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Empathy and memory are two central aspects that make us human. In the 

following work, I combined these two areas with genetics and asked how 

they would interrelate against the background of age. At study, 28 younger 

and 32 older adults went through an item recognition/source memory 

paradigm with neutral and emotional (i.e., angry) faces. Dispositional 

empathy was measured using the Interpersonal Reactivity Index (IRI) and 

the Empathy Quotient (EQ). Further, 13 single-nucleotide polymorphisms 

(SNPs) from mainly oxytocin receptors (OXTR) were extracted. Results 

revealed that older adults had a lower score on the Fantasy dimension of the 

IRI. Younger and older adults did not differ in hit rate, but older adults 

showed a higher false alarm rate for neutral source memory. For emotional 

item recognition, older adults showed a higher liberal response bias 

whereas, for neutral source memory, younger adults showed a higher 

conservative response bias. For both memory and empathy, main effects and 

age interactions were found for OXTR rs237887, rs237897, rs2254298, 

rs4564970, and rs4686302. These findings illustrated the close 

interconnectivity of memory, empathy, and genetics over the human life 

span. 

Keywords: empathy, item recognition, source memory, aging, emotion, 

oxytocin receptor, signal detection theory 

 

Empathy seems to be a central part of our lives as social beings as it enables us to see, 

interpret, and experience the psychological processes, i.e., emotions, cognitions, and behavior, 

of other human beings around us, and thereby enables us to learn more about our own 

psychological processes (Engelen & Röttger-Rössler, 2012). In the following, this 

understanding of others and ourselves allows us to connect to and with others in a successful 

way through communication, sharing, and other social interactions (Preston & de Waal, 

2002). In the long run, we are thus able to predict situations in the future, i.e., actions, 

intentions, and feelings of others (Singer & Lamm, 2009), which enriches our social relations 

even more. 

The same importance for our social lives is true for memory, as it stores the psychological 

processes of other human beings around us and of ourselves, i.e., what we see, interpret, and 

experience. Without the ability to learn and to remember, we have a hard time to connect to 
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other people as there is no ground on which we can build and enhance a genuine relationship 

with them (Bower, 2005). That is especially relevant for predicting situations in the future and 

prolonged relationships, as there would be no variables available to solve any social equation. 

For example, when I see a person again on the university campus that I have met at a birthday 

party some days ago, but I, for the first, do not remember that she has asked me to go with her 

to the movies next weekend and, for the second, have not noticed then that she was looking 

happy when we were talking about romantic movies, I will not make a good contribution to a 

more serious future relationship asking her to spent the weekend at my place to watch horror 

movies. 

Which role empathy and memory play in our daily life is written in our genes (Ebstein, 

Knafo, Mankuta, Chew & Lai, 2012). However, empathy and memory are thus by far not the 

only factors that influence how we feel, think, and behave as humans. No more can they be 

seen as distinct sections within our genes which can work on their own. Rather, empathy and 

memory are outputs of a combination of different genes. At the same time, our genes can 

work as a source of information about our past, i.e., the history of our evolution (Bos, 

Panksepp, Bluthé, & van Honk, 2012). Thus, we might find answers to questions such as, are 

empathy and memory something entirely human, or are they human per se? 

The following work combines the three areas empathy, memory, and genetics by asking how 

they interrelate against the background of age. Therefore, participants divided into a younger 

and an older age group filled in self-report questionnaires on dispositional empathy, went 

through a behavioral paradigm for emotional item recognition and source memory, and 

provided a blood sample for the extraction of genetic markers which are related to social 

hormones. 

Empathy 

Towards the end of the last century, developmental and social psychologists have begun to 

take interest in the behavioral, cognitive, and emotional aspects of the phenomenon empathy. 

Animal experiments became thereby an important model to derive knowledge about human 

empathy. Preston and de Waal (2002) reviewed several empirical reports from different 

species and argued that empathy increases with familiarity (subject’s previous experience 

with object), similarity (perceived overlap between subject and object, e.g., species, 

personality, age, and gender), learning (explicit or implicit teaching), past experience (with 

situation of distress), and salience (strength of perceptual signal, e.g., louder, closer, and more 

realistic). 

Empathy and related constructs. The research on empathy has had a history that goes 

back some years and through multiple disciplines such as philosophy (e.g., Stueber, 2012), 

developmental psychology (e.g., Bischof-Köhler, 2012), anthropology (e.g., Hollan, 2012), 

and cultural studies (e.g., Breithaupt, 2012; see also Coplan & Goldie, 2011). Despite that, the 

concept has still not been fully understood and has been lacking a consistent scientific 

definition (Engelen & Röttger-Rössler, 2012). In addition, a clear classification of empathy is 

complicated by a shared experience with other terms in emotion research, e.g., emotion 

contagion, sympathy, and prosocial behavior; it therefore might be helpful to distinguish 

between the different terms. Empathy is thereby not simply an emotional construct, but 

includes cognitive and behavioral aspects. 

In the following, I have discriminated between several terms related to but different from 

empathy (see also Preston & de Waal, 2002; Singer & Lamm, 2009; Stueber, 2008): Mimicry 

is a term from evolutionary biology which refers to the unconscious, automatic imitation of 

another person by different expressions, e.g., behavior, emotions, and language. For example, 
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I yawn when I see another person yawning. Emotional contagion is present when I experience 

the same emotion as another person, for example, I enter a party where everybody is happily 

dancing, and I become happy and get the feeling to dance too. Mimicry and emotional 

contagion show great similarities in some areas; both can, however, appear on their own too. 

Mimicry has thereby a more external orientation, emotional contagion a more internal 

orientation. 

Sympathy emerges more from the observation of an emotional situation of another person than 

the actual emotional state itself, i.e., it is a feeling for the other person and not with the 

person. For example, when a person is injured and in pain, I feel sorry for him, but I am not 

necessarily in pain myself.
1
 Personal distress shares the same characteristics with sympathy, 

but results in an emotional state that is entirely self-oriented. Taking up the same example as 

before, I do not feel sorry for someone but just sorry. Thus, a possible helping behavior is 

motivated to reduce my own feelings, i.e., it is ultimately a self-helping behavior. Compassion 

resembles the emotional state in another person, but again as a feeling for and not with the 

other person, e.g., I feel pain seeing another person in pain, but I have no phenomenological 

idea about the pain of the other person. Empathic concern is seen as a more collective term 

for constructs such as sympathy, personal distress, and compassion (Woltin, Corneille, 

Yzerbyt, & Förster, 2011). Thus, the four terms above do not focus on the emotional state of 

the other person in the sense of empathy. However, they imply a conscious distinction 

between self and the other person, in contrast to mimicry and emotional contagion. 

(Affective) empathy is an awareness of another’s emotional state which leads to the experience 

of an emotional state that fits the person’s situation in an adequate way. Even if it is often the 

case, my own emotional state does not necessarily have to be consistent with the other’s 

emotional state. Stueber (2008) has mentioned the example of a mother who feels sad seeing 

her child happily playing, not knowing that it is seriously ill, because sadness would be the 

anticipated emotional state if her child understood its condition. Thus, a mother who is happy 

because her child is happy is not affective empathy, as the focus lies primarily on her own 

inner world. Cognitive empathy is the understanding of a person’s emotional state through 

top-down processes, i.e., to put it simply, I understand another’s emotional state through 

thinking, not feeling (theory of mind). Thus, I do not share an emotional space with the other 

person, but the same (cognitive) perspective. For example, a police detective tries to 

understand the criminal mind of a murderer; however, he/she is not interested in sharing an 

emotional space with the murderer. 

The distinction of empathy in an affective part and a cognitive part has been especially helpful 

in the field of autism and personality disorders (e.g., Baron-Cohen, 2012; Rogers, Dziobek, 

Hassenstab, Wolf, & Convit, 2007). Here, Baron-Cohen (2012) has stated that people with 

Autistic Spectrum Disorder (ASD; see Appendix A, Abbreviations) have an impaired 

cognitive empathy but an intact affective empathy, which would result in social avoidance but 

an otherwise constructive effect; in contrast, people with Cluster B personality disorders 

(dramatic, emotional or erratic disorders; American Psychiatric Association, 2000) have intact 

cognitive empathy but impaired affective empathy, which would result in social exploitation 

and a disruptive effect. Thus, ASD and Cluster B personality disorders are counterparts on an 

empathic dimension. However, as Engelen and Röttger-Rössler (2012) has stated, the 

distinction might be conceptually impossible, as taking either an affective or a cognitive 

perspective, I have to be at least cognitively or emotionally interested in the other person, 

                                                 

1
 There are authors who distinguish between pity as the negative and sympathy as the positive emotional part 

(e.g., Engelen & Röttger-Rössler, 2012). 
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respectively. Prosocial behavior is different from the other constructs due to its clear 

orientation towards action, i.e., towards helping another person, who is, for example, in pain, 

to reduce a negative emotional state or support a positive emotional state. However, prosocial 

behavior shares the basic feeling for and not with the other person with the other empathy-

related constructs. 

Contemporary research on empathy. Recent approaches in neuroscience (e.g., Decety & 

Ickes, 2009; Preston & Hofelich, 2012; Singer & Lamm, 2009; Walter, 2012) and genetics 

(e.g., Ebstein et al., 2012; see chapter “Genetics” below) have been showing promise to 

provide new insights into the understanding of empathy. The discovery of mirror neurons in 

primates (e.g., di Pellegrino, Fadiga, Fogassi, Gallese, & Rizzolatti, 1992; Rizzolatti, Fadiga, 

Gallese, & Fogassi, 1996), which were active both during carrying out and observing a 

specific behavior or expression, provided for the first time neural evidence for an empathy 

system in the brain. For humans, mirror neurons could not be obtained in the same way as for 

primates (Oztop, Kawato, & Arbib, in press), but empirical studies with humans suggested a 

mirror system similar to that of primates (e.g., Rizzolatti, Craighero, & Fadiga, 2002; see also 

Molenberghs, Cunnington, & Mattingley, 2012, for a recent meta-analysis). With the 

knowledge about mirror neurons, Gallese (2003) has postulated the shared-manifold 

hypothesis based on intersubjectivity which connects us humans through a multidimensional 

space of experiences. However, there have been also scientists who strongly question the 

common understanding of mirror neurons in primates and humans (e.g., Heyes, 2010; Hickok, 

2009).  

Preston and de Waal (2002) have provided with the Perception-Action-Model (PAM) a highly 

influential integrative theory that explains different levels of empathy and its effects across 

individuals, species, stages of developments, and situations: “attended perception of the 

object’s state automatically activates the subject’s representations of the state, situation, and 

object, and that activation of these representations automatically primes or generates the 

associated autonomic and somatic responses, unless inhibited” (p. 4). For the authors, 

empathy includes all phenomena where my own state is in more accordance with the other’s 

state than my previous state. Thereby, empathy is seen as a process rather than a response, and 

thus functions as a generic term for empathic concern, prosocial behavior, and other related 

concepts which at some level show some aspects of empathy. Further, empathy itself is part of 

a greater perception-action field which contains, for example, imitation, ideomotor actions, 

and priming. It is thus seen as a “phylogenetically continuous phenomenon, as suggested by 

Charles Darwin [1871] more than a century ago” (Preston & de Waal, 2002, p. 2; see also 

Decety & Svetlova, 2012). 

Memory 

It took psychology some more years to become a scientific field of its own which is delivered 

of mere theoretical discussions about how the mind may look like. The birth of psychology is 

often associated with the opening of Wilhelm Wundt’s (1832‒1920) experimental laboratory 

in 1879 who intended to link the mind of Cartesian-Lockean principles with physiology 

(structural psychology). Parallel, William James (1842‒1910) developed a functional 

psychology based on Darwin’s (1809‒1882) theory of evolution, whose ideas would 

sustain—unlike the ideas of Wundt’s—until today. Thus, for example, memory was not a 

puzzle of anatomic pieces, e.g., letters and words, but a coherent entity of meaning (schema; 

Leahey & Harris, 2002), e.g., content of texts.  

Modern memory research. However, it was Hermann Ebbinghaus (1850‒1909) who 

built with his introductory work (1885) the foundation of modern memory research. 

Influenced by Gustav Fechner (1801‒1887), Ebbinghaus took himself as a subject to 
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investigate higher processes of the mind. Thus, he studied lists with nonsense syllables of 

three letters, e.g., AQR, to control for any effects of meaning (serial learning) and analyze the 

recollection of the syllables by various measure, e.g., time, accuracy, and forgetting (Bower, 

2005). Later, memory researchers added other methods of learning such as paired-associate 

and perceptual-motor skill learning, being influenced by associationism—the function of the 

mind by linking one state to another previous state based on, e.g., durational, locational, and 

motivational factors—and behaviorism—the knowledge about the world through mere 

observation. Finally, cognitive psychology would arise in the 1950s and 1960s, treating the 

human mind as a computer that processes information from the outside world to ultimately 

execute a particular behavior. 

Memory is the encoding, storage, and retrieval of past experiences in the human mind. Thus, 

you have to be aware of, focus on, and actively acquire the to-be-memorized object/subject 

(learning). Contemporary memory research has divided memory into different subsystems by 

at least four different dimensions (Bernecker, 2012; see also Squire, 2004; Tsien, 2007, for a 

historical, neuroscientific account): time—the sensory memory stores information that I only 

glanced at (some hundred milliseconds), the short-term memory can retain information up to 

one minute, and the long-term memory stores information from the sensory and short-term 

memory for an unspecific amount of time (see also Atkinson & Shiffrin, 1968, and their 

multi-store model)
2
—, awareness—memory is unconscious, i.e., direct awareness is 

impossible and excess only indirectly possible, dispositional, i.e., remembering is possible 

through a correspondent cue, partial conscious, e.g., a tip-of-the-tongue experience, and 

conscious—, prompt—remembering occurs automatically without any external help, i.e., free 

recall, or with the help of an internal and external cue which is more or less related to the to-

be-remembered object, i.e., recall (with cue) and recognition—, and content—memory is 

divided into declarative (expressible), i.e. explicit memory, and non-declarative memory, 

i.e. implicit or procedural memory. Declarative memory is further divided into episodic and 

semantic memory (Tulving, 1972), and results from either associative (see conditioning and 

associationism above) or non-associative learning, i.e., through adaptive behavior such as 

sensitization and habituation (e.g., Kandel, 1976).  

Item recognition and source memory. As we have seen, our memory can be divided into 

different parts; thus, for example, recognizing a person on the street you have met some time 

ago during tennis practice is something else than remembering the context, i.e., tennis 

practice, in which you have met that person. For the process of recognizing that particular 

person you need a good item recognition (or item recognition), and for remembering the 

context of the meeting you need a good source memory (or context memory; e.g., Bower, 

2005). Both are processes that are part of our episodic long-term memory. Source memory, in 

contrast to item recognition, requires more resources in the brain because the context contains 

more elements than the item itself. Therefore, with increasing age, source memory declines 

faster than item recognition (Spaniol & Grady, 2012).  

Spaniol and Grady (2012) studied 16 younger (Mage = 23.6, SD = 2.7) and 15 older adults 

(Mage = 65.3, SD = 3.8) to investigate if the decline in source memory was in fact specifically 

age-related or simply due to the difficulty of the task. They were able to rule out task 

difficulty as a specific factor for the decline in older adults (however, task difficulty was an 

important factor in younger adults) and to confirm a specific age factor for source memory. 

                                                 

2
 Baddeley and Hitch (1974) and Baddeley (2000) have later proposed a more detailed, working memory model 

to replace the idea of a general short-term memory. 
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However, the study used mainly descriptive, cognitive material, and thus it stays unclear how 

our emotions influence both item recognition and source memory.  

Regarding the effect of emotion on our memory, the findings have been diverse for different 

kinds of study paradigms (e.g., Sharot & Yonelinas, 2008; Wang & Fu, 2011). Wang and Fu 

(2010) tested item recognition and source memory of 148 Chinese men and women 

(Mage = 21.58, SD = 2.00) after watching either an emotional or neutral film clip. Thus, they 

detached the emotional content from the learning material to identify a possible consolidation 

effect of emotion. The authors found an effect for negative stimuli on item recognition for 

women, but no effects for source memory and men. The advantage for women, in contrast to 

men, in item recognition was also found for emotional and neutral words (Wang, 2012). 

Genetics 

Just some years ago, scientists were for the first time able to map the human genome, 

i.e., deoxyribonucleic acid (DNA), virtually completely (e.g., Schmutz et al., 2004). Since 

then, the genetic research has been developing rapidly both by quantitative and technological 

means. Today, we know that there are no different human races, and that genetic variances are 

greater within one ethnic group than between ethnic groups. However, there are genetic 

variances that are more or less common in different areas of the world, which provides a 

reference frame to compare DNA regarding different physiological, psychological, and social 

conditions (e.g., The 1000 Genomes Project Consortium, 2012). 

Social hormones and oxytocin. Hormones are chemical substances in the living 

environment that are used by different biological systems, e.g., in vertebrates, the pituitary, 

thyroid, and adrenal gland, the reproductive and digestive system, and the pancreas, to 

regulate other biological components, e.g., growth, homeostasis, and behavior (see Ellison & 

Gray, 2012, for a detailed focus on endocrinology). In animals, hormones play a key role for 

the regulation of social behavior; especially steroid hormones, e.g., testosterone in fighting, 

pituitary prolactin, e.g., in parenting, and neuropeptides, e.g., melatonin in mating, are well 

documented (see Adkins-Regan, 2005, for a detailed coverage). In the past, hormonal 

research in humans could not be conducted in the same way due to ethical, technical, and 

theoretical restraints; for example, the cognitive evolution of humans has been regarded as 

standing above such biological influences (Bos et al., 2012). However, scientific advances 

such as neuroimaging, genetics, and administration studies reevaluated the importance of 

hormones for human beings (see also Young, 2009, for a special issue on “Hormones & 

Social Behavior”).  

The neuropeptide oxytocin (OXT), which is produced in the hypothalamus and released by 

the posterior pituitary gland into the bloodstream, is an important hormone which is closely 

related to social behaviors in animals and humans (e.g., Ebstein et al., 2012; Young & 

Flanagan-Cato, 2012a). OXT has been the first peptide whose structure was completely 

analyzed and synthesized (du Vigneaud, Ressler, Swan, Roberts, & Katsoyannis, 1954). 

Initially, this peptide was used to study learning and memory in animals (de Wied, 1965) and 

in humans (Weingartner et al., 1981), but with little success (Ettenberg, van der Kooy, Le 

Moal, Koob, & Bloom, 1983), and utilized clinically to support labor, nursing, and 

homeostatic processes (Young & Flanagan-Cato, 2012a). In 1979, Pederson and Prange 

injected OXT into the brain of virgin female rats which resulted in maternal behavior, thereby 

igniting research in social hormones (see also Young & Flanagan-Cato, 2012b, for a special 

issue on “Oxytocin, Vasopressin, and Social Behavior”). 

In humans, the administration of OXT is not as easy as in animals as they cannot overcome 

the blood-brain barrier (Bos et al., 2012). However, Born et al. (2002) have shown that this 
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neuropeptide can be administered through an intranasal spray. Since then, effects for OXT 

have been found for social perception (e.g., Guastella, Kenyon, Alvares, Carson, & Hickie, 

2010; Rimmele, Hediger, Heinrichs, & Klaver, 2009), social cognition (e.g., Domes, 

Heinrichs, Michel, Berger, & Herpertz, 2007; Thompson, George, Walton, Orr, & Benson, 

2006), and social interaction (e.g., Mikolajczak, Pinon, Lane, de Timary, & Luminet, 2010; 

Thompson, Gupta, Miller, Mills, & Orr, 2004) in both the field of bonding/care and 

aggression/social challenge, and in psychopathology (e.g., Hollander et al., 2003; see Bos et 

al., 2012, for details). Reviewing the steroids and peptides OXT, arginine vasopressin (AVP), 

testosterone (T) and estradiol (E), Bos et al. (2012) have presented a heuristic, dualistic model 

of human social-behavior in “environments that demand action, increasing vigilance and the 

motivation to act” (more T/AVP) and “safe environments where there is not direct need for 

vigorous action [allowing] parasympathetic nervous system activity, promoting calming 

behaviors and increased provision of care, especially for infants. “ (more OXT/E; both p. 31). 

Another possibility to study social hormones such as OXT is by using genetics 

(e.g., Thompson, Martin, & Wright, 2010). Ebstein et al. (2012) have presented a review of 

the seven first level AVP‒OXT pathway genes including oxytocin receptor (OXTR)and cyclic 

ADP
3
 ribose hydrolase (CD38

4
)
 
which mediates OT release in the brain (Jin et al., 2007). 

Oxytocin and empathy. In a double-blind, placebo-controlled study, Domes et al. (2005) 

showed that intranasal OXT increased the performance of thirty men on the Reading the Mind 

in the Eyes Test (RMET; Baron-Cohen, Wheelwright, Hill, Raste, & Plumb, 2001). In similar 

studies, the authors improved the ability of subjects to identify happy (Marsh, Yu, Pine, & 

Blair, 2010) and angry facial expressions (Fischer-Shofty, Shamay-Tsoory, Harari, & 

Levkovitz, 2010). Another recent study (Bartz et al., 2010) revealed that OXT administration 

selectively benefited subjects with low scores on the Autism-Spectrum Quotient (AQ; Baron-

Cohen, Wheelwright, Skinner, Martin, & Clubley, 2001). According to Bos et al. (2012), the 

neural link between OXT and empathy is still unexplored, but independent neuroimaging 

studies with OXT and, e.g., the RMET have shown promise for the future (e.g., Adams et al., 

2009; Domes et al., 2010).  

The first association between an OXTR gene and empathy was found in the single-nucleotide 

polymorphism (SNP) rs53576 (Rodrigues, Saslow, Garcia, John, Keltner, 2009). Here, the 

authors showed lower behavioral (via RMET) and dispositional empathy (via three of four 

dimensions of the Interpersonal Reactivity Index, IRI; Davis 1996) as well as higher 

physiological (via heart rate during a startle anticipation task) and dispositional stress 

reactivity (via a 12-item neuroticism scale) for the 135 participants with one or two copies of 

the A allele (AG/AA) compared to the 44 participants homozygous for the G allele (GG). 

Recently, Wu, Li, and Su (2012) investigated the relation between ten SNPs of the OXTR 

gene and trait empathy (via IRI) in 101 genetically unrelated, non-clinical Chinese 

participants. They found genotype differences on OXTR rs237887, rs4686302, rs2268491, 

rs2254298, and rs13316193, but not on OXTR rs1042778, rs53576, rs7632287, rs237897, and 

rs2268493. However, the authors calculated results by combining the four dimensions of the 

IRI, which is not recommended by Davis (1996). 

Aim and Hypotheses 

The empirical overview has delivered an insight into two central human aspects—empathy 

and memory. But it has been less clear how these two important human capacities relate to 

                                                 

3
 Adenosine diphosphate 

4
 Cluster of differentiation (Zola et al., 2007) 
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each other, especially against the background of age. To facilitate the in parts explorative 

investigation into empathy and memory, I have focused on item recognition and source 

memory as well as self-reported empathy and genetic markers associated with empathy. Thus, 

with the following work, I have aimed to investigate the connection between empathy, 13 

SNPs, and behavioral data on item recognition and source memory. Thereby, the relationship 

between empathy, item recognition/source memory, and social genetic markers such as 

oxytocin has still been quite unexplored. A further concern has been to examine differences 

and similarities between the selected age groups and the emotional content of the memorized 

items (i.e. human faces). Thus, the focus has here laid on cognitive, emotional as well as 

genetic aspects of the subjects in relation to age. Primarily, the following research questions 

have been implicated: 

1. Do younger and older adults differ in self-reported empathy? Which effect does self-

reported empathy have on item recognition, source memory, and the emotional content 

of faces for both age groups? 

2. Do younger and older adult differ in item recognition, source memory, and the 

emotional content of faces? 

3. How do the 13 SNPs relate to self-reported empathy, item recognition, source 

memory, and emotional content of faces in both younger and older adults? 

 

Methods 

Participants 

Two age groups of 28 younger adults (14 women, 14 men; Mage = 25.43, SD = 3.52) and 32 

older adults (17 women, 15 men; Mage = 68.56, SD = 2.78) were recruited from previous 

studies at the Aging Research Center (ARC) in Stockholm (see Appendix B, Flow chart 

diagram) and screened for variables that might affect performance over and above the age 

factor. In general, there were no age differences (see Table 1) except that younger adults 

showed higher anxiety than older adults on the Hospital Anxiety and Depression Scale 

(HADS; Zigmond & Snaith, 1983; F(1,54) = 5.89, p = .019, ƞp
2
 = .10

5
), but not on the State-

Trait-Anxiety Inventory (STAI; Spielberger, Gorsuch, Lushene, Vagg, & Jacobs, 1983). 

Participants had normal or correct-to-normal vision, and no previous or current psychological 

health problems or medication. The local ethics committee had approved the study and 

written informed consent was given. Participation was granted with two cinema tickets after 

completion of the study. 

Study Design 

In this cross-sectional study, I compared the two age groups regarding specific elements 

during their performance throughout an item recognition/source memory paradigm (between-

subjects design). To be able to investigate the age factor, specific characteristics of the 

sample, e.g., education and cognitive status, were held constant. Further, I explored the 

influence of emotional content, empathy, and 13 SNPs on the outcome. In addition, it was 

possible to study the various variables for the whole sample to increase statistical power. Due 

to multiple dependent significance tests in the present study, the significant level for the 

results section was set on p < .01. 

                                                 

5
 Partial eta squared can be compared to Cohen’s (1969) criteria of small (~ 0.1), medium (~ 0.6), and large 

(~ 0.14) effects (see also Richardson, 2011, for a review). 
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Table 1. Demographic data of the younger and older adults. 

 Younger adults (n = 28) Older adults (n = 32) 

Years of education 15.07 (2.43) 14.50 (3.58) 

GDS 1.31 (1.44) (n = 26) 1.57 (2.56) (n = 30) 

HADS: Anxiety 4.27 (2.60) (n = 26)* 2.43 (3.00) (n = 30) 

HADS: Depression 2.12 (2.12) (n = 26) 1.83 (1.80) (n = 30) 

STAI: State 30.84 (5.27) (n = 25) 28.87 (6.86) (n = 30) 

STAI: Trait 47.64 (3.01) 46.58 (2.11) (n = 31) 

MMSE 29.32 (0.72) 29.03 (0.86) 

Note. Standard deviations in parentheses; n, number of participants; GDS, Geriatric Depression Scale (Yesavage 
et al., 1983); HADS, Hospital Anxiety and Depression Scale; STAI, State-Trait Anxiety Inventory; MMSE, Mini 
Mental State Examination (Folstein, Folstein, & McHugh, 1975); * p < .05. 

Material and Stimuli 

Besides demographical and cognitive status data, subjects have provided information about 

two empathy questionnaires, i.e., the Interpersonal Reactivity Index (IRI; Davis, 1996; 

Swedish version: Cliffordson, 2001) and the Empathy Quotient (EQ; Baron-Cohen & 

Wheelwright, 2004; Swedish version: Kindwall, 2004). The IRI is a multidimensional 

measure of dispositional empathy and contains 28 statements about reactions to different 

situations which are compiled into four empathy scales (i.e., seven statements per scale): 

Perspective Taking, i.e., “the tendency to spontaneously adopt the psychological view of 

others in everyday life”, Fantasy, i.e., “the tendency to imaginatively transpose oneself into 

fictional situations”, Empathic Concern, i.e., “the tendency to experience feelings of 

sympathy or compassion for unfortunate others”, and Personal Distress, i.e., “tendency to 

experience distress or discomfort in response to extreme distress in others” (all Davis, 1996, 

pp. 55−77). Thus, the first two scales represent a more cognitive and the last two scales a 

more affective dimension (see section on empathy and related constructs above). Answers 

were made on a five-point Likert scale from 1 (does not describe me well) to 5 (describes me 

very well). 

Also, the EQ divides empathy into an affective part and a cognitive part, and contains 60 

statements about feelings of others, feelings towards others, and one’s own affection of 

feelings, of which 20 statements are filler items to prevent a sole focus on empathy. However, 

the affective part is mixed with sympathy and personal distress (Stueber, 2008). Answers 

were made on a four-point Likert scale from “definitely agree” to “definitely disagree”.  

Regarding the stimuli for item recognition, 168 colored portraits of unknown faces were 

extracted from different sources, i.e., the Karolinska Directed Emotional Faces (Lundqvist, 

Flykt, & Öhman, 1998), the AR Face Database (Martinez & Benavente, 1998), and the 

database from Schefter and colleagues (Schefter, Knorr, Kathmann, & Werheid, 2012; 

Schefter et al, in press). The faces were scaled to a uniform size (5.86 x 7.8 cm; 166 x 221 

pixels) with 24-bit color scales, light grey backgrounds and black T-shirt collars, and centrally 

presented on a black 17” TFT computer screen. Potentially distracting elements such as a 

striking hair style or liver spots were retouched. The distance between the participant and the 

stimuli was 60 cm (visual angle = 11.9° x 11.9°). As source stimuli, two pictures (source: 

fotolia.com) of a black-and-white football and a yellow tennis ball, both with a diameter of 

16.5 cm, were chosen and placed as background for the faces. The portraits contained equal 

numbers of angry, neutral, male, and female faces as well as footballs and tennis balls in the 

learning phase. The stimuli were validated in a small age sample (n = 33) by valence and 

arousal (Wilhelm, 2010). 
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Furthermore, the participants provided a blood sample from which a series of 13 SNPs were 

extracted (i.e., OXTR: rs53576, rs237887, rs237897, rs1042778, rs2254298, rs2770378, 

rs4564970, rs4686302, and rs7632287, CD38 rs3796863, 5‒HTTLPR, TPH2 rs4570625, and 

COMT rs4680), which have been studied previously in related genetic research (e.g., Agren, 

Furmark, Eriksson, & Fredrikson, 2012; Ebstein et al., 2012; Faria, 2012; Rodrigues et al., 

2009; Wu et al., 2012). Nine of these SNPs are oxytocin receptors (OXTR) whereas CD38 

(cyclic ADP ribose hydrolase) is a mediator of oxytocin release in the brain; 5‒HTTLPR 

(serotonin-transporter-linked polymorphic region)
6
, TPH2 (tryptophan hydroxylase 2), and 

COMT (catechol-O-methyltransferase) are closely related to central neurotransmitter systems 

in the brain (i.e., serotonin and dopamine). For OXTR rs237887 and empathy, an a priori 

hypothesis exists based on preliminary data from the Fischer Lab (Department of Psychology, 

Stockholm University). 

Procedure 

After the psychometric tests, the participants went through the item recognition/source 

memory paradigm for which they received instructions verbally and in written form as 

prompts on the screen prior to the experiment. During a learning phase, emotional (i.e., angry) 

and neutral faces were shown with a neutral background picture, i.e., a football or a tennis 

ball. The participants received strategies to strengthen the link between face (item) and 

background picture (source), e.g., they should imagine that the face belonged to a person who 

played tennis or football, respectively. The participants then had to recognize the faces from a 

series of both old (i.e., previously seen during the learning phase) and new faces and to match 

the old faces with the right background source. 

To investigate how age affects item recognition and source memory, the performance level 

was held constant by allowing different learning and test phases for the two groups. 

Information regarding performance levels for the different age groups was acquired by means 

of pilot-testing in an independent study sample (Wilhelm, 2010). At test, the younger adults 

performed two learning phases with 56 faces each and two test phases with the old 56 faces 

plus 28 new faces each. The older adults performed four learning phases with 28 faces each 

and four test phases with the old 28 faces plus 14 new faces each. All together, 112 faces were 

presented in the learning phase and 168 faces in the test phase. A learning phase was always 

followed by a test phase. In the learning phase, faces were shown for six seconds; in the test 

phase, faces were shown for five seconds within which the participants could push one of 

three buttons: “yes/football”, i.e., I recognize the face in the context of a football, “yes/tennis 

ball”, i.e., I recognize the face in the context of a tennis ball, or “no”, i.e., I do not recognize 

the face. After each test phase, participants had time to pause until they would start a new 

learning phase. 

 

Results 

Self-report Results 

Regarding the empathy questionnaires, the Interpersonal Reactivity Index (IRI) contains the 

four separate dimensions Perspective Taking (PT), Fantasy (F), Empathic Concern (EC), and 

Personal Distress (PD), whereas the Empathy Quotient (EQ) has one global dimension. Table 

2 shows the results of analyzes of variance (ANOVAs) between age groups for the two 

questionnaires. No significant age interaction is observed. 

                                                 

6
 5‒HT, 5-hydroxytryptamine (serotonin) 
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Table 2. Mean EQ score, mean IRI scores, and main effect (ANOVA) of the age groups. 

 Younger adults Older adults F p ƞp
2
 

EQ 44.04 (1.79) 42.42 (1.61) - - - 

IRI scales 

PT 26.07 (.71) 25.72 (.66) - - - 

F 23.89 (1.14) 19.59 (1.06) 7.61 .008* .12 

EC 26.82 (.73) 27.31 (.68) - - - 

PD 17.75 (.79) 16.72 (.74) - - - 

Note. Standard error in parentheses; ƞp
2
, partial Eta squared; IRI, Interpersonal Reactivity Index: PT, Perspective 

Taking; F, Fantasy; EC, Empathic Concern; PD, Personal Distress; EQ, Empathy Quotient; * p < .01 (only 
p values < .10). 

Further, Pearson’s product-moment correlations between the empathy questionnaires IRI 

(i.e., the four dimensions PT, F, EC, and PD) and EQ and the discrimination index d’ (see 

below for details) for item recognition and source memory were calculated. It is shown that, 

for older adults, F correlates positively with emotional item recognition (r = .378, p = .033) 

and neutral source A memory (r = .411, p = .020). In addition, correlations were computed for 

the reaction times for the different kinds of faces. Thus, for older adults, PD correlates 

positively with the reaction time of neutral target faces (r = .399, p = .024).  

Behavioral Results 

Reaction time. In the General Linear Model (GLM), younger and older adults do not 

differ in their reaction times (RTs), neither regarding old and new faces nor angry and neutral 

faces. However, a significant age interaction is found for target faces (see Table 3 and Figure 

1). Thus, younger adults display faster overall and target reaction times for neutral faces; in 

contrast, older adults show faster target reaction times for angry faces. 

Table 3. Mean reaction time and interaction effect (ANOVA) of the age groups for angry and neutral faces (in 
milliseconds). 

 Younger adults Older adults F p ƞp
2
 

All faces     . 

- angry 2383.03 (70.77) 2347.87 (60.67) 
4.55 .037 .07 

- neutral 2289.27 (64.76) 2359.86 (72.56) 

Old faces (target)      

- angry 2568.88 (77.95) 2495.46 (63.75) 
14.62 .000** .20 

- neutral 2457.13 (71.19) 2606.92 (76.11) 

New faces      

- angry 2013.30 (79.78) 2075.23 (79.16) 
- - - 

- neutral 2029.47 (77.87) 2004.57 (82.13) 

Note. Standard error in parentheses; ƞp
2
, partial Eta squared; ** p < .001 (only p values < .10). 
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Figure 1. Interaction between age (younger and older adults) and faces (angry and neutral) for reaction time of 
target faces [Myoung*angry = 2568.88, SE = 77.95; Mold*angry = 2495.46, SE = 63.75; Myoung*neutral = 2457.13, 
SE = 71.19; Mold*neutral = 2606.92, SE = 76.11] (reaction time in milliseconds). 

Hit rate and false alarm rate. For this memory task, the responses of the participants 

can be divided into five main categories; however, I will follow labeling from Signal 

Detection Theory (SDT, Green & Swets, 1966; see Banks, 1970, and Lockhart & Murdock, 

1970, for reviews on SDT and memory) in parentheses: (1) true positive (i.e., hit), a target is 

correctly labeled as target, (2) true negative (i.e., correct rejection), a non-target is correctly 

labeled as non-target, (3) false positive (i.e., false alarm), a non-target is incorrectly labeled as 

target, (4) false negative (i.e., miss), a target is incorrectly labeled as non-target, and (5) if no 

response is given. 

Thus, for item recognition, response rates can be computed for every category by dividing hits 

and misses by the answered number (i.e., total number of faces minus number of non-

responded faces) of target faces (i.e., HR and MR, respectively) and by dividing false alarms 

and correct rejections by the answered number of new faces (i.e., FAR and CRR, 

respectively). For source memory, response rates are computed based on target faces only. 

Thereby, response rates are corrected with + 0.5 for the numerator and + 1.0 for the nominator 

(as recommended by Snodgrass & Corwin, 1988; see also below), to avoid HR = 1.0 and 

FAR = 0 which would result in infinite z scores. As response rates for target faces and new 

faces equal 1.00, respectively, it is sufficient to only report HR and FAR, respectively (see 

Table 4). Thus, younger adults show a significant lower false alarm rate than older adults, 

both for neutral source B memory; however, the two age groups do not differ significantly in 

their hit rate. No age interactions are observed. 
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Table 4. Mean hit rate, mean false alarm rate, and main effect (ANOVA) of the age groups for item recognition, 
source memory, and emotional content (rates between 0 and 1). 

 Younger adults Older adults F p ƞp
2
 

Hit rate (HR)      

Item recognition .804 (.016) .844 (.015) 3.46 .068 .06 

- emotional .818 (.018) .857 (.017) - - - 

- neutral .790 (.017) .834 (.016) 3.44 .069 .06 

Source A memory .515 (.020) .498 (.019) - - - 

- emotional .519 (.028) .510 (.026) - - - 

- neutral .510 (.026) .486 (.024) - - - 

Source B memory .477 (.017) .481 (.016) - - - 

- emotional .474 (.021) .494 (.020) - - - 

- neutral .482 (.022) .470 (.021) - - - 

False alarm rate (FAR) 

Item recognition .197 (.028) .278 (.026) 4.61 .036 .07 

- emotional .208 (.029) .301 (.027) 5.47 .023 .09 

- neutral .197 (.031) .262 (.029) - - - 

Source A memory .317 (.017) .362 (.016) 3.68 .060 .06 

- emotional .335 (.025) .380 (.023) - - - 

- neutral .305 (.021) .348 (.020) - - - 

Source B memory .317 (.012) .365 (.012) 8.01 .006* .12 

- emotional .334 (.019) .347 (.018) - - - 

- neutral .306 (.018) .387 (.017) 11.17 .001* .16 

Note. Standard error in parentheses; ƞp
2
, partial Eta squared; source A memory, football; source B memory, 

tennis ball; * p < .01 (only p values < .10). 

Discrimination index and response bias. In the classical SDT, the HR distribution and 

FAR distribution are assumed to be normally distributed and to have the same standard 

deviation. Thus, a discrimination index d’, i.e., the distance between the means of the two 

distributions in standard deviation units, can be calculated by subtracting the z score of FAR 

from the z score of HR: 

d’ = zH – zFA [HR < 1; FAR > 0].           (1) 

Further, a response bias c can be calculated from zH and zFA, which displays where the two 

distribution curves meet each other: 

 c =  –0.5(zH + zFA).             (2) 

Thus, a c value of 0 shows no response bias, a negative c value shows a liberal response bias 

(i.e., the participants are more likely to respond in favor of the target), and a positive c value 

shows a conservative response bias (i.e., the participants are more likely to respond at expense 

of the target). Table 5 shows the d’ values and c values for the two age groups. Older adults 

show a liberal response bias for emotional, but less for neutral item recognition, whereas 

younger adults show no bias for item recognition. Both younger adults and older adults show 

a highly significant conservative response bias for source memory; thereby, younger adults 

show a greater bias for neutral source B memory (than older adults). No age interactions are 

observed. 
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Table 5. Mean discrimination index, mean response bias, and main effect (ANOVA) of the age groups for item 
recognition, source memory, and emotional content (in standard deviations). 

 Younger adults Older adults F p ƞp
2
 

Discrimination index (d’) 

Item recognition 1.873 (.113) 1.731 (.107) - - - 

- emotional 1.886 (.118) 1.741 (.112) - - - 

- neutral 1.831 (.122) 1.794 (.116) - - - 

Source A memory .529 (.091) .364 (.085) - - - 

- emotional .498 (.132) .353 (.124) - - - 

- neutral .554 (.120) .380 (.113) - - - 

Source B memory .423 (.069) .305 (.065) - - - 

- emotional .376 (.100) .401 (.094) - - - 

- neutral .478 (.098) .220 (.091) 3.83 .055 .06 

Response bias (c) 

Item recognition .026 (.061) –.171 (.058) 6.33 .015 .10 

- emotional –.025 (.061) –.242 (.058) 7.34 .009* .11 

- neutral .044 (.073) –.118 (.069) - - - 

Source A memory .226 (.024) .186 (.022) - - - 

- emotional .197 (.030) .152 (.028) - - - 

- neutral .251 (.026) .226 (.024) - - - 

Source B memory .271 (.020) .200 (.019) 6.65 .012 .10 

- emotional .257 (.025) .216 (.023) - - - 

- neutral .285 (.025) .188 (.024) 7.91 .007* .12 

Note. Standard error in parentheses; ƞp
2
, partial Eta squared; source A memory, football; source B memory, 

tennis ball; * p < .01 (only p values < .10). 

Table 6. Number of cases (n) for the 13 SNPs and their genotypes. 

 
OXTR 
rs53576 

OXTR 
rs237887 

OXTR 
rs237897 

OXTR 
rs1042778 

OXTR 
rs2254298 

Genotype AA / GA / GG AA / GA / GG AA / GA / GG GG / TG / TT GA / GG 

n 3 / 31 / 22 19 / 29 / 7 9 / 29 / 19 18 / 26 / 12 10 / 47 

Total 56 55 57 56 57 

 
OXTR 
rs2770378 

OXTR 
rs4564970 

OXTR 
rs4686302 

OXTR 
rs7632287 

CD38 
rs3796863 

Genotype AA / GA / GG CC / CG / GG CC / CT / TT AA / GA / GG AA / CA / CC 

n 16 / 25 / 15 1 / 5 / 49 46 / 10 / 1 2 / 22 / 32 5 / 23 / 28 

Total 56 55 57 56 56 

 5‒HTTLPR 
TPH2 
rs4570625 

COMT 
rs4680 

  

Genotype LL / SS+LS GG / TG+TT GG / GA+AA   

n 18 / 41 36 / 20 18 / 38   

Total 59 56 56   

Note. No statistical operations with cases n < 5; SNPs, single-nucleotide polymorphisms: OXTR, oxytocin 
receptor; CD38, cyclic ADP ribose hydrolase; 5-HTTLPR, serotonin-transporter-linked polymorphic region; 
TPH2, tryptophan hydroxylase 2; COMT, catechol-O-methyltransferase; genotypes: A, adenine; C, cytosine; 
G, guanine; T, thymine. 
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Genetic Results 

For this study, 13 single-nucleotide polymorphisms (SNPs) were extracted from the blood 

sample (see Table 6). No statistical operations were executed if the number of participants for 

a genotype was below n = 5. 

Genetics and empathy. In multivariate analyses of variance (MANOVAs), the four 

dimensions of the IRI and the EQ are treated as dependent variables and the genotypes (either 

two or three, dependent on number of cases) and age as fixed factors. Table 7 shows the main 

effects and age interactions for the 13 SNPs; however, only results with p < .05 are shown. No 

significant main effects and age interactions are found for OXTR rs53576, rs237897, 

rs1042778, rs2254298, rs2770378, rs4564970, and rs7632287, CD38 rs3796863, 5‒HTTLPR, 

TPH2 rs4570625, and COMT rs4680. 

Table 7. Mean EQ score, main IRI scores, main effect, and age interaction (MANOVA) of the SNP’s genotypes. 

 Genotype F p ƞp
2
 

OXTR rs53576 (AA / GA / GG) 

EQ - 45.92 (1.70) 39.98 (2.04) 5.00 .030 .10 

OXTR rs237887 (AA / GA / GG) 

PT - - - - - - 

- younger adults 24.11 (1.21) 27.63 (.91)
a
 

6.21 .016 .11 
- older adults 26.80 (1.15) 25.15 (.82)

a
 

EC - - - - - - 

- younger adults 24.00 (1.24) 28.63 (.93)
a
 

7.36 .009* .13 
- older adults 27.90 (1.17) 26.80 (.83)

a
 

PD - - - - - - 

- younger adults 17.78 (1.27) 18.42 (1.10) - 
5.16 .028 .11 

- older adults 19.70 (1.21) 15.18 (.93) - 

EQ 39.49 (1.97) 46.02 (1.46)
a
 7.11 .010 .13 

- younger adults 36.88 (3.07) 50.90 (2.75) - 
6.77 .013 .15 

- older adults 42.10 (2.75) 42.06 (2.17) - 

OXTR rs4686302 (CC / CT / TT) 

PT 25.33 (.54) 29.50 (1.17) - 10.65 .002* .17 

EC 26.59 (.55) 29.46 (1.19) - 5.08 .028 .09 

EQ 41.74 (1.32) 50.63 (3.15) - 5.88 .019 .11 

OXTR rs7632287 (AA / GA / GG) 

PD - - - - - - 

- younger adults - 17.00 (1.25) 18.64 (1.11) 
4.74 .034 .09 

- older adults - 18.64 (1.25) 15.28 (.98) 

CD38 rs3796863 (AA / CA / CC) 

F - - - - - - 

- younger adults - 23.53 (1.45) 26.38 (1.99) 
6.59 .013 .12 

- older adults - 23.25 (1.99) 17.35 (1.26) 

Note. Standard error in parentheses; ƞp
2
, partial Eta squared; no statistical operations with cases n < 5; SNPs, 

single-nucleotide polymorphisms: OXTR, oxytocin receptor; CD38, cyclic ADP ribose hydrolase; genotypes: 
A, adenine; C, cytosine; G, guanine; T, thymine; IRI, Interpersonal Reactivity Index: PT, Perspective Taking; 
F, Fantasy; EC, Empathic Concern; PD, Personal Distress; EQ, Empathy Quotient; * p < .01 (only p values < .05); 
a
 the homozygous and heterozygous genotype are merged if n < 10 and results are improving. 

Genetics and memory. As for empathy, MANOVAs are computed with the 

discrimination index d’ of item recognition and source memory as dependent variable and the 
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genotypes (either two or three, dependent on number of cases) and age as fixed factors. 

Table 8 shows the main effects and age interactions for the 13 SNPs; however, only results 

with p < .05 are shown. For the main effect of OXTR rs237897, pairwise comparisons show a 

significant difference for source B memory, i.e., between the genotypes AA‒GG (p = .007) 

and between GA‒GG (p = .004), and for neutral source B memory, i.e., between AA‒GG 

(p = .011) and between GA‒GG (p = .007). No significant main effects or age interactions are 

found for OXTR rs53576, rs237887, rs1042778, rs2770378, rs4686302, and rs7632287, 

CD38 rs3796863, 5‒HTTLPR, TPH2 rs4570625, and COMT rs4680. 

Table 8. Mean discrimination index, main effect, and age interaction (MANOVA) of the SNP’s genotypes for item 
recognition, source memory, and emotional content. 

 Genotype F p ƞp
2
 

OXTR rs237897 (AA / GA / GG) 

Source B memory .208 (.114) .306 (.060) .591 (.074)** 5.91 .005* .19 

- neutral .139 (.167) .270 (.088) .664 (108)** 5.27 .008* .17 

OXTR rs2254298 (GA / GG) 

Source B memory .680 (.105) .333 (.047)  9.09 .004* .15 

- emotional .775 (.166) .338 (.075)  5.73 .020 .10 

- neutral - -  - - - 

-- younger adults 1.026 (.247) .425 (.105)  
4.12 .047 .07 

-- older adults .143 (.202) .253 (.099)  

OXTR rs4564970 (CC / CG / GG) 

Item recognition 1.146 (.243)
a
 1.880 (.081) 8.21 .006* .14 

- emotional - 1.148 (.343) 1.876 (.089) 4.21 .045 .08 

- neutral .992 (.258)
a
 1.904 (.086) 11.24 .002* .18 

OXTR rs7632287 (AA / GA / GG) 

Item recognition - - - - - - 

- emotional - 2.077 (.128) 1.678 (.107) 5.72 .021 .10 

Note. Standard error in parentheses; ƞp
2
, partial Eta squared; no statistical operations with cases n < 5; SNPs, 

single-nucleotide polymorphisms: OXTR, oxytocin receptor; genotypes: A, adenine; C, cytosine; G, guanine; 
T, thymine; * p < .01 (only p values < .05); 

a
 the homozygous and heterozygous genotype are merged if n < 10 

and results are improving. 

Discussion 

Aim of the study was to cast some more light on the relation between self-reported empathy, 

13 SNPs, and behavioral data on item recognition and source memory, in which age and 

emotional content worked as key background factors. 

Empathy 

My first research question concerned whether younger and older adults would differ in 

empathy and which effect empathy would have on the specific characteristics of memory and 

emotional content between age groups. As for Davis (1996), the first three dimensions of the 

IRI overlapped with each other. Thus, it was not surprising that the EQ would overlap too. 

However, the EQ with its cognitive and affective dimension were closer connected with the 

IRI dimensions Perspective Taking and Empathic Concern than with Fantasy and Personal 

Distress (no correlation), making them more distinct for the research of empathy. 

Nevertheless, having the discussion about empathy and its related constructs in mind, both 

questionnaires do not capture empathy as defined above (see section on empathy and related 

constructs), but include, for example, empathic concern, personal distress, and sympathy.  
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For both age groups, Fantasy was less correlated to Perspective Taking and Empathic 

Concern and showed significant lower scores within both age groups; hence, the dimension 

might have represented a distinct trait that is, in contrast to the other dimensions, affected by 

aging. Between age groups, older adults showed a lower score on the Fantasy scale; 

otherwise, there were no significant age differences. The Fantasy dimension described the 

ability to set oneself into an imaginary scenario, which might have been unattractive for the 

older adults as it did not relate to an actual real situation (Grühn, Rebucal, Diehl, Lumley, & 

Labouvie-Vief, 2008; Richter & Kunzmann, 2011). However, for the memory of older adults, 

the amount of Fantasy seemed to play some role for the discrimination of target faces and new 

faces, at least for the recognition of angry faces and the remembering of “football players” 

with a neutral face, thus maybe showing an increasing importance with age, i.e., advantage for 

those who were able to preserve certain Fantasy capacities.  

In addition, Personal Distress influenced the reaction time for neutral target faces which might 

be an explanatory factor for the higher reaction time compared to angry faces (see memory 

section below). Thus, older adults (in contrast to younger adults) might have greater 

difficulties with encoding information from neutral material than from emotional material 

(Mather, 2012), as neutral material per definition lacked arousing content. Further, findings 

that older adults used to rate emotional material higher than younger adults (Neiss, Leigland, 

Carlson, & Janowsky, 2009) might indicate an encoding strategy to maintain memory with 

age, which would not work in the same way with neutral material, and hence leads to stress 

and a slower reaction time. 

Memory 

My second research question concerned whether the two age groups would differ in specific 

characteristics of memory and emotional content. For the reaction time, there was no 

statistically significant difference of between age groups that did not reflect previous research 

findings demonstrating a decline in episodic memory with age (e.g., Bender, Naveh-

Benjamin, & Raz, 2010; Ratcliff, Thapar, & McKoon, 2012). Yet, within age groups, younger 

and older adults differed in their reaction times when it came to angry and neutral target faces, 

but in opposite directions as the statistical interaction confirmed. Thus, younger adults 

responded slower and older adults faster to pictures with negative emotional content, i.e., for 

angry faces—and vice versa for neutral content.  

This advantage for angry faces for older adults might be explained with an age-related brain 

alteration from less (affective) amygdala activation to more (cognitive) neocortical activation 

(Fischer, Nyberg, & Bäckman, 2010; Fischer et al., 2005; see also below). This is supported 

by the fact that, in older adults (in contrast to younger adults), cognitive processes of 

emotional events are unrelated to (affective) physiological processes (Neiss et al., 2009). 

Further, Gould and Edelstein (2010) showed that younger adults worry more than older 

adults, which resulted in less internal and external emotional control over experiences (see 

also Ready & Robinson, 2008). Other explanations might address the superiority of 

recollection (i.e., remembering) in younger adults and the superiority of familiarity (i.e., 

knowing) in older adults for emotional item recognition (Langeslag & van Strien, 2008). 

Hence, recollection is known to be the faster process, because it runs unconscious—not 

conscious as familiarity—and thus takes less cognitive capacity (Mandler, 1980). However, in 

this study, I did not split memory processes by recollection and familiarity, and therefore, it is 

up to future research to investigate that issue further. 

Younger and older adults did not differ in their hit rate, neither for (item and source) memory 

nor for emotional content (however, see McCabe, Roediger, McDaniel, & Balota, 2009). But 

they did differ in their false alarm rate, at least for source memory (i.e., tennis ball) of neutral 
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faces and for item recognition of angry faces (however, the corrected significance level was 

not reached; the effect size was between above moderate though), that is, older adults had a 

higher false alarm rate (than younger adults). This false alarm effect for older adults has been 

found in previous research (e.g., Fischer et al., 2010; McCabe et al., 2009; Norman & 

Schacter, 1997) and was, for example, associated with reduced neural activity (Duarte, 

Graham, & Henson, 2010). Thus, older adults (in contrast to younger adults) showed a false 

recognition effect for lure pictures that came from similar categories (Koutstaal & Schacter, 

1997). The false recognition effect for angry faces might be boosted by the tendency of older 

adults to focus on positive aspects and thus to neglect negative emotional details (positivity 

effect; see e.g., Johnson & Whiting, 2012; Neiss et al., 2009; Reed & Carstensen, 2012; Xu, 

Zhou, & Yang, 2009; see below for neutral source memory). Hence, both the false recognition 

effect and the positivity effect might moderate a faster reaction time for angry faces in older 

adults. However, as only negative relative to neutral faces were used as stimuli (and not 

negative relative to positive faces), a positivity effect (and a negativity effect for younger 

adults) cannot be investigated here (Reed & Carstensen, 2012). 

Further analyses revealed that, for adults, this higher false alarm rate for emotional item 

recognition is due to a liberal response bias, i.e., older adults pressed the target button 

significantly more often (than younger adults), which would increase the chance to get a hit. 

In contrast, the higher false alarm rate for neutral source memory is due to a conservative 

response bias, i.e., younger adults pressed the non-target button significantly more often (than 

older adults), which would decrease the chance to get a false alarm. The results showed that it 

was crucial to collect “background measures” such as response bias and discrimination index 

to be able to interpret hit rate and false alarm rate in a more authentic way. In general, both 

younger and older adults showed a conservative response bias for source memory; for item 

recognition, they did not show any bias (except the just mentioned liberal response bias of 

older adults for emotional item recognition; see Deason, Hussey, Ally, & Budson, 2012; 

Johnson & Whiting, 2012, for differing results). As Deason et al. (2012) and Johnson and 

Whiting (2012) showed, the interval between study and test can be relevant for whether the 

response bias is more liberal or more conservative.  

Looking at the two source memory paradigms (i.e., football versus tennis ball), differences 

were observed for nearly all measures, but especially for the discussed false alarm rate and 

response bias. Even the emotional content seemed to play different roles in closely related 

contexts and for different age groups. However, for the purpose of the current master thesis, I 

did not statistically analyze the two source memory accounts in detail. For item and source 

memory in general, it was less clear, with the current study set-up, which proportion of the 

results was due to recollection and familiarity (e.g., Duarte, Graham, & Henson, 2010; Migo, 

Mayes, & Montaldi, 2012). 

Genetics 

My third research question concerned whether the 13 SNPs would relate to empathy, memory, 

and emotional content in both younger and older adults. As seen in other studies before (e.g., 

Ebstein et al., 2012; Rodrigues et al., 2009; Wu, Li, & Su, 2012), there was a clear link 

between empathy and genetic polymorphisms such as oxytocin receptors (OXTR) and CD38, 

i.e., an oxytocin mediator for oxytocin release; still, some novel findings are presented too. 

Further, this is, as far as I know, the first study that investigated a link between memory and 

the 13 selected polymorphisms. In the following, I listed the significant findings of each 

polymorphism, i.e., the findings of empathy and memory were combined: 

For OXTR rs237887, younger adults with genotype AA showed lower Empathic Concern 

than compared to genotypes with a G allele whereas, in older adults, an interesting trend in 
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the opposite (!) direction was observed. In line with the a priori hypothesis, this 

polymorphism showed age differences for the empathy questionnaires most explicitly. For 

OXTR rs237897, the discrimination index between hit rate and false alarm rate showed 

superiority for the GG genotype for neutral source memory (i.e., a tennis ball) compared to 

both the GA and AA genotype. For OXTR rs2254298, the discrimination index was higher on 

the GA genotype for source memory (i.e., a tennis ball) compared to the GG genotype. For 

OXTR rs4564970, the discrimination index was higher on the GG genotype for emotional for 

neutral item recognition compared to the CC/CG genotype. Finally, for OXTR rs4686302, 

carriers of the CC genotype showed lower Perspective Taking than carriers of the CT 

genotype (Wu et al., 2012).  

Limitations and Future Directions 

In the following, I discuss some limitations of the study that are important markers for future 

research. Regarding the two empathy questionnaires there were some methodological issues 

to think about. First, having the controversy about empathy in mind, there will be no 

questionnaire out there that measures empathy as long as there is no widely accepted 

definition of empathy; both aspects need to be addressed in future research. Thus, the 

questionnaires used in this study, on the one hand, cannot picture empathy exclusively and, on 

the other hand, contain aspects of related constructs of empathy. Second, there might be a 

difference between self-reported empathy and empathy in action, e.g., people who rated 

themselves as empathic cognitively would not act on their statements behaviorally. Third, if 

research has not yet a clear definition of empathy, there might be a risk that the subjects, too, 

use different mindsets regarding the construct empathy that the questionnaires measure. 

Fourth, against the background of the brain alteration for emotional stimuli in older adults, is 

it adequate to use questionnaires that operationalize empathy cognitively and affectively? 

Hence, it is possible that older adults treat affective empathy in a more cognitive way (than 

younger adults). Fifth, given the still quite unexplored relation between empathy and the 13 

SNPs, more research and additional methods are needed. Here, we need more research to 

either identify these variables as harmless or control for them if harmful. 

The behavioral paradigm only covered neutral and (negative) angry faces, and thus, one 

cannot infer that positive stimuli were complementary to or other negative stimuli identical 

with angry faces. Further, as we have seen, quite similar source stimuli, i.e., a football and 

tennis ball, had different outputs; however, different source stimuli besides football and tennis 

might influence how we remember things. In addition, other things might influence how our 

memory systems such as the relational distance to the item, e.g., if I play tennis myself (but 

not football), I may be able to memorize the faces with the tennis source better (than the faces 

with the football source), and my own emotional status, i.e., other variables than state anxiety 

and depression. 

An entire blood sample contains nearly uncountable information; however, I picked several 

markers that previous research identified as possibly connected to human social behavior. 

Still, as the exploration between empathy and its genetic markers has just begun, results here 

have to be taken with caution. It is possible that other, undetected markers are involved, and 

moderate or mediate correlations. Further, some SNPs lacked a genotype due to insufficient 

group sizes, which made it hard to put them into the greater research picture. 

The two age groups might have other preconditions which enable them to perform better or 

worse, independent of the requirements of the test. Further, by selecting only two groups in a 

cross-sectional design—despite control variables—, it stayed somewhat unclear if the results 

were linear, influenced by other age groups in between, or reliable on its own. Thus, several 
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age groups or longitudinal designs with more control variables would result in a more valid 

outcome. 

A point that affected several areas, e.g. statistical power, subgrouping, and rare genotypes, is 

the sample size, especially when multiple factors are involved such as age and several 

genotypes, because groups get smaller. As for the SNPs, some genotypes did not reach the 

threshold for further statistical operations. Further, power and variance were not on an optimal 

level for reliable outcomes; and as some results were close to reach statistical significance, the 

picture for the relationship between memory, empathy, and genetics would have been clearer 

with an inclusion of more subjects in the study. 

Conclusion 

In summary, the results show that older adults have a lower degree of fantasy than younger 

adults. The superior discrimination of target faces and new faces with more fantasy in older 

adults only can thus show an increased importance with age. Further, the fact that distressed 

older adults respond slower to neutral target faces could highlight the importance of arousing 

stimuli for older adults. No differences in hit rates between older and younger adults are due 

to a higher false alarm rate for emotional item recognition in older adults, which is explained 

by a higher liberal response bias of older adults, and neutral source memory, which is 

explained by a higher conservative response bias of younger adults. For genetics, the 

polymorphisms OXTR rs237887 and rs4686302 are associated with empathy, whereas 

OXTR rs237897, rs2254298, and rs4564970 are associated with memory. The age trend for 

OXTR rs237887, i.e., opposite scores for genotypes for younger and older adults, was visible 

for all SNPs with an age interaction, for both empathy and memory. This novel finding has 

never been demonstrated before and is potentially of great interest for the scientific 

community. Altogether, the study illustrated the close interconnectivity of memory, empathy, 

and genetics over the human life span. 
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Appendix 

Appendix A 

Important abbreviations 

 

5–HTTLPR Serotonin-transporter-linked polymorphic region 

A Adenine 

AVP Arginine vasopressin 

C Cytosine 

c Response bias 

CD38 Cyclic ADP ribose hydrolase 

COMT Catechol-o-methyltransferase 

d’ Discrimination index 

DNA Deoxyribonucleic acid 

EC Empathic concern 

EQ Empathy quotient 

F Fantasy 

FAR False alarm rate 

G Guanine 

GDS Geriatric depression scale 

HADS Hospital anxiety and depression scale 

HR Hit rate 

IRI Interpersonal reactivity index 

M Statistical mean 

MMSE Mini mental state examination 

OXT Oxytocin 

OXTR Oxytocin receptor 

PD Personal distress 

PT Perspective taking 

RMET Reading the mind in the eyes test 

RT Reaction time 

SD Standard deviation 

SDT Signal detection theory 

SE Standard error 

SNP Single-nucleotide polymorphism 

STAI State-trait anxiety inventory 

T Thymine 

TPH2 Tryptophan hydroxylase 2 

 

  



29 

 

Appendix B 

Flow chart diagram (adapted from Moher, Schulz & Altman, 2001) 
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