed that a strong
negative surprise was significantly better remembered than a strong positive surprise for
images of negative emotional valence but not for images of positive emotional valence. This
might be the case because as images of negative emotional valence were shown to be
remembered significantly better than images of positive emotional valence, the receipt of
falsified incorrect feedback (feedback that the answer was incorrect when it was actually
correct) might trigger a very strong negative surprise as the image was actually very well
remembered. The better remembrance of an image of negative emotional valence itself in
combination with a strong negative surprise might therefore explain why there is a significant
difference in strong surprises for only images of negative emotional valence. This is in line
with research postulating that a surprise is stronger and better remembered when more
explanatory work has to be done in order to resolve it (Foster & Keane, 2015, 2019). So,

even though the main effect of the direction of surprise when separating between emotional
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valence was not significant this significant interaction gives some indication that hypothesis 4

might be correct.

Practical Implications

The term surprise, even though ubiquitous, might at first glance not be associated with
much practical relevance. However, as surprise can also be defined as an error of prediction it
is directly linked to learning. Even though the current study could not replicate an unsigned or
a signed effect of surprise, it showed that when surprise was most likely encountered, in the
case of a strong negative surprise, it significantly improves recognition memory. A finding
that is of course not new, but once more demonstrates the well-established importance of
immediate feedback for learning (Epstein et al., 2002). This is because feedback can trigger a
surprise which in turn fosters active engagement and a deeper processing of the information
by the learner, ultimately leading to better retention. The findings of this study could therefore
be especially relevant in the educational setting where previous research on surprise has for
instance demonstrated that disconfirmed predictions and being confused by a surprising
contradiction can significantly boost learning (Brod et al., 2018; D’Mello et al., 2014).
Moreover, this study also demonstrates the importance of positive feedback because being
correct can boost learning through the confirmation bias. Consequently, the findings of the
current study might be relevant for teachers as well as for students who try to optimize
learning success. Furthermore, incorporating surprise as tool to remember something better
could also benefit various other groups like the elderly or medical professionals. This means
that knowing one did something correct can improve retention of something because it was in
accordance with one’s beliefs and therefore triggers the confirmation bias. Furthermore, this
study also demonstrated bias towards negative information. The generally established
negativity bias that led to negative images being more often correctly recognized than positive

images in the current study, is a ubiquitous phenomenon which can greatly influence many
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situations like witness accounts, assessments, and learning. Therefore, being conscious of this

bias can be of great advantage.

Limitations and Future Research

As mentioned before, the conception of the study regarded the different levels of
surprise to be comparable and of similar strength and direction. However, this assumption
might have oversimplified the differences between surprise which ultimately also distorted the
results. Even though positive and negative surprise are two directions of the same concept,
their comparison is difficult as they entail vastly different premises and are of different
strength. Therefore, it was perhaps too ambitious of the study to try and unify the different
levels of surprise in one model. Future research should find a way in which surprise can be
measured and specified more precisely. This would allow a better comparison of different
levels of surprise and yield results that are more easily interpretable. The aim of future
research should be to clearly differentiate between unsigned and signed effects and dissociate
their impact on learning and memory. A further limitation of the study is the composition of
the experiment. It was assumed that participants were surprised because of the feedback on
their decision in phase 2. However, the number of trials (160) and the limited time of
exposure to the feedback (1.5 seconds) could have reduced the feedbacks surprising effect as
participants already awaited the next image. Furthermore, an additional question at the end of
the study which asked participants whether they have noticed that the feedback was at times
falsified revealed that 75% of all participants thought the feedback was manipulated. It might
be that some participants ignored the feedback after they noticed it was fake and therefore
also did not get surprised. Future studies investigating the effect of surprising feedback
should therefore either avoid manipulated feedback all together or have more trials and await

natural occurrences of, for instance, high confidence incorrect answers.
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Conclusion

Conversely to the literature, the study could not demonstrate a clear unsigned or
signed effect of surprise on memory. However, it was shown that a strong negative surprise
led to significantly enhanced memory for associated images. Interestingly no surprise at all
was also shown to significantly enhance memory for associated images which might be due to
a confirmation bias. Furthermore, this study supported existing literature showing that images
of negative emotional valence are generally better remembered than images of positive
emotional valence. Moreover, the current study investigated the interaction of surprise and
emotional valence in their effect on memory. No significant relation was found, but the results
indicate the emotional valence of an image has an influence on the effect a surprise has on
memorability. For instance, a strong negative surprise was only significantly better
remembered than a strong positive surprise for negative but not positive images. Overall, this
study yielded interesting results in showing that only a strong negative surprise enhances
memory for associated images but that also no surprise at all led to better memory a finding

that can be of great relevance in education and learning research.
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