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 Background 

Our brains are naturally geared towards novelty. Already as early as in infancy, 

newborns automatically react to novelty by showing an orienting response 

(Reynolds, Guy, & Zhang, 2011), which signifies the importance of novelty 

processing in the brain. Furthermore, new stimuli and experiences divert 

attentional resources (Ranganath & Rainer, 2003) and stimulate the brain’s 

memory centers closely related to reward processing (Wittmann, Bunzeck, 

Dolan, & Duzel, 2007). This is why experiencing something new may be more 

exciting and memorable than regularities. Such observations have been 

reinforced experimentally by evidence showing that memory can be better for 

new than previously encountered items (Beisteiner et al., 1996; Habib, McIntosh, 

Wheeler, & Tulving, 2003; Tulving & Kroll, 1995).  

In support of this notion, electrophysiological and neuroimaging studies 

show an increased brain response to novelty. For example, increased brain 

activity has been reported in response to new compared to familiar stimuli 

reflected by the greater amplitude of the novelty-related components of the 

event-related potential (ERP) such as the frontal P300 and FN400 (Daffner et al., 

2000; Daffner et al., 2006; Daffner et al., 2003). Also, neuroimaging studies found 

increased activation in brain areas crucial for stimulus evaluation and memory, 

the prefrontal cortex (PFC) and the structures of the medial temporal lobe (MTL), 

during the processing of novel relative to familiar items (Tulving, Markowitsch, 

Craik, Habib, & Houle, 1996; Tulving, Markowitsch, Shitij, Habib, & Sylvain, 

1994). It has been suggested that increased processing efforts indicate that new 

information, relative to familiar information, is preferentially processed during 

encoding (novelty encoding hypothesis, NEH) (Kormi-Nouri, Nilsson, & Ohta, 

2005; Tulving, Markowitsch, Craik, Habib, & Houle, 1996).  

However, the natural desire for novelty can be counteracted by the fact 

that our brains become strongly habituated to the well-established and 
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convenient “good old” routines, making one less likely to deviate from familiar 

experiences. The mnemonic advantages of familiarity relative to novelty have 

also been demonstrated in studies of recognition memory (Dobbins, Kroll, 

Yonelinas, & Liu, 1998; Hintzman & Curran, 1997; Poppenk, Kohler, & 

Moscovitch, 2010; Ranganath & Rainer, 2003). For example, the PFC and MTL 

showed increased activation in response to familiar items (Horn et al., 2016; 

Ramon & Gobbini, 2017). Thus, the NEH is not easily reconciled with established 

findings showing mnemonic benefits of familiarity, such as more elaborate 

processing (Craik, 2002; Craik & Lockhart, 1972; Craik & Tulving, 1975) or 

repetition (Hintzman & Curran, 1997). The proposal on the assumed advantages 

of novelty over familiarity is also complicated by evidence that the PFC and the 

MTL structure, the hippocampus, is sensitive to both novelty and familiarity 

(Bowman & Dennis, 2015; de Chastelaine, Mattson, Wang, Donley, & Rugg, 2017; 

Grady, McIntosh, & Craik, 2003; Nyberg, 2005; Ranganath & Rainer, 2003). 

Despite decades of research, there is still considerable controversy about which 

type of information, new or familiar, provides processing benefits.  

Considering the involvement of the PFC and the MTL in information 

processing, it is not surprising that both healthy and pathological aging can 

impair the processing of new and familiar information. It is well-established that 

novelty detection (Fandakova, Lindenberger, & Shing, 2014) and memory decline 

with age (Fraundorf, Hourihan, Peters, & Benjamin, 2019) and are specifically 

impaired in conditions such as dementia and Alzheimer’s disease (AD) (Ally et 

al., 2008). The most prominent reasons are brain atrophy and loss of neural 

connectivity in the PFC and the MTL (Grady, McIntosh, & Craik, 2003; van 

Hooren et al., 2007). Although age-related memory deficits in tasks requiring 

novelty detection, recall, and context memory are well-researched (Fraundorf, 

Hourihan, Peters, & Benjamin, 2019), differences in the processes underlying 

recognition memory and old/new assessments remain unclear. Therefore, the 

present work intended to further contribute to a better understanding of the 
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factors involved in processing old and new information, including the 

perspective of aging. 

I.1.1. Old/new Recognition  

At first, it is essential to review and understand how the brain processes 

and responds to old and new stimuli. To identify something as new, the brain 

must distinguish between what is known (old) and what is not known (new). In 

this context, discrimination performance is typically investigated with 

recognition memory paradigms in which participants are required to recognize 

previously studied stimuli as ‘old’ correctly and identify not presented ones as 

‘new’ (Malmberg, 2008). The recognition/discrimination process generates a cue 

that induces a sense of familiarity or novelty (Yonelinas, 2002; Yonelinas, Kroll, 

Dobbins, Lazzara, & Knight, 1998). Behavioral data indicate that old/new 

discrimination at least partly depends on assessing the strength of a particular 

memory. Memory strength is assumed to vary on a continuum ranging from 

weak to strong, which underlies the subjective perception of stimulus familiarity 

(Wixted & Stretch, 2004; Yonelinas, 2002). In other words, the stronger the 

stimulus memory is, the more robust the sense of familiarity appears, which 

points towards choosing an ‘old’ over a 'new' response. 

Previous research has shown that memory strength can effectively be 

manipulated as a function of repetition (Verde & Rotello, 2007) or the Levels of 

Processing (LOP) (Gardiner, 1988). Repetition contributes to the ease of access to 

a particular memory by increasing the subjective sense of familiarity resulting 

from repeated encoding (Hintzman & Curran, 1997; Ranganath & Rainer, 2003). 

The LOP theory predicts that deep (e.g., meaning-extraction, pattern recognition, 

activation of prior knowledge) and intermediate processing (e.g., phonetics) lead 

to superior and faster retrieval when compared to shallow processing (e.g., 

perceptual analyses, rehearsal) in young participants (Craik, 2002; Craik & 
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Lockhart, 1972; Craik & Tulving, 1975; Newell & Andrews, 2004). The processing 

benefits of repetition and LOP are also evident in the elderly (Park & Festini, 

2017) and in demented individuals (Ally, 2012).  

The LOP framework attempted to explain the mnemonic system. 

Mnemonics, such as verbal (e.g., rhyming), motor (e.g., drawing), or visual (e.g., 

imagining) techniques, strengthen memory storage and improve subsequent 

retrieval as a result of deeper and more complex processing (Hulstijn, 1997; Jones-

Gotman, 1986; Paivio & Desrochers, 1981; Solso, 1995). Although the LOP theory 

has been criticized, it has changed memory research's direction by showing that 

encoding and long-term memory (LTM) storage are not simple but rather 

complex processes. Briefly, the criticism concerned the lack of definition of depth 

of processing and circularity (deep encoding improved memory performance, 

but memory itself was the outcome measure) (Ekuni, Vaz, & Bueno, 2011; 

Eysenck, 1978a; Eysenck, 1978b). However, the advocates of the LOP argued that 

the complexity or robustness of encoding assures the creation and activation of 

multiple cues leading to the same memory trace during encoding and retrieval, 

respectively, which leads to better performance if stimuli are encoded more 

deeply (Craik, 2002; Craik & Lockhart, 1972; Craik & Tulving, 1975; Lockhart & 

Craik, 1978). Nyberg (2002) reviewed neuroimaging studies to evaluate the LOP 

framework. The presented evidence indicated that certain brain regions that were 

active during encoding were indeed reactivated during retrieval. Thus, as Craik 

and Lockhart (1972) suggested, the complexity of encoding defined the memory 

trace. Consequentially, the LOP provides evidence that the intention to learn is 

less critical than encoding quality for successful retrieval. Such findings delineate 

the role of memory strength as a mediator of successful old/new discrimination. 
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I.1.2. The Impact of the Stimulus on old/new Recognition 

Over the past, memory researchers have primarily focused on 

understanding the processing of pre-experimentally well-known stimuli, such as 

meaningful pictures and words. Such items involve semantics and likely rely on 

pre-experimentally existing memories, which entails a lifespan of experiences, 

especially in older people. As such, pre-experimentally familiar stimuli 

presumably activate existing memory traces, re-encoded in the experimental 

context, forming slightly different engrams (Poppenk, McIntosh, Craik, & 

Moscovitch, 2010). The pre-existing and newly created memory traces can 

interfere (Poll et al., 2020). 

In this context, past experiences or pre-experimental familiarity can 

facilitate or hinder discrimination performance (Umanath & Marsh, 2014). The 

propositional network account can explain the former. According to this theory, 

prior knowledge may facilitate higher-order processes in LTM (Anderson, 1983). 

The latter can be the result of either pro- or retroactive interference (Izawa, 1980). 

As such, when pre-experimental experience exists, separation of internal and 

external experimental information sources can become difficult. In other words, 

even in a simple old/new recognition test, source memory for familiar items can 

lead to confusion as to whether one saw the item in or outside of an experimental 

setting. Indeed, source confusion has previously been identified as a confounder 

in tasks involving recognition  (Dobbins, Kroll, Yonelinas, & Liu, 1998). Although 

aged adults tend to use their existing semantic knowledge more efficiently than 

the young, they can be even more prone to source confusion reflected by the 

elderly typically being more biased towards judging an item ‘old’ even when it 

is new (Bowman & Dennis, 2015; Fraundorf, Hourihan, Peters, & Benjamin, 2019).  

In contrast to meaningful, pre-experimentally familiar items, the 

processing of pre-experimentally unfamiliar stimuli, such as abstract figures and 

non-words, is poorly understood. Such stimuli are characterized as pre-
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experimentally not seen combinations of simple shapes (abstract figures) and 

letters (non-words) without a meaning. However, knowing how the brain 

processes and discriminates pre-experimentally unfamiliar and meaningless 

stimuli can significantly improve our understanding of visual, lexical, and 

orthographic memory processing and contribute to designing relevant aging 

models. Furthermore, the application of such stimuli reduces the potential 

confounding effects of retroactive interference, and source confusion as 

memories must be newly formed (Norman, Tepe, Nyhus, & Curran, 2008). Thus, 

pure learning and memory effects can be isolated. For example, Koutstaal, 

Reddy, Jackson, Prince, Cendan, and Schachter (2003) used a recognition memory 

paradigm with meaningless abstract pictures that were either labeled with 

familiar words (e.g., bread) or not. They found that false alarms increased, and 

accuracy decreased when meaningful labels were used compared to when no 

labels were applied.  

Contrasting findings were reported by Belleville, Menard, and Lepage 

(2011). They tested the discrimination performance of well-known vs. novel 

verbal (e.g., words and pseudo-words) and auditory stimuli (e.g., well-known 

and novel melodies) with a two-phase study-recognition memory paradigm in a 

population of young, healthy elderly, and demented patients with mild cognitive 

impairment (MCI). The healthy young group's results indicated that in both the 

verbal and the musical domains, recognition and recollection ratings were 

superior for the well-known compared to the novel items, which the authors 

attributed to the well-known stimuli being agreeable to the type of elaborative 

encoding required for recollection. Their results also showed that healthy aging 

impaired the recognition of well-known items, whereas MCI impaired novelty 

detection. Also, healthy older adults compared to the young were impaired in 

recollection and familiarity, while MCI patients were even more impaired in 

recollection than healthy older adults. The authors argued that the recollection 

deficit in healthy aging and MCI aligns with elaborate encoding difficulties. Thus, 
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these findings further delineate the differential impact of encoding and pre-

experimental familiarity on the discrimination process.    

I.1.3. Modelling Age-related Memory Impairments with Biperiden 

 

Previous research has shown that the neurotransmitter acetylcholine 

(ACh) is essential for memory (Hasselmo, 2006; Hasselmo, Wyble, & Wallenstein, 

1996) and novelty detection (Caldenhove, Borghans, Blokland, & Sambeth, 2017; 

Rangel-Gomez & Meeter, 2016). It is also known that aging and dementia 

negatively affect old/new recognition performance (Fraundorf, Hourihan, Peters, 

& Benjamin, 2019), likely resulting from a combination of poor new (Bastin, 

Delhaye, Moulin, & Barbeau, 2019) and old item recognition, especially when 

recollection type memory is involved (Dalla Barba, 1997). Such processing 

problems necessitate the establishment of episodic memory impairment models 

that can aid the development of cognitive enhancers.    

 Recent studies have proposed a relatively specific cholinergic memory 

deficit model induced by biperiden (BIP), a medication used as an adjunct 

treatment in Parkinson’s disease (Blokland, Sambeth, Prickaerts, & Riedel, 2016; 

Kostelnik, Cegan, & Pohanka, 2017). Both 2 and 4 mg BIP have previously been 

shown to induce dementia-like episodic memory impairment in healthy 

volunteers (Borghans, Sambeth, & Blokland, 2020; Borghans, Blokland, & 

Sambeth, 2017; Borghans, Sambeth, Prickaerts, Ramaekers, & Blokland, 2018; 

Sambeth, Riedel, Klinkenberg, Kahkonen, & Blokland, 2015; Wezenberg, Verkes, 

Sabbe, Ruigt, & Hulstijn, 2005). Such findings may suggest that BIP could induce 

a memory impairment, as seen in aging. Whether the effects of BIP also mimic 

the age-related deficits on recognition memory has not been investigated yet. 
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 The Aim and Approach of the current Dissertation 

This dissertation aimed to investigate further the processes underlying 

old/new recognition, focusing on the processing of pre-experimentally 

unfamiliar abstract figures and non-words. It was of specific interest to examine 

the role of memory strength and age in such processing. However, there are 

hardly any studies investigating the old/new discrimination processing using 

abstract figures and non-words especially considering the impact of memory 

strength. Thus, the forthcoming studies are to a great extent exploratory. In this 

dissertation, a three-phase old/new recognition memory paradigm was used to 

characterize the recognition performance of pre-experimentally unfamiliar items 

in healthy young volunteers. Next, the underlying neural correlates are 

investigated using EEG methods. Subsequently, the same paradigm was tested 

in healthy elderly participants to reveal age-related processing effects. Lastly, it 

was tested whether the selective muscarinic antagonist BIP could model the age-

associated deficit in healthy aging. 

 Outline of the Dissertation 

In Chapter II, old/new recognition is characterized in healthy young 

volunteers. This behavioral study investigated the recognition performance of 

pre-experimentally familiar (figures and words) and unfamiliar (abstract figures 

and non-words) items in a sample of 31 healthy young adults. Manipulations 

involving the LOP and repetition were used to examine the possible role of pre-

experimental familiarity and memory strength in the recognition process. 

Additionally, a control experiment was conducted to detect the effects of 

different item proportions (equal and unequal) on the response bias. Here, 43 

participants were tested. In Chapter III, electroencephalography (EEG) was used 

to understand which physiological processes can explain the behavioral findings. 

Novelty components and early and late old/new effects were examined for the 



 

 20 

pre-experimentally unfamiliar abstract figures and non-words during 

recognition in a sample comprising 22 healthy young adults. In Chapter IV, it 

was examined how aging affects recognition memory using the previously 

characterized paradigm. In this experiment, the performance of 15 healthy young 

and 16 healthy elderly was compared to reveal any age effects. The final study, 

Chapter V, tested in 20 volunteers whether 4 mg BIP could be a suitable model to 

induce memory impairment using a behavioral approach. Lastly, in Chapter VI, 

an overview of the main findings of this dissertation is given with implications 

for future research. Of note: there is a partial overlap concerning some of the 

volunteers assessed in the different experiments described in this dissertation. 

An overview of the recruited and tested participants without exclusions is given 

in Table 1.  

 

Table 1:  Sample overview for each Chapter/Experiment 

Chapter  Participants  

II Pre-experimentally familiar, (n = 18) Pre-experimentally unfamiliar, (n = 

15) 

II (appendix) Equal proportions, (n = 22) Unequal proportions, (n = 22, out of 

which 15 the same as in the pre-

experimentally unfamiliar group in 

Chapter II) 

III   Healthy young, (n = 22, same as the unequal proportions group in the appendix 

of Chapter II) 

IV  Healthy young, (n = 15, same as the 

pre-experimentally unfamiliar group in 

Chapter II) 

Healthy elderly, (n = 15) 

V Healthy young, (n = 21) 

n: recruited and tested sample size without exclusions 

 

 

 

 



 

 21 

II. Chapter:  

The Role of pre-experimental  

Familiarity and Memory Strength  

in old/new Recognition 
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 Abstract  

 

The mnemonic benefits of stimulus novelty and familiarity in recognition 

memory tasks are part of considerable debate. Here, we considered the role of 

memory strength and pre-experimental familiarity using a three-phase old/new 

recognition memory paradigm (deep memorization, shallow memorization, and 

recognition). Memory strength was manipulated as a function of the Levels of 

Processing. Strong memories were induced with deep encoding and repetition, 

while weak memories were achieved via shallow encoding without repetition. 

To account for the effects of pre-experimental familiarity, we used pre-

experimentally familiar and unfamiliar visual and verbal materials (figures and 

words vs. abstract figures and non-words). We found that recognition 

performance primarily depends on experimentally induced memory strength. 

No differences were found between pre-experimental familiar and unfamiliar old 

item recognition accuracy. However, the new, unfamiliar figures were 

recognized better than the familiar ones, probably due to the more profound 

distinctiveness of the former. Additionally, the response times were also faster to 

the familiar than the abstract figures. Importantly, we found that new item 

identification exceeded the correct old item recognition when the memory was 

weakly embedded but not when it was strongly embedded. No differences were 

found between the pre-experimentally familiar and unfamiliar stimuli. Thus, this 

study indicates that while pre-experimental familiarity has a differential impact 

on visual and verbal materials. This is not the case when it comes to memory 

strength.    

 

Keywords: Levels of Processing; memory strength; recognition memory; pre-

experimental familiarity; abstract figures; non-words; figures; words 
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 Introduction 

A memory system is efficient if it can detect and integrate new information and 

readily retrieve familiar information (Donaldson, 1992; Kafkas & Montaldi, 2014; 

Kafkas & Montaldi, 2018; Kumaran & Maguire, 2007). In this context, 

information-processing theories define recognition as the ability to correctly 

discriminate between familiar and new materials (Benjamin, Diaz, & Wee, 2009; 

Stanislaw & Todorow, 1999; Verde & Rotello, 2007; Yonelinas, 2002). 

Discrimination performance is typically investigated with paradigms that assess 

recognition memory. In these paradigms, participants are asked to judge a probe 

item as 'old' if they think they saw it before or as ‘new’ if they consider the item 

new to them  (Malmberg, 2008). Thus, the probe item generates a cue during 

decision making, which initiates a sense of familiarity in case there is a match to 

an existing representation or novelty if there is no match (Yonelinas, 2002; 

Yonelinas, Kroll, Dobbins, Lazzara, & Knight, 1998). Thus, novelty/familiarity 

responses rely on the judgment concerning previous encounters.  

Psychological theories of recognition memory have been the subject of 

considerable debate. For example, some scientists argued that familiarity 

provides a mnemonic advantage (Poppenk, Kohler, & Moscovitch, 2010), 

whereas others advocated the benefits of novelty (Beisteiner et al., 1996; Habib, 

McIntosh, Wheeler, & Tulving, 2003). For instance, Poppenk, Kohler, and 

Moscovitch (2010) used a three-phase old/new recognition paradigm with 

proverbs. They found that the recognition of the familiarized compared to the 

new items was superior. In contrast, Beisteiner et al. (1996) used abstract figures 

and non-words in a continuous recognition paradigm. They found that new 

items were recognized more accurately than the old ones. Irrespective of these 

inconsistent findings on recognition, there is a consensus that responses to new 

compared to old stimuli usually take longer (Delhaye, Bastin, Moulin, Besson, & 

Barbeau, 2017; Kafkas & Montaldi, 2014; Kafkas & Montaldi, 2018). The present 
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study intended to further contribute to a better understanding of the recognition 

processes, especially concerning the materials used. For this reason, we 

considered the impact of memory strength and pre-experimental stimulus 

familiarity. 

First, the memory strength framework suggests that, in discrimination 

tasks, the probe items are compared to the existing memory representations, 

resulting in a strong, weak, or no match. Memory strength is defined as the ease of 

access to a particular memory (Benjamin, Diaz, & Wee, 2009; Hirshman, 1995; 

Stanislaw & Todorow, 1999; Verde & Rotello, 2007; Yonelinas, 2002). Previous 

studies have shown that memory strength can effectively be manipulated as a 

function of repetition (Verde & Rotello, 2007) or the Levels of Processing (LOP) 

(Gardiner, 1988). Repetition is known to strengthen memory by increasing the 

subjective sense of familiarity resulting from re-encoding of a particular memory 

trace  (Hintzman & Curran, 1997; Ranganath & Rainer, 2003). The LOP theory 

predicts that deep (e.g., meaning-extraction, pattern recognition, activation of 

prior knowledge) and intermediate processing (e.g., phonetics) lead to superior 

and faster retrieval when compared to shallow processing (e.g., perceptual 

analyses, rehearsal) (Craik, 2002; Craik & Lockhart, 1972; Craik & Tulving, 1975; 

Newell & Andrews, 2004). Moreover, previous research has shown that 

mnemonics, such as verbal (e.g., rhyming), motor (e.g., drawing), or visual (e.g., 

imagining) techniques, strengthen memory storage and improve subsequent 

retrieval as a result of deeper processing (Hulstijn, 1997; Jones-Gotman, 1986; 

Paivio & Desrochers, 1981; Solso, 1995).  

Second, past experiences or pre-experimental familiarity can aid or 

hinder discrimination performance (Umanath & Marsh, 2014). The former can be 

explained by the propositional network account according to which prior 

knowledge may facilitate higher order processes in utilizing long-term memory 

(LTM) (Anderson, 1983). The latter can be the result of either pro- or retroactive 

interference (Izawa, 1980). Thus, when pre-experimental experience exists, 
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separation of internal and external experimental information sources can become 

difficult. In other words, even in a simple old/new recognition test, source 

memory for familiar items can lead to confusion as to whether one saw the item 

in or outside of an experimental setting. The above can lead to errors such as false 

alarms (i.e., incorrect identification of new items as 'old'), which decreases the 

recognition performance (Malmberg, 2008). For example, Belleville, Menard, and 

Lepage (2011) tested the discrimination performance of well-known vs. novel 

verbal (e.g., words and pseudo-words) and auditory stimuli (e.g., well-known 

and novel melodies) with a two-phase study-recognition memory paradigm. The 

results of the healthy young group indicated that in both the verbal and the 

musical domains, recognition was superior for the well-known compared to the 

novel items, which the authors attributed to the well-known stimuli being 

agreeable to the type of elaborative encoding required for recollection. 

Pre-experimental stimulus familiarity can strongly influence memory 

performance and be problematic when stimuli rely on different degrees of 

memory strength. For example, high-frequency words, which imply higher pre-

experimental familiarity due to frequent use in everyday language, were shown 

to be encoded better than low-frequency words (Kim & Glanzer, 1993; Reder et 

al., 2000). Not only the frequency of use but associations and linked experiences 

to pre-experimentally familiar items cam facilitate memory. For example, the 

word “holiday” is typically associated with positive emotions. These associations 

might strengthen the encoding of the word “holiday”, while a more neutral word, 

such as “rock”, is not associated with pleasant pre-experimental experiences and 

is likely to be encoded weaker. When using pre-experimentally familiar words, 

pictures or faces, pre-experimental familiarity increases the memory 

performance for those stimuli (Gardiner & Java, 1990; Yonelinas, 2002). 

To evaluate the possible role of these factors, we used a three-phase 

old/new memory paradigm (Toth, Sambeth, & Blokland, 2021). To examine 

whether pre-experimental familiarity affects recognition performance, we used 
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pre-experimentally unfamiliar abstract figures and non-words, and pre-

experimentally familiar figures and words. The latter most probably had an 

already existing representation in memory, whereas the former likely did not. 

The use of pre-experimentally unfamiliar stimuli enabled controlling for 

potential confounding effects of retroactive interference as their memories had to 

be newly formed (Norman, Tepe, Nyhus, & Curran, 2008). We chose to 

investigate visual and verbal stimuli since these are assumed to be processed 

differently (Kim, Yoon, & Park, 2004), likely because their processing engages 

different brain regions (Khateb, Pegna, Michel, Landis, & Annoni, 2002). Hence, 

by including both visual and verbal materials, we could test whether the effects 

of memory strength and pre-experimental familiarity are general or stimulus-

dependent. 

Taking the above into consideration, we anticipated for both the pre-

experimentally unfamiliar and familiar groups that the deeply encoded and 

repeated items relying on strong memories would be recognized better and faster 

than the shallowly encoded ones having weak memory representations. 

However, since the current paradigm was exploratory and previous results are 

mixed, we did not have specific expectations regarding the differences in 

recognition of the pre-experimentally familiar and unfamiliar visual and verbal 

materials. 

 Methods 

 

The Ethical Committee of the Faculty of Psychology and Neuroscience 

of Maastricht University granted ethical approval for this experiment. Each 

participant received monetary compensation or research participation credit 

points. Ethical Approval Codes: ECP13_02_2012 and ERCPN-211_01_08_2019. 
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II.3.1. Participants 

The main inclusion criteria were age (18-30 years) and being fluent in the 

Dutch and English languages. Participants were recruited by means of 

advertising. For the pre-experimentally familiar group, a total of 18 participants 

were recruited. However, two participants were excluded from further analyses 

due to technical issues during recording. The final sample contains data of 16 

participants (9 males) with average age of 22 years. A total of 15 young healthy 

participants (5 males) with mean age of 23 years were recruited and analyzed for 

the pre-experimentally unfamiliar group.   

 

II.3.2. Procedure  

After signing informed consent, participants were admitted to the study. 

Prior to starting the experiment, each participant filled in a demographic 

questionnaire, including information about sex, age, and handedness. During the 

test, stimuli were presented via a computer screen, and participants had to 

respond on two keys of a response pad. Recognition accuracies and reaction 

times were recorded.  

A memory paradigm with visual (abstract figures or figures) and verbal 

items (non-words or words) was applied in separate tests. See Figure 1 for an 

example of the stimuli used. Every participant performed each test phase first 

with the abstract figures and then with the non-words (pre-experimentally 

unfamiliar group) or the figures and then with the words (pre-experimentally 

familiar group) to minimize verbalization of the figurative stimuli. The 

experiment consisted of three phases (see Figure 2). In phase 1 (deep 

memorization leading to ‘strong’ memory), participants were familiarized with a 

series of 30 visual or monosyllabic verbal stimuli in separate tests (list 1: L1). 

Participants were asked to manually redraw the visual items on an answer sheet 

to induce deep LOP. They had to mention existing English or Dutch rhyming 
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words for each non-word to induce intermediate LOP. Stimuli were presented 

for 1 s, and the participants were given 14 s to execute the mnemonic encoding 

task. If they were ready earlier, they could press a button, and 2 s later, the next 

stimulus appeared. Stimuli were extracted from previous studies (Glosser, 

Friedman, Grugan, Lee, & Grossman, 1998; Redoblado, Grayson, & Miller, 2003; 

Seidenberg, Plaut, Petersen, McClelland, & McRae, 1994).  

 

Fig. 1. Examples of the stimuli used.  
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Fig. 2. Schematic overview of the experimental design. Phase 1: deep memorization with the pre-

experimentally unfamiliar abstract figures and non-words or with pre-experimentally familiar figures 

and words in separate tests using a mnemonic encoding task (redrawing the visual and mentioning 
rhyming words for the verbal stimuli). The 30 stimuli used here form List 1 (drawn/semantically 

processed stimuli). Phase 2: shallow memorization with the instruction to remember as many stimuli 
as possible. This phase contained items from List 1 and 30 new ones (List 2, studied stimuli). Phase 3: 

recognition of the stimuli including List 1, List 2, and 30 new (List 3). n: number of stimuli presented. 

 

During phase 2 (shallow memorization leading to ‘weak’ memory), 

participants were instructed to remember as many stimuli as possible. In this 

phase, 60 stimuli (visual or verbal items) were used: 30 stimuli from L1 were 

randomly mixed with 30 new ones (L2). All stimuli were shown for 1 s with an 

inter-stimulus interval (ISI) of 2 s. 

During phase 3, participants were asked to decide if they had seen the 

presented stimulus in the previous series (L1 and L2) or whether the stimulus 

was new to them (L3: new, n = 30). The 90 visual or verbal stimuli were presented 

for a duration of 1 s, or less in the case of faster button press; the ISI was 2.5 s. 

Participants had to press the corresponding buttons (‘old’ for L1 and L2, or ‘new’ 

for L3 stimuli) on a response box as quickly and accurately as possible. 
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A filler paper-and-pencil task of 10 min and another non-verbal task 

were given between phase 2 and 3. The filler task consisted of the localization of 

number sequences, vertically or horizontally placed within a field of numbers (10 

min). The other task consisted of watching a silent cartoon while auditory stimuli 

were presented (10 min). 

 

II.3.3.  Data Analysis 

 

Before analysis, all data were evaluated for having normal distribution 

and homogeneity of variance. Additionally, raw data were checked for outliers. 

Outlier values were replaced with their regression estimates produced by the 

missing value analyses (IBM SPSS Statistics for Macintosh, Version 27.0. Armonk, 

NY: IBM Corporation). Additionally, due to technical issues, 1–2 responses per 

participant were missing (e.g., the button press was not recorded). In these cases, 

values were replaced with their regression estimates. Effect sizes are reported 

based on partial eta-squared (ηp2) data. Furthermore, Mauchly’s test of sphericity 

was applied. In case the assumption of sphericity was violated, a Greenhouse–

Geisser correction was used. In all cases, degrees of freedom of assumed 

sphericity were reported. Levene’s test was used to assess the equality of 

variances. In case the assumption of equal variances was violated, median-based 

independent samples non-parametric tests were applied. Post-hoc comparisons 

and simple effects were investigated using paired-samples and independents 

samples t-tests, applying adjustments for multiple comparisons; the observed p-

values were multiplied by the number of comparisons, which was tested against 

the set significance level of 0.05. Values of unequal variances are reported if the 

assumption of equal variances was violated. 

For the behavioral data, Signal Detection Theory (SDT) was applied to 

investigate the discrimination performance (Benjamin & Bawa, 2004; Benjamin, 

Diaz, & Wee, 2009; Stanislaw & Todorow, 1999; Verde & Rotello, 2007). 
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Discrimination accuracy was defined as the ability to distinguish the different 

types of stimuli (drawn/semantically processed, studied and new). Recognition 

accuracy was defined as the ability to distinguish the different types of stimuli 

(drawn/semantically processed, studied, and new). Correct responses included 

an ‘old’ response to the drawn/semantically processed items, and the studied 

stimuli, and a ‘new’ response to the new items. Incorrect responses involved a 

‘new’ response to the drawn/semantically processed items and the studied 

stimuli and an ‘old’ response to the new stimuli. See Table 1 for an overview. 

 

Table 1. Overview of the different types of responses as a function of stimulus type. 

 Stimulus Type Response 

Hit (H) 
Drawn or semantically 

processed/Studied  
‘Old’ 

Miss (M) 
Drawn or semantically 

processed/Studied  
‘New’ 

Correct Rejection (CR) New ‘New’ 

False Alarm (FA) New ‘Old’ 

Hit Rate (HR) 
Drawn or semantically 

processed/Studied  
H/(H + M) 

Correct Rejection Rate (CRR) New CR/(CR + FA) 

 

Given the memory strength manipulation in the current design (deep 

memorization, shallow memorization, and recognition), the correct response 

rates, being hit rates (HR) for the drawn/semantically processed, and the studied 

items and correct rejection rates (CRR) for the new, were used to evaluate the 

discrimination accuracy. Furthermore, in order to investigate discriminability, 

non-parametric A’ statistics were computed for the drawn/semantically 

processed and the studied stimuli using Equations (1) or (2) (see below). A′ varies 

from 0 to 1, with 0.5 indicating chance performance. Higher values are indicative 

of improved performance (Snodgrass & Corwin, 1988; Stanislaw & Todorow, 

1999).  
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                                    A’= 0.5 +
(𝐻𝑅−𝐹𝐴𝑅)(1+𝐻𝑅−𝐹𝐴𝑅)

4𝐻𝑅(1−𝐹𝐴𝑅)
, if 𝐻𝑅 ≥ 𝐹𝐴𝑅 (1) 

                                    A’= 0.5 −
(𝐻𝑅−𝐹𝐴𝑅)(1+𝐻𝑅−𝐹𝐴𝑅)

4𝐻𝑅(1−𝐹𝐴𝑅)
, if 𝐻𝑅 < 𝐹𝐴𝑅 (2) 

 A’: discriminability index, HR: hit rate, FAR: false alarm rate. 

 

During recognition, the a priori probabilities of old and new items and 

the quality of the match between a test item and the memory for studied items 

can influence the bias parameter (Huang & Ferreira, 2020; Stanislaw & Todorow, 

1999). Such a model does not fit the current paradigm due to the memory strength 

manipulation used and the equivalent proportion and intended comparison of 

the strong (n = 30), weak (n = 30), and new items (n = 30) [44]. After all, the final 

proportion of ‘old’ and ‘new’ responses was 2:1. Therefore, we calculated the total 

amount of ‘old’ (H + FA) and ‘new’ (M + CR) responses given by the participants. 

This was done to examine whether there was a preference for either the ‘old’ or 

‘new’ responses. Results were compared using paired samples t-tests with 

Bonferroni corrections. 

RT data of the hits were evaluated, as well. To be able to use parametric 

tests, RT-s were transformed into |log(1/RT)| to obtain a normal distribution of 

the data (Osborne, 2002). Moreover, the median RT data are reported as central 

tendency parameters, together with the corresponding first and third 

interquartile ranges (Ratcliff, 1993).  

Statistical analysis was conducted using SPSS 27.0. A repeated measures 

analysis of variance (ANOVA) was used to investigate discrimination accuracy 

scores and RT-s for the different stimuli in the different categories as assessed in 

Phase 3. The within-subject variables were stimulus type (drawn/semantically 

processed, studied stimuli, and new) for the abstract figures and non-words 

analyzed in separate tests, and the between subject variable was pre-

experimental familiarity (pre-experimentally familiar and pre-experimentally 

unfamiliar).  
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 Results 

 

Although there was an unequal number of old-responses over new-

responses (2:1), we found that there was no response bias except for the pre-

experimentally familiar old figures (see Table 2). However, it is essential to 

mention that 2% of the old responses in this experiment were missing because 

no button press was recorded. The mean signal-detection parameter estimates 

are displayed in Table 3.  

 

Table 2. The total number of old and new responses during the recognition test. Data represent the 

means (SEM) of the total ‘old’ and ‘new’ responses and the corresponding % compared to the 90 

items/stimulus category (visual and verbal), and the t-statistics for the pre-experimentally familiar and 

pre-experimentally unfamiliar groups. 

Pre-experimentally familiar Pre-experimentally unfamiliar 

Response        Figures Words Abstract Figures Non-words 

‘Old’  49.31 (1.68)   55%              46.63 (2.48)    52%        48.40 (2.53)   54%     43.47 (2.18)    48%        

‘New’ 39.00 (1.76)   43%              43.19 (2.52)    48%              41.53 (2.54)   46%              46.40 (2.20)    52%              

Paired 

samples  

t-test 

t(15) = 3.05,  

p < .016 

t(15) = 0.69,  

p > .999 

t(14) = 1.36,  

p > .197 

t(14) = 0.67,  

p > .514 
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Table 3. Means (SEMs) of the signal-detection measures of the recognition performance of the visual 

and verbal materials according to stimulus type (drawn/semantically processed, studied, and new) for 

the pre-experimentally familiar and pre-experimentally unfamiliar groups. 

 

 Pre-experimentally familiar Pre-experimentally unfamiliar 

Stimulus 

Type 

Parameters      Figures Words Abstract Figures Non-words 

Drawn/Se

mantically 

processed  

HR 0.96 (0.01) aa, bb    0.77 (0.05) aa     0.98 (0.01) aa, bb    0.80 (0.04) aa   

A’ 0.88 (0.01) aa 0.67 (0.02) aa   0.90 (0.10) aa 0.69 (0.02) aa 

Studied 

 

HR 0.60 (0.05)  0.58 (0.04)  0.57 (0.06)     0.50 (0.04) bb 

A’ 0.62 (0.02)  0.55 (0.01)  0.62 (0.02)  0.55 (0.01)  

New  CRR 0.89 (0.02) aa 0.85 (0.02)  0.95 (0.01) *, aa   0.84 (0.02)  

HR: hit rate, CRR: correct rejection rate, A’: discriminability index. Pre-experimental familiarity 

effects: *: p < .05. Stimulus type effects: different from the studied items: aa p < .001, different from the 

new items: bb p < .001. 

 

II.4.1. Visual Stimuli 

 

When analyzing the accuracy performance with the figures and the 

abstract figures the ANOVA revealed a main effect of stimulus type [F(2, 58) = 

90.59, ηp²   = 0.76, p < .001; see Fig. 3A and Table 3]. Post-hoc tests showed the 

drawn items were recognized more accurately than the studied (p < .001) and new 

(p < .001). Also, more new stimuli were endorsed correctly compared to the 

studied (p < .001). Levene’s test indicated unequal variances for the new abstract 

figures [F(1, 29) = 7.91, p < .009]. The non-parametric test revealed that the pre-

experimentally unfamiliar new abstract figures (Mdn = 0.93) were recognized 

better than the pre-experimentally familiar new ones (Mdn = 0.90) [U = 192.50, p 

< .004; see Fig. 3A]. This was not found with the drawn [U = 149.00, p > .222] or 

studied visual items [U = 110.00, p > .692]. Finally, the interaction term pre-
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experimental familiarity x stimulus type was not significant [F(2,28) = 1.64, ηp²  = 

0.11, p > .212].  

 

Fig 3. Recognition accuracy performance of the visual (A) and the verbal items (B) according to 

stimulus type and pre-experimental familiarity. The bars represent the means of the hit rates of the 

drawn/semantically processed and the studied items, and the means of the correct rejection rates for 

the new items. Pre-experimental familiarity effects: *: p < .05. Stimulus type effects: aa: p < .001. 

 

The analyses performed on the A’ scores revealed that the drawn figures 

were discriminated significantly better than the studied [F(1.29) = 324.61, ηp² = 

0.92, p < .001; see Table 3]. The pre-experimental familiarity x stimulus type 

interaction was not significant [F(1,29) = 3.10, ηp² = 0.10, p > .089], and there was 

no effect of pre-experimental familiarity [F(1,29) = 1.51, ηp² = 0.05, p > .229]. 

When analyzing the reaction time performance a main effect of pre-

experimental familiarity was revealed indicating that overall reactions were 

faster to the pre-experimentally familiar compared to the unfamiliar visual 

stimuli [F(1,29) = 6.23, ηp² = 0.18, p < .018; see Table 4]. Another main effect of 

stimulus type was found [F(2,28) = 84.65, ηp²  = 0.86, p < .001; see Table 4]. Post-

hoc tests showed that response times were significantly faster to the drawn 

stimuli compared to the studied (p < .001) and new items (p < .001). No such 

difference was found between the studied and new stimuli (p > .999). Finally, the 
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stimulus type x pre-experimental familiarity interaction was statistically not 

meaningful [F(2,28) = 2.00, ηp²  = 0.13 p > .154]. 

 

Table 4. Median reaction times (middle 50% range; in milliseconds in response to the 

drawn/semantically processed, studied, and new abstract figures and non-words) and their 

corresponding first and third interquartile ranges for the pre-experimentally familiar and unfamiliar 

groups.  

 

 Pre-experimentally familiar Pre-experimentally unfamiliar 

Stimulus Type      Figures Words Abstract Figures Non-words 

Drawn/Semanti

cally processed  

638*   

(568-706) 

621  

(574-654) 

661  

(661-742) 

648 

 (636-665) 

Studied 722 *, aa   

(650-802) 

609  

(573-650) 

794 aa 

(718-1011) 

650  

(575-719) 

New  701*, aa 

(676-805) 

645  

(589-688) 

811 aa 

(734-953) 

689  

(637-734) 

Pre-experimental familiarity effects: * p < .05. Stimulus type effects: different from the 

drawn/semantically processed: aa p <  .001, different from the studied: bb p <  .001. 

 

 

II.4.2. Verbal Stimuli 

 

The ANOVA analysis for the verbal stimuli revealed a main effect of 

stimulus type [F(2,28) = 48.06, ηp²  = 0.77, p < .001; see Fig. 3B]. Post-hoc tests 

showed that overall, the semantically processed items were recognized better 

than the studied (p < .001) but not compared to the new ones (p > .283). Also, more 

new stimuli were identified correctly compared to the studied (p < .001). Neither 

pre-experimental familiarity [F(1,29) = 0.35, ηp²  = 0.01, p > .558] nor the interaction 

term pre-experimental familiarity x stimulus type were found to be significant 

[F(2,28)=2.10, ηp² = 0.13, p > .144].  
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The analyses performed on the A’ scores revealed that the semantically 

processed verbal items were discriminated significantly better than the studied 

[F(1.29) = 77.51, ηp² = 0.73, p < .001; see Table 3]. The pre-experimental familiarity 

x stimulus type interaction was not significant [F(1,29) = 2.15, ηp² = 0.07, p > .154], 

and there was no effect of pre-experimental familiarity [F(1,29) = 0.02, ηp² = 0.01, 

p > .887] 

In the session with the non-words the reaction times were similar for all 

stimulus types [F(2,28) = 3.46, ηp²   = 0.20 p > .05], and this was unaffected by pre-

experimental familiarity [F(1,28) = 3.35, ηp² = 0.10 p > .077]. Finally, the stimulus 

type x pre-experimental familiarity interaction was statistically not meaningful 

[F(2,28) = 0.16, ηp²  = 0.01 p > .854]. 

 

 Discussion 

 

The current study aimed to investigate how pre-experimental familiarity 

and memory strength affect recognition memory performance. To account for the 

former, we used pre-experimentally familiar and unfamiliar visual and verbal 

items. As for the latter, we applied repetition and LOP. The present findings 

indicate that recognition performance is affected by memory strength. 

Furthermore, pre-experimental familiarity does not seem to impact old item 

recognition accuracy. However, the responses to the pre-experimentally familiar 

figures were faster compared to the abstract ones. Another interesting discovery 

was that the new abstract figures were identified more accurately than the pre-

experimentally familiar ones. Furthermore, our results on the hit rates and the 

discriminability indexes (A’) confirmed that deep encoding compared to shallow 

improves visual and verbal memory of both the pre-experimentally familiar and 

unfamiliar items  (Craik, 2002; Craik & Lockhart, 1972; Craik & Tulving, 1975; 

Newell & Andrews, 2004). 
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II.5.1. The Impact of Memory Strength 

 
As we argued, deeper LOP and repetition are known to overall improve 

memory and discrimination performance (Craik & Lockhart, 1972; Craik & 

Tulving, 1975; Hintzman & Curran, 1997; Newell & Andrews, 2004). Indeed, and 

as expected, deeper encoding and re-encoding enhanced recognition accuracy 

and led to faster reactions to the drawn/semantically processed items compared 

to the studied ones. These factors denote stronger memories (Marzi & Viggiano, 

2010; Wixted & Stretch, 2004; Yonelinas, 2002).  

Moreover, participants could more accurately recognize the new than 

the weakly embedded studied items. This finding was consistent regardless of 

pre-experimentally familiarity or the stimulus being visual or verbal. In other 

words, old/new decisions seem to be less accurate when they concern weakly 

embedded memories. An explanation could be the absent-mindedness bias, 

which occurs when less attention and mental resources are devoted to stimulus 

processing (i.e., shallow encoding), leading to more prominent false recognition 

or forgetting (Schacter & Dodson, 2001). In contrast to shallow processing, deeper 

LOP engages higher levels of attention and other mental resources, which 

conjointly create multiple memory traces leading to each deeply encoded 

representation (Craik, 2002). This notion is supported by our findings on the low 

discriminability indexes of the studied items.  

In contrast to the studied stimuli, recognition of the drawn visual 

material exceeded the correct identification of the corresponding new ones. 

Accordingly, and in line with previous research (Delhaye, Bastin, Moulin, 

Besson, & Barbeau, 2017; Kafkas & Montaldi, 2014; Kafkas & Montaldi, 2018), we 

observed faster reactions to the drawn than the new visual stimuli. However, the 

results differed slightly for the verbal items since the semantically processed 

items were recognized as ‘old’ just as accurately as the new ones were identified 

as ‘new’ and the reaction times did not differ. The difference in the recognition 
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performance of the verbal and visual items was likely due to differences in LOP 

of the deep drawing and intermediate semantic encoding task. Previous research 

has demonstrated that drawing compared to writing (Wammes, Meade, & 

Fernandes, 2016) or phonological encoding reaches deeper during processing 

and establishes stronger memories (Matlin, 2005). Consequently, the drawing 

task likely improved the encoding and recognition of the visual items more than 

the rhyming word task did for the verbal stimuli. 

In sum, the differential effect of deep and shallow LOP and repetition on 

recognition performance designates an apparent memory strength effect 

independently of pre-experimental familiarity. As such, our results help to 

resolve previous mixed observations on the assumed advantages of novelty over 

mnemonic benefits of familiarity. Therefore, we argue that stimulus novelty (i.e., 

no existing memory representation) can provide processing benefits when 

contrasted with items relying on weak representations. However, when old item 

memory is strongly embedded, this processing advantage dissipates. 

 

II.5.2. The Role of pre-experimental Familiarity  

 
Although we argued that pre-experimental stimulus familiarity could be 

a relevant factor affecting recognition performance, the present findings do not 

fully support this notion. Our findings on the correct recognition of the drawn 

and studied visual items indicated that pre-experimental familiarity does not 

affect the recognition accuracy of the old items. These findings are partly at 

variance with those reported by Koutstaal, Reddy, Jackson, Prince, Cendan, and 

Schacter (2003). In this experiment, well-known and abstract figures were first 

learned incidentally via a shallow encoding task (i.e., rate how much one liked a 

figure), which was followed by an old/new recognition test. Results revealed that 

true recognition of well-known figures exceeded that of the abstract. Certainly, 

their two-phase design was different from our three-phase paradigm. 



 

 40 

Nevertheless, we also could not find any differences in the recognition accuracy 

of the shallowly encoded figures. Therefore, a plausible explanation could be that 

Koutstaal, Reddy, Jackson, Prince, Cendan, and Schacter (2003) used more 

complex three-dimensional figures compared to our two-dimensional line 

drawings. As such, the abstract figures in our experiment could have been 

remembered more easily due to less effortful processing. Indeed, Pezdek (1987) 

reported improved recognition of simple as compared to complex line drawings 

and argued that the latter likely involves the need to encode and remember more 

elaborative details, which is more difficult. Thus, it seems that the impact of pre-

experimental familiarity on old item recognition can be different depending on 

stimulus complexity or alternatively memory strength as discussed above. 

However, the new abstract figures were more accurately identified than 

the pre-experimentally familiar ones in the current experiment. This could be 

explained by source confusion (Malmberg, 2008). Thus, the pre-experimentally 

familiar figures likely had an existing memory representation, which made the 

participants prone to making more false alarms. On the other hand, the new 

abstract figures likely did not have any memory representations. Hence, the 

participants could avoid source confusion. Such a notion aligns with the findings 

by Koutstaal, Reddy, Jackson, Prince, Cendan, and Schacter (2003). In this 

recognition memory experiment, meaningless abstract pictures were either 

labeled with familiar words (e.g., bread) or not. Results revealed that false alarms 

increased, and accuracy decreased when meaningful labels were used compared 

to when no labels were applied. Alternatively, it could be that the new abstract 

figures in the present study were very different from any existing memory. Thus, 

the distinctiveness of the new abstract figures could improve their correct 

identification (Dobbins, Kroll, Yonelinas, & Liu, 1998).  

Our findings on the verbal items did not reveal any differences 

concerning the recognition accuracy. As such, the present results agree with 

earlier studies suggesting comparable recognition accuracy performance for 
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words and non-words (Hintzman, Caulton, & Curran, 1999; Hintzman & Curran, 

1997). For example, Hintzman and Curran (1997) used a three-phase design to 

compare the processing of words and non-words. In this experiment, participants 

first had to study a list of words and non-words. Then, during the instruction 

phase, the participants were informed that on a subsequent test, they must 

indicate whether the stimulus is a word or a non-word (lexical decision task) and 

perform an old/new recognition test. Their findings revealed that recognition of 

both types of stimuli was comparable. The authors argued that this observation 

is likely due to comparable stimulus familiarity achieved during learning.  

To summarize, when pre-experimental experience exists, separation of 

internal and external experimental information sources is possible when 

previously memorized visual or verbal items are judged. However, pre-

experimental familiarity can lead to decreased recognition performance of visual 

but not verbal items that do not rely on experimentally induced memory, and 

thus, are new in the context of an experiment.  

 

II.5.3. Response Times 

 
Interestingly, participants in our experiment reacted faster to the pre-

experimentally familiar figures compared to the abstract ones. This observation 

somewhat corroborates those of  Koutstaal, Reddy, Jackson, Prince, Cendan, and 

Schacter (2003) and supports the notion that processing of pre-experimentally 

familiar as opposed to unfamiliar abstract figurative material is faster (Bellhouse-

King & Standing, 2007; Boucher et al., 2016). The dual-coding theory of picture 

materials can also provide a plausible explanation (Paivio, 1971, 2007). In this 

context, it seems likely that the familiar figures were encoded with a pictorial and 

verbal code. In contrast, it seems less likely that a verbal code was created for the 

abstract figures since those were meaningless (Voss & Paller, 2009). Therefore, 

the connection between the visual and verbal systems could conjointly facilitate 
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the activation of the memory trace, which allowed faster discrimination of the 

well-known figures. Alternatively, this finding corroborates the assumptions of 

the propositional network theory (Anderson, 1983). According to this theory, 

retrieval activates cue nodes and the related connections, including the target 

concepts in long-term memory. Successful retrieval is achieved when the target 

concept activation exceeds a certain threshold. Thus, it could be that the 

activation of the pre-experimentally familiar visual memory traces surpassed this 

threshold faster since their representations were likely used multiple times in the 

past. 

Our findings on the verbal items did not reveal any differences 

regarding the RT-s. The present results are in contrast to those reported by Perea, 

Marcet, Vergara-Martinez, and Gomez (2016) and Hintzman and Curran (1997). 

In the two-block lexical decision experiment by Perea, Marcet, Vergara-Martinez, 

and Gomez (2016), the processing of words and non-words was investigated. The 

findings on the RT-s revealed faster reactions in response to the words than the 

non-words. However, it should be noted that their experimental design differed 

from the current one considering the lack of a recognition phase. Similarly, 

Hintzman and Curran (1997) also found that RT-s were faster to the words than 

the non-words. However, they reduced their analyses to trials with 100 < RT < 

350 milliseconds and excluded the trials below and above these values. This 

explains why the present results might be different. Thus, as mentioned above 

and based on the present results, it seems likely that the experimentally induced 

stimulus familiarity during memorization was comparable.  

In sum, in the context of the RT-s, pre-experimental familiarity affects 

visual but not verbal memory. This finding could be explained by the dual coding 

mechanism of pictures and the likely frequent activation of the pre-

experimentally existing memory traces. However, it could also be that the 

quicker RT-s related to the familiar than the unfamiliar figures involved 

unintentional retrieval relying on implicit memory. This type of memory can be 
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distinguished from intentional retrieval, referred to as explicit memory (Tulving 

& Schacter, 1990), measured in the current study. 

 In conclusion, the current study suggests that old item recognition of 

pre-experimentally familiar and unfamiliar visual and verbal materials is 

comparable. Recognition performance primarily depends on experimentally 

induced memory strength. As such, we argue that pre-experimental familiarity 

does neither mitigate nor lead to marked performance differences in overall old 

visual and verbal item memory but can contribute to faster processing times 

when the stimuli are visual. Finally, pre-experimental familiarity may worsen 

correct new visual item identification by increasing false positive answers given 

to figures that were pre-experimentally familiar to the participants. 
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 Appendix: The Effect of Item Proportions: Control Experiment 

 

II.6.1. Rationale 

A relevant aspect to recognition memory is item proportion (i.e., the proportion 

of previously memorized and new stimuli) (Poppenk, Kohler, & Moscovitch, 

2010) and response bias (Estes, 2002). The proportion of old and new items can 

be equal or unequal, which may affect how the participants respond. The bias 

parameter can shift towards the liberal end (i.e., favoring an ‘old’ over a ‘new’ 

response) when more previously memorized old than new items are presented 

during the recognition trial (i.e., unequal item proportions) (Estes & Maddox, 

1995). In contrast, a conservative response style can be preferred when the new 

and old items are more similar. In this case, the participants respond ‘new’ more 

often than ‘old’ (Brown & Steyvers, 2005). For example, Hirshman (1995) tested 

different item proportions and manipulated the duration of item presentation 

using longer and shorter presentation times, inducing strong and weak item 

memories, respectively. He showed that compared to the weak items, the items 

with strong memories were recognized better, and their response criterion 

shifted towards a liberal bias given their higher memorability. Additionally, 

there were more hits and fewer false alarms in response to the strong than the 

weak items. Nevertheless, little research has been done on comparing different 

item proportions regarding the recognition performance of abstract figures and 

non-words.  

In the experiment above (Experiment 1 in Chapter II), we used a 

recognition paradigm with unequal old and new item proportions, 60 and 30, 

respectively. Interestingly, an ‘old’ response bias was detected when reacting to 

the pre-experimentally familiar figures. However, as mentioned above, 2% of the 

responses were missing as the button presses were not recorded. Therefore, we 

conducted an exploratory control experiment to account for the effects of item 
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proportions and their impact on the response bias. In the present study, different 

ratios of items were presented to two groups of participants (equal proportion 

group and unequal proportion group). Based on the results of Hirshman (1995), 

it was expected that a more liberal response style would be used in response to 

the drawn/semantically processed items than the studied ones. Furthermore, it 

was anticipated that a more conservative bias would be detected in the equal as 

opposed to the unequal item proportion group. 

II.6.2. Methods 

 
The Ethical Committee of the Faculty of Psychology and Neuroscience 

of Maastricht University granted ethical approval for this experiment. Each 

participant received monetary compensation or research participation credit 

points. Ethical Approval Code: ERCPN-211_01_08_2019. 

 

II.6.2.1. Participants  

 
A total of 44 young, healthy participants (13 males) with a mean age of 

24 years were recruited by means of advertising. The main inclusion criteria were 

identical to Experiment 1. One participant was excluded from the analyses 

because of a technical failure (no button press was recorded). There were two 

groups: 1) equal item proportions (22 participants) and 2) unequal item 

proportions (21 participants). The volunteers in the latter group were partly the 

same as those analyzed in the pre-experimentally unfamiliar group in 

Experiment 1. 

 

II.6.2.2. Procedure 

 
The procedure was identical to Experiment 1, except that we tested the 

participants with the abstract figures and non-words only and used equal (22 
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deeply memorized, 22 shallowly memorized, and 44 new) and unequal old/new 

item proportions (30 deeply memorized, 30 shallowly memorized and 30 new). 

We used 22-22-44 instead of 30-30-30 items in the equal proportion group because 

we wanted to test the effects of item proportion using the same stimulus set as in 

Experiment 1.   

 

II.6.3. Data Analyses  

 
The data were analyzed the same way as described in Experiment 1. 

However, the between-subject variable was item proportion (equal and unequal) 

instead of pre-experimental familiarity. Furthermore, to investigate the response 

criterion, non-parametric B’’ statistics were computed for the drawn/semantically 

processed and the studied stimuli using Equations (1) (see below) (Stanislaw & 

Todorow, 1999).  B’’ varies from -1 to 1. A value close to 0 indicates that there is 

no bias, positive values reflect a liberal response criterion (i.e., a tendency to 

respond ‘old’ more often than ‘new’), and negative values are indicative of a 

conservative criterion (i.e., an inclination to favor ‘new’ over ‘old’ responses) 

(Stanislaw & Todorow, 1999).  

                                    B’’= 𝑠𝑖𝑔𝑛(𝐻𝑅 − 𝐹𝐴𝑅)
𝐻𝑅(1−𝐹𝐴𝑅)−𝐹𝐴𝑅(1−𝐹𝐴𝑅)

𝐻𝑅(1−𝐻𝑅)+𝐹𝐴𝑅(1−𝐹𝐴𝑅)
 (3) 

B’’: response bias, HR: hit rate, FAR: false alarm rate. 

 

 

II.6.4. Results 

 

II.6.4.1. Abstract Figures 

 
The ANOVA investigating the recognition accuracy yielded a significant 

item proportion x stimulus type interaction [F(2, 68) = 4.09, ηp²  = 0.17, p < .024; 

see Table 1]. However, simple effects analyses did not indicate any differences 

between the groups for the drawn, studied, and new abstract figures (all 
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associated t-values < 2.48, all p–values > .060). Moreover, stimulus type resulted 

in a significant main effect [F(2,82) = 97.56, ηp² = 0.70, p < .001; see Table 1]. Post-

hoc tests revealed that the drawn items were recognized better than the studied 

(p < .001) and the new figures (p < .001). Additionally, new items were rejected 

more accurately than the studied items were recognized as old correctly (p < .001). 

There was no main effect of item proportion [F(1, 41) = 1.64, ηp² = 0.04, p > .208].  

 
Table 1. Means (SEMs) of the signal-detection measures of the recognition performance of the abstract 

figures and non-words according to stimulus type (drawn/semantically processed, studied, and new) 

and item proportion (equal and unequal). 

 Equal item proportion Unequal item proportion 

Stimulus 

Type 

Parameters Abstract 

Figures 

Non-words Abstract 

Figures 

Non-words 

Drawn/ 

Semantically 

processed  

HR 0.99 (0.00) aa, bb    0.85 (0.02) aa 0.96 (0.01) aa, bb    0.78 (0.04) aa 

A’ 0.89 (0.02) aa 0.71 (0.02) aa 0.88 (0.01) aa 0.67 (0.02) aa 

B’’ -0.55 (0.18) aa -0.18 (0.22)  -0.62 (0.18) aa -0.05 (0.22) 

Studied 

 

HR 0.65 (0.05) 0.56 (0.04)  0.54 (0.05) 0.47 (0.04)  

A’ 0.66 (0.03) 0.58 (0.01) 0.62 (0.02) 0.55 (0.01)  

B’’ -1.00 (0.00) -0.64 (0.04)  -0.81 (0.13) -0.33 (0.21) 

New  CRR 0.91 (0.01) aa 0.79 (0.03) aa 0.93 (0.01) aa    0.83 (0.02) aa 

HR: hit rate, CRR: correct rejection rate, A’: discriminability index.  B’’: response criterion. Stimulus 

type effects: different from the studied items: aa p < .001, different from the new items: bb p < .001.  

 

With respect to the discriminability index (A’), the mixed ANOVA 

yielded a main effect of stimulus type [F(1, 41) = 257.31, ηp² = 0.86, p < .001; see 

Table 1]. Post-hoc tests showed that the drawn items were discriminated better 

than the studied (p < .001). No main effect of item proportion was detected [F (1, 

41) = 1.33, ηp² = 0.03, p > .256]. There was also no interaction found between the 

factors [F(1, 41) = 1.60, ηp² = 0.04, p > .213].   
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Regarding the response criterion (B’’), the ANOVA resulted in a main 

effect of stimulus type indicating that a more conservative criterion was used in 

response the studied than the drawn items [F(1, 41) = 8.07, ηp² = 0.17, p < .007; see 

Table 1]. However, there was no main effect of item proportion [F(1, 41) = 0.124, 

ηp² = 0.01, p < .727] and no interaction between the two factors [F(1, 41) = 1.35, ηp² 

= 0.03, p < .251].  

The ANOVA concerning the recognition speed yielded a significant 

main effect of stimulus type [F(2, 40) = 125.42, ηp² = 0.86, p < .001; see Table 2]. 

Post-hoc tests revealed that the drawn items were recognized faster than the 

studied (p < .001) and the new ones (p <. 0.001). There was no difference between 

the studied and new items (p > .999). Neither item proportion nor the stimulus 

type x item proportion interaction were found to be statistically meaningful [F(1, 

41) = 0.78, ηp² = 0.02, p > .727; F(2, 40) = 1.48, ηp² = 0.07, p > .240, respectively]. 

 

Table 2. Median reaction times (middle 50% range; in milliseconds in response to the 

drawn/semantically processed, studied, and new abstract figures and non-words) and their 

corresponding first and third interquartile ranges for the equal and unequal item proportion groups.  

 

 Equal items proportion Unequal items proportion 

Stimulus Type Abstract 

Figures 

Non-words Abstract 

Figures 

Non-words 

Drawn/Semantically 

processed  

658 aa, bb 

(599 – 752) 

648  

(599 – 682) 

649 aa, bb 

(612–739) 

643  

(619–667) 

Studied 747  

(697 – 856) 

671  

(607 – 725) 

794  

(714–957) 

642  

 (575–695) 

New  778  

(709 – 911) 

652  

(604 – 696) 

810  

 (744–918) 

699  

(644–739) 

Stimulus type effects: different from the drawn/semantically processed: aa p < .001, different from the 

studied: bb p < .001. 
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II.6.4.2. Non-words 

 

The ANOVA investigating the recognition accuracy including the 

factors item proportion and stimulus type yielded a main effect of stimulus type, 

[F(2,40) = 53.62, ηp² = 0.73, p < .001; see Table 1]. Post-hoc tests revealed that the 

semantically processed non-words were more accurately recognized than the 

studied ones (p < .001). The new items were identified more accurately than the 

studied (p < .001). However, no difference was found between the semantically 

processed and new items (p > .999). Item proportion did not result in a significant 

main effect [F(1,41) = 2.18, ηp² = 0.05, p > .148], and there was no interaction 

between the factors [F(2,40) = 2.36, ηp² = 0.11, p > .108]. 

The analyses of the A’ scores yielded a main effect of stimulus type 

indicating that the semantically processed non-words were discriminated better 

than the studied [F(1, 41) = 108.66, ηp² = 0.73, p < .001; see Table 2]. Neither item 

proportion [F(1,41) = 0.02, ηp² = 0.07, p > .083] nor the interaction between the 

factors was statistically meaningful [F(1,41) = 0.37, ηp² = 0.01, p > .751].  

Regarding the response criterion (B’’), the ANOVA did not reveal any 

significant differences for the item proportion, stimulus type or the interaction 

term between these factors [all associated F-values < 4.18, ηp² < 0.09, p > .05].  

Finally, the ANOVA concerning the reaction times did not yield any 

significant results [all associated F-values < 2.97, ηp² < 0.13, p > .063]. The medians 

and interquartile ranges are displayed in Table 2. 

 

II.6.5. Brief discussion of the results 

The present experiment investigated the impact of different item 

proportions (equal and unequal) on the recognition performance involving 

abstract figures and non-words. In contrast to our expectations, item proportion 

did not impact the recognition accuracy, reaction times, discriminability (A’), or 
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the response bias (B’’) of the abstract figures or the non-words. Concerning the 

response bias, despite an overall more conservative response style, participants 

seemed to favor an ‘old’ over a ‘new’ response more when reacting to the 

drawn/semantically processed than the studied items. Additionally, and as 

anticipated, it was easier to discriminate the deeply processed and repeated items 

than the shallowly encoded ones shown only one time. Our findings on the A’ 

and B’’ parameters align with previous work (Hirshman, 1995; Schacter & 

Dodson, 2001). 

When using pre-experimentally familiar stimuli, memory load can 

influence recognition performance. For example, a higher memory load in face 

recognition resulted in worse memory accuracy in the young and old participants 

(Lamont, Stewart-Williams, & Podd, 2005). In this study, the equal group 

memorized 44 items (drawn and studied) and the unequal group 60 items. 

Because of the lower memory load, it would have been reasonable to find better 

memory performance in the equal group. In contrast, there was no difference 

between the two groups. Thus, item proportion does not seem to influence 

recognition accuracy when pre-experimentally unfamiliar items are used.  

Furthermore, different item proportions can induce a response bias 

interacting with the memory load effect. For example, in the unequal group, 60 

memorized items were contrasted with 30 new ones, and the participants had to 

answer more often ‘old’ to give a correct response. In contrast, 44 memorized 

items had to be compared to an equal number of new stimuli in the equal group. 

Nevertheless, no differences were found concerning the response bias for either 

the abstract figures or the non-words. This observation indicates that both groups 

likely required a similar amount of memory evidence to favor a particular 

response independently of the memory strength manipulation. Thus, it seems 

plausible that the pre-experimentally unfamiliar nature of the stimuli might 

necessitate higher degrees of mnemonic evidence than pre-experimentally 

familiar items would require. This notion is supported by the negative B’’ values 



 

 51 

found in both groups, with all stimuli indicating an overall bias reflecting a 

conservative response style (Dopkins, Sargent, & Ngo, 2010). 

Finally, different levels of recognition load might have a more dominant 

effect compared to item proportions. Lamont, Stewart-Williams, and Podd (2005) 

defined recognition load as the total number of items shown during the 

recognition trial. For face recognition, they found that memory accuracy 

decreases with increasing recognition load. Concerning the item proportion 

groups in the present study, the recognition load for the abstract figures was 90 

and 88 items, respectively, but no difference in memory performance was found. 

Of note, we observed a ceiling effect for the abstract figures in the equal item 

proportion group. In the future, higher levels of memory load and different levels 

of recognition load should be examined for pre-experimentally unfamiliar 

stimuli to see whether there are undiscovered effects.  In conclusion, it can be said 

that item proportion does not influence the recognition performance of abstract 

figures and non-words.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 52 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 53 

III. Chapter:  

EEG Correlates of old/new  

Discrimination Performance involving  

Abstract Figures and Non-Words 
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 Abstract 

The processing of pre-experimentally unfamiliar stimuli such as abstract figures 

and non-words is poorly understood. Here, we considered the role of memory 

strength in the discrimination process of such stimuli using a three-phase 

old/new recognition memory paradigm. Memory strength was manipulated as a 

function of the Levels of Processing (deep vs. shallow) and repetition. Behavioral 

results were matched to brain responses using EEG. We found that correct 

identification of the new abstract figures and non-words was superior to old item 

recognition when they were merely studied without repetition, but not when 

they were semantically processed or drawn. EEG results indicated that successful 

new item identification was marked by a combination of the absence of 

familiarity (N400) and recollection (P600) for the studied figures. For both the 

abstract figures and the non-words, the parietal P600 was found to differentiate 

between the old and new items (late old/new effects). The present study extends 

current knowledge on the processing of pre-experimentally unfamiliar figurative 

and verbal stimuli by showing that their discrimination depends on 

experimentally induced memory strength and that the underlying brain 

processes differ. Nevertheless, the P600, similarly to pre-experimentally familiar 

figures and words, likely reflects improved recognition memory of meaningless 

pictorial and verbal items. 

 

Keywords: discrimination; recognition memory; EEG old/new effects; abstract 

figures; non-words 
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 Introduction 

 

An efficient memory system requires the ability to detect and incorporate new 

information and to readily retrieve familiar information (Donaldson, 1992; 

Kafkas & Montaldi, 2014; Kafkas & Montaldi, 2018; Kumaran & Maguire, 2007). 

Information-processing theories define recognition as a predicament of 

discrimination between what is known (familiar) and what is not known (new) 

(Benjamin, Diaz, & Wee, 2009; Stanislaw & Todorow, 1999; Verde & Rotello, 2007; 

Yonelinas, 2002). Discrimination performance is typically tested with paradigms 

that assess recognition memory. In such paradigms, participants are required to 

recognize previously studied stimuli (e.g., typically well-known and meaningful 

figures and words) as old correctly and to identify previously not seen items as 

new (Malmberg, 2008). The recognition/discrimination process generates a cue, 

which induces either a sense of familiarity or unfamiliarity (novelty) (Yonelinas, 

2002; Yonelinas, Kroll, Dobbins, Lazzara, & Knight, 1998). The decision process 

determines how we respond: whether a stimulus is judged as old or new. 

While the processing of meaningful and pre-experimentally familiar 

stimuli is well-researched, less is known about how the brain recognizes and 

discriminates pre-experimentally unfamiliar and meaningless items. These 

stimuli can be characterized as previously not seen combinations of simple 

shapes (abstract figures) and letters (non-words). Knowing how the brain 

processes and discriminates such stimuli can significantly improve our 

understanding of visual, lexical, and orthographic memory processing while 

contributing to establishing relevant cognitive models such as age-related 

memory impairment. As a result, research in this field could aid patients with 

orthographic dyslexia, lexical deficiencies, or memory impairment, especially if 

behavioral and EEG results can be combined with brain–computer interface (BCI) 

approaches (Paszkiel, 2017, 2020; Paszkiel & Szpulak, 2018). Therefore, the 
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current work investigated the behavioral and electrophysiological processing of 

pre-experimentally unfamiliar figurative and verbal items. 

Behavioral data indicate that old/new discrimination at least partly 

depends on the assessment of the strength of a particular memory. Memory 

strength is assumed to vary on a continuum ranging from weak to strong, which 

underlies the subjective perception of stimulus familiarity (Wixted & Stretch, 

2004; Yonelinas, 2002). In other words, the stronger the stimulus memory, the 

more robust the sense of familiarity appears, and the more likely it is that a 

stimulus is judged ‘old’ rather than ‘new’. 

Previous studies have shown that memory strength, the ease by which a 

particular memory can be recalled or recognized, can effectively be manipulated 

as a function of repetition (Verde & Rotello, 2007) or by using Levels of Processing 

(LOP) (Gardiner, 1988). Repetition is known to strengthen memory by increasing 

the subjective sense of familiarity resulting from re-encoding of a particular 

memory trace (Hintzman & Curran, 1997; Ranganath & Rainer, 2003). The LOP 

theory predicts that deep (e.g., meaning-extraction, pattern recognition, 

activation of prior knowledge) and intermediate processing (e.g., phonetics) lead 

to superior and faster retrieval when compared to shallow processing (e.g., 

perceptual analyses, rehearsal) (Craik, 2002; Craik & Lockhart, 1972; Craik & 

Tulving, 1975; Newell & Andrews, 2004). Such findings are supported by brain 

imaging studies that have found more positive late parietal P600 amplitudes for 

the deeply- over the shallowly-encoded stimuli (Norman, Tepe, Nyhus, & 

Curran, 2008; Nyhus & Curran, 2009), which corroborates an episodic memory-

related function of this evoked response potential (ERP) (Rugg & Curran, 2007).  

For example, Harris, Cutmore, O’Gorman, Finnigan, and Shum (2013) 

used an auditory word recognition task in which half of the trials made use of 

shallow encoding (i.e., determine if an auditory word comprised long vowels) 

and the other half used deep encoding (i.e., incorporate an auditory word into a 

meaningful sentence). According to their findings, not only were the deeply 
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encoded words more accurately recognized than the shallow, but the related 

P600 amplitudes of the deeply encoded words were also larger compared to the 

shallow. Moreover, previous research has shown that mnemonics such as verbal 

(e.g., rhyming), motor (e.g., drawing), or visual (e.g., imagining) techniques 

strengthen memory storage and improve subsequent retrieval as a result of 

deeper processing (Hulstijn, 1997; Jones-Gotman, 1986; Paivio & Desrochers, 

1981; Solso, 1995). 

In the present study, we considered the role of memory strength in the 

discrimination process of meaningless abstract figures and non-words using a 

three-phase old/new recognition memory paradigm. We chose to include both 

figurative and verbal stimuli since these are known to be processed differently 

(Kim, Yoon, & Park, 2004). For instance, pictures are generally remembered better 

than words (i.e., picture superiority effect), since the former in contrast to the 

latter, are assumed to be encoded with dual (image and verbal) as opposed to 

singular labels (verbal), respectively (Paivio, 1971, 2007; Rajaram, 1996). In the 

current experiment, we first familiarized the stimuli using mnemonics in order 

to induce deep processing (deep memorization): we asked the participants to 

redraw the abstract figures and to come up with existing rhyme words for the 

non-words (semantic encoding). In the second phase, participants were asked to 

merely study the stimuli (shallow memorization). Here, the previously deeply 

encoded items were shown again in combination with some new items. Finally, 

an old/new recognition test was applied in which stimuli from the first and 

second phases were intermixed with new ones. We assessed both recognition 

accuracy and speed. 

According to our knowledge, this is the first study examining the impact 

of memory strength on the discrimination performance of pre-experimentally 

unfamiliar items using such a design. It is known that identifying something as 

new compared to it being old usually takes longer than old item recognition 

(Delhaye, Bastin, Moulin, Besson, & Barbeau, 2017; Kafkas & Montaldi, 2014; 
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Kafkas & Montaldi, 2018). Therefore, we assumed that the recognition of the 

drawn/semantically processed and studied items would be faster compared to 

the correct identification of the new items. Moreover, we anticipated that the 

drawn/semantically processed stimuli would be recognized more accurately and 

faster than the studied ones. 

To match the possible effects of new and old item recognition with brain 

processes, we measured electrophysiological responses during retrieval. Four 

ERPs of interest were the N200, P300, N400, and P600. Recent research has shown 

how these different ERPs can be helpful in the context of memory research and 

BCIs. For example, the P300 has been used to discriminate familiar from 

unfamiliar faces (Marcel & Milla ́n, 2007). Based on the N400, it was possible to 

infer semantic relatedness of verbal stimuli (Dijkstra, Farquhar, & Desain, 2019; 

Xie et al., 2018), and with the P600, it was possible to differentiate between target 

and lure audiovisual number stimuli (Xie et al., 2018). 

EEG data on the processing of abstract images are scarce and not well 

understood. For instance, identification of unusual stimuli in oddball tasks 

typically elicits larger N200 and P300 amplitudes (Patel & Azzam, 2005). 

Interestingly, O’Hare and Goodwin (2018) found that abstract artwork images 

elicited larger P300 amplitudes than natural ones. At the same time, they failed 

to detect differences for the N200. Beisteiner et al. (1996) failed to find differences 

in the P300 amplitude during the recognition of old and new abstract geometric 

images. Later old/new correlates typically elicit the so-called early (N400) and 

late (P600) old/new effects, respectively (Rugg & Curran, 2007). The fronto-

central N400 is postulated to represent the effective use of familiarity to 

discriminate between old and new items (Curran & Hancock, 2007; Friedman & 

Johnson, 2000; Rugg & Curran, 2007). As such, early old/new effects are seen as 

more negative amplitudes for new stimuli that were correctly endorsed as ‘new’ 

compared to previously seen old stimuli that were recognized as ‘old’ (Curran & 

Hancock, 2007; Friedman & Johnson, 2000; Rugg & Curran, 2007). Applying this 
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to the current paradigm, more negative amplitudes of the correctly detected new 

compared to old images would reflect optimal discrimination of these stimuli. 

The parietal late old/new effect (P600) typically entails larger amplitudes of the 

pre-exposed compared to the not pre-exposed items (Friedman & Johnson, 2000; 

Rugg & Curran, 2007; Yonelinas, 2002). At the same time, this reflects improved 

memory performance (Finnigan, Humphreys, Dennis, & Geffen, 2002; Kim, 

Yoon, & Park, 2004). Therefore, we anticipated a more positive late old/new effect 

for the drawn and repeated figures that relied on strong memories compared to 

the new ones. Likewise, we expected to find late old/new effects for the studied 

figures that relied on weak memories. 

Electrophysiological processing of non-words is somewhat better 

understood. For instance, whereas words affect the N400, non-words influence 

the P300 (Otten, Sveen, & Quayle, 2007; van Dinteren, Arns, Jongsma, & Kessels, 

2014). The amplitude of the P300 is thought to index context updating as a result 

of initiated input comparisons to existing representations (Patel & Azzam, 2005; 

Polich, 2007; van Dinteren, Arns, Jongsma, & Kessels, 2014). Its amplitude 

enhances whether a stimulus does not fit or weakly matches any existing 

representation (Polich, 2007). Additionally, according to the context-updating 

hypothesis, increased N200 and decreased P300 amplitudes are indicative of a 

match to an existing memory template, and the opposite is true if the match is 

vague (Patel & Azzam, 2005). Therefore, semantically processed stimuli should 

elicit the former pattern resulting from deeper LOP and repetition. In contrast, 

the studied stimuli should show the latter pattern as a result of shallow LOP 

without repetition. Considering that the P600 has been linked to successful 

old/new item discrimination and has been found with words (Smith & Guster, 

1993; Van Petten & Senkfor, 1995) and non-words (Fjell, Walhovd, & Reinvang, 

2005), we assumed we would detect late parietal old/new effects. This was 

expected to show in a larger peak amplitude for the correctly recognized old than 

new non-words. 
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Finally, in terms of the LOP manipulation, we expected to detect more 

positive amplitudes for the deeply- over the shallowly memorized abstract 

figures and non-words (Norman, Tepe, Nyhus, & Curran, 2008; Nyhus & Curran, 

2009). 

 

 Materials and Methods 

 

The Ethical Committee of the Faculty of Psychology and Neuroscience 

of Maastricht University granted ethical approval for this experiment. Each 

participant received monetary compensation or research participation credit 

points. On average, the experiment took 1.5 hour/test-session (Ethical Approval 

Code: ECP13_02_2012). 

 

III.3.1.  Participants 

 
A total of 22 young, healthy participants (eight males) with a mean age 

of 24 years were recruited by means of advertising. The main inclusion criteria 

were age (18–30 years) and being fluent in the English or Dutch languages. One 

participant was excluded from the behavioral analyses because of a technical 

failure. 

 

III.3.2. Procedure 

 
After signing an informed consent, participants were admitted to the 

study. Prior to starting the experiment, each participant filled in a demographic 

questionnaire including information about sex, age, and handedness. At this 

point, the EEG caps were installed. During the test, stimuli were presented via a 

computer screen, and participants had to respond on two keys of a response pad. 

Recognition accuracies and reaction times were recorded. 
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A memory paradigm with abstract figures and non-words was applied 

in separate tests (see Figure 1 for an example of the stimuli used). Every 

participant performed each test phase first with the abstract figures and then with 

the non-words in order to minimize verbalization of the figurative stimuli. The 

experiment consisted of three phases (see Figure 2). In phase 1 (deep 

memorization leading to ‘strong’ memory), participants were familiarized with a 

series of 30 monosyllabic abstract figures or non-words in separate tests (list 1: 

L1). Participants were asked to manually redraw the abstract figures on an 

answer sheet in order to induce deep LOP. They had to mention existing English 

or Dutch rhyming words for each non-word to induce intermediate LOP. Stimuli 

were presented for 1 s, and the participants were given 14 s to execute the 

mnemonic encoding task. If they were ready earlier, they could press a button, 

and 2 s later, the next stimulus appeared. Stimuli were extracted from previous 

studies (Glosser, Friedman, Grugan, Lee, & Grossman, 1998; Redoblado, 

Grayson, & Miller, 2003; Seidenberg, Plaut, Petersen, McClelland, & McRae, 

1994). 

 

Figure 1. Examples of the stimuli used. 
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Figure 2. Schematic overview of the experimental design. Phase 1: deep memorization with the pre-

experimentally unfamiliar abstract figures and non-words in separate tests using a mnemonic 

encoding task (redrawing the abstract figures and mentioning rhyming words for the non-words). 

The 30 stimuli used here form List 1 (drawn/semantically processed stimuli). Phase 2: shallow 

memorization with the instruction to remember as many stimuli as possible. This phase contained 

items from List 1 and 30 new ones (List 2, studied stimuli). Phase 3: recognition of the stimuli 

including List 1, List 2, and 30 new (List 3). n: number of stimuli presented. 

During phase 2 (shallow memorization leading to ‘weak’ memory), 

participants were instructed to remember as many stimuli as possible. In this 

phase, 60 stimuli (abstract figures or non-words) were used: 30 stimuli from L1 

were randomly mixed with 30 new ones (L2). All stimuli were shown for 1 s with 

an inter-stimulus interval (ISI) of 2 s. 

During phase 3, participants were asked to decide if they had seen the 

presented stimulus in the previous series (L1 and L2) or whether the stimulus 

was new to them (L3: new, n = 30). The 90 non-words or abstract figures were 

presented for a duration of 1 s, or less in the case of faster button press; the ISI 

was 2.5 s. Participants had to press the corresponding buttons (‘old’ for L1 and 
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L2, or ‘new’ for L3 stimuli) on a response box as quickly and accurately as 

possible. 

A filler paper-and-pencil task of 10 min and another non-verbal task 

were given between phase 2 and 3. The filler task consisted of the localization of 

number sequences, vertically or horizontally placed within a field of numbers (10 

min). The other task consisted of watching a silent cartoon while auditory stimuli 

were presented (10 min). 

EEG was recorded simultaneously with the behavioral testing. 

Recordings were carried out with a standard EEG apparatus using 32 electrodes, 

placed according to the 10/20 standard international placement of electrodes. Eye 

movements were monitored through electrooculograms, with electrodes placed 

above and below the left eye as well as at the corner of the left and right eyes. The 

ground electrode was placed at FPz. Reference electrodes were applied at the left 

and right mastoid bones. Data were sampled at 512 Hz and filtered between 0.05 

and 100 Hz during acquisition. After the recording, data were pre-processed 

using Brain Vision Analyzer 2 (Brain Products, Munich) including filtering (1-30 

Hz), ocular correction, segmentation, baseline correction (−100 to 0 ms), artifact 

rejection (exclusion of trials if signal exceeded +100 or −100 μV), and calculation 

of averages and grand averages by averaging the responses between 100 ms 

before and 1000 ms after stimulus onset for the correct responses of each stimulus 

type separately. Sequentially, the data were clustered into frontal (F3, F4, and Fz), 

central (C3, C4, and Cz), and posterior (P3, P4, and Pz) sections (Rugg & Curran, 

2007). Based on visual inspection of the grand averages, the N200, P300, N400, 

and P600 peak amplitudes and latencies were determined using the time 

windows presented in Table 1. Next, as suggested by Luck (2005), we applied the 

local peak amplitude detection method available in Brain Vision Analyzer 2. 
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Table 1. Overview of the time windows of the analyzed ERP components during recognition (in 

milliseconds). 

Stimulus 

Category/ERP 
N200 P300 N400 P600 

Abstract Figures 200–320 300–420 400–500 500–700 

Non-words 150–250 250–400 400–500 500–700 

 

III.3.3. Data Analysis 

 

Before analysis, all data were evaluated for having normal distribution 

and homogeneity of variance. Additionally, raw data were checked for outliers. 

Outlier values were replaced with their regression estimates produced by the 

missing value analyses (IBM SPSS Statistics for Macintosh, Version 27.0. Armonk, 

NY: IBM Corporation). Additionally, due to technical issues, 1–2 responses per 

participant were missing (e.g., the button press was not recorded). In these cases, 

values were replaced with their regression estimates. Effect sizes are reported 

based on partial eta-squared (ηp2) data. Furthermore, Mauchly’s test of sphericity 

was applied. In case the assumption of sphericity was violated, a Greenhouse–

Geisser correction was used. In all cases, degrees of freedom of assumed 

sphericity were reported. Post-hoc comparisons and simple effects were 

investigated using paired-samples t-tests, applying adjustments for multiple 

comparisons; the observed p-values were multiplied by the number of 

comparisons, which was tested against the set significance level of 0.05. 

For the behavioral data, signal detection theory (SDT) was applied in order to 

investigate the discrimination performance (Benjamin & Bawa, 2004; Benjamin, 

Diaz, & Wee, 2009; Stanislaw & Todorow, 1999; Verde & Rotello, 2007). 

Discrimination accuracy was defined as the ability to distinguish the different 

types of stimuli (drawn/semantically processed, studied, and new). Correct 
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responses included an ‘old’ response to the drawn/semantically processed items, 

and the studied stimuli, and a ‘new’ response to the new items. Incorrect 

responses involved a ‘new’ response to the drawn/semantically processed items 

and the studied stimuli and an ‘old’ response to the new stimuli. See Table 2 for 

an overview. 

Table 2. Overview of the different types of responses as a function of stimulus type. 

 Stimulus Type Response 

Hit (H) 
Drawn or semantically 

processed/Studied  
‘Old’ 

Miss (M) 
Drawn or semantically 

processed/Studied  
‘New’ 

Correct Rejection (CR) New ‘New’ 

False Alarm (FA) New ‘Old’ 

Hit Rate (HR) 
Drawn or semantically 

processed/Studied  
H/(H + M) 

Correct Rejection Rate (CRR) New CR/(CR + FA) 

Given the memory strength manipulation in the current design (deep 

memorization, shallow memorization, and recognition), the correct response 

rates, being hit rates (HR) for the drawn/semantically processed, and the studied 

items and correct rejection rates (CRR) for the new, were used to evaluate the 

discrimination accuracy. Furthermore, in order to investigate discriminability, 

non-parametric A’ statistics were computed for the drawn/semantically 

processed and the studied stimuli using Equations (1) or (2) (see below) 

(Snodgrass & Corwin, 1988; Stanislaw & Todorow, 1999). A′ varies from 0 to 1, 

with 0.5 indicating chance performance. Higher values are indicative of 

improved performance (Snodgrass & Corwin, 1988; Stanislaw & Todorow, 1999). 
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A’= 0.5 +
(𝐻𝑅−𝐹𝐴𝑅)(1+𝐻𝑅−𝐹𝐴𝑅)

4𝐻𝑅(1−𝐹𝐴𝑅)
, if 𝐻𝑅 ≥ 𝐹𝐴𝑅 (4) 

A’= 0.5 −
(𝐻𝑅−𝐹𝐴𝑅)(1+𝐻𝑅−𝐹𝐴𝑅)

4𝐻𝑅(1−𝐹𝐴𝑅)
, if 𝐻𝑅 < 𝐹𝐴𝑅 (5) 

A’: discriminability index, HR: hit rate, FAR: false alarm rate. 

 

During recognition, the a priori probabilities of old and new items and 

the quality of the match between a test item and the memory for studied items 

can influence the bias parameter [6,45]. Such a model does not fit the current 

paradigm due to the memory strength manipulation used and the equivalent 

proportion and intended comparison of the strong (n = 30), weak (n = 30), and 

new items (n = 30) [44]. After all, the final proportion of ‘old’ and ‘new’ responses 

was 2:1. Therefore, we calculated the total amount of ‘old’ (H + FA) and ‘new’ (M 

+ CR) responses given by the participants. This was done to examine whether 

there was a preference for either the ‘old’ or ‘new’ responses. Results were 

compared using paired samples t-tests with Bonferroni corrections. 

RT data of the hits were also evaluated. To be able to use parametric 

tests, RT-s were transformed into |log(1/RT)| to obtain a normal distribution of 

the data [46]. Moreover, the median RT data are reported as central tendency 

parameters, together with the corresponding first and third interquartile ranges 

[47]. 

Statistical analysis was conducted using SPSS 27.0. A repeated-measures 

analysis of variance (ANOVA) was used to investigate the discrimination 

accuracy scores and RT-s for the different stimuli in the different categories as 

assessed in phase 3. The within-subject variables were stimulus category (abstract 

figures and non-words) and stimulus type (drawn/semantically processed, 

studied, and new items). 
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For the EEG analysis, a within-subjects repeated-measures analysis of 

variance (ANOVA) was conducted to investigate the amplitude and latency data 

during recognition (phase 3). The model included the following factors within 

each stimulus category: stimulus type with three levels (drawn/semantically 

processed, studied, and new items) and location with three levels (frontal, 

central, and parietal). Since the aim of the study was to investigate discrimination 

performance, the main effects and interactions involving stimulus type 

(amplitudes and latency data) are described in detail. 

 

 Results 

 
III.4.1. Behavioral 

 
Although there was an unequal number of old-responses over new-

responses (2:1), we found that there was no response bias (see Table 3). The mean 

signal-detection parameter estimates are displayed in Table 4. 

Table 3. The total number of old and new responses during the recognition test. Data represent the 

means (SEM) of the total ‘old’ and ‘new’ responses and the corresponding % compared to the 90 

items/stimulus category (abstract figures and non-words), and the t-statistics. 

 Abstract Figures Non-Words 

Old responses  47.24 (2.04) 52% 43.10 (1.95) 48% 

New responses 42.10 (2.10) 47% 46.52 (1.97) 52% 

Paired samples t-

test 
t(20) = 1.25, p > .450 t(20) = 0.88, p > .784 

 

 



 

 68 

III.4.1.1. Abstract Figures 

 

With respect to the accuracy scores (HR and CRR) of the abstract figures, 

the ANOVA yielded a significant main effect of stimulus type [F(2.40) = 70.24, ηp²    

= 0.78, p < .001; see Figure 3A and Table 4]. Post-hoc tests revealed that the drawn 

stimuli were recognized more accurately than the studied (p < .001) and the new 

(p < .027). Additionally, more new stimuli were correctly identified compared to 

the studied items (p < .001). 

 

 

Figure 3. Recognition accuracy performance of the abstract figures (A) and the non-words (B) 

according to stimulus type. The bars represent the means of the hit rates of the drawn/semantically 

processed and the studied items, and the means of the correct rejection rates for the new items. 

Stimulus type effects: **: p < .001, *: p < .05 
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Table 4. Means (SEMs) of the signal-detection measures of the recognition performance of the 

abstract figures and non-words according to stimulus type (drawn/semantically processed, studied, 

and new). 

Stimulus Type Parameters Abstract Figures Non-Words 

Drawn/Semantically 

processed  

HR 0.96 (0.01) **, #  0.78 (0.04) ** 

A’ 0.88 (0.01) ** 0.67 (0.02) **  

Studied  

HR 0.54 (0.05)  0.47 (0.04) 

A’ 0.62 (0.02) 0.55 (0.01)  

New  CRR 0.93 (0.01) ** 0.83 (0.02) **  

HR: hit rate, CRR: correct rejection rate, A’: discriminability index. Different from studied: **: p < .001, 

difference between the drawn and new items: #: p < .05. 

The analyses performed on the A’ scores revealed that the drawn 

abstract figures resulted in improved discriminability compared to the studied 

[F(1.20) = 278.10, ηp²    = 0.93, p < .001; see Table 4]. 

When analyzing the reaction time performance in the session with the 

abstract figures, a main effect of stimulus type was found [F(2.40) = 36.68,  ηp² = 

0.65, p < .001; see Table 5]. Post-hoc tests showed that response times were 

significantly faster to the drawn stimuli compared to the studied (p < .001) and 

new items (p < .001). No such difference was found between the studied and new 

abstract figures (p > .999). 
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Table 5. Median reaction times (middle 50% range; in milliseconds in response to the 

drawn/semantically processed, studied, and new abstract figures and non-words) and their 

corresponding first and third interquartile ranges. 

Stimulus Type Abstract Figures Non-Words 

Drawn/Semantically processed 649 (612–739) 643 (619–667) 

Studied 794 ** (714–957) 642 # (575–695) 

New 810 ** (744–918) 699 (644–739) 

Different from drawn/semantically processed (stimulus type effects): different from drawn: **: p < 

.001, different from studied: #: p < .05 

  

III.4.1.2. Non-Words 

 

When investigating the accuracy performance (HR and CRR) of the non-

words, the analyses revealed a significant main effect of stimulus type [F(2.19) = 

31.07, ηp²  = 0.77, p < .001; see Figure 3B and Table 4]. Post-hoc tests revealed that 

the semantically processed stimuli were recognized more accurately than the 

studied (p < .001). Additionally, more new stimuli were correctly identified 

compared to the studied (p < .001). No such difference was found between the 

semantically processed and new non-words (p > .849). 

The analyses of the A’ scores revealed that it was easier to discriminate 

the semantically processed non-words than the studied [F(1.20) = 40.05, ηp²  = 

0.67, p < .001; see Table 4]. 

As for the reaction times, stimulus type yielded a significant main effect 

[F(2.19) = 6.45, ηp²  = 0.40, p < .007; see Table 5]. Post-hoc tests showed that 

response times were significantly faster to the studied than the new non-words 

(p < .015). No such difference was found between the semantically processed and 

new items (p > .069), and the semantically processed and studied non-words (p > 

.999). 
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III.4.2. EEG 

 

III.4.2.1.  Abstract Figures 

• N200 

The analyses revealed a significant stimulus type × location interaction 

[F(4.84) = 3.98, ηp² = 0.16, p < .014; see Figure 4A–C]. Simple effects analyses 

showed that the amplitude related to the studied abstract figures was more 

negative than that related to the drawn figures at the posterior location (p < .039). 

The rest of the combinations were found to be insignificant (all p-values > .105). 

Stimulus type did not reveal a main effect [F(2.20) = 1.31, ηp² = 0.12, p > .292]. The 

latency of the N200 was not affected by stimulus type or location [all associated 

F-values < 1.85, ηp²-values < 0.17, p-values > .183]. 

 

Figure 4. Grand averages across participants for the N200, P300, N400 and P600 during the 

recognition of the abstract figures according to stimulus type at the frontal (A), central (B), and 

posterior (C) electrode location clusters. Stimulus type effects: *: p < .05 

• P300 

When analyzing the amplitude data of the P300, a significant stimulus 

type x location interaction was detected [F(4.84) = 5.49, ηp²  = 0.21, p < .003; see 

Figure 4A-C]. However, simple effects analyses did not reveal any significant 
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differences (all p-values > .168). Stimulus type did not reveal a main effect [F(2.20) 

= 0.74, ηp² = 0.10, p > .492]. 

As for the latency data, neither stimulus type nor the interaction between 

stimulus type and location was statistically meaningful [all associated F-values < 

1.42, ηp²-values < 0.24, p-values > .267]. 

• N400 

According to the analyses, the stimulus type x location interaction was 

significant [F(4.84) = 6.93, ηp²  = 0.25, p < .001; see Figure 4A–C and Figure 5A]. 

Simple effects analyses revealed that the amplitude related to the new abstract 

figures was more negative than that representing the drawn items at the frontal 

(p < .003), central (p < .003), and posterior locations (p < .003). Additionally, the 

N400 amplitude related to the studied abstract figures was more negative 

compared to the drawn at the central (p < .001) and posterior (p < .001) but not the 

frontal location (p > .999). The rest of the combinations were not significant (all p-

values > .999). 

As for the latency, neither the interaction stimulus type x location nor 

stimulus type was significant [all associated F-values < 2.70, ηp²-values < 0.38, p-

values > .064]. 
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Figure 5. Means of the N400 amplitude (A) and latency (B), and the P600 amplitude (C) and 

latency (D) during the recognition of the abstract figures. Stimulus type effects: different from 

the drawn items: **: p < .001, *: p < .05, different from the studied items: #: p < .05 

• P600 

The analyses showed a significant stimulus type × location interaction 

[F(4.84) = 13.68, ηp²  = 0.40, p < .001; see Figures 4A–C and 5C]. Simple effects 

analyses revealed that the amplitude related to the drawn abstract figures was 

larger than that of the studied at the central (p < .003) and posterior locations (p < 

.003). Additionally, the P600 in response to the drawn items was larger compared 

to the new at the central (p < .033) and posterior (p < .006) locations. No other 

differences were detected (all p-values > .968). 

As for the latency, there was a significant main effect of stimulus type 

[F(2,20) = 7.47, ηp² = 0.43, p < .004; see Figures 4A–C and 5D]. Post-hoc tests 
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showed that the P600 latency related to the new items was shorter compared to 

the studied (p < .018). No further differences were found (all associated p-values 

> .100). The interaction between stimulus type and location was not significant 

[F(4.84) = 0.67, ηp²  = 0.03, p > .546]. 

 

III.4.2.2. Non-Words 

• N200 

The analyses did not reveal any significant effects for the amplitudes [all 

associated F-values < 2.33, ηp² < 0.19, p > .123] or the latencies [all associated F-

values < 2.42, ηp²-values  < 0.20, p-values > .114]. 

• P300 

The amplitudes were dissimilar for the different stimulus types [F(2.42) 

= 4.44, ηp² = 0.17, p < .029]. Post-hoc tests revealed that the amplitude related to 

the studied non-words were marginally larger than those related to the new (p = 

0.053). No further statistically meaningful differences were found (all p-values > 

.165). The stimulus type x location interaction was not significant [F(4.84) = 1.34, 

ηp² = 0.06, p > .268]. 

The latency analyses revealed a significant effect of stimulus type 

[F(2.42) = 9.58, ηp²  = 0.31, p < .001; see Figure 6A–C]. Post-hoc tests revealed that 

the P300 in response to the semantically processed stimuli peaked later compared 

to the studied (p < .017) and the new ones (p < .006). No such difference was found 

between the studied and semantically processed non-words (p > .282). Finally, 

neither stimulus type nor the interaction term stimulus type x location was 

significant [all associated F-values < 1.22, ηp²-values   < 0.11, p-values > .317]. 

 

 



 

 75 

• N400 

The analyses did not reveal any significant effects for the amplitudes [all 

associated F-values < 2.65, ηp²  < 0.12, p > .099] or the latencies [all associated F-

values < 1.41, ηp²-values  < 0.06, p-values > .250]. 

• P600 

The analyses showed a significant stimulus type x location interaction 

[F(4.84) = 8.10, ηp² = 0.28, p < .001; see Figures 6A–C and 7A]. Simple effects 

analyses revealed that the P600 amplitude related to the new non-words was 

smaller than that related to the semantically processed (p < .009) and the studied 

non-words (p < .042) at the posterior location. No other differences were detected 

(all p-values > .258). Stimulus type did not affect the amplitudes [F(2.42) = 2.05, 

ηp²  = 0.09, p > .148]. 

Figure 6. Grand averages across participants for the N200, P300, N400 and P600 during the recognition 

of the non-words according to stimulus type at the frontal (A), central (B), and posterior (C) electrode 

location clusters. Stimulus type effects: *: p < .05 
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Figure 7. Means of the P600 amplitude (A) and latency (B) during the recognition of the non-

words. Stimulus type effects: different from the semantically processed items: **: p < .001, *: p < 

.05, different from the studied items: #: p < .05 

As for the latency, there was a significant main effect of stimulus type 

[F(2.20) = 3.97, ηp2 = 0.28, p < .035; see Figures 6A–C and 7B]. Post-hoc tests 

showed that the P600 latency related to the strong items was shorter compared 

to the new (p < .027). No other differences were found (all associated p-values > 

.482). Finally, the interaction between stimulus type and location was not 

significant [F(4.84) = 0.67, ηp2  = 0.03, p > .546]. 

 

 Discussion 

 

In the current study, we examined the role of memory strength in the 

old/new discrimination process involving abstract figures and non-words. To 

account for the effect of memory strength, we manipulated LOP and used 

repetition. The present findings, using pre-experimentally unfamiliar and 

meaningless abstract figures and non-words, are in line with the notion that 

discrimination performance depends on how strong a particular newly formed 

memory is. Namely, correct identification of the new abstract figures and non-

words was superior to the recognition of the old items when they were merely 
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studied, and thus, relied on weaker memories (shallowly memorized and not 

repeated). This was not the case when the stimuli were drawn or semantically 

processed, and thus, relied on stronger memories (deeply memorized and 

repeated). Additionally, despite the unequal proportion of old and new items 

(2:1) during the recognition phase, we did not detect an ‘old’ response bias for 

either the abstract figures or the non-words. 

The EEG analysis indicated that the amplitude of the N200 was more 

negative during the processing of the studied than the drawn figures at the 

posterior location. The N400 was more negative for the new than the drawn and 

the studied figures at the fronto-central FN400 (early old/new effect) and at the 

posterior location. In addition, the drawn figures elicited a larger P600 amplitude 

in comparison to the studied and new stimuli at the centro-parietal locations (late 

old/new effect). Furthermore, the latency related to the processing of the new 

figures was shorter than that related to the studied. The ERPs of the non-words 

were not as clear and straightforward as seen with the abstract figures. The 

semantically processed non-words elicited larger P600 amplitudes than the 

studied or the new ones, representing a late old/new effect. There was also a large 

variety in the latencies. The only significant latency effect was detected for the 

P600. Namely, the latency associated with the processing of the semantically 

processed non-words was longer than that of the new. Below, we discuss how 

these ERP findings can explain discrimination performance. 

 

III.5.1. Abstract Figures 

 
As expected, we found that stronger memories achieved by deeper 

mnemonic LOP and repetition improved recognition accuracy and decreased the 

RT-s of the drawn (deeply memorized and repeated) as opposed to the studied 

(shallowly memorized) figures. These findings align with the notion that deeper 

LOP improves recognition and discrimination performance (Hulstijn, 1997; 
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Paivio & Desrochers, 1981; Solso, 1995). The current data also show that it was 

likely to be more difficult to correctly discriminate the studied abstract figures as 

being old or new since their discriminability indexes (A’) were lower than those 

of the drawn. This result is consistent with previous research (Hirshman, 1995; 

Ratcliff, Clark, & Shiffrin, 1990). 

Furthermore, correct new item identification was superior when abstract 

image memory was weak (studied items memorized shallowly) but not when the 

memory was strong (drawn abstract figures that were deeply memorized and 

repeated). This differential effect of deep vs. shallow LOP and repetition vs. no 

repetition on the recognition performance indicates a mediating effect of memory 

strength. Prior research on discrimination performance involving well-known 

stimuli has typically shown that new items are processed more accurately than 

old ones (Donaldson, 1992; Kafkas & Montaldi, 2014; Kafkas & Montaldi, 2018; 

Kumaran & Maguire, 2007). However, when new abstract memories are formed, 

it seems that familiar (old) abstract figurative items that rely on strong are 

processed more accurately than the unfamiliar (new) ones. Moreover, in line with 

previous findings, the drawn figures having the strongest memory were judged 

‘old’ correctly the fastest (Delhaye, Bastin, Moulin, Besson, & Barbeau, 2017; 

Kafkas & Montaldi, 2014; Kafkas & Montaldi, 2018). 

When looking at the brain activity data, we found that the studied 

figures’ processing elicited a more negative N200 amplitude than the drawn ones 

at the posterior location. In oddball tasks, the N200 amplitude increases in 

response to an unpredictable stimulus in a pool of frequently repeated items 

(Patel & Azzam, 2005). The N200 has also been linked to a mismatch between an 

existing memory template and the test stimulus, thus perceiving something as 

new (Daffner et al., 2000). Moreover, this ERP is assumed to be sensitive to 

perceptual novelty in that a single repetition attenuates its amplitude (Ferrari, 

Bradley, Codispoti, & Lang, 2010). Thus, on the one hand, it could be that the 

weakly embedded abstract figures were regarded as relatively new, which 
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explains why their N200 amplitudes increased. On the other hand, the drawn 

figures were repeated, which could account for their attenuated amplitudes. 

Furthermore, in agreement with Beisteiner et al. (1996), and in contrast 

to O’Hare and Goodwin (2018), we failed to find differences for the P300. This 

can be explained by the nature of the images and experimental designs used in 

these experiments. Namely, we used simple black and white abstract line 

drawings in an old/new recognition memory paradigm. Likewise, Beisteiner et 

al. (1996) used black and white abstract geometric images and tested old/new 

recognition. O’Hare and Goodwin (2018) used rather complex and colorful 

abstract artwork and a viewing task accompanied with discomfort judgements. 

Thus, while brain responses might differ depending on the complexity of the 

abstract imagery, it seems that old/new discrimination of simple abstract figures 

neither affects the P300 amplitude nor the latency. 

However, the current data showed a greater negative deflection of the 

N400 for the new compared to the drawn, and the studied compared to the drawn 

abstract figures over the fronto-central and posterior regions. This finding 

supports the notion that the N400 reflects familiarity-based discrimination and 

correct identification of new or fragilely memorized items (Curran & Hancock, 

2007; Rugg & Curran, 2007). The more posterior N400 is typically related to 

semantic processing (Otten, Sveen, & Quayle, 2007; Ziegler, Besson, Jacobs, & 

Nazir, 1995). Thus, the finding that the drawn abstract figures evoked the largest 

amplitudes at the more posterior locations could indicate that the participants 

tried to use verbalization during the processing of these stimuli. However, we 

did not ask which memory strategies the participants used. 

The P600 amplitudes of the drawn figures were larger compared to the 

new and studied ones. Since this ERP component is known to reflect recollection 

memory and successful old/new discrimination (Curran & Hancock, 2007; 

Friedman & Johnson, 2000; Otten, Sveen, & Quayle, 2007; Rugg & Curran, 2007; 

Ziegler, Besson, Jacobs, & Nazir, 1995), this could indicate that the drawn figures 
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and their encoding context were recollected better, probably as a function of the 

memory strength manipulation. Our behavioral results also supported such a 

notion. 

To summarize, the superior discrimination performance for the new 

figures can be explained by a more negative N400 amplitude. Larger P600 peaks 

can explain the improved recognition of the deeply memorized and repeated 

(drawn) figures. The N400 amplitude related to the processing of the studied 

figures was comparable to the new ones and showed a P600 wave similar to them, 

which elucidates their poorer discrimination performance. Thus, accurate 

discrimination performance of the abstract figures can be explained by a 

combination of effective use of familiarity (N400) and recollection (P600) type 

memory for the deeply encoded and repeated items. 

 

III.5.2.  Non-Words 

 
The behavioral findings regarding the advantages of deeper mnemonic 

encoding and repetition were very similar for the non-words and the abstract 

figures. Thus, semantically processed non-words were endorsed correctly as ‘old’ 

just as well as the new ones were identified as ‘new’. Additionally, deeper LOP 

and repetition resulted in improved accuracy compared to shallow memorization 

without repetition. Our findings on the LOP effect with the non-words were 

comparable to those detected with actual words by Gardiner (1988). Half of the 

participants encoded well-known words in his experiment by writing down a 

rhyming word (intermediate encoding); the other half had to come up with a 

semantic associate for each word (deep encoding). After a delay, an old/new 

recognition test was applied. Accuracy scores in the deep condition were 

significantly higher than in the intermediate condition. Thus, it can be said that 

deeper compared to more shallow LOP does not only improve the discrimination 

of words, but also of non-words. 
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The reaction times in response to the new non-words were slower than 

to the studied. Similar findings have previously been reported with non-words 

(Fjell, Walhovd, & Reinvang, 2005), whereas the opposite was found with words 

(Van Petten & Senkfor, 1995). It could be that the nonsense letter combinations of 

the new non-words in the current experiment were simply more challenging to 

process due to some sort of confusion or conflict with existing verbal knowledge, 

which led to more extended processing. In other words, it might be difficult for 

the brain to make sense of random letter strings upon a first encounter. 

Although the behavioral results were similar to the abstract figures, EEG 

processing appeared to be different due to the diverse nature of the stimuli. 

Notably, the ERP components visible for the non-words appeared to be less clear 

than those of the abstract figures or components typically observed with words 

(Smith & Guster, 1993; Van Petten & Senkfor, 1995). Similar visual data can be 

found in the experiment by Otten, Sveen, and Quayle (2007), who investigated 

the electrophysiological processing of words and non-words during encoding 

and recognition. The most feasible explanation for the qualitatively worse 

representation of the word vs. non-word ERPs could be that only the former has 

meaning. This enables us to obtain clearer signals during word over non-word 

processing since actual words make sense. 

In contrast to our expectations, we failed to detect significant N200 and 

P300 effects or find support for the context updating hypothesis with the non-

words (Patel & Azzam, 2005). We also could not detect differences involving the 

N400 amplitude or latency. This can be explained by the non-words being 

semantically incorrect (Ziegler, Besson, Jacobs, & Nazir, 1995). Indeed, other 

studies using meaningless stimuli also did not find effects on the N400 

(MacKenzie & Donaldson, 2009; Voss & Paller, 2009). However, this contrasts 

with our own findings regarding the abstract figures, which were also 

meaningless. 
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As seen with the abstract figures, the P600 amplitude of the non-words 

was also different for the semantically processed, studied, and new stimuli. 

Namely, while the semantically processed and the studied non-words elicited 

similar ERPs, they were both larger than those of the new. Such late old/new 

effects align with previous research showing that the later posterior P600 reflects 

recognition memory and effective old/new discrimination (Curran & Hancock, 

2007; Friedman & Johnson, 2000; Otten, Sveen, & Quayle, 2007; Rugg & Curran, 

2007; Ziegler, Besson, Jacobs, & Nazir, 1995). As such, our results agreed with 

those by Fjell, Walhovd, and Reinvang (2005), who used both word and non-

word stimuli in a two-phase EEG memory experiment. As in the current 

paradigm, their first phase was meant to induce deeper LOP utilizing a lexical 

discrimination task (word or non-word), followed by an old/new recognition test. 

Their finding revealed a clear parietal P600 peak for both the old words and the 

non-words, which the authors attributed to the quality and quantity of the 

recollected episodic memory. Thus, it seems that the deep memorization task 

applied with the semantically processed non-words, similar to the drawn abstract 

figures, contributed to memory recollection. This notion aligns with our finding, 

according to which the P600 latency associated with the new non-words was 

shorter than that related to the semantically processed ones. Accordingly, 

processing of the semantically processed items might have been more 

demanding due to recollection of contextual details (pairs with the rhyme words 

during deep memorization). Our findings also indicate that memory formation 

and retrieval of the semantically processed and the studied items were likely 

successful in the brain. Nonetheless, the recognition accuracy of the studied 

stimuli was worse than that of the semantically processed and new non-words. 
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 Conclusions 

 

The present study shows that the discrimination performance of pre-

experimentally unfamiliar abstract figures and non-words depends on memory 

strength induced by deeper LOP and repetition. Specifically, new abstract figures 

and non-words were more accurately identified than the old ones that relied on 

weak memories. In contrast to the stimuli relying on weak memories, 

discrimination of the drawn/semantically processes and new stimuli was 

improved when their memory was strong or when the memory was absent, 

respectively. By using pre-experimentally unfamiliar abstract figures and non-

word stimuli, the current experiment largely controlled for retroactive 

interference. 

The EEG results of the abstract figures indicated that the N400 effect 

discriminates between the new and drawn items relying on strong memories, 

whereas the P600 effect discriminates between the recollected drawn and non-

recollected items (studied items with weak memory and new stimuli). The late 

parietal P600 likely differentiates between old and new non-words. 

In closing, the presented findings fill a gap in the research by providing new 

insight into how the brain processes and discriminates abstract figures and non-

words and what role memory strength has in these processes. Essentially, our 

findings improve the understanding of such visual and lexical memory 

processing that does not rely on semantic knowledge. Moreover, we could 

identify a pattern of brain activity that defines accurate discrimination 

performance of such items, which could be useful in developing appropriate BCI 

technologies. 

To further investigate the claims presented in this work, future research 

could implement spectral power analyses. Moreover, the present paradigm could 

be extended with the application of confidence judgments and questionnaires 

that could reveal which specific strategies the participants used during 
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memorization. An intriguing follow-up study could examine the relation 

between recognition and recall using an extended version of the current 

paradigm. Finally, it would be interesting to define the electrophysiological 

patterns of pre-experimentally unfamiliar old/new item recognition and combine 

these results with BCI technology. 
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 Abstract 

 

Background: Age-related memory problems posit a growing concern in our 

society. This study investigated the impact of age and memory strength on the 

recognition performance of pre-experimentally unfamiliar abstract figures and 

non-words. 

Methods: We applied a three-phase old/new recognition memory paradigm and 

manipulated memory strength as a function of the Levels of Processing (deep vs. 

shallow) and repetition.  

Results: Older adults relative to the young showed impairment in the correct 

identification of new items. As indicated by the lower discriminability indexes, 

the elderly also had difficulties discriminating the strongly (drawn) and the 

weakly (studied) embedded abstract figures but not the non-words.  Age-related 

differences in speed of processing were also only evident with the abstract 

figures. Additionally, our results revealed that discrimination performance was 

mediated by memory strength in both age groups.  

Discussion: The current findings agree with previous research on age-related 

impairment in new item recognition, which can be attributed to misrecollection, 

decreased sensitivity to novelty, and less accurate novelty assessment in the 

elderly than the young. The detected age effects on the discriminability of the 

drawn and studied abstract figures agree with the age-related impairment in the 

perceptual encoding hypothesis and support the notion related to the need for 

environmental support to reduce age effects. 

Conclusion: The present findings delineate differential age effects on the 

memory processing of visual and verbal materials. Thus, the current study 

further supports the notion that recognition performance in aging is only 

impaired under certain conditions. Finally, the current results extend the 

understanding of the mechanisms underlying age-related changes on the 

memory of pre-experimentally unfamiliar items. 
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Keywords: discrimination; recognition memory; cognitive aging; abstract 
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 Introduction 

Age-related memory problems are among the most prominent complaints of the 

elderly (Fraundorf, Hourihan, Peters, & Benjamin, 2019).  For example, it has been 

shown that older participants compared to young have difficulties with learning 

new information, especially when the study process requires self-initiated 

strategies (Bridger et al., 2017; Fraundorf, Hourihan, Peters, & Benjamin, 2019; 

Naveh-Benjamin & Mayr, 2018). Moreover, based on oddball tasks, older people 

have been found to demonstrate decreased sensitivity to novelty (Fandakova, 

Lindenberger, & Shing, 2014), likely resulting from the inability to inhibit 

irrelevant information (Amenedo & Diaz, 1998; Hasher, Zacks, & May, 1999; 

Weisz & Czigler, 2006). Also, retrieval processes, such as free recall and 

recognition are assumed to show age deficits (Bridger et al., 2017; Fraundorf, 

Hourihan, Peters, & Benjamin, 2019; Naveh-Benjamin & Mayr, 2018), which has 

partly been attributed to set back in processing speed (Levin, Eisenberg, & 

Benton, 1992; Salthouse, 1996; van Hooren et al., 2007). Although age-related 

memory deficits in tasks requiring novelty detection, recall, and memory for 

context are well understood, differences in the processes underlying recognition 

memory remain unclear.  

Information-processing theories define recognition as a predicament of 

discrimination between what is known (familiar) and what is not known (new) 

(Benjamin, Diaz, & Wee, 2009; Stanislaw & Todorow, 1999; Verde & Rotello, 2007; 

Yonelinas, 2002). Discrimination performance is typically tested with paradigms 

that assess recognition memory. In such paradigms, participants must recognize 

previously studied items as old correctly and identify previously not seen ones 

as new  (Malmberg, 2008). The recognition/discrimination process generates a 

cue, which can prompt either a sense of familiarity or novelty (Yonelinas, 2002; 

Yonelinas, Kroll, Dobbins, Lazzara, & Knight, 1998). Thus, the decision process 

determines whether a stimulus is judged as old or as new. In this context, 
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participants rely on the fidelity of their memory and their preference when 

making the old/new decisions.  

A recent meta-analysis by Fraundorf, Hourihan, Peters, and Benjamin 

(2019) examined age effects on recognition. They found that older participants 

exhibit poorer recognition accuracy, use more liberal decision criterions, and are 

more biased towards judging an item ‘old’ even when it is new. For example, 

Norman and Schacter (1997) found that the elderly were more susceptible than 

the young to falsely remember information that was not presented during 

encoding but was semantically related to the studied words. Such findings could 

indicate a global memory deficit, which entails an overall memory performance 

decrease rather than an impairment of a specific memory process (Benjamin, 

2010). In contrast, another review by Park and Festini (2017) argues for domain-

specific memory deficits and points out that age differences are more evident 

with complex than easy tasks. This notion aligns with the limited resources 

theory of cognitive aging (Craik & Byrd, 1982; Park & Festini, 2017). According 

to this hypothesis, age effects on memory are due to the elderly having limited 

amounts of cognitive resources (i.e., attention or mental energy) available during 

memory processing, which explains why task difficulty might lead to the 

observed age-effects.  

Research has shown that age effects can be reduced, for instance, when 

cues are given during test (i.e., environmental support hypothesis) (Craik, 1986) 

or when the elderly are encouraged to engage in higher-level encoding (i.e., 

production deficit hypothesis) (Kausler, 1970), resulting in deeper Levels of 

Processing and stronger memory formation (Craik, 2002; Craik & Rose, 2012). 

Previous studies have shown that memory strength can effectively be 

manipulated as a function of repetition (Verde & Rotello, 2007) or depth of 

processing, the so-called Levels of Processing (LOP) (Gardiner, 1988). Repetition 

is known to strengthen memory by increasing the subjective sense of familiarity 

resulting from the re-encoding of a particular memory trace  (Hintzman & 
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Curran, 1997; Ranganath & Rainer, 2003). The LOP theory predicts that deep (e.g., 

meaning-extraction, pattern recognition, activation of prior knowledge) and 

intermediate processing (e.g., phonetics) lead to superior and faster retrieval 

when compared to shallow processing (e.g., perceptual analyses, rehearsal) 

(Craik, 2002; Craik & Lockhart, 1972; Craik & Tulving, 1975; Newell & Andrews, 

2004). 

In agreement with the above, the processing theory account of cognitive 

aging suggests that the memory problems of the elderly are due to difficulties 

with commencing mnemonic processing when no experimental instructions are 

provided and can be improved when such instructions are given (Craik, 2002). 

Mnemonics, such as verbal (e.g., rhyming), motor (e.g., drawing), or visual (e.g., 

imagining) techniques, strengthen memory storage and improve subsequent 

retrieval due to deeper elaborative processing (Hulstijn, 1997; Jones-Gotman, 

1986; Paivio & Desrochers, 1981; Solso, 1995). Mnemonics are useful because they 

involve the allocation of several cognitive domains (Hulstijn, 1997; Paivio & 

Desrochers, 1981; Solso, 1995) from which the aged can particularly benefit 

(Fraundorf, Hourihan, Peters, & Benjamin, 2019).  

However, the pictures and words used in most experiments are rarely 

wholly novel in that they would not have an existing representation in memory 

(Fraundorf, Hourihan, Peters, & Benjamin, 2019). As such, discrimination of such 

stimuli relies pre-dominantly on pre-experimental knowledge, which, especially 

in older people, entails a lifespan of experiences with similar items. Therefore, it 

is less surprising that the aged exhibit a deficit since their more extensive 

experiences might be a source of confusion as to whether a stimulus was 

memorized during or beforehand a study. Also, aged adults tend to use their 

existing semantic knowledge more efficiently, which, in fact, depending on the 

stimuli used, can sometimes improve their discrimination performance (Badham, 

Poirier, Gandhi, Hadjivassiliou, & Maylor, 2016; de Chastelaine, Mattson, Wang, 

Donley, & Rugg, 2017; Fraundorf, Hourihan, Peters, & Benjamin, 2019).   
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Pre-experimentally unfamiliar stimuli, such as abstract figures or non-

words, hardly rely on existing semantic knowledge, and therefore, can 

adequately control for confusion due to prior experience. For example, Smith, 

Park, Cherry, and Berkovsky (1990), similarly to Harker and Riege (1985), 

reported significant age differences during the recognition of meaningless 

abstract but not meaningful, concrete pictures. Another study by Badham and 

Maylor (2011) compared the discrimination performance of words and non-

words in healthy elderly and young participants using an associative recognition 

memory paradigm. Age differences in the discrimination of the non-words were 

comparable to the words, notwithstanding a lack of pre-experimentally existing 

memory for non-words.  

In the present study, we aimed to examine age effects on the recognition 

performance as a function of memory strength involving meaningless abstract 

figures and non-words (Toth, Sambeth, & Blokland, 2021). We chose to include 

both figurative and verbal stimuli since, on the one hand, processing of such 

stimuli can show differential age effects (Badham & Maylor, 2011; Koutstaal, 

Reddy, Jackson, Prince, Cendan, & Schacter, 2003). On the other hand, these 

stimuli are also known to be processed differently (Kim, Yoon, & Park, 2004). To 

investigate this, we tested aged and young participants with a three-phase 

old/new memory paradigm. The stimuli were first familiarized via mnemonic 

encoding to prompt deep processing: the participants had to redraw the abstract 

figures and mention existing rhyming words for the non-words (semantic 

processing). Then, the stimuli in the second phase were processed shallowly via 

an instruction to remember as many stimuli as possible. Here, the stimuli from 

the first phase were shown repeatedly mixed with some new items. Finally, in 

the third phase, an old/new recognition test was used. Here, stimuli from the first 

and second phases were shown together with new items. Recognition accuracy 

and speed were assessed. 
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Based on the presented evidence, we hypothesized that the overall 

recognition performance would show age effects. Specifically, we expected to see 

larger differences for to the studied and new items likely resulting from higher 

false alarm rates in the aged then the young group. In addition, no age effects 

were anticipated concerning the recognition of the deeply memorized items.  

Also, the older participants were expected to be slower in processing than the 

young. Overall, the correct identification of the new items as opposed to the 

studied was expected to be better (Toth, Sambeth, & Blokland, 2021). Finally, 

recognition of the deeply vs. shallowly encoded items was expected to be more 

accurate independently of age. 

 Materials and Methods 

 

The Ethical Committee of the Faculty of Psychology and Neuroscience of 

Maastricht University granted ethical approval for this experiment. Each 

participant received monetary compensation or research participation credit 

points. On average, the experiment took 1.5 hour/test-session (Ethical Approval 

Code: ECP13_02_2012). 

 

IV.3.1. Participants 

 
An a priori statistical power analysis using G*power 3.1 showed that in 

order to detect significant effects using an ANOVA 15 participants were required 

for each age group, with an effects size of 0.4 and power of at least 80% at a 

significance level of 5% (Faul, Erdfelder, Lang, & Buchner, 2007). The main 

inclusion criteria were age (young: 18-30 years, aged:  60-80 years) and being 

fluent in the Dutch language.  A total of 15 young healthy participants (5 males) 

with mean age of 23 years, and 15 healthy aged participants (8 males) with a mean 

age of 71 years were recruited by means of advertising. The aged participants 
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were excluded if suffering from any objectified memory impairment or 

neurological/neuropsychiatric disorder. In order to exclude severe cognitive 

impairment, the Mini Mental State Examination (MMSE) was administered, and 

volunteers who scored ≥25 indicating dementia, were excluded (Folstein, 

Folstein, & McHugh, 1975).  

 

IV.3.2. Procedure  

 
The procedure and the stimuli were the same as applied in another study 

by our group (Toth, Sambeth, & Blokland, 2021). Thus, after signing informed 

consent, participants were admitted to the study. Prior to starting the experiment, 

each participant filled in a demographic questionnaire, including information 

about sex, age, and handedness. During the test, stimuli were presented via a 

computer screen, and participants had to respond on two keys of a response pad. 

Recognition accuracies and reaction times were recorded.  

A memory paradigm with abstract figures and non-words was applied 

in separate tests. See Figure 1 for an example of the stimuli used. Every 

participant performed each test phase first with the abstract figures and then with 

the non-words to minimize verbalization of the figurative stimuli. The 

experiment consisted of three phases (see Figure 2). In phase 1 (deep 

memorization leading to ‘strong’ memory), participants were familiarized with a 

series of 30 abstract figures or monosyllabic non-words in separate tests (list 1: 

L1). Participants were asked to manually redraw the abstract figures on an 

answer sheet in order to induce deep LOP. They had to mention existing English 

or Dutch rhyme words for each non-word to induce intermediate LOP. Stimuli 

were presented for 1 s, and the participants were given 14 s to execute the deep 

encoding task. If they were ready earlier, they could press a button, and 2 s later, 

the next stimulus appeared. Stimuli were extracted from previous studies 
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(Glosser, Friedman, Grugan, Lee, & Grossman, 1998; Redoblado, Grayson, & 

Miller, 2003; Seidenberg, Plaut, Petersen, McClelland, & McRae, 1994). 

 

 

 

 

 

 

 

 

 

Figure 1: Examples of the stimuli used.  

 

Figure 2. Schematic overview of the experimental design. Phase 1: deep memorization with the pre-

experimentally unfamiliar abstract figures and non-words in separate tests using a mnemonic 

encoding task (redrawing the abstract figures and mentioning rhyming words for the non-words). The 

30 stimuli used here form List 1 (drawn/semantically processed stimuli). Phase 2: shallow 

memorization with the instruction to remember as many stimuli as possible. This phase contained 

items from List 1 and 30 new ones (List 2, studied stimuli). Phase 3: recognition of the stimuli including 

List 1, List 2, and 30 new (List 3).n: number of stimuli presented (Toth, Sambeth, & Blokland, 2021). 



 

 95 

 

During phase 2 (shallow memorization leading to ‘weak’ memory), 

participants were instructed to remember as many stimuli as possible. In this 

phase, 60 stimuli (abstract figures or non-words) were used: 30 stimuli from L1 

were randomly mixed with 30 new ones (L2). All stimuli were shown for 1 s with 

an inter-stimulus interval (ISI) of 2 s. 

During phase 3, participants were asked to decide if they had seen the 

presented stimulus in the previous series (L1 and L2) or whether the stimulus 

was new to them (L3: new, n = 30). The 90 non-words or abstract figures were 

presented for a duration of 1 s, or less in the case of faster button press; the ISI 

was 2.5 s. Participants had to press the corresponding buttons (‘old’ for L1 and 

L2, or ‘new’ for L3 stimuli) on a response box as quickly and accurately as 

possible. 

A filler paper-and-pencil task and another non-verbal task were given 

between phase 2 and 3. The filler task consisted of the localization of number 

sequences, vertically or horizontally placed within a field of numbers (10 min). 

The other task consisted of watching a silent cartoon while auditory stimuli were 

presented (10 min). 

 

IV.3.3. Data Analysis 

As reported in Toth, Sambeth, and Blokland (2021), before analysis, all 

data were evaluated for having normal distribution and homogeneity of 

variance. Additionally, raw data were checked for outliers. Outlier values were 

replaced with their regression estimates produced by the missing value analyses 

(IBM SPSS Statistics for Macintosh, Version 27.0. Armonk, NY: IBM Corporation). 

Additionally, due to technical issues, 1–2 responses per participant were missing 

(e.g., the button press was not recorded). In these cases, values were replaced 

with their regression estimates. Effect sizes are reported based on partial eta-
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squared (ηp2) data. Furthermore, Mauchly’s test of sphericity was applied. In 

case the assumption of sphericity was violated, a Greenhouse–Geisser correction 

was used. In all cases, degrees of freedom of assumed sphericity were reported. 

Levene’s test was used to assess the equality of variances. In case the assumption 

of equal variances was violated, median-based independent samples non-

parametric tests were applied. Post-hoc comparisons and simple effects were 

investigated using paired-samples and independents samples t-tests, applying 

adjustments for multiple comparisons; the observed p-values were multiplied by 

the number of comparisons, which was tested against the set significance level of 

0.05. Values of unequal variances are reported if the assumption of equal 

variances was violated. 

For the behavioral data, Signal Detection Theory (SDT) was applied in 

order to investigate the discrimination performance (Benjamin & Bawa, 2004; 

Benjamin, Diaz, & Wee, 2009; Stanislaw & Todorow, 1999; Verde & Rotello, 2007). 

Discrimination accuracy was defined as the ability to distinguish the different 

types of stimuli (drawn/semantically processed, studied and new). Correct 

responses included an ‘old’ response to the drawn/semantically processed items 

and the studied stimuli, and a ‘new’ response to the new items. Incorrect 

responses involved a ‘new’ response to the drawn/semantically processed items 

and the studied stimuli and an ‘old’ response to the new stimuli. See Table 1 for 

an overview. 
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Table 1. Overview of the different types of responses as a function of stimulus type. 

 Stimulus Type Response 

Hit (H) 
Drawn or semantically 

processed/Studied  
‘Old’ 

Miss (M) 
Drawn or semantically 

processed/Studied  
‘New’ 

Correct Rejection (CR) New ‘New’ 

False Alarm (FA) New ‘Old’ 

Hit Rate (HR) 
Drawn or semantically 

processed/Studied  
H/(H + M) 

Correct Rejection Rate (CRR) New CR/(CR + FA) 

 

Given the memory strength manipulation in the current design (deep 

memorization, shallow memorization, and recognition), the correct response 

rates, being hit rates (HR) for the drawn/semantically processed, and the studied 

items and correct rejection rates (CRR) for the new, were used to evaluate the 

discrimination accuracy. Furthermore, to investigate discriminability, non-

parametric A’ statistics were computed for the drawn/semantically processed 

and the studied stimuli using Equations (1) or (2) (see below). A′ varies from 0 to 

1, with 0.5 indicating chance performance. Higher values are indicative of 

improved performance (Snodgrass & Corwin, 1988; Stanislaw & Todorow, 1999).  

                                    A’= 0.5 +
(𝐻𝑅−𝐹𝐴𝑅)(1+𝐻𝑅−𝐹𝐴𝑅)

4𝐻𝑅(1−𝐹𝐴𝑅)
, if 𝐻𝑅 ≥ 𝐹𝐴𝑅 (6) 

                     A’= 0.5 −
(𝐻𝑅−𝐹𝐴𝑅)(1+𝐻𝑅−𝐹𝐴𝑅)

4𝐻𝑅(1−𝐹𝐴𝑅)
, if 𝐻𝑅 < 𝐹𝐴𝑅 (7) 

A’: discriminability index, HR: hit rate, FAR: false alarm rate. 

 

During recognition, the a priori probabilities of old and new items and 

the quality of the match between a test item and the memory for studied items 

can influence the bias parameter (Huang & Ferreira, 2020; Stanislaw & Todorow, 

1999). Such a model does not fit the current paradigm due to the memory strength 

manipulation used and the equivalent proportion and intended comparison of 

the strong (n = 30), weak (n = 30), and new items (n = 30) [44]. After all, the final 
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proportion of ‘old’ and ‘new’ responses was 2:1. Therefore, we calculated the total 

amount of ‘old’ (H + FA) and ‘new’ (M + CR) responses given by the participants. 

This was done to examine whether there was a preference for either the ‘old’ or 

‘new’ responses. Results were compared using paired samples t-tests with 

Bonferroni corrections. 

RT data of the hits were evaluated, as well. To be able to use parametric 

tests, RT-s were transformed into |log(1/RT)| to obtain a normal distribution of 

the data (Osborne, 2002). Moreover, the median RT data are reported as central 

tendency parameters, together with the corresponding first and third 

interquartile ranges (Ratcliff, 1993).  

Statistical analysis was conducted using SPSS 27.0. A repeated measures 

analysis of variance (ANOVA) was used to investigate discrimination accuracy 

scores and RT-s for the different stimuli in the different categories as assessed in 

Phase 3. The within-subject variables were Stimulus Type (drawn/semantically 

processed, studied stimuli, and new) for the abstract figures and non-words 

analyzed in separate tests, and the between subject variable was Age (young and 

elderly).  

 

 Results 

 

Although there was an unequal number of old-responses over new-

responses (2:1), we found that there was no response bias (see Table 2). The 

mean signal-detection parameter estimates are displayed in Table 3. 
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Table 2. The overall number of old and new responses during the recognition phase Data represent 

the means (SEM) of the total ‘old’ and ‘new’ responses and the corresponding % compared to the 90 

items/stimulus category (abstract figures and non-words), and the t-statistics for the young and the 

elderly. 

 

 Young                Elderly 

Response 

Type 

Abstract   

Figures 

Non-words Abstract 

Figures 

Non-words 

‘Old’  48.40 (2.53)   54%              43.47 (2.18)    48%        49.23 (2.12)   55%              47.85 (3.76)   53%              

‘New’ 41.53 (2.54)   46%              46.40 (2.20)    52%              40.46 (2.02)   45%              42.00 (3.75)   47%              

Paired 

samples  

t-test 

t(14) = 1.36,  

p > .197 

t(14) = 0.67,  

p > .514 

t(12) = 2.12,  

p > .550 

t(12) = 0.78,  

p > .451 

 

 

Table 3. Means (SEMs) of the signal-detection measures concerning the recognition performance with 

the abstract figures and non-words for the drawn/semantically processed, studied, and new stimuli 

according to age (young and elderly). 

 Young Elderly 

Stimulus 

Type 

Parameters Abstract 

Figures 

Non-words Abstract 

Figures 

Non-words 

Drawn/Se

mantically 

processed  

HR 0.98 (0.01)  0.80 (0.04)  0.94 (0.12)  0.83 (0.02)    

A’ 0.90 (0.10)  0.69 (0.02)  0.76 (0.03) * 0.62.(0.01)  

Studied 

 

HR 0.57 (0.06) aa, bb 0.50 (0.04) aa, bb 0.52 (0.05) aa, bb 0.57 (0.05) aa, bb 

A’ 0.63 (0.03) aa 0.56 (0.01) aa 0.56 (0.01) *, aa 0.55 (0.01) aa 

New  CRR 0.95 (0.01) aa 0.84 (0.02) 0.80 (0.01) *, aa 0.70 (0.02) * 

HR: hit rate, CRR: correct rejection rate, A’: discriminability index. Age effects: *: p < .05. Stimulus type 

effects: different from the drawn items: aa p < .001, different from the new items: bb p < .001. 
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IV.4.1. Abstract Figures 

 

When analyzing the accuracy performance in the session with the 

abstract figures the ANOVA revealed a significant age x stimulus type interaction 

[F(2,25) = 4.00, ηp²  = 0.34, p < .031; see Fig. 3A and Table 3]. Levene’s test indicated 

unequal variances for the new abstract figures [F(1,26) = 6.79, p < .015].  Simple 

effects analyses revealed that the young compared to the elderly were more 

accurate in recognizing the new abstract figures [t(12.38) = 3.36, p < .015]. No such 

differences were found for the drawn [t(26) = 2.52, p > .054] and the studied items 

[t(26) = 0.63, p > .999]. Also, the main effect of age [F(1,26) = 6.13, ηp²  = 0.19, p < 

.020] and stimulus type were significant [F(2,52) = 76.67, ηp²  = 0.75, p < .001; see 

Fig. 3A and Table 3]. Post-hoc tests of the stimulus type showed that overall 

recognition accuracy of the drawn stimuli was better compared to the studied (p 

< .001) and new (p < .001). Also, more new stimuli were endorsed correctly 

compared to the studied (p < .001). 

 

Figure 3: Recognition accuracy performance of the abstract figures (A) and the non-words (B) 

according to age (young and elderly) for the hit rates of the drawn/semantically processed and studied 

items, and the correct rejection rates in repose to the new items. The bars represent the means. 

 

Age effects: *: p < .05. Stimulus type effects: aa: p < .001 
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The analyses performed on the A’ scores revealed a significant age x 

stimulus type interaction [F(1,26) = 4.84, ηp² = 0.16, p < .037; see Table 3]. Levene’s 

test indicated unequal variances for the drawn [F(1,26) = 5.83, p < .023] and the 

studied abstract figures [F(1,26) = 4.71, p < .039]. Simple effects analyses revealed 

that the young compared to the elderly could discriminate the drawn [t(14.82) = 

4.77, p < .001] and the studied abstract figures better [t(22.22) = 2.40, p < .025]. As 

for the stimulus type effect, the drawn abstract figures resulted in improved 

discriminability compared to the studied [F(1.26) = 203.47, ηp²  = 0.89, p < .001; see 

Table 3]. The main effect of age was also significant [F(1.26) = 203.47, ηp² = 0.89, p 

< .001]. 

When analyzing the RT-s, the ANOVA confirmed a significant main 

effect of age [F(1,27)=19.56, ηp² = 0.43, p < .001; see Table 3], with the young 

participants being faster than the elderly. Another main effect of stimulus type 

was found [F(2,25)=85.29, ηp² = 0.87, p < .001; see Table 3]. Post-hoc tests showed 

that reactions were faster to the drawn compared to the studied and compared 

to the new stimuli (p < .001) in both age groups. No such difference was found 

between the studied and new stimuli (p > .999). Finally, there was no interaction 

between age and stimulus type [F(2,52)=1.20, ηp² = 0.09, p > .319].  
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Table 4. Median reaction times (middle 50% range; in milliseconds in response to the 

drawn/semantically processed, studied, and new abstract figures and non-words) and their 

corresponding first and third interquartile ranges for the young and the elderly.  

 Young Elderly 

Stimulus Type Abstract Figures Non-words Abstract Figures  Non-words 

Drawn/Semantically 

processed  

661 

(613-742) 

648 

(636-665) 

911 ** 

(781-1029) 

659 

(627-790) 

Studied 794aa 

(718-1011) 

650 

(575-719) 

1099**, aa 

(938-1202) 

620 

(578-651) 

New  811aa 

(734-953) 

689 

(637-734) 

1149 **, aa 

(1034-1210) 

684** 

(495-782) 

Age effects: ** p < .001. Stimulus type effects: different from the drawn/semantically processed: aa p < 

.001 

 

IV.4.2. Non-Words 

 

The ANOVA analysis of the non-words revealed a significant age x 

stimulus type interaction [F(2,25) = 4.57, ηp²   = 0.27, p < .020; see Fig. 3B and Table 

3]. Levene’s test indicated unequal variances for the semantically processed non-

words [F(1,26) = 6.79, p < .015].  Simple effects analyses showed that the young 

compared to the older participants were more accurate in rejecting the new non-

words correctly [t(26) = 4.42, p < .003]. No such differences were found for the 

semantically processed [t(23.21) = 0.66, p > .999] and studied items [t(26) = 1.54, p 

> .936]. Moreover, the main effect of stimulus type was also statistically 

meaningful [F(2,25) = 47.83, ηp²  = 0.79, p < .001; see Fig. 3B and Table 3]. Post-hoc 

tests showed that the recognition accuracy of the semantically processed stimuli 

was better compared to the studied (p < .001) but not compared to the new items 

(p > .340). Also, more new non-words were identified correctly compared to the 
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studied (p < .001). Age did not yield a significant main effect [F(1,26) = 0.20, ηp²  = 

0.01, p > .659]. 

The analyses of the A’ scores revealed a significant age x stimulus type 

interaction [F(1,26) = 4.89, ηp² = 0.16, p < .036; see Table 3]. However, simple effects 

analyses did not reveal any differences for the semantically processed [t(26) = 

4.77, p > .060] or the studied non-words [t(26) = 4.77, p > .060]. As for the stimulus 

type effect, the semantically processed non-words resulted in improved 

discriminability compared to the studied [F(1.26) = 75.76, ηp² = 0.75, p < .001; see 

Table 3]. The main effect of age was not significant [F(1.26) = 203.47, ηp² = 0.89, p 

> .070]. 

The analyses of the RT-s did not yield an age [F(1,26) = 0.62, ηp² = 0.02, p 

> .440], or stimulus type effect [F(2,25) = 1.98, ηp² = 0.14, p > .159]. Finally, the 

stimulus type x age interaction was statistically also not meaningful [F(2,25) = 

0.26, ηp² = 0.02, p > .773]. See Table 4.  

 

 Discussion 

 

The current study investigated age effects on the recognition 

performance of abstract figures and non-words using a three-phase old/new 

memory paradigm. We were particularly interested to see how aging affects the 

recognition of previously seen old vs. previously not seen new items when 

memory strength is manipulated (i.e., deep encoding with repetition and shallow 

processing without repetition). Our results revealed age-related deficits in new 

item identification for both the abstract figures and the non-words. Moreover, as 

indicated by the discriminability indexes (A’), the young were better in 

discriminating the drawn and studied abstract figures. In line with previous 

research, this was likely due to the elderly making more false alarms (Bowman 

& Dennis, 2015; Fraundorf, Hourihan, Peters, & Benjamin, 2019). Partly in 
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contrast to our expectations, age-related slowing in processing speed was only 

evident with the abstract figures but not with the non-words.  

In addition, our results revealed that recognition performance was 

mediated by memory strength in both age groups to a similar extent. Namely, 

new item identification was superior to the recognition of the studied items when 

abstract figures and non-words were encoded shallowly. In contrast, the 

recognition of the new items was comparable to the semantically processed non-

words but was worse for the drawn abstract figures. Finally, our overall results 

were in line with our age-independent expectation concerning the memory 

advantage of deeper LOP and repetition over shallow LOP without repetition 

(Cherry et al., 2008; Craik, 2002; Craik & Lockhart, 1972; Craik & Tulving, 1975; 

Newell & Andrews, 2004). 

 

IV.5.1. Age effects on new item recognition 

 
The elderly in the current study could identify the new abstract figures 

and non-words as ‘new’ less accurately than the young. Accordingly, the elderly 

produced more false alarms, which explains the age-related deficits in the 

differentiation of these stimuli. Several accounts can be offered in explanation of 

these results, such as the misrecollection account of cognitive aging (Dodson, 

Bawa, & Krueger, 2007), age-dependent impairment in novelty assessment 

(Bastin, Delhaye, Moulin, & Barbeau, 2019; Daffner et al., 2011; de Chastelaine, 

Mattson, Wang, Donley, & Rugg, 2017), and decreased sensitivity to novelty 

(Czigler, Pato, Poszet, & Balazs, 2006). 

First, it is well-documented that during discrimination elderly can have 

difficulties with correct identification of new items when the old items are 

perceived as insufficiently distinct perceptually or conceptually from the new 

ones (Dodson, Bawa, & Krueger, 2007; Fraundorf, Hourihan, Peters, & Benjamin, 

2019; Gallo, Cotel, Moore, & Schacter, 2007). As such, new items can prompt an 
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increase in the number of false alarms (Gallo, Cotel, Moore, & Schacter, 2007; 

Kroll, Knight, Metcalfe, Wolf, & Tulving, 1996). False memories can reliably 

induce misrecollection, which the aged are specifically prone to (Dodson, Bawa, 

& Krueger, 2007).   

Second, one of the most prominent accounts of novelty processing is the 

comparator or match/mismatch model (Kumaran & Maguire, 2007). According 

to this model, the input undergoes a preliminary evaluation followed by the 

initiation of match/mismatch signals. If the stimulus matches an existing 

representation, it is recognized as familiar. On the other hand, novelty is detected 

if there is no match or if a mismatch is found (Kafkas & Montaldi, 2014; Kafkas & 

Montaldi, 2018; Kumaran & Maguire, 2007). This comparison is assumed to be 

carried out by the hippocampus (Kafkas & Montaldi, 2014; Kafkas & Montaldi, 

2018; Kumaran & Maguire, 2007), a structure that is known to deteriorate with 

age (Bowman & Dennis, 2015; de Chastelaine, Mattson, Wang, Donley, & Rugg, 

2017; Grady, McIntosh, & Craik, 2003). Therefore, it is less surprising that novelty 

assessment of pre-experimentally unfamiliar stimuli could be demanding for the 

elderly. In other words, a less operational hippocampus, the lack of semantic 

support, and pre-experimentally existing stimulus representation could 

conjointly contribute to the evidenced age effects. Also, considering the 

meaningless nature of the stimuli, it seems plausible that the aged could rely less 

on their accumulated semantic knowledge to support the generation of the 

mismatch signals (Fraundorf, Hourihan, Peters, & Benjamin, 2019; Zacks & 

Hasher, 2006).  

Third, as a consequence of cognitive aging, sensitivity to novelty may 

decline (Czigler, Pato, Poszet, & Balazs, 2006; Daffner et al., 2006; Daffner et al., 

2011). For example, it has been shown by Daffner et al. (2006) that cognitively 

average performing elderly had shorter viewing time in response to the novel 

stimuli than the elderly with high cognitive performance. The authors attributed 

this to decreased novelty sensitivity. Similarly, Czigler, Pato, Poszet, and Balazs 
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(2006) also reported decreased sensitivity to visual novelty and overall cognitive 

slowing in the aged compared to the young. Therefore, it could be that the results 

of the current experiment may also reflect an age-related decrease in sensitivity 

to novelty. 

 

IV.5.2. Age effects on old item recognition  

 
We anticipated detecting age effects concerning the correct recognition 

of the studied but not the drawn abstract figures and semantically processed non-

words. When looking at the pure hit rates, age effects were not apparent. 

However, clear age effects were found concerning the discriminability indexes 

(A’) of these stimuli, which involve false alarms. Namely, it was more difficult 

for the elderly to differentiate the drawn and studied abstract figures. 

Interestingly, this was not found for the non-words. Different theories have been 

proposed to explain memory performance in aging. Here, we will relate our 

findings to the processing theory account of cognitive aging (Craik, 2002), the 

environmental support hypothesis (Craik, 1986). the impaired perceptual 

encoding hypothesis (Trahan, Larrabee, & Levin, 1986), and the self-initiated 

processing theory (Bridger et al., 2017; Fraundorf, Hourihan, Peters, & Benjamin, 

2019; Naveh-Benjamin & Mayr, 2018).  

First,  according to the processing theory account of cognitive aging, we 

should have found smaller or no age effects on the deeply encoded (drawn and 

semantically processed) than shallowly encoded (studied) items (Craik, 2002), 

which was not the case. Therefore, this theory cannot explain the age effects on 

the processing of abstract figures and non-words. Interestingly, we found age 

effects for both types of abstract figures but not the non-words. These findings 

align with previous research using similar items (Badham & Maylor, 2011; 

Harker & Riege, 1985; Smith, Park, Cherry, & Berkovsky, 1990). At the same time, 

these results also support the environmental support hypothesis (Craik, 1986). 
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Regarding the abstract figures, it seems likely that the simple line drawings could 

not provide enough perceptual details to act as environmental support for the 

elderly. This explains why age effects are not found with complex, rich but are 

detected with simple pictorial materials (Harker & Riege, 1985; Smith, Park, 

Cherry, & Berkovsky, 1990). In this case, the complexity of the stimulus can be 

seen as environmental support. Regarding the lack of age effects with the non-

words, it seems likely that the age-related impairment diminished due to the 

rhyming words acting as environmental support. Indeed, Craik and McDowd 

(1987) did not find age differences in the recognition accuracy of target words 

encoded with cue phrases. Thus, it can be seen that age effects differ for verbal 

and visual materials. It also seems likely that environmental support is more 

powerful than mnemonic instructions for reducing age effects.    

Second, the detected age effects on the discriminability of the drawn and 

studied abstract figures in the current experiment align with the age-related 

impairment in the perceptual encoding hypothesis (Trahan, Larrabee, & Levin, 

1986). This hypothesis holds that whereas young people can efficiently encode 

and retrieve rich perceptual information of both concrete and abstract figurative 

stimuli, the aged experience difficulties regardless of the nature of the stimuli. 

This is not surprising considering that visual processing declines with age 

(Bowman & Dennis, 2015; Polidori, Zen, Zaccheo, & Amenta, 1993). Thus, it 

seems that these factors can account for the age differences of abstract figurative 

memory. In agreement with previous research, it is also plausible that these 

results are due to the higher false alarm rates, and thus, some confusion evident 

with the elderly (Bowman & Dennis, 2015; Fraundorf, Hourihan, Peters, & 

Benjamin, 2019).   

Third, we argue that the self-initiated processing theory account of 

cognitive aging cannot explain age-related deficits related to abstract figurative 

memory considering the marked difference in the A’ scores (Bridger et al., 2017; 

Fraundorf, Hourihan, Peters, & Benjamin, 2019; Naveh-Benjamin & Mayr, 2018). 
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As such, our results are agreeable with those by Fraundorf, Hourihan, Peters, and 

Benjamin (2019). This meta-analysis found larger age differences for tasks that 

required the participants to use deep, semantic encoding, implying pre-

experimentally familiar stimuli. Thus, it seems that aging negatively affects the 

memory of pre-experimentally familiar as well as pre-experimentally unfamiliar 

figurative items. 

Finally, the setback in processing speed with the abstract figures 

complies with well-documented age-dependent cognitive slowing (Levin, 

Eisenberg, & Benton, 1992; van Hooren et al., 2007). Interestingly, both the aged 

and the young reacted at a comparable pace to the non-words. A possible 

explanation could be that pictures are represented as integrated patterns, 

whereas verbal stimuli are not (Rajaram, 1996). Moreover, Noldy, Stelmack, and 

Campbell (1990) suggested that the processing of verbal stimuli is automatic and 

fast. In contrast, picture processing requires additional allocation of attentional 

resources, which can slow down reactions. Automated memory processes in 

healthy aging are preserved and comparable to that in young (Titov & Knight, 

1997). Consequentially, this can explain why the processing speed of the abstract 

figures did show age effects, and that of the non-words did not. Since cognitive 

slowing was found to be differential depending on the pre-experimentally 

unfamiliar stimulus being figurative or verbal, it seems plausible that age 

differences do not stem from a single global deficit (Benjamin, 2010; Fraundorf, 

Hourihan, Peters, & Benjamin, 2019).  
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IV.5.3. No age effects on the recognition performance as a function of memory strength  

 
As expected, we found that stronger memories achieved by deeper LOP 

and repetition improved recognition accuracy and decreased RT-s of the 

drawn/semantically processed items as opposed to the studied ones in both age 

groups. These findings are in line with the notion that deeper LOP improves 

recognition and discrimination performance (Hulstijn, 1997; Paivio & 

Desrochers, 1981; Solso, 1995). Furthermore, correct identification of the new 

items was superior when contrasted with items relying on weak visual and 

verbal (shallow encoding). As such, the current data show that it was likely more 

difficult to correctly recognize the shallowly encoded (studied) items as old. 

Apparently, the studied items were more likely perceived as ‘new’ than ‘old’. 

Indeed, the RT-s of the studied and new stimuli were not significantly different.  

Thus, it seems that recognition of items without recent memory (new stimuli) is 

more effective compared to the recognition of stimuli relying on weak memories 

for both the young and elderly. 

In contrast, recognition memory of the drawn figures was superior to the 

new ones. Also, the semantically processed non-words were recognized as ‘old’ 

just as well as the new ones were recognized as ‘new’. The differential effect of 

LOP and repetition on the discrimination performance indicates a mediating 

effect of memory strength, which seems to withstand cognitive aging. One 

plausible explanation for the slightly different results on the drawn abstract 

figures and semantically processed non-words vs. new items could be the dual-

coding theory of the images (Paivio, 1971, 2007). However, considering the 

meaningless nature of the abstract figures, it is unsure to what extent verbal codes 

could be created (Voss & Paller, 2009). Therefore, task-induced differences in LOP 

could provide an alternative explanation. Previous research has demonstrated 

that drawing compared to writing (Wammes, Meade, & Fernandes, 2016) or 

phonological encoding produces deeper processing, and establishes stronger 
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memories (Matlin, 2005). This is due to the fact that the processing of the images 

requires pattern recognition (Craik, 2002),  an ability that is also known to be 

preserved in the elderly (Titov & Knight, 1997).  

In conclusion, the current results demonstrate that aging impairs correct 

recognition of the new abstract figures and non-words. This was due to the 

elderly being prone to making more false alarms. Our findings further showed 

age-related impairments in recognition of the shallowly encoded abstract figures. 

No age differences were found for the deeply encoded abstract figures and non-

words. Thus, the current study further supports the notion that recognition 

performance in aging is only impaired under certain conditions (Fraundorf, 

Hourihan, Peters, & Benjamin, 2019). 
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V. Chapter:  

The antimuscarinic Agent, Biperiden  

selectively impairs Memory of the  

Abstract Figures without affecting  

the Processing of Non-Words 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

Toth, M., Sambeth, A., Blokland, A. (2021).  

The antimuscarinic agent biperiden selectively 

impairs recognition of abstract figures without  

affecting the processing of non‐words.  

Human Psychopharmacology: Clinical and  

Experimental, e2819. https://doi.org/10.1002/hup.2819 
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 Abstract  

 

Objectives 

The present study investigated the effects of biperiden, a muscarinic type 1 

antagonist, on the recognition performance of pre-experimentally unfamiliar 

abstract figures and non-words in healthy young volunteers. The aim was to 

examine whether 4 mg biperiden could model the recognition memory impairment 

seen in healthy aging.  

Methods 

A double-blind, placebo-controlled, 2-way cross-over study was conducted. We 

used a three-phase (deep memorization, shallow memorization, and recognition) 

old/new discrimination paradigm in which memory strength was manipulated. 

Strong memories were induced by deep encoding and repetition. Deep encoding 

was encouraged by redrawing the abstract figures and mentioning existing rhyme 

words for the non-words (semantic processing). Weak memories were created by 

merely instructing the participants to study the stimuli (shallow memorization).  

Results 

Biperiden impaired recognition accuracy and prolonged reaction times of the 

drawn and the studied abstract figures. However, participants were biased towards 

‘old’ responses in the placebo condition. The recognition of the new abstract figures 

was unaffected by the drug. Biperiden did not affect the recognition of the non-

words.  

Conclusions 

Although biperiden may model age-related deficits in episodic memory, the current 

findings indicate that biperiden does not mimic age-related deficits in recognition 

performance. 
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Keywords: biperiden; recognition memory; abstract pictures; non-words; healthy 

aging; cognitive aging models 
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 Introduction 

 

It is well established that healthy aging is associated with memory impairments. 

However, the effect of aging on memory seems to depend on which memory 

functions are being investigated. For example, aging seems to impair episodic 

memory most consistently, whereas semantic memory, working memory, and 

procedural memory remain to a great extent intact in healthy elderly (Nilsson, 

2003). Furthermore, age-related impairments are typically found in recognition 

memory tests (Fraundorf, Hourihan, Peters, & Benjamin, 2019; Rhodes, Greene, 

& Naveh-Benjamin, 2019). In recognition memory paradigms, participants must 

recognize previously studied stimuli as ‘old’ correctly and identify not presented 

ones as ‘new’ (Malmberg, 2008).  

However, the aging effect on recognition memory seems to depend on 

the stimulus’s nature (i.e., identifying a stimulus as ‘old’ or ‘new’). Age appears 

to decrease stimulus discriminability (Fraundorf, Hourihan, Peters, & Benjamin, 

2019; Wolk et al., 2009), which is typically related to a tendency to judge 

presented stimuli as ‘old’ despite them being new (Gallo, Cotel, Moore, & 

Schacter, 2007; Kroll, Knight, Metcalfe, Wolf, & Tulving, 1996). It seems likely that 

these performance differences are at least partly due to an impairment in 

sensitivity to novelty (Czigler, Pato, Poszet, & Balazs, 2006; Daffner et al., 2006; 

Daffner et al., 2011). Another factor could be the limited availability of processing 

resources in older age (Park & Festini, 2017). A final factor could be the age-

reaéted slowing in processing speed (Levin, Eisenberg, & Benton, 1992; van 

Hooren et al., 2007). Salthouse (1996) proposed that this reduction in processing 

speed contributes to delayed cognitive process execution and the loss of 

information processed at earlier stages.    

In addition to novelty processing, the level of processing (LOP) also 

seems to affect recognition performance in aged people (Fraundorf, Hourihan, 

Peters, & Benjamin, 2019). The LOP theory predicts that deep (e.g., via 
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mnemonics, meaning-extraction, pattern recognition, activation of prior 

knowledge) and intermediate processing (e.g., phonetics) lead to superior and 

faster retrieval when compared to shallow processing (e.g., perceptual analyses, 

rehearsal) (Craik, 2002; Craik & Lockhart, 1972; Craik & Tulving, 1975; Newell & 

Andrews, 2004). Fraundorf, Hourihan, Peters, and Benjamin (2019) reported that 

age differences were larger when deep semantic encoding was applied compared 

to shallow processing. This may be related to age-related difficulties with self-

initiation of deep encoding strategies. Thus, when such strategies are provided 

age differences were not found (Craik & Rose, 2012; Froger, Taconnat, Landre, 

Beigneux, & Isingrini, 2009; Logan, Sanders, Snyder, Morris, & Buckner, 2002).  

In previous studies, it has been shown that selective blocking of the 

muscarinic type 1 (M1) receptors specifically impairs episodic memory 

(Borghans, Sambeth, & Blokland, 2020; Borghans, Blokland, & Sambeth, 2017; 

Sambeth, Riedel, Klinkenberg, Kahkonen, & Blokland, 2015; Vingerhoets et al., 

2017; Wezenberg, Verkes, Sabbe, Ruigt, & Hulstijn, 2005). In these studies, it was 

found that the M1 antagonist biperiden (BIP) impaired the performance in the 

verbal learning task (VLT) but did not affect working memory, as measured by 

the n-back task. These effects appeared to be selective memory impairments since 

BIP treatment did not affect the performance in attention tasks. These results 

suggest that BIP treatment could be a suitable pharmacological model of age-

related episodic memory impairment.  

Characterizing BIP’s effects can aid a better understanding of which 

neurotransmitter systems may underlie the age-related memory deficits. This is 

relevant from a scientific viewpoint, and it may be relevant for the development 

of treatments for age-related memory deficit. This could be an M1 agonist such 

as BIP. To further investigate the validity of BIP as a pharmacological model of 

age-related memory impairment, we examined the effect of BIP on old/new 

discrimination performance using pre-experimentally unfamiliar stimuli in a 

sample of healthy young participants. We applied a three-phase old/new 
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discrimination memory paradigm with abstract figures and non-words (Toth, 

Sambeth, & Blokland, 2021). Memory strength was manipulated as a function of 

LOP (Craik, 2002; Craik & Lockhart, 1972; Craik & Tulving, 1975; Newell & 

Andrews, 2004) and repetition (Hintzman & Curran, 1997; Ranganath & Rainer, 

2003). Repetition is known to strengthen memory by increasing the subjective 

sense of familiarity resulting from the re-encoding of a particular memory trace  

(Hintzman & Curran, 1997; Ranganath & Rainer, 2003).  In the current 

experiment, we first familiarized the stimuli using mnemonics to induce deep 

processing (deep memorization): the participants were asked to redraw the 

abstract figures and to mention existing rhyming words for the non-words 

(semantic processing). In the second phase, participants were asked to merely 

study the stimuli (shallow memorization). Here, the previously deeply encoded 

items were shown again in combination with some new items. Finally, an 

old/new recognition test was applied in which stimuli from the first and second 

phases were intermixed with new ones. Both recognition accuracy and speed 

were assessed.  

Based on previous studies in healthy aging, we did not anticipate 

detecting drug effects on the overall correct old item recognition 

(drawn/semantically encoded and studied items). However, we anticipated 

lower discriminability indexes due to higher false alarm rates (incorrectly 

identifying new items as ‘old’), and slower reaction times as a consequence of 

drug treatment. Furthermore, we anticipated that BIP would decrease the 

number of correctly rejected new items. Also, we expected that BIP would 

increase the false alarm rates in response to the new stimuli presented only 

during the recognition phase. Finally, we hypothesized that in the BIP as well as 

the placebo (PLA) sessions, deep memorization and repetition would prompt 

better recognition than shallow memorization without repetition. In other words, 

items relying on strong memory would be better recognized than those relying 

on weak memory. 
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 Methods 

 

V.3.1. Participants 

 
Based on previous studies using the current paradigm, an a priori 

statistical power analysis using G*power 3.1 showed that in order to detect 

significant behavioral effects using an ANOVA, 19 participants were required 

with an effect size of 0.4 and power of at least 90% at a significance level of 5% 

(Faul, Erdfelder, Lang, & Buchner, 2007). Therefore, 21 healthy volunteers 

between the age of 18 and 35 years were recruited. One participant terminated 

the study due to personal reasons, and thus, was excluded from further analyses. 

The final dataset contains 20 participants (five males, with a mean age of 23 years) 

who were students from Maastricht University, with the highest education level 

being pre-university education or bachelor's degree. Inclusion was based on 

medical screening, which involved filling in a medical questionnaire followed by 

a detailed examination by a physician. Blood and urine tests were taken to 

confirm the participants’ health condition and to rule out the apparent use of 

psychoactive drugs (e.g., cannabinoids, methylphenidate, cocaine, amphetamine, 

antidepressants, etc.), pregnancy or lactation. Furthermore, participants were 

included if their body mass index fell within the range of 18.5-30 kg/m2.  

Participants were excluded in case of hypersensitivity to any component 

of the formulation of BIP or related compounds. Further exclusion criteria 

comprised smoking, excessive drinking (> 20 glasses of alcohol-containing 

beverages a weak), use of medication other than oral contraceptives, and any 

sensory or motor deficits, which could have affected test performance. 

Participants with neurologic, cardiovascular, pulmonary, hepatic, renal, 

metabolic, gastrointestinal, or endocrine diseases were also ruled out. 

Additionally, participants were excluded if they had a history of psychiatric 
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conditions, such as ADHD, schizophrenia, different forms of depression, anxiety, 

mood and personality disorders, or addiction.  

This study was conducted according to the codes of ethics on human 

experimentation established by the declaration of Helsinki (1964) and amended 

in Fortaleza (2013), and in accordance with the Medical Research Involving 

Human Subjects Act (WMO). The Medical Ethics Committee approved the study 

of the University Hospital Maastricht and Maastricht University. Medical Ethical 

Approval Code: EPU-P95A NL58970.068.16. Each participant received monetary 

compensation or research participation credit points.  

 

V.3.2. Study Design and Medication 

 
A randomized, double-blind placebo (PLA) controlled 2-way crossover 

design was applied with a counterbalancing of orders over the two sessions.  This 

means that each participant was tested two times on two separate occasions, once 

receiving 4 mg BIP (Akineton®) and once PLA. The order of treatment (PLA-BIP 

and BIP-PLA) was balanced in the sample. The washout period was 7-14 days. 

The order of the medications was blinded. Treatment was applied in accordance 

with previous results showing that peak plasma levels of BIP are reached 60-90 

min after intake of a single dose (Sudo et al., 1998). 

 

V.3.3. Procedure 

 
Volunteers signed an informed consent before the medical examination. 

Hereafter, they received training to be familiarized with the test procedures. A 

test battery was used during this training session, which contained a different set 

of stimuli from those used during the actual test days. This was done to avoid 

learning effects. Hereafter, the test days were scheduled within a maximum of 



 

 119 

seven days after the training session. The two testing days were scheduled at the 

exact same time of the day to reduce diurnal effects. 

Before and after the testing sessions, participants filled in questionnaires 

assessing their general well-being status and possible complaints (e.g., headache, 

drowsiness, sweating, sleepiness). Participants had to indicate whether they 

experienced any of the 33 possible complaints on a four-point scale. For example, 

a score of zero stood for “I do not experience this complaint at all,” and a three 

stood for “I am experiencing this complaint strongly”. If the participants 

experienced any complaints not listed on the questionnaire, they were asked to 

mention them on the questionnaire form in writing. Scores were compared 

between the different time points to examine treatment-induced side effects. 

Adverse events were monitored using printed forms. 

Subsequently, 90 min before the behavioral testing, medication (BIP or 

PLA) was administered. The participants were asked to refrain from alcohol, 

smoking, and caffeine 12 h before testing and not to use drugs throughout the 

study.  

A memory paradigm with abstract figures and non-words was applied 

in separate tests (Toth, Sambeth, & Blokland, 2021). See Fig. 1 for an example of 

the stimuli used. Every participant performed each test phase first with the 

abstract figures and then with the non-words to minimize the verbalization of the 

figurative stimuli. The experiment consisted of three phases (see Fig. 2). In phase 

1 (deep memorization leading to ‘strong’ memory), participants were 

familiarized with a series of 15 monosyllabic abstract figures or non-words in 

separate tests (list 1: L1). Participants were asked to manually redraw the abstract 

figures on an answer sheet to induce deep LOP. They had to mention existing 

English or Dutch rhyming words for each non-word to induce intermediate LOP. 

Stimuli were presented for 1 s, and the participants were given 14 s to execute the 

mnemonic encoding task.  If they were ready earlier, they could press a button, 

and 2 s later, the next stimulus appeared. Stimuli were extracted from previous 
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studies (Glosser, Friedman, Grugan, Lee, & Grossman, 1998; Redoblado, 

Grayson, & Miller, 2003; Seidenberg, Plaut, Petersen, McClelland, & McRae, 

1994). 

 

Fig. 1: Examples of the stimuli used. 

 

During phase 2 (shallow memorization leading to ‘weak’ memory), 

participants were instructed to remember as many stimuli as possible. In this 

phase, 30 stimuli (abstract figures or non-words) were used: 15 stimuli from L1 

were randomly mixed with 15 new ones (L2). All stimuli were shown for 1 s with 

an inter stimulus interval (ISI) of 2 s.  
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Fig. 2: Schematic overview of the experimental design. Phase 1: deep memorization with the pre-

experimentally unfamiliar abstract figures and non-words in separate tests using a mnemonic 

encoding task (redrawing the abstract figures and mentioning rhyming words for the non-words). The 

15 stimuli used here form List 1 (drawn/semantically processed stimuli). Phase 2: shallow 

memorization with the instruction to remember as many stimuli as possible. This phase contained 

items from List 1 and 15 new ones (List 2, studied stimuli). Phase 3: recognition of the stimuli including 

List 1, List 2, and 15 new (List 3). n: number of stimuli presented. 

 

 

During phase 3, participants were asked to decide if they had seen the 

presented stimulus in the previous series (L1 and L2) or whether the stimulus 

was new to them (L3: new, η = 15). The 45 non-words or abstract figures were 

presented for a duration of 1 s, or less in case of faster button press; the ISI was 

2.5 s. Participants had to press the corresponding buttons (‘old’ for L1 and L2, or 

‘new’ for L3 stimuli) on a response box as quickly and accurately as possible. 

The Attention Network Test was administered between phase 2 and 3 as 

a filler task lasting 20 minutes (Togo, Lange, Natelson, & Quigley, 2015).  
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V.3.4. Data Analysis 

 
Before analysis, all data were evaluated for having normal distribution 

and homogeneity of variance. Also, raw data were checked for outliers. Outlier 

values were replaced with their regression estimates produced by the Missing 

Value Analyses (IBM SPSS Statistics for Macintosh, Version 27.0. Armonk, NY: 

IBM Corporation). Additionally, due to technical issues, 1-2 responses per 

participant were missing (e.g., the button press was not recorded). In these cases, 

values were replaced with their regression estimates. Effect sizes are reported 

based on partial eta-squared (ηp²) data. Furthermore, Mauchly's Test of 

Sphericity was applied. In case the assumption of sphericity was violated, a 

Greenhouse-Geisser correction was used. In all cases, degrees of freedom of 

assumed sphericity are reported. Post-hoc comparisons and simple effects were 

investigated using paired-samples t-tests, applying adjustments for multiple 

comparisons; the observed p-values were multiplied by the number of 

comparisons, which was tested against the set significance level of 0.05.   

For the behavioral data, Signal Detection Theory (SDT) was applied in 

order to investigate the discrimination performance (Benjamin & Bawa, 2004; 

Benjamin, Diaz, & Wee, 2009; Stanislaw & Todorow, 1999; Verde & Rotello, 2007). 

Discrimination accuracy was defined as the ability to distinguish the different 

types of stimuli (drawn/semantically processed, studied, and new). Correct 

responses included an ‘old’ response to the drawn/semantically processed items, 

and the studied stimuli, and a ‘new’ response to the new items. Incorrect 

responses involved a ‘new’ response to the drawn/semantically processed items 

and the studied stimuli and an ‘old’ response to the new stimuli. See Table 1 for 

an overview. 

 

 



 

 123 

Table 1: Overview of the different types of responses as a function of stimulus type. 

 Stimulus Type Response 

Hit (H) 
Drawn or semantically 

processed/Studied  
‘Old’ 

Miss (M) 
Drawn or semantically 

processed/Studied  
‘New’ 

Correct Rejection (CR) New ‘New’ 

False Alarm (FA) New ‘Old’ 

Hit Rate (HR) 
Drawn or semantically 

processed/Studied  
H/(H + M) 

Correct Rejection Rate (CRR) New CR/(CR + FA) 

 

Given the memory strength manipulation in the current design (deep 

memorization, shallow memorization and recognition), the correct response 

rates, being hit rates (HR) for the drawn/semantically processed and the studied 

items and correct rejection rates (CRR) for the new, were used to evaluate the 

discrimination accuracy. Furthermore, in order to investigate discriminability, 

non-parametric A’ statistics were computed for the drawn/semantically 

processed and the studied stimuli using Equations (1) or (2) (Snodgrass & 

Corwin, 1988; Stanislaw & Todorow, 1999). A′ varies from 0 to 1 with 0.5 

indicating chance performance. Higher values are indicative of improved 

performance (Snodgrass & Corwin, 1988; Stanislaw & Todorow, 1999).  

 

                                    A’= 0.5 +
(𝐻𝑅−𝐹𝐴𝑅)(1+𝐻𝑅−𝐹𝐴𝑅)

4𝐻𝑅(1−𝐹𝐴𝑅)
, if 𝐻𝑅 ≥ 𝐹𝐴𝑅 (8) 

                     A’= 0.5 −
(𝐻𝑅−𝐹𝐴𝑅)(1+𝐻𝑅−𝐹𝐴𝑅)

4𝐻𝑅(1−𝐹𝐴𝑅)
, if 𝐻𝑅 < 𝐹𝐴𝑅 (9) 

A’: discriminability index, HR: hit rate, FAR: false alarm rate. 

 

During recognition, the a priori probabilities of old and new items and 

the quality of the match between a test item and the memory for studied items 

can influence the bias parameter (Huang & Ferreira, 2020; Stanislaw & Todorow, 
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1999). Such a model does not fit the current paradigm due to the memory strength 

manipulation used and the equivalent proportion and intended comparison of 

the drawn/semantically processed (η =  15), studied (η =  15), and new items (η =  

15) (Benjamin & Bawa, 2004). After all, the final proportion of ‘old’ and ‘new’ 

responses was 2:1. Therefore, we calculated the total amount of ‘old’ (H+FA) and 

‘new’ (M+CR) responses given by the participants. This was done to examine 

whether there was a preference for either the ‘old’ or ‘new’ responses. Results 

were compared using paired samples t-tests with Bonferroni corrections.  

RT data of the hits were evaluated, as well. To be able to use parametric 

tests, RT-s were transformed into |log(1/RT)| to obtain a normal distribution of 

the data (Osborne, 2002). Moreover, the median RT data are reported as central 

tendency parameters, together with the corresponding first and third 

interquartile ranges (Ratcliff, 1993).  

Statistical analysis was conducted using SPSS 27.0. A repeated measures 

analysis of variance (ANOVA) was used to investigate the recognition accuracy 

scores and RT-s for the different treatments and types of stimuli in the different 

categories as assessed in Phase 3. Thus, the within-subject variables for the 

abstract figures and the non-words were treatment (BIP and PLA), and stimulus 

type (drawn/ semantically processed, studied, and new items). Finally, treatment 

effects per stimulus type were evaluated using individual t-tests, which were 

corrected for multiple comparisons. 

 

 

 Results 

 

Although there was an unequal number of old-responses over new-

responses (2:1), we found that there was no response bias towards old-responses. 

However, the participants made more old-responses and less new-responses in 

case of the abstract figures in the PLA sessions (p < .001; see Table 2).  
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Additionally, there were hardly any missing responses in the BIP (abstract 

figures: 3.6%, non-words: 1.56%) and in the PLA (abstract figures: 0.4%, non-

words: 1.4%) session. 

 

 
Table 2: The total number of old and new responses during the recognition test. Data represent the 

means and the standard deviations of the total old- and new responses and the corresponding % 

compared to the 90 items/stimulus category (abstract figures and non-words), and the t-statistics.  

 

 Placebo  Biperiden 

 Abstract Figures Non-words Abstract Figures Non- words 

Old 

responses  

27.60 (3.21) 23.25 (6.13) 21.95 (5.91) 23.20 (3.55) 

New 

responses 

17.20 (3.17) 21.10 (5.91) 21.45 (4.99) 21.10 (4.12) 

T-test t(19) = 7.32,  

p < .001 

t(19) = 0.22,  

p < .830 

t(19) = 2.15,  

p > .431 

t(19) = 2.10,  

p > .224 

 

V.4.1. Abstract Figures 

 

When analyzing the accuracy scores (HR and CRR) in the session with 

the abstract figures the ANOVA revealed a main effect of treatment [F(1,19) = 

7.44, ηp²  = 0.28, p < .013] and stimulus type [F(2,38) = 66.02, ηp²  = 0.78, p < .001; 

see Fig. 3]. Moreover, the interaction term treatment x stimulus type was also 

significant [F(2,38) = 10.20, ηp²  = 0.35, p < .003; see Fig. 3]. Simple effects analyses 

revealed that BIP compared to the PLA impaired correct recognition of the drawn 

[t(19) = 3.26, p < .012] and studied [t(26) = 3.24, p < .012] but not the new abstract 

figures [t(19) = 1.91, p > .210].  
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Fig. 3: Recognition accuracy of the abstract figures according to treatment and stimulus type. The bars 

represent the means with the standard deviations. 

A) Stimulus type effects shown as the proportion of the correct responses: hit rates for the drawn and the 

studied, and correct rejection rates for the new abstract figures after placebo and biperiden treatment.  

B) Treatment effects depicted as the difference scores per stimulus type (drawn, studied, and new). 

     ** p < .001, * p < .05 

 

The analyses with respect to stimulus type showed that in the sessions 

with BIP, participants could more accurately identify the drawn than the studied 

[t(19) = 7.70, p < .001; see Table 3], and the new than the studied items [t(19) = 6.28, 

p < .001; see Table 3]. No such difference was detected between the drawn and 

new abstract figures [t(19) = 0.14, p > .999; see Table 3]. The same analyses in the 

session with PLA revealed that participants could more accurately recognize the 

drawn stimuli compared to the weak [t(19) = 6.45, p < .001; see Table 3] and 

compared to the new items [t(19) = 3.87, p < .003; see Table 3]. Also, more new 

stimuli were correctly endorsed compared to the studied items [t(19) = 3.35, p < 

.009].  
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Table 3: Means and standard deviations of the signal-detection measures during the recognition of the 

abstract figures (drawn, studied, and new) after placebo and biperiden. 

 

Abstract Figures 

Stimulus Type Parameters Placebo Biperiden 

Drawn 

Strong 

HR 0.97 (0.04) aa b 0.93 (0.08) aa * 

A’ 0.82 (0.09) aa  0.87 (0.19) aa 

Studied 

Weak 

HR 0.73 (0.17)  0.51 (0.19) * 

A’ 0.67 (0.10) 0.62 (0.12)  

New 

New 

CRR 0.87 (0.12) aa  0.93 (0.08) a   

HR: hit rate, CRR: correct rejection rate, A’: discriminability index 

Treatment effects *: p < .05; Different from studied stimuli: aa: p < .001, a: p < 0.05; Different from new 

stimuli:  

b: p < .05 

 

The analyses performed on the A’ scores of the abstract figures resulted 

in a significant main effect of stimulus type [F(1,19) = 112.14, ηp²  = 0.86, p < .001; 

see Table 3]. Post-hoc tests showed that the participants could discriminate the 

drawn items more easily than the studied (p < .001). Moreover, the treatment x 

stimulus type interaction was found to be significant [F(1,19) = 8.93, ηp²  = 0.032, 

p < .008; see Table 3]. Simple effects analyses revealed no treatments effects [t(19) 

= 1.81, p > .172; t(19) = 1.67, p > .218, respectively; see Table 3]. However, in both 

the PLA and the BIP session it was easier to discriminate the drawn than the 

studied items [t(19) = 6.58, p < .001; t(19) = 9.35, p < .001, respectively; see Table 3]. 

No main effect of treatment was found [F(1,19) = 0.02, ηp²  = 0.01, p > .893]. 

Concerning the reaction times, the ANOVA confirmed a significant main 

effect of treatment [F(1,19) = 9.11, ηp² = 0.32, p < .007] and stimulus type [F(2,18) = 

68.69, ηp² = 0.88, p < .001]. There was a treatment x stimulus type interaction 

detected [F(2,18) = 6.36, ηp² = 0.41, p > .008; see Table 4]. Simple effects analyses 

revealed that BIP compared to the PLA slowed the reactions in response to the 

drawn [t(19) = 3.78, p < .003] and the studied [t(19) = 2.90, p < .027] but not to the 

new abstract figures [t(19) = 0.29, p > .999]. Simple effects analyses with respect to 

stimulus type showed that in the sessions with BIP participants reacted faster to 

the drawn than the studied [t(19) = 8.23, p < .001], the new than the studied items 
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[t(19) = 3.47, p < .009] and the drawn compared to the new abstract figures [t(19) 

= 3.49, p < .009]. Similarly, the same analyses in the session with PLA revealed 

that participants reacted faster to the drawn than the studied [t(19) = 8.99, p < .001] 

and new abstract figures [t(19) = 7.49, p < .001]. No such difference was found 

between the studied and new items [t(19) = 0.60, p > .999]. 

 

Table 4: Median reaction times (middle 50% range), and their corresponding first and third 

interquartile ranges (IQ) in milliseconds in response to the abstract figures (drawn, studied, and new) 

after placebo and biperiden treatment. 

 

Treatment effects: *: p < .05; Different from studied stimuli: aa: p < .001, a: p < .05; Different from new 

stimuli:  

b: p < .05. 

 

V.4.2. Non-Words 

 

The ANOVA analysis for the non-words revealed a main effect of 

stimulus type [F(2,18) = 32.51, ηp² = 0.78, p < .001; see Fig. 4]. Post-hoc tests showed 

that the semantically processed stimuli were recognized better than the studied 

(p < .001). Also, more new stimuli were endorsed correctly compared to the 

studied items (p < .001). No such difference was found between the semantically 

processed and the new stimuli (p > .780). Moreover, neither treatment [F(1,19) = 

0.02, ηp² = 0.01, p > .964] nor the interaction term treatment x stimulus type was 

statistically meaningful.  [F(2,38) = 0.07, ηp² = 0.01, p < .934]. 

Abstract Figures Median (1-3 IQ) 

Stimulus Type Placebo Biperiden 

Drawn 

Strong 

589 (527-628) ab 633 (609-751) ab* 

Weak 

Weak 

724 (637-793) 794 (741-886) * 

New 

New 

718 (649-760) 733 (636-800) a 
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Fig. 4: Recognition accuracy of the non‐words according to treatment and stimulus type. The bars represent 

the means with the standard deviations.  

A) Stimulus type effects shown as the proportion of the correct responses: hit rates for the semantically 

processed and the studied, and correct rejection rates for the new abstract figures after placebo and biperiden 

treatment.  

B) Treatment effects depicted as the difference scores per stimulus type (semantically processed, studied, and 

new). 

     ** p < .001 

 

The analyses of the signal detection derived measures of the non-word stimuli 

are presented in Table 5.  

 

Table 5: Means and standard deviations of the signal-detection measures during the recognition 

performance of the non-words (semantically processed, studied, and new) after placebo and biperiden. 

 

HR: hit rate, CRR: correct rejection rate, A’: discriminability index 

Different from studied stimuli: aa: p < .001 

 

Non-Words 

Stimulus Type Parameters Placebo Biperiden 

Semantically processed HR 0.84 (0.16) aa  0.83 (0.14) aa 

A’ 0.68 (0.11) aa 0.68 (0.11) aa 

Weak 

Weak 

HR 0.52 (0.25) 0.54 (0.18) 

A’ 0.57 (0.17) 0.56 (0.07) 

New 

New 

CRR 0.80 (0.17) aa  0.79 (0.12) aa 
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The analyses performed on the A’ scores resulted in a significant main 

effect of stimulus type [F(1,19) = 41.19, ηp² = 0.68, p < .001; see Table 5]. Post-hoc 

tests showed that the participants could discriminate the semantically processed 

items more easily than the studied (p < .001). Finally, neither the treatment x 

stimulus type interaction [F(1,19) = 0.04, ηp² = 0.02, p > .842; see Table 5] nor 

treatment was found to be significant [F(1,19)= 0.02, ηp² = 0.01, p > .903]. 

The analyses of the reaction times yielded a main effect of stimulus type 

[F(2,18 ) = 4.45, ηp² = 0.33, p < .027; see Table 6]. Post-hoc tests revealed that 

reactions to the semantically processed items were faster compared to the new 

ones (p < .045). Finally, neither treatment [F(1,19)= 2.64, ηp² = 0.12, p > .121] nor 

the interaction term treatment x stimulus type was statistically meaningful 

[F(2,18) = 0.35, ηp² = 0.01, p > .966].   

 

Table 6: Median reaction times (middle 50% range; in milliseconds), and their corresponding first and 

third interquartile ranges in response to non-words (semantically processed, studied and new) after 

placebo and biperiden treatment. 

 

Different from the new stimuli: b: p < .05 

 

V.4.3. Complaints and POMS 

 

The analyses did not result in any significant treatment effects for the 

neurovegetative complaints and the POMS [all associated t-values < 1.37, p > .330; 

t-values < 1.61, p > .123, respectively; see Table 7]. Also, no further complaints 

other than listed in the questionnaire were mentioned. There were no adverse 

events found.  

 

Non-Words 

Stimulus Type Placebo Biperiden 

Semantically processed 

Strong 

628 (592-682) b 624 (587-648) b 

Studied 

Weak 

650 (552-713) 634 (596-685) 

New 

New 

698 (627-762) 669 (589-727) 
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Table 7: Mean difference scores as change from baseline (standard deviations) for the questionnaire 

data. Negative numbers indicate a decrease and positive numbers indicate an increase in the 

subjective feeling. 

 

 Biperiden Placebo 

Profile of mood states 

Depression 3.78 (6.67) 1.83 (6.37) 

Tension 0.9 (2.63) -0.65 (3.22) 

Aggression -0.15 (2.03) -0.10 (1.40) 

Fatigue 0.75 (2.53) 0.95 (2.69) 

Vigor 4.85 (7.21) 3.35 (5.59) 

Neurovegetative effects 

Headache  0.25 (0.55) 0.10 (0.55) 

Sleepiness 0.60 (1.14) 0.45 (1.00) 

Dizziness 0.50 (1.00) 0.50 (1.00) 

Nausea 0.10 (0.31) 0.10 (0.31) 

Dry mouth 0.30 (1.17) 0.60 (1.05) 

Fatigue 0.55 (0.76) 0.50 (0.69) 

Blurred vision 0.20 (0.83) 0.40 (0.75) 

Drowsiness 0.55 (1.15) 0.65 (1.09) 

 

 

 Discussion and Conclusions 

 

The present study aimed to examine whether BIP could model the 

recognition memory impairment as seen in healthy aging using an old/new 

recognition paradigm with abstract figures and non-words. The current results 

show that BIP impaired the correct recognition and slowed the abstract figures' 

reaction times. Interestingly, BIP only impaired the recognition of the drawn 

(deeply memorized and repeated items relying on strong memory) and studied 

(shallowly memorized and not repeated items relying on weak memory) figures 
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but not the correct identification of the new abstract figures. Furthermore, the 

processing of the non-words was not affected by BIP treatment.  

Based on the aging literature, we expected that BIP treatment would not 

affect the overall recognition performance of the drawn and studied (old) stimuli. 

However, the current data showed that the studied abstract figures were less well 

recognized after BIP treatment. However, since the drug only affected the 

processing of the abstract figures, it is possible that the effects were related to a 

response bias. Namely, we detected an ‘old’ response bias in the PLA session but 

not in the BIP session. Therefore, the response bias may underlie the observed 

drug effects on recognition memory. Further, although it was expected that BIP 

would decrease the discriminability index (A’) of the drawn/semantically 

processed and studied items, the current data did not show this impairment for 

either the abstract figures or the non-words. However, as expected, BIP 

prolonged the reaction times when responding to the drawn and the studied 

abstract figures. Taken together, the effects of BIP did not fully model the typical 

age-related deficits in recognition performance.  

The finding that BIP did not affect the recognition performance of the 

non-words is somewhat unexpected. The treatment effects were dependent on 

the type of stimulus used. It could be argued that the recognition performance of 

the abstract pictures was better than the non-words and that the high 

performance is more sensitive to treatment effects. However, the performance of 

the non-words was about 80% correct, which can also be considered relatively 

high. Moreover, the strongest treatment effects for the abstract figures were 

found for the studied stimuli. Here, the recognition performance was about 70% 

correct. Therefore, the lack of treatment effects for the non-words cannot be 

attributed to recognition performance level. 

The lack of effect for the non-words may also be explained based on an 

age-related difference in the use of pre-existing semantic knowledge (Badham, 

Poirier, Gandhi, Hadjivassiliou, & Maylor, 2016; de Chastelaine, Mattson, Wang, 
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Donley, & Rugg, 2017; Fraundorf, Hourihan, Peters, & Benjamin, 2019). Belleville, 

Menard, and Lepage (2011) tested the discrimination performance of existing 

words vs. pseudo-words. They applied a two-phase study-recognition memory 

paradigm in young, healthy elderly, and MCI patients. Their results showed that 

the healthy elderly were impaired in recognizing existing words but that the 

performance on the pseudo-words was not affected. If aging does not affect the 

recognition of non-words, the current data may not dismiss the notion that BIP 

could be a model for recognition deficits in aging. It should be noted that in the 

study of Belleville et al., pseudo-words were only presented once, and no deep 

processing took place. In the current study, the non-words were deeply 

processed and repeated, which would make them more familiar than the pseudo 

words in the Belleville et al. study. Finally, it should be mentioned that BIP (2 

mg) decreased correct recognition of words in the verbal learning task 

(Wezenberg, Verkes, Sabbe, Ruigt, & Hulstijn, 2005). Although this is another 

recognition task using existing words, these data suggest that BIP could impair 

word recognition as seen in aging. Further studies are indicated in which the 

effects of BIP on the familiarity of words are tested. 

The elderly often have difficulties identifying new items correctly when 

the old items are perceived as insufficiently distinct (Dodson, Bawa, & Krueger, 

2007; Fraundorf, Hourihan, Peters, & Benjamin, 2019; Gallo, Cotel, Moore, & 

Schacter, 2007). Consequently, new items are identified as ‘old’ in recognition 

tasks (i.e., more false alarms) (Gallo, Cotel, Moore, & Schacter, 2007; Kroll, 

Knight, Metcalfe, Wolf, & Tulving, 1996). The stimuli in the current experiment 

were pre-experimentally unfamiliar, which theoretically could make their 

discrimination more difficult than the pre-experimentally known items. Indeed, 

several empirical studies have shown that memory is worse for pre-

experimentally unknown vs. known items, such as unfamiliar vs. familiar 

symbols (Cycowicz & Friedman, 2007), words vs. non-words (Belleville, Menard, 

& Lepage, 2011; Gardiner & Java, 1990). In agreement with these findings, BIP 
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should decrease the number of correctly recognized new stimuli (abstract 

pictures and non-words). However, this was not observed in the current study, 

which further undermines the notion that BIP models recognition deficits in 

aging.  

 The drug-induced impairment in reaction times to the abstract figures 

complies with the well-documented age-dependent cognitive slowing (Levin, 

Eisenberg, & Benton, 1992; Salthouse, 1996; van Hooren et al., 2007). A decrease 

in response times after BIP has also been observed in other tasks in previous 

results (Sambeth, Riedel, Klinkenberg, Kahkonen, & Blokland, 2015; Silver & 

Geraisy, 1995; Wezenberg, Verkes, Sabbe, Ruigt, & Hulstijn, 2005). In addition, 

pictures are represented as integrated patterns (Rajaram, 1996), and their 

processing requires additional allocation of attentional resources, which can slow 

down reactions (Noldy, Stelmack, & Campbell, 1990). If this was true, then BIP 

might have affected attention. However, this seems unlikely considering that 

participants did not report sedation in the present study.  

Furthermore, our findings align with previous research. Firstly, the 

memory strength manipulation showed a clear difference between the deeply 

and shallowly processed stimuli (Hulstijn, 1997; Paivio & Desrochers, 1981; Solso, 

1995). Secondly, in the PLA condition, previous behavioral findings using this 

paradigm were replicated (Toth, Sambeth, & Blokland, 2021). Namely, the correct 

identification of the new abstract figures and non-words was superior to old item 

recognition when they were merely studied and not repeated, but not when they 

were drawn or semantically processed. Finally, as in previous studies, 4 mg BIP 

did not cause any adverse effects as measured by the POMS. 

In closing, although BIP has been found to mimic an episodic memory 

impairment in young, healthy volunteers, the current data do not indicate that 

BIP can adequately model typical age-related deficits in recognition performance 

of abstract figures and non-words.
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VI. Chapter:  

General Discussion 
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As described in Chapter 1, it is not well understood which type of information, 

old or new, provides processing advantages. In particular, it is not known which 

factors might influence old/new recognition and how age might impact such 

processing. Our understanding of the processing of pre-experimentally 

unfamiliar stimuli, such as abstract figures and non-words, is even more limited. 

Such stimuli hardly rely on semantic knowledge, making it possible to isolate 

pure learning and memory effects. Thus, knowing how the brain processes and 

discriminates such stimuli can significantly improve our understanding of visual, 

lexical, and orthographic memory processing and contribute to establishing 

appropriate aging models.  

This dissertation's overarching aim was to investigate how the brain 

processes and discriminates pre-experimentally unfamiliar stimuli and which 

factors affect such processing. One possible factor, the role of memory strength, 

was investigated. Furthermore, the impact of aging on recognition performance 

was examined. Additionally, a pharmacological recognition memory deficit 

model was investigated. This aim was addressed through specific research 

questions that were answered in the different experimental chapters. The first 

study examined whether pre-experimental familiarity affects recognition 

performance using pre-experimentally familiar (well-known figures and words) 

and pre-experimentally unfamiliar stimuli (abstract figures and non-words). 

Here, a paradigm was used in which memory strength was manipulated to test 

whether this factor affects recognition performance (Chapter II). Next, the 

underlying brain processes were investigated using the previously characterized 

behavioral paradigm combined with EEG measurements (Chapter III). 

Subsequently, the impact of age was tested using the paradigm mentioned above 

(Chapter IV). The final study investigated whether the cholinergic muscarinic 

type 1 receptor antagonist biperiden (BIP) can be used to model age-related 

memory impairment pharmacologically (Chapter V).  In the present chapter, the 
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overall findings of the studies presented in this thesis are summarized and 

discussed. Lastly, some directions for future research are highlighted. 

 Overview of the main Findings 

 

Chapter II showed that new item identification is superior to old item 

recognition when pre-experimentally familiar and pre-experimentally unfamiliar 

materials are shallowly encoded, but not when they are first encoded deeply and 

then re-encoded. Thus, such findings indicate that stimulus novelty (i.e., no 

existing memory representation) can provide processing benefits when 

contrasted with items relying on weak memory. However, when old item 

memory is strongly embedded, this processing advantage dissipates. In Chapter 

III, it was found that successful new item identification was marked by a 

combination of the absence of familiarity (N400) and recollection (P600) for the 

studied figures. For both the abstract figures and the non-words, the parietal P600 

was found to differentiate between the old and new items (late old/new effects). 

In Chapter IV, it was found that older adults relative to the young showed an 

impairment in the correct identification of new items. As indicated by the lower 

discriminability indexes, the elderly also had difficulties discriminating the 

strongly (drawn) and the weakly (studied) embedded abstract figures but not the 

non-words. Age-related differences in speed of processing were also only evident 

with the abstract figures. Additionally, it was found that discrimination 

performance was affected by memory strength in the young and the elderly. The 

presented findings agree with previous research on age-related impairment in 

new item recognition, which can be attributed to misrecollection, decreased 

sensitivity to novelty, and less accurate novelty assessment in the elderly than the 

young. The detected age effects on the discriminability of the drawn and studied 

abstract figures agree with the age-related impairment in the perceptual 
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encoding hypothesis and support the notion related to the need for 

environmental support to reduce age effects. Thus, the results further support the 

notion that recognition performance in aging is only impaired under certain 

conditions and extend the understanding of the mechanisms underlying age-

related changes on the memory of pre-experimentally unfamiliar items. Chapter 

V showed that BIP impaired the correct recognition and prolonged the abstract 

figures' reaction times. Interestingly, BIP only impaired the recognition of the 

drawn (deeply memorized and repeated items relying on strong memory) and 

studied (shallowly memorized and not repeated items relying on weak memory) 

figures but not the correct identification of the new abstract figures. Furthermore, 

the processing of the non-words was not affected by BIP treatment. These drug-

induced effects were, to a great extent, the opposite of the pattern seen in healthy 

aging. Therefore, BIP cannot be considered a valid model of healthy aging for this 

old/new recognition memory paradigm. The results of these experiments extend 

our understanding of the mechanisms underlying the processing of pre-

experimentally unfamiliar stimuli and age-related changes during processing. 

 

 The current Paradigm in light of well-known Memory Phenomena and 

Aging  

 

In line with previous research involving pre-experimentally familiar 

materials, the paradigm has reliably and consistently shown throughout all 

presented experiments the benefits of deeper Levels of Processing (LOP) and 

repetition over shallow encoding without repetition (Craik & Lockhart, 1972; 

Craik & Tulving, 1975; Hintzman & Curran, 1997; Newell & Andrews, 2004). 

Furthermore, such findings were independent of pre-experimental familiarity 

(see Chapter II), age (see Chapter IV), and the pharmacological treatment with 

BIP (see Chapter V).  
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As previously described, deeper LOP and repetition are known to 

overall improve memory and discrimination performance (Craik & Lockhart, 

1972; Craik & Tulving, 1975; Hintzman & Curran, 1997; Newell & Andrews, 

2004). Indeed, the results presented in this dissertation were consistent. Thus, 

deep encoding (drawing and semantic processing) and repetition enhanced 

recognition accuracy and induced faster reaction times (RT) compared to shallow 

encoding (studying) when the visual and verbal items were pre-experimentally 

familiar (see Chapter II) and pre-experimentally unfamiliar in the young (see 

Chapter II and III) and the elderly (see Chapter IV) and under the influence of 

BIP (see Chapter V). Accordingly, it was also easier to discriminate the 

drawn/semantically processed than the studied items. These factors denote 

stronger memories (Marzi & Viggiano, 2010; Wixted & Stretch, 2004; Yonelinas, 

2002). In contrast, the shallowly encoded items resulted in lower discriminability 

index scores. These factors designate weaker memories (Hirshman, 1995).  

The EEG findings indicated differences in the processing of the abstract 

figures and non-words during recognition (see Chapter III). In agreement with 

the literature, the studied abstract figures compared to the drawn evoked more 

negative familiarity-based N400 and less positive recollection-based P600 effects 

(Friedman & Johnson, 2000; Marzi & Viggiano, 2010; Rugg & Allan, 2000). 

However, the processing of the non-words was different. Namely, instead of 

affecting the N400 and P600 components, the processing of the semantically 

processed and studied non-words showed larger amplitudes and prolonged 

latencies only concerning the P600 component. The lack of effects on the early 

N400 substantiates that recognition of the non-words does not rely on semantic 

processing (Brouwer, Fitz, & Hoeks, 2012; MacKenzie & Donaldson, 2009; Voss 

& Paller, 2009; Wang et al., 2017). Altogether, such findings implicate that while 

the abstract figures and non-words are processed differently, their recognition 

likely involves familiarity- and recollection-based processing, similar to 
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meaningful figures and words (Gardiner & Java, 1990; Wixted, 2007; Yonelinas, 

2002). However, further studies are required to substantiate this claim.  

The data reported in this dissertation showed detectable age differences 

concerning the discriminability of the drawn and studied visual but not verbal 

items (see Chapter IV). In agreement with previous research, this was likely due 

to the elderly making more false alarms than the young participants (Fraundorf, 

Hourihan, Peters, & Benjamin, 2019; Norman & Schacter, 1997). Thus, our 

findings can be reconciled with the environmental support hypothesis (Craik, 

1986) and the age-related impairment in the perceptual encoding hypothesis 

(Trahan, Larrabee, & Levin, 1986). However, they cannot be explained by ceiling 

effects (Uttl, Henry, & Baltimore, 2007), or the processing theory account of 

cognitive aging (Craik, 2002). 

It has been proposed that ceiling effects for young participants (i.g., too 

easy tasks ) can mask any age-related differences in recognition memory (Uttl, 

Henry, & Baltimore, 2007). However, it seems unlikely that the tasks in the 

current paradigm were too easy for the young. Namely, the stimuli were pre-

experimentally unfamiliar, the interstimulus interval (ISI) was relatively short, 

and the recognition phase involved 90 items. Also, the studied items’ hit rates 

were low, and the miss rates were high, indicating that the task should not have 

been easy for the young. Furthermore, there was no detectable age difference 

concerning the hit rates. Thus, our findings corroborate those of Danckert and 

Craik (2013). Danckert and Craik (2013) attempted to control for ceiling effects 

when testing the recognition memory of the elderly relative to the young. They 

used a paradigm similar to ours, involving a deep encoding task (pleasantness 

ratings) and a shallow memorization task during learning. In addition, they 

controlled for ceiling effects by applying recall and recognition tests in close 

succession, matching high and low-performing young and elderly participants, 

and using a long item set in their Experiment 1 and a shorter one in Experiment 
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2. The outcome indicated that while age differences were more considerable on 

the recall task, there were no ceiling effects on the recognition test. Thus, the 

authors concluded that ceiling effects could not account for age-related 

differences in recognition memory. 

If the processing theory account of cognitive aging applied to abstract 

figures and non-words, there should have been no age effects found for the 

discriminability for the drawn and semantically processed items (Craik, 2002). 

Yet, age effects were apparent for the drawn items despite their mnemonic 

processing. Interestingly and in agreement with previous research using similar 

stimuli, age affected the discriminability of both types of abstract figures but not 

the non-words (Badham & Maylor, 2011; Harker & Riege, 1985; Smith, Park, 

Cherry, & Berkovsky, 1990). Thus,  the environmental support hypothesis seems 

to provide a more plausible explanation (Craik, 1986). In other words, the 

complexity of the simple line drawings in the present paradigm likely could not 

provide sufficient perceptual support that could have compensated the memory 

of the elderly (Harker & Riege, 1985; Smith, Park, Cherry, & Berkovsky, 1990). In 

contrast, concerning the non-words, it seems likely that the age-related 

impairment was absent since the rhyming words provided sufficient 

environmental support. Similar findings were reported by Craik and McDowd 

(1987). Thus, environmental support seems to be more appropriate than 

mnemonic instructions for reducing age effects. However, this notion needs 

further investigation.    

 

 The Impact of Memory Strength and Age on the Recognition Performance  

 

The behavioral results of the experiments reported in this dissertation 

have consistently shown that memory strength affects recognition performance. 

This finding was independent of pre-experimental familiarity and age. Namely, 
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the recognition of the deeply encoded and repeated (drawn) figures was 

comparable or even exceeded the correct identification of the new ones. 

Accordingly, as anticipated and in line with previous research (Delhaye, Bastin, 

Moulin, Besson, & Barbeau, 2017; Kafkas & Montaldi, 2014; Kafkas & Montaldi, 

2018), reactions were faster to the drawn than the new figures. In contrast, it has 

been found that correct new item identification was superior to recognition 

memory when pre-experimentally unfamiliar stimuli were shallowly encoded. 

The results were slightly different for the verbal items since the semantically 

processed stimuli were recognized as ‘old’ just as accurately as the new ones were 

identified as ‘new’. The visual and verbal items' old/new recognition 

performance was likely different because of the differences in LOP of the deep 

versus the intermediate encoding task used with abstract figures and non-words, 

respectively. Previous research has demonstrated that drawing compared to 

writing (Wammes, Meade, & Fernandes, 2016) or phonological encoding reaches 

deeper during processing and establishes stronger memories (Matlin, 2005). 

Consequently, the drawing task must have increased the experimentally induced 

familiarity of the figures to a greater extent than the rhyming word task could 

achieve with the verbal stimuli.  

Accordingly, the electrophysiological data of the abstract figures and 

non-words showed the late old/new effect in that the processing of the drawn 

stimuli compared to the new ones evoked larger P600 amplitudes and prompted 

longer latency. The parietal late old/new effect entails larger amplitudes for the 

pre-exposed than not pre-exposed items arising from the involvement of 

recollection type memory (Curran & Hancock, 2007; Friedman & Johnson, 2000; 

Otten, Sveen, & Quayle, 2007; Rugg & Curran, 2007; Ziegler, Besson, Jacobs, & 

Nazir, 1995). The P600's modulation is thought to index the reactivation and 

reanalysis of existing memory representations, including the stimulus and its 

contextual information  (Friedman & Johnson, 2000; Rugg & Curran, 2007; 
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Yonelinas, 2002). Thus, the current findings show that the drawn figures and the 

semantically processed non-words were well-recognized and could be correctly 

discriminated against the new items. 

For both the visual and verbal items, new item identification was 

consistently more accurate than the correct recognition of items relying on weak 

memory representations (studied items). As such, the current data show that it 

was likely more difficult to discriminate the shallowly encoded items from the 

new ones correctly. In other words, the studied stimuli were likely perceived as 

more ‘new’ than ‘old’. Accordingly, the RT-s of the studied and new stimuli were 

not significantly different. This differential effect of deep and shallow LOP and 

repetition on the recognition performance indicates a clear effect of memory 

strength. Prior research on memory performance involving pre-experimentally 

familiar stimuli has typically shown that stimulus novelty provides processing 

advantages over familiarity (Donaldson, 1992; Kafkas & Montaldi, 2014; Kafkas 

& Montaldi, 2018; Kumaran & Maguire, 2007). However, when pre-

experimentally unfamiliar items are memorized and then their recognition is 

tested, it seems that experimentally induced familiarity can support 

discrimination comparably to new item identification. It should be noted that the 

discrimination performance of the new and familiar items was already at a high 

level, which could account for the lack of detectable differences. Nevertheless, a 

ceiling effect seems less likely, as described above. 

Improved new item identification of the abstract figures was marked by 

the early old/new effect (FN400), which, as discussed above, was not detected 

with the non-words. The frontocentral FN400 is postulated to represent the 

effective use of familiarity during old/new discrimination (Curran & Hancock, 

2007; Friedman & Johnson, 2000; Rugg & Curran, 2007). As such, early old/new 

effects are seen as more negative amplitudes for new stimuli that were correctly 

endorsed as ‘new’ compared to previously seen old stimuli that were recognized 
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as ‘old’  (Curran & Hancock, 2007; Friedman & Johnson, 2000; Rugg & Curran, 

2007). Thus, the current findings support the notion that the FN400 reflects 

familiarity-based discrimination and correct identification of new items (Curran 

& Hancock, 2007). Namely, similarly to the results of Rugg and Curran (2007), 

the FN400 peaks related to the processing of the studied and new figures were 

comparable over the posterior cluster. However, the peaks related to the 

processing of the drawn figures were less negative than those of the new, which 

agrees with the notion that deep encoding facilitates recognition performance 

(Friedman & Johnson, 2000).  

One of the most prominent discrimination performance theories is the 

comparator or match/mismatch model (Kumaran & Maguire, 2007). According 

to this model, the input undergoes a preliminary evaluation followed by 

match/mismatch signal initiation. If the stimulus matches an existing 

representation, it is recognized as familiar. If there is no match or a mismatch is 

found, novelty is detected. This comparison is assumed to be carried out dually 

by the hippocampus, a structure known to be crucial for memory and novelty 

processing (Kafkas & Montaldi, 2014; Kafkas & Montaldi, 2018; Kumaran & 

Maguire, 2007). Such claims are supported by neuroimaging studies that have 

identified two separate segments, such as the anterior and posterior 

hippocampus, that serve different functions during old/new recognition (Kafkas 

& Montaldi, 2018; Kumaran & Maguire, 2006; Poppenk & Moscovitch, 2011). 

For example, Kumaran and Maguire (2006) showed increased activation 

in the anterior hippocampus in response to novelty. Moreover, Kafkas and 

Montaldi (2018) proposed that besides active novelty detection, the anterior 

hippocampus's role is efficient communication of stimulus significance to the 

striatum and the dopaminergic midbrain, where novelty salience is further 

appraised. Poppenk and Moscovitch (2011) showed that recollective memory 

relies on the posterior but not anterior hippocampus in a population of healthy 
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young volunteers. Moreover, they proposed that the hippocampus' functional 

connectivity to neocortical regions and other midbrain structures mediates the 

posterior hippocampus' role in memory. Thus, if both the anterior and the 

posterior hippocampal segments and their connections to other cortical areas are 

functional, stimulus novelty and familiarity can theoretically aid recognition 

memory with comparable efficacy. Indeed, new item identification in all 

experiments was comparable to the correct recognition of the deeply processed 

and repeated materials that, as discussed above, likely involved a solid match to 

existing templates. Such logic also implies that if the match is weak, new item 

identification can be more accurate than old item recognition, which was found 

consistently. 

Furthermore, the elderly compared to the young showed a marked 

decline in correct new item identification. Also, new items prompted an increase 

in the number of false alarms, which is often seen in older adults (Gallo, Cotel, 

Moore, & Schacter, 2007; Kroll, Knight, Metcalfe, Wolf, & Tulving, 1996). These 

findings were associated to theories such as the misrecollection account of 

cognitive aging that is based on false memories (Dodson, Bawa, & Krueger, 2007), 

an age-related decreased sensitivity to novelty (Czigler, Pato, Poszet, & Balazs, 

2006), and the age-dependent impairment in novelty assessment (Bastin, 

Delhaye, Moulin, & Barbeau, 2019; Daffner et al., 2011; de Chastelaine, Mattson, 

Wang, Donley, & Rugg, 2017) (see Chapter IV). Here, the latter is further 

discussed in alignment with the comparator model (Kumaran & Maguire, 2006). 

The volume and connectivity of the hippocampus are known to 

deteriorate with age (Blum, Habeck, Steffener, Razlighi, & Stern, 2014; Bowman 

& Dennis, 2015; de Chastelaine, Mattson, Wang, Donley, & Rugg, 2017; Grady, 

McIntosh, & Craik, 2003). However, the anterior hippocampus degenerates 

before the posterior part in aging (Blum, Habeck, Steffener, Razlighi, & Stern, 

2014). Also, Blum, Habeck, Steffener, Razlighi, and Stern (2014) found an overall 
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depreciated functional connectivity of the hippocampus to cortical areas in the 

elderly compared to the young, but there was a relative increase in posterior 

hippocampal connectivity. Hence, as suggested by the comparator model and 

neuroimaging studies, this could account for decreased accuracy performance 

concerning the correct rejection of the new items. In other words, worse novelty 

assessment, and thus less accurate new item identification, in the elderly could 

result from decreased connectivity and a less operational anterior hippocampus. 

Conversely, the relatively preserved posterior hippocampal function could 

explain why the memorized pre-experimentally unfamiliar stimuli did not show 

prominent age effects on the hit rates. This bears future investigation. 

Nevertheless, the presented findings support the notion that cognitive aging 

concerns domain-specific insufficiencies rather than a single global cognitive 

deficit  (Benjamin, 2010; Fraundorf, Hourihan, Peters, & Benjamin, 2019). 

 

 The pharmacological Model of healthy Aging 

For BIP to be an adequate pharmacological model of healthy aging, the 

drug should have impaired correct new item rejection while leaving the hits rates 

of the drawn/semantically processed and studied abstract figures and non-words 

unaffected. Also, drug effects should have been found for the discriminability 

indexes (A’). Neither of these effects were detected. In contrast to our 

expectations, the studied abstract figures were less well recognized after the drug 

treatment, and the rest of the mentioned effects were not detected. However, 

considering that BIP only affected the processing of the abstract figures, it cannot 

be ruled out that our findings were related to a response bias in the PLA 

conditions, as discussed in Chapter V. However, as anticipated, the drug 

prolonged the reaction times of the drawn and the studied abstract figures. Thus, 

even though the BIP-induced effects were different for the abstract figures and 
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the non-words, they did not fully model the typical age-related deficits in 

recognition performance. 

BIP impaired the recognition accuracy of the drawn and studied figures, 

which is in agreement with previous research on BIP’s memory impairing effect 

in healthy volunteers (Sambeth, Riedel, Klinkenberg, Kahkonen, & Blokland, 

2015; Silver & Geraisy, 1995) but does not comply with the findings on the age-

related impairment in recognition memory performance described in Chapter IV. 

Therefore, it could be that the M1 receptors and the cholinergic transmission are 

less affected by healthy cognitive aging than dementia or AD. These findings 

corroborate those reported by Muller, Stoll, Schubert, and Gelbmann (1991). This 

review article revealed that, unlike AD, healthy aging does not involve 

degenerations of the cholinergic innervation of the cortex and the hippocampus 

but might negatively affect acetylcholine (ACh) release and muscarinic receptor 

responsiveness. However, the authors argued that age-associated decrements in 

learning and memory could not be solely attributed to deficits in the cholinergic 

system's functioning and proposed that other neurotransmitter systems could 

also play a role. Nevertheless, similarly to healthy aging, BIP increased the 

processing time of the abstract figures without affecting the non-words, which, 

however, does not substantiate BIP’s ability to model cognitive aging in the 

present paradigm.  

In support of this notion, BIP also did not impair the correct 

identification of the new items, which is surprising considering that BIP is a 

cholinergic M1 receptor antagonist (Blokland, Sambeth, Prickaerts, & Riedel, 

2016; Kostelnik, Cegan, & Pohanka, 2017). In general, new stimuli are assumed 

to initiate a cascade of neural events, including activation of the cholinergic, 

noradrenergic, and the dopaminergic systems (Caldenhove, Borghans, Blokland, 

& Sambeth, 2017; Kafkas & Montaldi, 2018; Rangel-Gomez & Meeter, 2016; 

Schomaker & Meeter, 2015; Wittmann, Bunzeck, Dolan, & Duzel, 2007). Thus, the 
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lack of drug effects on new item identification indicates that their discrimination 

likely involved noradrenergic or dopaminergic neurotransmission rather than 

cholinergic. Such an idea, while being speculative, since we did not specifically 

investigate the effects of a norepinephrine (NE) or dopamine (DA) antagonist to 

test this hypothesis, is nevertheless possible for two reasons. 

First, most of the evidence on ACh's involvement in novelty detection 

stems from odd-ball tasks (Caldenhove, Borghans, Blokland, & Sambeth, 2017; 

Kafkas & Montaldi, 2015; Rangel-Gomez & Meeter, 2016). In these paradigms, the 

deviation of an irrelevant or unexpected visual or auditory stimulus yields a pre-

attentive capture of attention reflected by changes in EEG and fMRI (Amenedo 

& Diaz, 1998; Friedman & Simpson, 1994; Parmentier & Andrés, 2010; Pato & 

Czigler, 2011; Weisz & Czigler, 2006). Accordingly, improved detection of 

novelty in such paradigms has been attributed to violation of expectations 

(Vachon, Hughes, & Jones, 2012). However, detecting a highly deviant stimulus 

(e.g., a red circle among blue squares) does not thoroughly compare to 

identifying a new stimulus in an old/new recognition task in which the items are 

relatively similar and are consistently compared to existing memory templates.  

Second, according to evidence from recognition memory tasks, new 

items can initiate a hippocampal novelty signal mediated by DA. This signal is 

assumed to activate the substantia nigra/ventral tegmental area and trigger 

improved functional connectivity of this region to the hippocampus via DA 

(Kafkas & Montaldi, 2015; Lisman & Grace, 2005). Moreover, the anticipation of 

novelty has been shown to activate the reward system and, specifically, the 

hippocampus during processing (Bunzeck & Duzel, 2006; Schomaker & Meeter, 

2015; Wittmann, Bunzeck, Dolan, & Duzel, 2007). Altogether, such evidence 

suggests that novelty can provide mnemonic benefits via its reward 

characteristics, which explains the lack of BIP-induced impairment in new item 

identification. When combined with the current findings, this research line shows 
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that novelty can provide processing benefits overall by stimulating the 

participants’ DA-driven reward system. However, novel stimuli are likely not per 

se preferentially processed by the memory system, which accommodates familiar 

information comparably unless it relies on strong memories.  

 Implications and Future Directions 

 

Altogether, it can be said that the benefits of deeper LOP and repetition 

over shallow encoding (Craik & Lockhart, 1972; Craik & Tulving, 1975; Hintzman 

& Curran, 1997; Newell & Andrews, 2004) apply to pre-experimentally 

unfamiliar old item recognition. Moreover, it seems that aging affects the ability 

to discriminate pre-experimentally unfamiliar visual but not verbal items, 

indicating domain-specific deficits (Fraundorf, Hourihan, Peters, & Benjamin, 

2019), which may be reduced with sufficient environmental support (Craik, 1986) 

rather than with mnemonic instructions (Bridger et al., 2017; Fraundorf, 

Hourihan, Peters, & Benjamin, 2019; Naveh-Benjamin & Mayr, 2018). 

Additionally, such deficits cannot be achieved by cholinergic modulation using 

the current paradigm.  

Moreover, as discussed in this dissertation, the models of recognition 

memory and their neural bases indicate that recognition performance depends 

on the memory strength in young adults, the elderly, and when cholinergic 

modulation is used. Electrophysiologically, accurate memory performance of the 

abstract figures in the current paradigm can be explained by a combination of 

effective use of familiarity (FN400) and recollection (P600) type memory for items 

relying on strong memories. In contrast, the poorer performance involving the 

items relying on weak memory can be explained by a combination of ineffective 

use of familiarity (FN400) and a lack of recollection type memory (P600). 

Accordingly, these findings on the early and late old/new effects during the 
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processing of the abstract figures point towards dual-route processing (Mandler, 

2008; Rugg & Curran, 2007; Yonelinas, 2002). However, further studies are 

required in which aspects of recollection and familiarity are directly investigated 

with EEG and an extended version of the current paradigm.  

Furthermore, Kumaran and Maguire (2007) argued that novelty 

detection plays an essential role in the continuous updating of our 

representations of the world (i.e., unsupervised learning). Moreover, exploration 

is proposed to continue unless novel information has been integrated into 

memory representations (e.g., cognitive map) (O’Keefe & Nadel, 1978). Based on 

the presented findings, it seems that new items are preferentially processed when 

they are contrasted with items having fragile memories. However, the advantage 

of novelty dissipates when the judgment involves familiar items relying on 

strong memories. Thus, both novelty and familiarity can support correct 

recognition comparably unless familiarity relies on strongly embedded 

memories. Such findings suggest that novelty may not merely be ‘not familiar’. 

Rather, novelty and familiarity might be two independent functions that offer 

distinct contributions to discrimination decisions that show domain-specific 

impairments in cognitive aging and likely rely on other than the cholinergic 

neurotransmitter system considering the involvement of pre-experimentally 

unfamiliar materials. 

To further investigate and support the claims presented in this work, 

future research could extend the present paradigm with confidence judgments 

and questionnaires that could reveal which specific strategies the participants 

used during memorization. An intriguing follow-up study could examine the 

relation between recognition and recall using an extended version of the current 

paradigm. It would also be of interest to combine behavioral investigations with 

other neuroimaging methods to further examine age-related recognition 

performance. Additional investigations of age-related compensation, executive 
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function, and hippocampal activity/connectivity could help understand the 

nature of the conditions that underly the processing of pre-experimentally 

unfamiliar items. Moreover, considering the cholinergic modulation's 

ineffectiveness in mimicking age-related cognitive impairment, it is suggested to 

investigate the effects of a DA- or a NE-based pharmacological model. Such an 

approach would enable the establishment of links between the distinct 

neuromodulatory mechanisms and behavioral effects of novelty and familiarity 

processing also involved in aging.  
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 Summary 

 
Recognition memory is a form of episodic memory that promotes the 

discrimination of new items or experiences from previously encountered, 

familiar ones. Therefore, it has an essential role in record-keeping and updating 

the information we store about the environment. As such, it can effectively guide 

our behavior. Nevertheless, there is considerable debate in recent theories of 

memory about how the brain processes and stores new and familiar information. 

Some researchers argue for processing benefits of the former, while others argue 

for the mnemonic benefits of the latter. These mixed results can be attributed to 

differences in the experimental designs and the type of stimuli used. Therefore, 

this dissertation aimed to investigate further the processes underlying old/new 

recognition, such as pre-experimental stimulus familiarity, memory strength, 

and age. Throughout this dissertation, we used a three-phase old/new 

recognition memory paradigm (deep memorization, shallow memorization, and 

recognition) to test how the brain processes and responds to pre-experimentally 

unfamiliar abstract figures and non-words. Memory strength was manipulated 

as a function of the Levels of Processing. Strong memories were induced with 

deep encoding and repetition, while weak memories were achieved via shallow 

encoding without repetition. The included experiments' results were anticipated 

to reveal the factors that might influence effective recognition performance of 

stimuli without a pre-experimentally existing memory or meaning. Knowing 

how the brain processes these items can significantly improve our understanding 

of visual, lexical, and orthographic memory processing and contribute to 

designing relevant aging models. 

In Chapter II, the role of memory strength and pre-experimental 

familiarity was tested using the above-described paradigm. To account for the 

effects of pre-experimental familiarity, we used pre-experimentally familiar and 
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unfamiliar visual and verbal materials (figures and words vs. abstract figures and 

non-words). The findings revealed that recognition performance primarily 

depends on experimentally induced memory strength as no differences were 

found between pre-experimental familiar and unfamiliar old item recognition 

accuracy. However, the new, unfamiliar figures were recognized better than the 

familiar ones, probably due to the more profound distinctiveness of the former. 

Regarding memory strength, we found that, independently of the stimulus being 

pre-experimentally familiar or unfamiliar, new item identification exceeded the 

correct old item recognition when the stimulus memory was weakly embedded 

but not when it was strongly embedded. Thus, this study indicates that while 

pre-experimental familiarity has a differential impact on visual and verbal 

materials, this is not the case for memory strength.   

Chapter III reveals the underlying brain responses during old/new 

recognition of abstract figures and non-words using EEG. The results showed 

that successful new item identification was marked by a combination of the 

absence of familiarity (N400) and recollection (P600). For both the abstract figures 

and the non-words, the parietal P600 differentiated between the old and new 

items (late old/new effects). This study extends current knowledge on the 

processing of pre-experimentally unfamiliar visual and verbal items by showing 

that their discrimination depends on experimentally induced memory strength 

and that the underlying brain processes differ. Nevertheless, the P600, similarly 

to pre-experimentally familiar figures and words, likely reflects improved 

recognition memory of meaningless visual and verbal items. 

In Chapter IV, the above-described paradigm was tested in healthy 

young and elderly volunteers. It was found that older adults relative to the young 

showed impairment in the correct identification of new items. As indicated by 

the lower discriminability indexes, the elderly also had difficulties discriminating 

the strongly (drawn/semantically processed) and the weakly (studied) embedded 
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abstract figures but not the non-words. Age-related differences in reaction times 

were also only evident with the abstract figures. Finally, our results revealed that 

the recognition performance was equally affected by memory strength in both 

age groups. The current findings agree with previous research on age-related 

impairment in new item recognition, which can be attributed to misrecollection, 

decreased sensitivity to novelty, and less accurate novelty assessment in the 

elderly than the young. The detected age effects on the discriminability of the 

drawn and studied abstract figures agree with the age-related impairment in the 

perceptual encoding hypothesis and support the notion related to the need for 

environmental support to reduce age effects. The lack of age effects during the 

processing of the non-words indicates that age effects on discriminability appear 

to be stimulus-dependent. Thus, the current results support the notion that 

recognition memory in aging is only impaired under certain conditions and likely 

depends on the stimuli used.  

The study in Chapter V investigated the effects of the muscarinic type 1 

antagonist, biperiden, using the paradigm mentioned above with the aim to 

reveal whether this drug can be effective in modeling age-related memory 

impairments. The results of a double-blind, placebo-controlled, 2-way cross-over 

study are presented. It was found that 4 mg biperiden impaired recognition 

accuracy and prolonged reaction times of the drawn and the studied abstract 

figures. However, participants were biased towards ‘old’ responses in the 

placebo condition. The recognition of the new abstract figures was unaffected by 

the drug. Biperiden did not affect the recognition of the non-words. It was 

concluded that although biperiden may model age-related deficits in episodic 

memory, the current findings indicate that biperiden cannot mimic age-related 

deficits in recognition performance involving abstract figures and non-words. 
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Chapter VI includes the general discussion and reflections on the main 

findings of this dissertation, including the implications and directions for future 

research. Based on consistent findings presented in this dissertation, it can be said 

that the paradigm has reliably and consistently shown throughout all presented 

experiments the benefits of deeper Levels of Processing and repetition over 

shallow encoding without repetition. Additionally, experimentally induced 

memory strength has been found to affect old/new recognition. Namely, items 

with weak memory were less well recognized than the new ones. In contrast, 

items having strong memory representations were recognized better or just as 

well as the new ones.  Furthermore, these findings were independent of pre-

experimental familiarity, age, and pharmacological treatment with BIP, which 

suggests that experimentally induced memory strength is a stable and vital factor 

influencing old/new recognition. Regarding the underlying brain processes, the 

impact of age, and the blocking of the antimuscarinic receptors, it seems that 

there is a marked difference in the processing of pre-experimentally unfamiliar 

visual and verbal items. Therefore, further studies might benefit from including 

stimuli with both modalities to account for more accurate findings, especially 

considering the aging brain.   
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 Impact Paragraph 

The ability to respond to distinct, unusual, or new stimuli is an instinct that drives 

the unconscious sensory-based and continuous exploration. Thus, from an 

evolutionary perspective identifying something as new is essential for learning, 

adapting to changes, and survival. According to research, newborns show an 

orienting response, as they automatically direct their attention to stimulus 

novelty. However, evidence also shows that infants do not always favor new over 

old things. Such old-new shifts remain as we get older and wiser. For example, 

we are naturally drawn to anything outside the status quo. Also, we often fancy 

the new at the expense of the old. Other times, we stick to old run-in routines, 

which offer convenience and stability. Despite decades of research, it remains 

unknown and highly debated which type of information, old or new, is 

preferentially processed by the brain. This is especially true for stimuli that have 

likely not been seen outside an experimental context. 

Considering the above, the main objective in the current work was to 

investigate the behavioral and electrophysiological processes underlying 

old/new recognition of pre-experimentally unfamiliar abstract figures and non-

words in a set of five experiments. Specifically, the goal was to examine the role 

of memory strength and age in such processing. Memory and novelty detection 

have both previously been shown to rely on the cholinergic system of the brain. 

The cholinergic system comprises nerve cells, such as muscarinic and nicotinic 

receptors, that use the neurotransmitter acetylcholine when communicating with 

each other. Aging is associated with deficits in cholinergic neurotransmission. 

Thus, we also tested whether cholinergic modulation with the muscarinic type 1 

receptor antagonist drug, biperiden, could pharmacologically model the memory 

impairment of healthy elderly. To find out the answers to these questions, we 

used a memory paradigm with abstract figures and non-words. First, the 
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participants were asked to redraw the abstract figures and mention existing 

rhyming words for the non-words. Afterward, they had to memorize the 

presented items without any additional tasks. Here, the items from the first phase 

were repeated and mixed with some new ones. Finally, they were shown the 

before seen, old items mixed with some previously not presented ones. Their task 

was to decide if the presented stimulus was familiar (old) or not (new). Repetition 

and the drawing/rhyming task created strong memories, while simply 

memorizing the items led to weak memory formation. This way, we could 

manipulate the strength of the different item memories. Both healthy young and 

old adults performed the tests. 

Every experiment has shown that people were better at recognizing 

something as 'new' than 'old'. However, this was only true when the familiar 

items relied on weak memories. In contrast, when the familiar stimuli were 

memorized via drawing or rhyming words, they could be recognized as 'old' just 

as good as the new items were identified as 'new'. These findings were consistent 

in the young, elderly, and when we used a pharmacological manipulation. It also 

did not matter whether the items were pre-experimentally familiar words and 

figures or were utterly new and likely never before seen abstract figures and non-

words. Therefore, we concluded that a particular memory's strength plays a vital 

role in how well one can distinguish new from old. Furthermore, the behavior 

and the brain activity were different for the different stimuli. For example, when 

the brain distinguishes between the new and the weakly embedded abstract 

figures, the event-related potentials associated with familiarity (FN400) and 

recollection (P600) are missing for the weak memories. On the other hand, when 

the brain accurately recognized the strongly embedded non-words, there was an 

increase in the memory-related P600 component compared to the studied and 

new items.  
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Concerning the impact of healthy aging, we found that the seniors were 

impaired in identifying the new stimuli correctly and had difficulties with 

discriminating the old abstract figures. However, age did not affect the 

processing of the non-words. Thus, these findings indicate that processing 

problems in aging can differ for visual and verbal stimuli. In contrast to the 

expectations, the biperiden-induced effects showed the opposite pattern. 

Namely, the drug impaired old item recognition while leaving correct 

identification of the new stimuli unaffected. Thus, it can be said that biperiden 

could not adequately mimic the memory deficits of the healthy elderly.  

The presented results clarify the dispute on how the brain discriminates 

old information from new and how aging affects such processing. These findings 

extend current knowledge on how we process and respond to pre-experimentally 

unfamiliar abstract figures and non-words. Abstract figures and non-words 

hardly involve semantics, thus verbalizing what we see or experience. Therefore, 

knowing how the brain processes these items can improve our understanding of 

visual, lexical, and orthographic memory processing and contribute to 

establishing relevant aging models. Furthermore, the current findings are useful 

for addressing how novel and familiar information can be effectively presented 

in recognition memory paradigms.  The presented findings can also explain why, 

in some situations, old information is less accurately processed than new. The 

stakeholders for this aspect are a broad spectrum of clinical and non-clinical 

psychologists. 

Moreover, the effects of aging on new item identification show a possible 

direction for developing new drugs that could improve somebody's cognitive 

performance. It seems wise to consider other drugs that, for instance, target the 

brain's dopamine system to improve our ability to react to new information. Such 

assumptions make sense in light of findings showing that stimulus novelty 

engages the brain's dopamine-mediated reward centers. Nevertheless, this bears 
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future research. It could also benefit patients with brain disorders such as 

schizophrenia, dementia, or Alzheimer's disease. Namely, in these conditions, 

next to the fact that memory is impaired, both the cholinergic and the 

dopaminergic brain systems play an essential role. Thus, the results could shed 

better light on the cognitive impairments these patients face, which could 

ultimately provide improved means for adequate diagnosis and treatment 

options. It is noteworthy mentioning that life quality is a crucial factor in general 

and psychological well-being, especially with increasing age. Also, the number 

of demented patients is expected to increase substantially in the coming decades, 

putting much pressure on the healthcare system and the caregivers. 
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