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Memories never provide a full representation of what has actually been experienced. They 

often lack considerable detail and are therefore perhaps not as vivid as we might wish 

them to be. Intuitively, it may seem adaptive to be able to remember everything we 

experience. However, memory research has shown us that if too much information is 

stored into memory in a short period of time, accurate memory retrieval suffers due to 

memory interference (Osgood, 1948; Postman & Underwood, 1973; Underwood, 1957). 

An efficient memory system filters out irrelevant information and is thereby able to 

extract ‘the bigger picture’ from our various experiences. 

General knowledge build-up 

Through the extraction of regularities across memories of different experiences, we form 

an understanding of stable relations in our environment. The consolidation of such 

regularities into durable memory representations provides an important route towards 

semantic knowledge build-up. The findings presented in chapter 2 are, for a large part, in 

line with the influential notion that the build-up of semantic knowledge from episodic 

memory co-occurs with a shift in the neural network that represents the memory trace 

(Winocur & Moscovitch, 2011). In particular, this notion holds that the initial episodic 

memory depends critically on the hippocampus, whereas the semantic knowledge that is 

extracted therefrom instead depends on extrahippocampal cortex alone. We found that 

system-level consolidation was stronger for memories that contained a regularity 

structure, compared with arbitrary memories. In other words, when memories 

encouraged the extraction of higher order/gist information, system-level consolidation 

was enhanced. As our findings show that different memories undergo different 

consolidation trajectories, they argue against previous notions that memory consolidation 

is similar for different types of information (Alvarez & Squire, 1994; Squire & Alvarez, 

1995).  

The findings in chapter 3 furthermore suggest that the process of regularity extraction 

across multiple episodic memories may not necessarily co-occur with any additional 

forgetting of these episodic memories. Episodic and more fact-like memories, resulting 

from the same experiences, may thus coexist but depend on different neural networks. 

Whereas episodic memories may continue to depend on the hippocampus, the 

regularities that can be extracted among them may acquire a neocortical representation. 

Such neocortical representations are thought to be less susceptible to interference, and 

thus more stable, than hippocampus-dependent memories (McClelland et al., 1995). This 

is mainly due to the very gradual modification of cortico-cortical connections, upon 

multiple repetitions, whereas the hippocampus instead rapidly combines various features 
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into new memory traces (Frankland & Bontempi, 2005). Results in chapter 2 and 3 

showed that memory for regularity-congruent items, for which we showed enhanced 

system-level consolidation, was indeed more stable than arbitrary memories. It was found 

that after 4 hrs, 2 days, and also a month, retention was higher for regularity knowledge 

than for arbitrary relations. These results are therefore in line with the idea that the 

extraction of regularities across hippocampus-dependent episodic memories provides a 

possible route for the formation of new semantic knowledge, which stands the test of 

time.  

It should be noted that the process of system-level consolidation may take longer than a 

period of two days, or even a few weeks (Nadel, Winocur, Ryan, & Moscovitch, 2007; 

Takashima et al., 2006; Winocur et al., 2007). As such, we do not wish to claim that the 

memories containing regularities were fully, and only, dependent upon a neocortical 

network at all times tested.  

In chapter 3 we additionally showed that directly after encoding, regularity-congruent 

items were less episodically detailed than their incongruent counterparts. In trying to 

extract and/or apply a certain regularity structure, subjects may have paid attention to 

only limited parts of each face. They may have quickly scanned each face for the presence 

of rule-features, and then only when rules did not apply, performed the additional in-

depth processing of the face. In other words: the regularity structure may have guided 

attention to regularity-relevant features, thereby possibly hampering the formation of 

more global face representations.  

Whereas chapter 3 thus showed that regularity-congruent items were less episodically 

detailed than regularity-congruent ones, in chapter 2, we did not find a differential 

hippocampal contribution to these different types of memories. As previous studies have 

shown that hippocampal involvement tends to scale with the amount of episodic detail 

that can be retrieved (Addis, Moscovitch, Crawley, & McAndrews, 2004; Rugg et al., 2012), 

one might have expected reduced hippocampal activity for the retrieval of regularity-

congruent items. The difference in episodic detail memory between the regularity 

conditions was, however, rather small, and concomitant brain differences may not have 

been large enough to survive the stringent multiple comparison corrections.  

In a future study, it would be interesting to acquire fMRI data at time points following the 

currently adopted 2-day delay. It can be hypothesized that after a few weeks of 

consolidation, the hippocampus would take a less prominent role in retrieving the correct 

location for the items that were congruent to the regularity structure. On the other hand, 

tasks that critically depend upon episodic memory would expectedly continue to require 

the hippocampus, whether the items are congruent or incongruent to the regularity 

structure. 
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Schemas and new memory encoding 

Normal human behavior would not be possible without our extensive semantic knowledge 

system. It allows us, for example, to predict upcoming events and focus our attention on 

those parts of a stimulus that are currently relevant to perform a certain action (Bar, 

2007). Such an attentional focus may in turn have large influences on new memory 

encoding (Broadbent, 1958; Chun & Turk-Browne, 2007; Mulligan, 1998; Norman, 1969). 

In chapter 3, we showed that the build-up of semantic knowledge impaired the formation 

of detailed memory representations. In a subsequent study, we wanted to find out 

whether pre-existing semantic knowledge has an even more substantial influence on the 

encoding of congruent items, resulting in very poor memories. We used a paradigm 

whereby a previously learned set of regularities, together forming a schema, could fully 

guide task performance for all congruent items. Thus, our aim was to study memory 

formation in a situation where memory storage served no direct future goal.  

The findings in chapter 4 show that for those items where schemas could fully predict the 

correct response, memory formation was impaired. We found that subjects often failed to 

recognize the previously presented schema-congruent items, or their highly similar 

versions. Moreover, EEG data confirmed that memory for schema-congruent items was 

inferior to memory for incongruent ones. Indeed, the parietal old/new effect was more 

pronounced in the schema-incongruent condition, suggesting that the respective 

memories were richer in contextual detail – which was confirmed in an additional context 

memory task. Together, the findings in chapter 3 and 4 demonstrate that not everything 

we perceive is consolidated into a stable memory trace, and that mental schemas may 

hamper the storage of information that is irrelevant for achieving current goals.    

Throughout our daily lives, we constantly find ourselves in highly predictable situations: 

riding our bike to work, preparing breakfast, doing laundry etc. One might argue that it 

does not serve any direct goal to create detailed memories of these events. Whereas the 

hippocampus has a very large capacity to store new memories, these may interfere with 

already stored ones, possibly causing retrieval problems (Barnes & Underwood, 1959; 

Deffenbacher, Carr, & Leu, 1981). Reduced memory storage in certain situations may thus 

be beneficial and prevent the storage of redundant information.  

Of note, there are various studies that report positive influences of mental schemas on 

memory formation (Staresina et al., 2009; Van Kesteren, Rijpkema, et al., 2010; van 

Kesteren et al., 2013). It has been shown that having the appropriate background 

knowledge aids in acquiring new, but related, information (van Kesteren, Rijpkema, Ruiter, 

Morris, & Fernández, 2014). Also, a study in rats showed that the location of a new food 

well was rapidly stored into memory in those rats that had already created a map of the 
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respective environment (Tse et al., 2007). Importantly, in these two studies, the storage of 

schema-congruent information was goal-relevant as it increased performance and/or food 

availability. A tentative hypothesis holds that schemas may facilitate or hamper memory 

encoding depending on current goals. If new schema-congruent input adds relevant 

information to pre-existing knowledge, memory storage may be facilitated. Conversely, 

when the new schema-congruent input carries no information that is relevant for 

achieving current goals, memory formation may be hampered. Together, these opposing 

mechanisms could importantly contribute to the efficient use of our memory system.  

Emotional influences on hippocampal memory representations 

In chapter 5 we shifted our focus from studying resemblances across memories, to 

studying their uniqueness. In particular, we studied influences of emotion on 

representational separation in the hippocampus. This served the broader aim of gaining a 

better understanding of the adaptive and maladaptive influences of emotion on memory 

processing.  

From an evolutionary perspective, it is important to form strong memory traces for 

situations that pose a threat, so that that these situations can be recognized and avoided 

in the future. Whereas strong emotional memory traces are generally highly adaptive, 

they may also give rise to a process called runaway consolidation (Meeter, 2003). Hereby, 

a strong memory pattern becomes associated to progressively more input patterns, thus 

growing ever stronger, until it is reactivated by even the slightest, most obliquely 

associated cues. To overcome such spurious overgeneralization, our memory system may 

have developed an adaptive mechanism for coping with strong (emotional) memory 

traces. A first hint towards such a mechanism was found in chapter 5 and may relate to 

the increased pattern separation for emotionally charged information. Such a mechanism 

may reduce the risk for memories to become (too) highly interlinked and to increasingly 

involve similar neural connections.  

Whereas we found that acute emotional arousal increased the uniqueness of the memory 

representation, symptoms related to negative emotional traits had an opposite effect. We 

found that the more people suffered from mild affective symptomatology, the more 

similar hippocampal memory representations were. As previously explained, the reduced 

pattern separation may convey a risk for runaway consolidation (Meeter, 2003). Through 

this process, a strong memory trace would continue to grow stronger, resulting in a giant 

attractor that may come to dominate the memory system. It can be hypothesized that 

such a process may underlie the intrusive negative memories and overgeneralization in 

patients suffering from depression or post-traumatic stress disorder (PTSD, Ehlers et al., 
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2004; Kheirbek et al., 2012). Consider the example given in figure 1. When experiencing a 

cozy campfire in a park, the healthy brain may try to link this experience to memories of 

previous campfires. However, the new event is experienced as sufficiently different from 

such memories, and a separate memory trace is formed. In veterans suffering from PTSD, 

the sight of fire may instantaneously trigger traumatic experiences involving fire. This may 

cause their new experience to be strongly colored by their negative memories, and 

perhaps even linked to it as well. As a result, their traumatic memories may continue to 

grow stronger, giving rise to a vicious cycle that fosters the maintenance of PTSD 

symptomatology.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: A novel experience, such as the sight 

of a cozy campfire, may elicit previous 

memories that involve fire. In the healthy 

brain, the new event acquires a new 

representation, separated from previous ones. 

In patients suffering from PTSD however, the 

new event may trigger a very vivid memory of 

a previous traumatic event. As a result, the 

perception of the new event is strongly colored 

by this negative memory, and the new event 

may in fact become integrated into the super-

strong traumatic memory. Figure adapted from 

Kheirbek et al., 2012. 
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As already discussed in chapter 1, a recent hypothesis holds that intrusive memories and 

overgeneralization may result from impaired neurogenesis in the dentate gyrus (Kheirbek 

et al., 2012). This could result from the heightened stress-levels in patients suffering from 

anxiety or depression (Brewin, 2001; Ehlers & Clark, 2000; Hammen, 2005; Pittenger & 

Duman, 2008), which causes cellular dysfunctions such as a decrease in neurogenesis 

(Gould et al., 1992, 1997, 1998; Tanapat et al., 1998). Interestingly, it has been proposed 

that antidepressant drugs exert their effect through the increase in neurogenesis 

(Malberg, 2004). This idea has found support in an extensive study where rats were 

exposed to various antidepressants, and neurogenesis in the dentate gyrus was quantified 

(Malberg, Eisch, Nestler, & Duman, 2000). The results show that various antidepressants 

(fluoxetine, reboxetine and tranylcypromine) increased neurogenesis, but only when they 

were administered for a prolonged period of time in the range of 2 to 4 weeks. Given that 

the therapeutic effects of antidepressants in humans also tend to take a few weeks to 

occur (Frazer, 1997), their impact on neurogenesis may very well be key to their success.  

In chapter 5, we showed that already mild symptoms of affective symptomatology could 

be related to reduced representational separation in the hippocampus. The inability to 

effectively separate memory traces may thus precede the start of clinical depression or 

anxiety. As such, it is interesting to explore the possibility of using a pattern separation 

deficit as a potential biomarker for the development of an affective disorder. An early 

treatment program, possibly with neurogenesis-promoting antidepressant drugs, may 

counteract the development of full-blown affective symptomatology. Future research is 

needed to both replicate our own findings, as well as investigate the possibility of using 

representational separation in the hippocampus as a biomarker for depression or PTSD.   

Conclusion 

The ability to extract relations across different experiences is an essential aspect of human 

life. It allows us to build semantic knowledge, which we use to interact with frankly 

everything we encounter in our daily lives. Findings presented in this thesis provide 

several novel insights into the neural mechanisms that underlie the build-up of our 

encyclopedia of knowledge, through a process of generalization. Moreover, some ideas 

were provided on how memory generalization may become maladaptive such as is 

evident in people suffering from depression or PTSD. There appears to be a fine balance 

between extracting useful relations among experiences and detecting too many of them. 

Understanding how these mechanisms work in the brain will eventually aid in promoting 

an adaptive memory system; one that guides intelligent behavior and sometimes warms 

us up from the inside (adapted from Murakami, 2002). 


