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Abstract
Social perception plays a key role in our everyday interactions. It encompasses the ability to identify, understand, and
react to the social cues that others express. However, how we process this social and emotional information changes with
age and generally speaking, aging brings about a decline in this process, often leading to isolation, loneliness and reduced
interpersonal functioning. The overall aim of this thesis was to study the underlying mechanisms of adult age-related
changes in socioemotional perception, specifically of social attribute evaluation and emotion recognition. This was done
in three studies.

Study I explored age-related differences in the evaluation of seven common social attributes (attractiveness,
competence, dominance, extroversion, likeability, threat, and trustworthiness) from computer-generated faces of varying
intensity. Older adults rated faces as more attractive across all intensity levels, relative to their younger counterparts. Older
adults also rated faces displaying low intensity of likeability as more likeable. Study II examined the effects of age on
emotion recognition of positive and negative dynamic visual and auditory emotional expressions presented alone or in
combination, and in nonlinguistic vocalizations. Older compared to younger adults showed diminished overall recognition
accuracy and age-related differences were mainly observed in the auditory modality. Older adults also showed difficulties
in recognizing anger, irritation, and relief expressions. In the case of the nonlinguistic vocalizations, age-related differences
were observed for most emotions, regardless of valence. Study III investigated whether a single dose intranasal oxytocin
facilitated the recognition of negative emotions from dynamic multimodal expressions and explored the neural correlates
of this process with functioning magnetic resonance imaging. Behaviorally, older showed diminished recognition accuracy
compared to younger adults but no oxytocin effects were found. Neurally, oxytocin caused brain activity reductions in the
fusiform gyrus, dorsomedial prefrontal cortex, and medial orbitofrontal cortex.

The findings of this thesis provide a more nuanced picture of how aging may influence socioemotional perception.
Collectively, the findings suggest age comparability for most emotion categories and social attributes. These result patterns
may conceivably be due to the computer-generated faces, several positive emotion expressions, and dynamic multimodal
stimuli that were included in the studies. The findings also give a neuropsychobiological perspective to socioemotional
processing in late adulthood through oxytocin intervention.
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Abstract 

Social perception plays a key role in every human life. It encompasses the 

ability to identify, understand, and react accordingly to the social cues that 

others have expressed. But how social and emotional information is processed 

changes with age. However, how we process this social and emotional 

information changes with age and generally speaking, aging brings about a 

decline in this process, often leading to isolation, loneliness and reduced 

interpersonal functioning. The overall aim of this thesis was to study the 

underlying mechanisms of adult age-related changes in social perception, 

specifically of social attribute evaluation and emotion recognition. This was 

done in three studies. 

Study I explored age-related differences in the evaluation of seven social 

attributes (i.e., attractiveness, competence, dominance, extroversion, 

likeability, threat, and trustworthiness) from computer-generated faces of 

varying intensity. Relative to their younger counterparts, older adults rated 

faces as more attractive across all intensity levels; older adults also rated faces 

displaying a low intensity of likeability as more likeable. Study II examined 

the effects of age on the recognition of positive and negative dynamic visual 

and auditory emotional expressions presented alone or in combination, and in 

nonlinguistic vocalizations. Older compared with younger adults displayed 

diminished overall recognition accuracy, and age-related differences were 

mainly observed in the auditory modality. Older adults displayed difficulties 

recognizing anger, irritation, and relief expressions. In the case of the 

nonlinguistic vocalizations, age-related differences were observed for most 

emotions, regardless of valence. Study III investigated whether a single dose 

of intranasal oxytocin facilitated the recognition of negative emotions from 

dynamic multimodal expressions and explored the neural correlates of this 

process with functional magnetic resonance imaging. Behaviorally, older 

adults displayed diminished recognition accuracy than did younger adults, but 

no oxytocin effects were found. Neurally, oxytocin caused reduced brain 

activity in the fusiform gyrus, dorsomedial prefrontal cortex, and medial 

orbitofrontal cortex.  

 

 

 

 



 

The findings of this thesis provide a more nuanced picture of how aging 

may influence socioemotional perception. Collectively, the findings of this 

thesis suggest age comparability for most emotion categories and social 

attributes. These result patterns may conceivably be due to the computer-

generated faces, several positive emotional expressions, and dynamic 

multimodal stimuli that were included in the studies. The findings shed light 

on our understanding of socioemotional processing in late adulthood from a 

neuropsychobiological perspective through oxytocin intervention. 



 

Summary in Swedish 

Förmågan att känna igen andras känslor spelar en nyckelroll i mötet med 

andra. Det handlar om att identifiera, förstå och reagera på social och 

emotionell information som personer i vår omgivning ger uttryck åt. Hur vi 

bearbetar denna information förändras dock med åren, och generellt sett 

medför åldrande en försämring av den här förmågan vilket i vissa fall kan leda 

till ensamhet och social hämning hos äldre. Syftet med avhandlingen var att 

utforska de underliggande mekanismerna bakom åldersrelaterade skillnader i 

sättet på vilket vi varseblir social information, såsom känsloigenkänning och 

uppfattning av sociala karaktärsdrag. Detta gjordes i tre studier. 

I den första studien låg fokus på åldersrelaterade skillnader i uppfattningen 

av sju vanliga sociala karaktärsdrag: attraktivitet, kompetens, dominans, 

extraversion, sympati, hot och trovärdighet. Här framgick att äldre uppfattade 

datorgenererade ansiktsbilder, som visade dragen med varierande 

intensitetsgrad, olika. Överlag fann äldre ansiktena mer attraktiva oavsett 

intensitet, jämfört med yngre deltagare. Äldre fann också ansikten med låg 

sympatigrad mer sympatiska, jämfört med yngre deltagare. 

Studie 2, som avsåg att studera effekterna av åldrande på känslo-

igenkänning genom positiva och negativa visuella och ljudmässiga 

känslouttryck, dels separat och i kombination, samt genom icke-verbala 

känslouttryck, visade också skillnader mellan åldersgrupperna. Att äldre var 

mindre träffsäkra när det gällde att känna igen känslor hos andra, var mest 

markant när det rörde sig om ljudmässiga känslouttryck. Överlag var äldre 

sämre på att uppfatta ilska, irritation och lättnad. Gällande icke-verbala 

känslouttryck uppvisades åldersskillnader i igenkänningen av de flesta 

känslorna, såväl positiva som negativa. 

Den sista studien undersökte dels huruvida en intranasal dos av hormonet 

oxytocin underlättade igenkänningen av negativa visuella och ljudmässiga 

känslouttryck, och dels tillhörande hjärnaktivitet med hjälp av funktionell 

magnetresonanstomografi. Beteendemässigt uppvisade äldre sämre känslo-

igenkänningsträffsäkerhet än yngre, men här hade oxytocin ingen tydlig 

effekt. Neurologiskt hade dock oxytocin en aktivitetsminskande påverkan på 

hjärnregioner såsom gyrus fusiformis, dorsomediala prefrontala barken och 

mediala orbitofrontala barken.  

 

 



 

Förhoppningsvis ger avhandlingens resultat en mer nyanserad bild av hur 

åldrande påverkar hur vi varseblir känslouttryck. Resultaten påvisar 

jämförbarhet mellan åldersgrupper, känsloigenkänning och uppfattning av 

sociala karaktärsdrag tack vare datorgenererade ansiktsbilder, större urval av 

positiva känslouttryck och dynamiska visuella och ljudmässiga känslouttryck. 

Delar av resultaten ger även ett neuropsykobiologiskt perspektiv till 

bearbetningen av social information hos äldre med hjälp av 

oxytocinbehandling.   
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Introduction 

Aging is the result of time acting on our bodies and minds, a process that we 

all experience. Although we can list numerous changes that happen as our 

bodies and minds age, we still know little about these processes. Specifically, 

aging is associated with changes in biological, physiological, psychological, 

behavioral, and social processes. Though we speak of decline in connection 

with most of these changes, we still observe stability or even improvement in 

some cases (e.g., well-being, life satisfaction, emotional problem solving, or 

frequency of positive feelings).  

 Social perception is one domain that changes over a person’s lifespan. 

Social perception refers broadly to the ability to read and use social signals 

expressed by others to infer and make evaluations about their dispositions or 

intentions (Freund & Isaacowitz, 2014). These evaluations are often based on 

minimal information obtained from verbal and nonverbal cues, which usually 

have a brief exposure time. Our ability to (quickly) interpret these social and 

emotional cues is central to daily functioning and allows us to anticipate 

outcomes. Social perception is associated with and encompasses larger 

aspects of cognitive skills, such as social attention, theory of mind, 

mentalizing, and social cognition (Mitchell & Phillips, 2015). Studies I and II 

of this thesis focus on two aspects of social perception—i.e., evaluation of 

social attributes and emotion recognition—attempting to answer the general 

question as to whether adult age affects social perception.   

What is behind adult age-related changes in social perception? The exact 

cause of these changes has not yet been established, but likely involves the 

interplay between different factors of aging. Study III considered 

biopsychological factors and their interaction with a particular hormone, 

(neuropeptide) oxytocin. Oxytocin is mostly known for its role in labor and 

lactation but there is also evidence suggesting a key role in social perception 

(Ebner, Maura, Macdonald, Westberg, & Fischer, 2013). Surprisingly little 

research on oxytocin has focused on elderly populations. To advance 

understanding of the relationship between oxytocin and social perception in 

aging, we also included brain imaging among our research methods.    
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Social attributes 

Evaluating other people requires the processing of complex information. 

However, with just a quick glance, our first impression of a face may lead us 

to form a rather arbitrary opinion of an individual. In other words, we 

spontaneously attribute features (traits) to others based exclusively on facial 

appearance. These social evaluations happen quickly, unintentionally, and are 

based on the extraction of minimal information from facial appearance (Willis 

& Todorov, 2006). A growing body of research indicates that first impressions 

influence our behavior and decisions and may affect how we interpret social 

encounters (Todorov, Olivola, Dotsch, & Mende-Siedlecki, 2015). For 

example, facial attractiveness affects how we judge leadership ability (Re & 

Perrett, 2014), facial competence and dominance influence voting behavior 

(Chen, Jing, & Lee, 2014), and untrustworthy faces predict guilty verdicts in 

sentencing decisions (Porter, ten Brinke, & Gustaw, 2010). Paradoxically, the 

evaluation of social attributes from facial appearance in many cases is more 

accurate than chance, but depending on the evaluated attribute, can also be 

wrong (see Todorov et al., 2015, for a review). The ability to evaluate social 

attributes is already present in children as young as 3 years old (Cogsdill, 

Todorov, Spelke, & Banaji, 2014), and this ability is also shared across 

cultures (Sutherland et al., 2018; Zebrowitz et al., 2012). These examples 

underscore the comparative and developmental relevance of social attributes. 

In sum, as Zebrowitz and Montepare (2008) suggested, facial appearance 

matters a lot, even when we are continuously advised not to judge a book by 

its cover.   

Overgeneralization hypotheses 

An influential framework with which to study social attributes includes four 

overgeneralization hypotheses derived from the ecological approach to social 

face perception (Zebrowitz, 2017; Zebrowitz & Montepare, 2008). The 

ecological theory assumes that social attributes have adaptive gains and are 

implicit in physical features associated with personal attributes such as age, 

sex, health, fitness, identity, and emotional state (McArthur & Baron, 1983). 

Although ecological theory proposes that our perception of faces is accurate, 

erroneous judgments may also happen. As Montepare and Dobish (2003, p. 

238) wrote: “One source of error is the overgeneralization of perceptions in 
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which people with particular physical features are perceived to have particular 

traits because their appearance resembles that of others with those traits.” Note 

that in these overgeneralizations, we are not referring to accuracy but rather 

to the perception of faces. Furthermore, each overgeneralization hypothesis 

proposes a particular adaptive response, which may explain their value. A 

short description of the four overgeneralization hypotheses follows (see 

Zebrowitz, 2011; Zebrowitz & Montepare, 2008, for extensive reviews).  

Baby face overgeneralization 

When an adult face resembles a baby face (i.e., having babyish facial features 

such as large round eyes, a small chin and nose, thick lips, and a round and 

un-angular face), this person would likely be perceived as being naïve, 

submissive, weak, warm, approachable, helpless, vulnerable, and honest 

(Montepare & Dobish, 2003). What would an adult with this trait gain from 

being perceived in this way? This person would likely receive behaviors 

displayed when we encounter babies, for example, protection and low 

aggression (Zebrowitz, 2017). Translated into real-world consequences, baby-

faced individuals are often judged as being less competent, unable to complete 

challenging tasks or assume a leadership position, but are more likely to get 

jobs requiring congeniality and be given the benefit of the doubt (Zebrowitz 

& Montepare, 2008).  

Familiar face overgeneralization 

Similar to the mere-exposure effect (Zajonc, 1968), this hypothesis suggests 

that we prefer faces that we have seen before and novel faces that resemble 

those that we are already familiar with (Zebrowitz & Montepare, 2008). We 

ascribe familiarity to faces for different reasons, chiefly physical 

characteristics, such as the shape of the face, facial structure, and skin tone, or 

we depend more on generalized characteristics such as a preference for own-

sex, own-age, and own-race faces. Here, the adaptive gain would be to 

differentiate friends from foes (Zebrowitz, 2017). Familiar looking faces are 

associated with high likeability, kindness, trustworthiness, and being less 

dangerous (Zebrowitz, Bronstad, & Lee, 2007; Zebrowitz & Montepare, 

2008). The familiarity effect may lead to stereotypes, prejudices, and in-group 

favoritism, especially when it comes to own-race bias.  

Attractiveness (unfit) overgeneralization 

Facial attractiveness is one of the most extensively studied facial features and 

has been associated with numerous positive social outcomes: being more 

outgoing, socially competent, healthy, fit, and intelligent—to mention just a 

few (Langlois et al., 2000). The relationship between perceived facial 
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attractiveness and favorable outcomes is often referred to as the 

“attractiveness halo effect” (Eagly, Ashmore, Makhijani, & Longo, 1991) or 

“beauty is good” (Dion, Berscheid, & Walster, 1972), along with its corollary, 

“ugly is bad,” depending on the directionality of the perception (see Griffin & 

Langlois, 2006). What makes a face attractive? Most studies suggest that 

facial attractiveness is determined by facial symmetry, averageness, sexual 

dimorphism, youthfulness, and a pleasant expression (Rhodes, 2006; Rhodes, 

Jeffery, Watson, Clifford, & Nakayama, 2003; Sutherland et al., 2013). 

Moreover, studies have found agreement on these factors across infants and 

young children from different cultures (Berry, 2000; Zebrowitz & Montepare, 

2008). It could then be argued that the components of attractiveness are mostly 

biologically based preferences rather than being determined by the eye of the 

beholder (Rhodes, 2006). There is wide agreement with the reasoning that an 

evolutionary advantage is behind the appreciation of beauty, since unattractive 

faces may reflect genetic anomalies or diseases (Zebrowitz & Montepare, 

2008). Since attractiveness is involved in mate choice, by avoiding individuals 

with an unattractive, unfit appearance, people would also be avoiding 

contagion and ensuring that they mate with those who are healthier. In other 

words, faces depicting youthfulness, symmetry and averageness reflect 

fertility, genetic diversity, developmental stability, and thus a stronger disease 

resistance and immune system (Berry, 2000; Rhodes, 2006; Thornhill & 

Gangestad, 1993). 

However, facial attractiveness is also influenced by other factors, such as 

face expressiveness (Bohrn, Carbon, & Hutzler, 2010; Rennels & Kayl, 2015) 

or vocal and bodily cues (Berry, 2000; Peters, Rhodes, & Simmons, 2007; 

Wells, Baguley, Sergeant, & Dunn, 2013). Although faces and voices 

positively and independently contribute to overall attractiveness ratings, faces 

are still the strongest predictor when it comes to attractiveness, but not, for 

example, regarding dominance or trustworthiness (Rezlescu et al., 2015; 

Wells et al., 2013). This suggests that multimodal cues differently affect social 

perception via social attribute evaluations (attractiveness) or emotion 

recognition.  

Emotion overgeneralization 

This theory posits that faces displaying emotions may provide information 

about social features (Knutson, 1996; McArthur & Baron, 1983). This 

phenomenon can also be attributed to neutral faces, as they often reflect 

specific emotions (Montepare & Dobish, 2003; Said, Sebe, & Todorov, 2009). 

For instance, low eyebrows or narrow eyes on neutral expression faces are 

likely to make an individual look angrier, whereas thin, arched eyebrows or 

widely opened eyes may create an impression of fear (Marsh, Adams, & 

Kleck, 2005). Studies have shown that faces expressing anger (or even neutral 

faces resembling anger expressions) are associated with high dominance and 
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hostility and low warmth and affiliation, whereas the opposite can be expected 

in the case of faces expressing happiness (Knutson, 1996; Montepare & 

Dobish, 2003; Said et al., 2009). The adaptive value of this schema resides in 

its influence on decisions to elicit approach, attack, or avoidance behavior. 

Specifically, high dominance and affiliation (observed in happy faces) 

characterize approach behaviors; high dominance and low affiliation 

(observed in angry faces) are consistent with attack expressions; and low 

dominance and affiliation (observed in sad and fearful faces) characterize 

avoidance expressions (Knutson, 1996; Montepare & Dobish, 2003).  

Other important factors that may influence how facial structures resemble 

emotional expressions are age, sex, and ethnicity. There are certain physical 

properties of faces such as the nose, eye, and mouth shape and size that are 

salient cues differentiating male and female faces (or even young versus old), 

which in turn also affect emotion categorization. For example, drooping 

eyelids or a drooping corner of the mouth, often observed in elderly faces, 

may be perceived as sadness (Malatesta, Fiore, & Messina, 1987). The 

expressivity of emotional expressions also declines with age (Hess, Adams, 

Simard, Stevenson, & Kleck, 2012). On the other hand, a square jaw, thin lips, 

and heavy, low eyebrows are features commonly associated with men, while 

full lips and high eyebrows are more associated with women (Adams, Nelson, 

Soto, Hess, & Kleck, 2012). Neutral male faces are more often categorized as 

angry and neutral female faces as surprised (Zebrowitz, Kikuchi, & Fellous, 

2010). Based on happy and angry facial expressions, gender and ethnicity may 

differentially mediate the overgeneralization of affiliation and dominance. In 

the case of happiness, ethnicity and the interaction between ethnicity and 

gender can mediate both affiliation and dominance perceptions. In contrast, 

for angry facial expressions, perceptions of affiliation and dominance depend 

more on the intensity of the anger (Hess, Blairy, & Kleck, 2000).  

 

Facial expressions are not the only way to communicate emotions. Vocal and 

bodily cues also convey emotional information and may strengthen the effects 

of facial cues on social perceptions. This will be the topic of the next section.  
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Face-space model  

Until recent years, most research into the evaluation of social attributes from 

facial appearance was done using static photographs. An alternative way of 

investigating social attributes is by using data-driven, computational 

approaches to face perception such as the face-space model.   

The face-space model was first introduced by Valentine (1991) as a 

metaphor with which to understand representations of familiar and unfamiliar 

faces. In this model, each face is defined as a point in multidimensional space. 

Each face has a value on each axis of its location, and the combination of these 

values determines its place in the space. Neighboring, nearby faces are similar 

to each other, while faces separated by a large distance are dissimilar. For 

example, typical faces are closer to the origin of the face-space, whereas 

distinctive, unusual faces are located further from the origin. The coordinates 

of the face (i.e., the face-space) correspond to physical properties used to 

encode and differentiate between faces (Valentine, 1991).  

A physical face-space is based on physical similarity among faces, 

specifically, on quantifiable characteristics of the faces (e.g., nose length, 

frontal pose, position of the pupils, and pixel value) to be determined. These 

facial characteristics are used to create a covariance matrix that is then 

submitted to principal component analysis to determine the dimensions on 

which these faces are similar or dissimilar. The analysis produces a face-space 

of n dimensions. The dimensions capture the proportion of variance explained 

by the similarity/variability of the set of face images used (O’Toole, 2011; 

Vetter & Walker, 2011). The researcher then chooses a selected set of 

dimensions to work with, which often include facial features such as facial 

shape and complexion (O’Toole, 2011).  

To further develop the physical face-space model, Blanz and Vetter (1999, 

2003) introduced a three-dimensional face model. This model takes into 

account factors such as illumination, head position and orientation, and the 

focal length of the camera in order to create full correspondence between all 

of the faces entered into the model. There is no need to select a few key facial 

features (e.g., pupils and nose length) to precisely align faces in the face-space, 

as the model includes all data points in the texture maps and on the head 

surfaces (Vetter & Walker, 2011). To construct a face-space model, the first 

step is to compute an average face. The set of faces is placed in full 

correspondence with the average face. Principal component analysis is then 

performed to obtain the estimates for the head shape and for the reflectance of 

the given set of faces (Blanz & Vetter, 1999, 2003). This results in a three-

dimensional face model from a novel image that can simultaneously (or 

separately) be modified in terms of face shape and reflectance in a natural way 

(O’Toole, 2011) and that allows the manipulation of other facial attributes 

such as gender, age, and facial fullness (Vetter & Walker, 2011).   
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Importantly, data-driven approaches allow for almost complete 

experimental control of the face stimuli in an unbiased fashion. The three-

dimensional face-space model can be applied to infinite face identities, and 

the dataset of faces can be parametrically manipulated to the desired degree. 

Data-driven models can be used to understand which facial cues lead to 

specific social attributes and help disentangle which attributes underlie first 

impressions (Todorov et al., 2015).  

Dimensional approaches to face evaluation  

Face shape and face reflection are two essential visual cues for facial 

perception (O’Toole, Vetter, & Blanz, 1999; Oh, Dotsch, & Todorov, 2019; 

Sinha, Balas, Ostrovsky, & Russell, 2006). Face shape refers to “the spatial 

relations among facial features, determined by facial bones, muscle, and fat” 

(Oh et al., 2019, p. 131). More specifically, face shape refers to angles, facial 

width, mouth shape, and jaw structure (Todorov, 2017). Face reflectance 

involves how the face reflects light and often depends of the texture, 

pigmentation, smoothness, and translucency of facial skin (Oh et al., 2019; 

Todorov, 2017). 

Manipulating shape and reflection in the face-space affects how we 

evaluate social attributes. For example, individuals rate attractiveness higher 

when a face appears thinner, with high cheekbones and darker eyebrows and 

eye lines, whereas a face is perceived as more dominant when displaying a 

masculine, mature facial bone structure (Oh et al., 2019; Todorov & 

Oosterhof, 2011). Thus, face shape and face reflection contribute differently 

(or in some cases, equally) depending on the social attribute being considered 

(Oh et al., 2019).   

When people spontaneously form impressions of others, they do not think 

of face shape or reflection, but rather of social attributes. We can speak of the 

core dimensions, or core social attributes, that underlie a wide range of facial 

first impressions. Although there is still some debate regarding the basic 

attributes, several studies suggest that trustworthiness and dominance capture 

most of the variance of social evaluations (e.g., Oosterhof & Todorov, 2008; 

Todorov, Dotsch, Porter, Oosterhof, & Falvello, 2013; Todorov & Oosterhof, 

2011). Together, these two dimensions have evolutionary significance since 

they provide adaptive mechanisms for guiding appropriate social behavior 

(Todorov, 2011). 

The trustworthiness dimension (originally denoted valence) is based on the 

overgeneralization of facial cues resembling emotional expressions signaling 

the person’s intentions. For example, faces perceived as angry are generally 

perceived as untrustworthy, while happy faces are perceived as trustworthy 

and approachable. Thus, the trustworthiness dimension concerns intentions to 

help or harm and the adaptive value is to determine whether approach or 
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avoidance behavior needs to be implemented (Oosterhof & Todorov, 2008; 

Todorov, 2008; Todorov, Said, Engell, & Oosterhof, 2008).   

On the other hand, the dominance dimension (originally denoted power) is 

based on the overgeneralization of facial cues signaling the physical strength 

or weakness of a person and his or her ability to carry out intentions (to harm). 

The dominance dimension is often more sensitive to facial cues of 

masculinity/femininity and maturity than is the trustworthiness dimension. 

Facial emotional expressions also influence the dominance dimension, but to 

a lesser extent than the trustworthiness dimension (Oosterhof & Todorov, 

2008; Todorov, 2011; Todorov et al., 2008). As a face is perceived as more 

masculine, more mature, and angrier, it is also perceived as more dominant 

(Todorov & Oosterhof, 2011). In short, key cues for the trustworthiness 

dimension are mostly determined by the internal features of a face, while cues 

for the dominance dimension are depicted in the external (shape) features of 

the face (Todorov, 2011).    

Recently, Sutherland et al. (2013) suggested an additional dimension, i.e., 

youthfulness/attractiveness. The authors argue that visual information that 

causes a face to be perceived as young and beautiful differs from those cues 

that make faces appear approachable, trustworthy, or dominant. Accordingly, 

with increasing age comes a decrease in perceived attractiveness. One 

reasoning behind this third dimension is that since both trustworthiness and 

dominance have evolutionary significance, attractiveness should also be 

included, as it implies fundamental mechanisms of mating and selection (and 

even health aspects, as discussed in the attractiveness overgeneralization 

hypothesis) (Sutherland et al., 2013). 

In sum, cues with adaptive significance, such as masculinity/femininity and 

resemblance to emotional expressions, determine social attributes (Todorov, 

2011; Todorov et al., 2015). These cues are mainly associated with 

trustworthiness and dominance dimensions, which are behind the evaluation 

of faces in terms of social attributes. Notably, these two dimensions have been 

replicated in several studies from independent research groups (e.g., 

Sutherland et al., 2013) and overlap with previously proposed models of 

interpersonal and intergroup perception (Todorov et al., 2008). 
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Aging and social attribute evaluation 

There is extensive research about social attributes inferred from facial 

appearance, though less research describes how aging potentially affects these 

judgments. Generally, older adults do not attend to and process facial cues as 

effectively as do younger adults, but age affects social attributes differently. 

Trustworthiness and attractiveness are the two social attributes most 

studied in the aging literature. In the case of trustworthiness, there is mixed 

evidence for age-related differences, with some longitudinal and cross-

cultural studies showing that trust increases with age (Li & Fung, 2013; Poulin 

& Haase, 2015), whereas other studies report stable or even decreasing trust 

(Bailey et al., 2015; Ebner et al., 2020; Grainger et al., 2018; Petrican et al., 

2013). A recent meta-analysis indicated that older adults were more trusting 

than younger adults when presented with neutral or negative cues of 

trustworthiness (Bailey & Leon, 2019). However, as underscored in this meta-

analysis, results may vary as a function of task type, type of response (self-

report vs. behavioral), and type of trust (financial vs. nonfinancial). This may 

also explain why the authors observed only small age effects when positive 

cues were involved, mostly in nonfinancial situations (Bailey & Leon, 2019). 

In particular, older adults evaluate untrustworthy faces as more trustworthy 

than do their younger counterparts. Older adults also rate trustworthy faces 

more positively than younger adults do (e.g., Castle et al., 2012; Éthier-

Majcher, Joubert, & Gosselin, 2013; Kiiski, Cullen, Clavin, & Newell, 2016; 

Zebrowitz, Boshyan, Ward, Gutchess, & Hadjikhani, 2017; Zebrowitz, 

Franklin, Hillman, & Boc, 2013). We know from the previous section that 

trustworthiness ratings may be an extension of emotional evaluations 

(Todorov, 2008), which in turn imply approach/avoidance strategies 

(Zebrowitz, 2017). Since elderly trustworthiness ratings are higher overall 

than those provided by young adults, this may indicate why the elderly display 

approach behaviors more often than avoidance behaviors. Other factors that 

explain the effects of age on trustworthiness evaluations are cognitive load, 

valence, and arousal levels. The tendency of older adults to perceive faces 

more positively may be due to decreases in cognitive capacity. Evaluations of 

faces at the extremes of trustworthiness may depend more on automatic 

processes (that require less cognitive capacity) than evaluations of faces with 

ambiguous expressions (Mather & Knight, 2005; Zebrowitz et al., 2017). A 

detailed review of possible mechanisms behind age-related differences is 

provided in the next sections of this thesis.  

A similar picture is observed in attractiveness ratings, where older adults 

rate faces as more attractive than do younger adults (e.g., Ebner, 2008; Ebner 

et al., 2018; Kiiski et al., 2016). Interestingly, face age and facial emotion have 

a modulatory effect on ratings of attractiveness. Old faces are generally rated 

as less attractive by young, middle-aged, and older adults, though an own-age 

effect is often involved (Ebner, 2008; Ebner et al., 2018; Zebrowitz & 
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Franklin, 2014). Another factor to consider when referring to attractiveness 

ratings from facial appearance is the halo effect. Just like young adults, the 

elderly also describe attractive faces as less hostile and more competent, 

trustworthy, and healthy. The attractiveness halo effect is more pronounced 

when rating faces of one’s own age group (Zebrowitz & Franklin, 2014). 

These studies highlight that own-age effects are not exclusively found in the 

emotion recognition literature, but can also be extended to trait impressions.  

Ebner et al. (2018) showed that happy faces are rated as more attractive 

than are disgusted, neutral, fearful, sad, or angry faces, with this happiness 

effect being more pronounced in young female faces. Of note, trustworthiness 

and dominance (Todorov et al., 2015), as well as familiarity and 

distinctiveness (Ebner et al., 2018; Kiiski et al., 2016), are also factors that 

may influence attractiveness ratings. These results underscore the link 

between the emotional face and attractiveness overgeneralizations.  

Competence, health, hostility, and threat are other social attributes that 

have received some attention in the aging literature. Contradictory results have 

been observed for both competence and threat, with some studies suggesting 

no age differences while others report that older adults provide higher ratings 

than their younger counterparts (Boshyan, Zebrowitz, Franklin, McCormick, 

& Carré, 2013; Kiiski et al., 2016; Ruffman, Sullivan, & Edge, 2006; 

Zebrowitz et al., 2013). In the cases of health and hostility inferred from facial 

appearance, older adults usually have more positive impressions of these 

attributes (Zebrowitz et al., 2013).   

A caveat in aging and social attribute evaluations research is that most 

studies are based on a priori approaches (e.g., manipulate a specific facial 

feature and ask participants to evaluate a social attribute). In Study I, we 

employed a robust data-driven approach that included key social attributes 

shown to influence social interactions (Todorov et al., 2013). While most 

previous studies have used static facial images and only included a few social 

attributes, our study included computer-generated faces that systematically 

varied in the intensity levels of attractiveness, competence, dominance, 

extraversion, likeability, threat, and trustworthiness.  
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Emotions  

A common social question is “How are you feeling today?” Although we have 

probably asked this question innumerable times, defining emotions, moods, 

and feelings is far more complicated than giving a trivial answer. Our 

emotions represent and construct a large part of who we are, playing an 

important role in how we think and behave. There is a long tradition of 

philosophers and the scientific community trying to define these concepts, and 

the debate continues today. There are different frameworks that shed light on 

emotions, all of which focus on different aspects or components. Some 

research traditions prioritize physiology, while others focus on how an 

emotion is constructed, and yet others are interested in why we experience 

emotions at all. The point is that experiencing an emotion is the easy part, but 

trying to describe it is much harder. Petri Laukka, one of my supervisors, likes 

to begin his lectures on emotion with this quotation that could not be truer: 

“Everyone knows what an emotion is, until asked to give a definition. Then, 

it seems, no one knows” (Fehr & Russell, 1984, p. 464). 

We can trace the first attempts to describe emotions to the ancient Greeks. 

Plato and Aristotle discussed the concept of pathos and its association with 

pain and pleasure. The Stoics talked about happiness and pleasure and the 

development of self-control as means to overcome destructive “emotions.” 

Years later, St. Augustine and Thomas Aquinas linked passions, affections, 

and desires to sin. Another historical example is provided by Descartes, who 

described emotions as types of passions that bring wisdom and are elements 

of the good life (Solomon, 2008). However, the word emotion does not appear 

until the 19th century, in the writing of William James.  

Before focusing on William James, I will first take a detour and refer to 

Darwin, as his work has had a deep impact on the conceptualization of 

emotions and still guides emotion researchers in many ways. In The 

Expression of the Emotions in Man and Animals, Charles Darwin (1872) 

argued that human emotional expressions are grounded in primitive animal 

aspects, meaning that some emotional expressions are shared by both humans 

and animals (e.g., fear and anger). He therefore assumed that emotional 

expressions may have a biological basis and that they could be recognized 

universally. Darwin was using emotional expressions as evidence that humans 

and other animals had evolved from the same ancestor, and his book cites 

many examples attempting to connect (emotional) expressions to bodily 

systems. For example, crying is the expression of the tear ducts when 
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communicating particular emotions such as sadness, joy, or anger. Here, tears 

are not produced to fulfill their original function of eye lubrication, but instead 

have an emotional expressive function. More astutely, Darwin suggested that 

emotional expressions serve as means of communication that help us navigate 

social interactions.  

Some years later, William James (1884) focused on the nature of the 

emotional experience and proposed a physiological approach to emotions. 

James suggested that emotions follow our bodily reactions to external 

situations, so emotional experiences are embodied. James suggested that 

emotional experiences derive from changes in the autonomic nervous system, 

which is manifested in muscle and joint movements. For James, an emotion is 

the perception of a bodily reaction that occurs in response to a specific 

situation—in other words, we experience an emotion after reacting to a 

physical state.  

Before discussing the frameworks that stem from Darwin’s and James’ 

influential thinking, a brief overview is needed of what is meant by emotions, 

moods, and feelings, as we use these terms interchangeably in informal 

language. Most would agree that emotions describe highly intense states that 

last a limited time, ranging from seconds to minutes, and that happen in 

response to sudden, specific events. What in fact happens is acute subcortical 

activation that entails rapid neurochemical changes. There is relatively wide 

agreement about the different components of emotions, i.e., behavioral, 

physiological/neural, cognitive, and subjective components (Fox, 2008; 

Scherer & Moors, 2019), a detailed description of which follows in the next 

section. In contrast, moods are responses to general, non-specific situations, 

often of a diffuse nature. Because of this, a mood may last hours, days, or even 

weeks and is of low to medium intensity. Here, cortical activation 

predominates with long-lasting neurochemical changes. Feelings can be 

regarded as the mental and subjective representations of both emotions and 

moods (Fox, 2008). Damasio (1999), following the ideas of James, suggested 

that feelings are reflections of changes in bodily states. According to Damasio 

(1999), an individual cannot experience an emotion/mood unless there is 

awareness of it, in other words, a feeling. Finally, affect is the umbrella term 

that covers emotions, moods, and feelings. The famous terms of valence and 

arousal are mostly used when referring to affect. There are numerous 

definitions of emotion, mood, and feelings, and the ones presented here are far 

from complete, but they do provide a consistent terminology.  
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Defining emotions 

To recapitulate, we know that emotions are highly intense, short-lived, and 

occur in response to internal and external events of particular significance to 

the individual. Although it is difficult to reach agreement on an absolute 

definition of emotion, most experts assume that an emotion is characterized 

by certain features (or components): bodily/physiological reactions, cognitive 

appraisals, action tendencies, expressive motor behaviors, and the subjective 

aspect—feelings. All these eventually lead to the process of emotion 

regulation. Depending on the emotion theory, the order and focus on these 

components varies. For example, some theories state that the biological 

component comes first, followed by cognitive appraisals, expressive 

behaviors, and feelings. Others suggest that the cognitive appraisal occurs first 

and then the bodily responses follow.  

To trigger an emotion, the presence of an external or internal event or 

situation is needed. Examples of external events can be natural phenomena 

(e.g., a tranquil sunset) or the behavior of other people. Internal events include 

physiological changes (e.g., illness) or when memories, images, and ideas 

come to mind (Scherer, 2005). In the literature, these internal or external 

events are often referred to as the eliciting stimuli. 

Physiological reactions consist of peripheral and central responses that 

serve to prepare and eventually regulate the system (Moors, 2009). 

Physiological responses are related to hormones, the heart rate, sweating, 

breathing, digestion, and salivation. Most of these are peripheral responses 

produced by the autonomic nervous system (ANS) and are automatic and 

usually outside voluntary control. External events are processed through the 

central nervous system (CNS), specifically via different sensory systems. 

What we see, hear, smell, touch, and taste is conveyed to us from our sensory 

organs as neural impulses, and each of the commands that the brain sends to 

the body, both consciously and unconsciously, travels through this system. 

Physiological responses can be measured using skin conductance, blood 

pressure, pupil dilation, cortisol levels, electromyography, or more complex 

methods such as single-cell recording, positron emission tomography, 

electroencephalography, functional magnetic resonance imaging (fMRI), and 

magnetoencephalography (Fox, 2008).    

Cognitive appraisal can be defined as information processing by which we 

evaluate events and objects. We evaluate whether an event is relevant and 

whether it is associated with specific goals. There are different types of goals, 

related to biological (e.g., avoiding harm or pain), self-focused (e.g., 

enhancing self-esteem), or social (e.g., need for affiliation) imperatives 

(Sheppes & Gross, 2014). The event together with the individual’s goals thus 

shapes the cognitive response that the CNS will elicit. Many experts still 

consider emotion and cognition to be two separate processes. This is apparent 

in the controversy regarding the cognitive appraisal component of emotion 
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(Scherer, 2001, 2005). Fox (2008) argued that the disagreement lies in whether 

cognitive appraisals should be considered a component or cause of emotion. 

Another component of emotion is the tendency for action, often described 

as the motivational component that prepares and guides action in order to 

achieve a particular relationship with the emotion-eliciting event/object. 

Common action tendencies are attending or not attending to an event, seeking 

information about the event, approach–avoidance behaviors, and fight–flight 

responses (Scherer, 2001). Action tendencies are the internal motive states that 

underlie a “felt urge, felt direction of that urge, and aboutness of that urge” 

(Frijda, 2009, p. 1).  

Yet another feature of emotions is the motor expression component. The 

goal of this component is to communicate reactions and behavioral intentions 

via expressive behaviors such as facial and vocal expressions, body 

movement, gestures, and postures (Scherer, 2005). The motor expression 

component can be traced back to Darwin’s idea of using photographs of 

naturalistic and posed expressions to understand how emotions are expressed 

in humans. This component has proven to be quite helpful in investigating the 

recognition of emotions in others. Action tendencies, which can emerge 

regardless of behavioral manifestations, are produced by the CNS and are 

considered part of the executive system (Frijda, 2009), whereas the motor 

expression component is related to actions of the somatic nervous system 

(Scherer, 2005). 

The last aspect of an emotion is the subjective component, often referred to 

as the emotional experience or feeling. The subjective experience is related to 

conscious awareness of being in an emotional state and functions to monitor 

internal states as well as individual–environment interactions (Scherer, 2005). 

In some theories of emotion, feelings are considered to arise last because they 

are based on cognitive appraisals and on motivational and somatic responses 

(Sander, Grandjean, & Scherer, 2018). Consequently, we should not treat 

feelings and emotions as synonyms, as feelings represent a single factor 

whereas emotions represent a multidimensional process (Scherer, 2005).   

To date, most definitions include all these components but emphasize and 

define different particular components. A brief description of three relevant 

theories of emotion follows.  
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Basic emotions approach 

This evolutionary approach is inspired by the discoveries of Darwin that facial 

muscles work together to create a core set of just a few emotional expressions. 

The basic emotions approach emphasizes the motor expression component 

(i.e., expressive component), which is closely linked to the physiological 

component but also acknowledges the other components. Here, emotions are 

considered discrete categories that are biologically fixed, universal responses 

to relevant biological and evolutionary events. Emotions are fixed in that we 

all have a core set of primary emotional systems given to us by nature, but 

influenced by learning and culture (Ekman, 1999). This core set of emotions 

includes anger, fear, happiness, sadness, and disgust (Ekman, 1992b). There 

is some disagreement on the universality and distinctive physiology of 

surprise and contempt (Ekman, 1992a; Ekman & Cordaro, 2011), and whether 

in fact these two emotions are well-recognized across cultures (Elfenbein & 

Ambady, 2002). The assertion that there is a specific number of basic 

emotions and that they can be universally expressed and recognized has often 

been a matter of debate, constituting one of the major criticisms of this 

approach (Barrett, Adolphs, Marsella, Martinez, & Pollak, 2019).   

A key concept in this approach is discrete categories, implying that there 

are separate emotions that differ one from another in several ways (not just in 

their intensity or pleasantness), but still share some common properties. Yet, 

it is evolution and innate factors that shape the functions and the unique and 

common features of emotions (Ekman, 1992a, 1999). Rather than 

conceptualizing each basic emotion on its own, Ekman and Cordaro (2011) 

suggested that emotions can be described as families depicting different 

themes having phylogenetic and ontogenetic aspects. The phylogenetic part 

refers to the unique characteristics of the family of emotions, which is a 

product of evolution. The ontogenetic part is responsible for the variations, 

because they occur due to learning, which is a product of social experiences.  

Another important view of the basic emotions approach is that each 

emotion has a particular neural pattern or signature that serves specific 

adaptational functions; for example, signals linked to fear are processed by the 

amygdala (Öhman & Mineka, 2001) and have a survival function. Although 

the focus is on the neural patterns, Ekman (1992a) recognized that neural 

patterns are triggered by appraisals, and that each emotion produces a specific 

action tendency, physiological response pattern, motor expression, and 

emotional experience. This unique neural print is another aspect that has 

received criticism, as it may seem rather reductionistic to infer that emotion 

categories correspond to different brain regions or functional brain networks 

(e.g., fear is tied to the amygdala and disgust to the insula) (Lindquist, Wager, 

Kober, Bliss-Moreau, & Barrett, 2012).  
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Social constructionist approach  

Almost opposite to the basic emotions approach is that adopted by social 

constructivism. Whereas the basic emotions approach was inspired by 

Darwin’s ideas, the social constructionist approach is based on a 

bidimensional theory of emotion and gradually came to stress the 

constructivist part. This approach suggests that emotions are not biologically 

determined, but rather are socially and culturally constructed, with language 

making a crucial contribution.   

In this approach, emotions are considered to be a combination of the core 

phenomenological properties of affective experience. The original ideas can 

be traced back to Wundt’s theory of emotional experience, which included 

three physiological dimensions to describe subjective feelings: 

pleasure/displeasure, excitement/inhibition, and tension/relaxation 

(Blumenthal, 1975; Wundt, 1897). This was later translated into what we call 

the circumplex model, in which arousal and valence represent the main axes 

and a core affect is described as a subjective experience on a continuum. 

Arousal indicates how weak/strong the activation is, while valence refers more 

to pleasure/displeasure (positive/negative) (Russell, 1980). A core affect 

would then have both a physiological side (i.e., valence and arousal, which are 

associated with different neural systems) and a mental side (i.e., the affective 

quality, the conscious experience) (Barrett & Russell, 1999).  

Inherent to this view, emotions are the labels we assign to our sensed 

physiological states. Behavioral and bodily responses precede and even 

motivate emotion and cognition. Here, the eliciting stimuli give rise to 

physiological arousal and we next try to find a label that explains our feelings. 

Looking at what we are doing (i.e., behavior) and what else is happening at 

the time of arousal (i.e., the environment) helps us choose a label. We 

experience a general feeling and then decide what it means in terms of a 

specific emotion. Thus, the focus of this approach is on the subjective 

experience component (in this sense, the constructivist approach is also based 

on James’ original ideas). It can be said that emotions are the categorization 

of core affect into emotion categories (e.g., anger, fear, happiness, and 

sadness), which emerge by incorporating language and culture. As opposed to 

the basic emotions approach in which emotions are given by nature, here, 

emotions are socially constructed (Barrett, 2006). Whether people categorize 

a core affect as anger or fear will also depend on context and acquired 

knowledge. For example, danger is not necessarily associated with fear or 

threat, but could also be associated with excitement and adrenaline rushes 

(Barrett, 2017).  

Another major difference between the basic emotions and the social 

constructivist approach is that the former supports the notion that specific 

functional brain networks or distinctive patterns of ANS activity are displayed 

for specific emotions. These patterns are often called fingerprints, a metaphor 
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that alludes to real, physical fingerprints used for identification. On the other 

hand, the latter approach argues that there are more general, distributed brain 

networks that interact to give rise to emotion conceptualizations. The patterns 

of ANS activity may therefore be highly variable within an emotion category 

or analogous across emotions (Barrett, 2017; Lindquist et al., 2012; Siegel et 

al., 2018). 

Appraisal approach  

This set of theories emphasizes the role of the appraisal component, which is 

at the root of emotional elicitation and emotional response. Appraisals include 

cognitive processing, for example, all the evaluations, interpretations, and 

explanations of events (or behaviors, situations, objects, and memories). 

Cognition is therefore said to be a precursor of emotion, but emotion precedes 

and motivates behavior. Cognition may even determine which stimuli do or 

do not lead to a given emotion, which emotion should be displayed, and how 

intense it will be (Moors, 2009). It is not the stimulus itself that produces the 

emotion, but how the stimulus is evaluated, how it affects relevant goals and 

prior beliefs. This is why different people can experience different emotions 

at different times in response to the same eliciting stimuli.  

According to this approach, a common definition of emotion would be “an 

episode of interrelated, synchronized, changes in the states of all or most of 

the five organismic subsystems in response to the evaluation of an external or 

internal stimulus event as relevant to major concerns of the organism” 

(Scherer, 2001, p. 93). Even though the central component is the cognitive 

appraisal component, this definition of emotion acknowledges the importance 

of all other components and calls for dynamic interaction between the five 

components of emotion. This is particularly important because these theories 

attempt to describe and explain the whole process, from elicitation stimuli to 

the categorization or labeling of emotions. In contrast, many basic emotion 

theories ignore the appraisal component and consider triggering stimuli to be 

prototypical (and therefore do not include them), while dimensional and 

constructivist theories would emphasize the labeling part and omit most of the 

other components.  

This dynamic interaction among the different components also allows for 

great variations in emotions—virtually as many as there are different 

combinations of appraisals, response patterns, and situations. However, there 

are some modal emotions, i.e., specific emotions generally evoked by certain 

patterns of appraisals. Mourning is an example of this: we would experience 

sadness if we lost a parent, but we would also experience sadness if we lost an 

extremely cherished object. The situations are different, but a common pattern 

of appraisals is activated to evoke the same emotion, i.e., a tendency to 

associate loss with sadness. In this sense, appraisal theories may be similar to 

basic emotion theories by acknowledging families of emotions. However, 
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appraisal theories have a more nuanced view and incorporate the emotional 

experience into the process. By doing so, they recognize the value of culture, 

context, and even time, resulting in a variety of emotions. Similarly, 

dimensional, constructivist theories allow an infinite number of emotional 

states, but always reflecting arousal and valence properties. Appraisal theories 

would then offer a more holistic view and try to understand how and why the 

individual interpreted a situation in a certain way (Ellsworth & Scherer, 2003; 

Sander, Grandjean, & Scherer, 2005). 

These three theories are the most prominent approaches to emotion. The 

basic emotion approach supports the existence of six or seven core emotions 

that may be associated with characteristic neural prints. These emotions are 

innate and therefore universal. The most common way to express emotions is 

through facial expressions, but the theory also recognizes vocal and bodily 

expressions. The social constructivist approach refers instead to core affects 

that give rise to an infinite number of emotions that vary on two dimensions, 

valence and arousal. This approach highlights the role of culture and language 

in constructing emotions and emphasizes the subjective experiences, the 

feelings. Appraisal theories take into account the eliciting events and how they 

are interpreted according to relevant goals, individual beliefs, or cultural 

expectations. It is this interpretation or evaluation of the events that dictates 

emotions. Thus, the evaluation of events may produce different emotions in 

similar situations. Two of the studies (Studies II and III) included in this thesis 

are guided by the appraisal approach and its definition of emotions.  

Emotion recognition 

One of the most salient goals of any human interaction is communication. 

While interacting with others, a person notices numerous details about others’ 

physical appearance, vocal tone, speech, facial movements, posture, and 

gestures. We can communicate social and affective information to others by 

these means, and this communication happens via both verbal and nonverbal 

cues. Emotion recognition thus plays a unique role in human interactions as it 

is critical for social and psychological functioning. For example, the ability to 

recognize emotions is associated with overall life satisfaction (Ciarrochi, Cha, 

& Caputi, 2000) and greater well-being (Brackett, Rivers, Shiffman, Lerner, 

& Salovey, 2006). Conversely, impairments in emotion recognition are related 

to many psychiatric disorders (Phillips, 2003) and poor interpersonal 

functioning (Carton, Kessler, & Pape, 1999; Spell & Frank, 2000). 

The term emotion recognition is applied to many concepts. It is often 

equated to emotion perception and refers to identification of the emotional 

states of others. Sometimes emotion recognition is included as an aspect of 

the construct of interpersonal sensitivity or interpersonal perception, which 

encompasses other broader domains such as personality, situational affect, 
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deception, thoughts and feelings, social attributes, and emotions (Hall, 

Andrzejewski, & Yopchick, 2009; Schlegel, Boone, & Hall, 2017). Also, 

emotion recognition has been conceptualized as part of theory of mind, 

referring to the lower-level perceptual processes of the latter (Mitchell & 

Phillips, 2015). In this thesis, the focus is on emotion recognition ability 

(ERA), which is defined as “individual differences in the ability to accurately 

detect and label emotions from nonverbal channels including the face, voice, 

and body” (Schlegel et al., 2020, p. 329). The terms emotion perception and 

emotion recognition are used synonymously throughout this thesis.  

ERA is often assessed using performance-based tests that present the 

participant with nonverbal expressions. Most studies present a forced-choice 

paradigm with different emotional expressions, while others use the free 

labeling of emotions; in either case, participants need to provide the best 

matching emotional expression. ERA assessment has not been found to be 

easy. For example, accuracy is often defined as referring to the state the target 

people were asked to portray (Hall, Mast, & West, 2016). These target persons 

are often actors portraying emotions in photographs or short video clips of 

facial expressions, postures, and gestures or in audio clips of vocal 

expressions. The actors follow predefined vignettes or brief scenarios that 

describe situations that elicit the respective emotion. Although this is a widely 

accepted method, it is still questioned whether the targeted emotion is 

adequately portrayed in the stimuli.  

The most common approach to measuring ERA is that of identifying basic 

emotions in prototypical facial expressions (based on basic emotion theories), 

mainly from static photographs. However, in everyday life, how we express 

emotions is not limited to facial expressions, as we also use other 

communication channels. For example, the voice is an often understudied 

means of communication, as is bodily language (e.g., gestures and postures). 

This also emphasizes the importance of considering a dynamic dimension of 

emotional expression in which there is integration of facial, vocal, and bodily 

expressions. Although we tend to rely more on one channel or modality (as in 

visual or vocal) than others, we still obtain complementary rather than 

redundant information from other communication channels (Bänziger, 2016). 

This, in turn, may lead to further discussion of whether ERA is a 

unidimensional or multifaceted concept that encompasses a set of related 

aspects, such as modality and emotion-specific skills. Results are mixed, with 

some studies reporting low correlations between different communication 

channels, which may be interpreted as evidence for ERA being modality 

specific, and other studies showing the opposite, i.e., average or high 

correlations between different modalities. Furthermore, ERA also appears to 

be emotion specific. This means that a person who is good at recognizing one 

emotion is not necessarily good at recognizing other emotions. Support for 

this notion comes from studies showing low inter-correlations, and from 

studies showing age-related declines in ERA (Schlegel, Boone, et al., 2017; 
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Schlegel, Grandjean, & Scherer, 2012). In Study II, we address some of these 

issues by including different emotions expressed through facial, vocal, and 

multimodal dynamic stimuli.     

Aging and emotion recognition   

It could be inferred that with advancing age, people increase their ERA 

because of the social experiences accumulated over their lifespan. It would 

then be expected that this trend would reach a plateau in old age. However, 

there is a curvilinear (i.e., inverted U) relationship between age and ERA, with 

optimal performance reached in early adulthood and a negative trajectory for 

ERA in aging. 

ERA decrements with age are observed across different presentation 

modalities and also vary somewhat in magnitude depending on the emotion. 

Generally, greater age-related differences are reported for the auditory 

modality than for the visual or multimodal presentation modalities and for 

negative than for positive emotions. Some studies have underscored that these 

age-related differences may be influenced by the stimulus characteristics. For 

example, it has been noted that traditional performance-based tasks using 

posed and static stimuli exacerbate age differences in ERA. In contrast, 

spontaneous and dynamic stimuli are likely to yield a more accurate 

assessment of aging (e.g., nuanced age effects) (Phillips & Slessor, 2011), as 

these stimuli may be perceived as less artificial and closer to real-life 

interactions. There is preliminary evidence suggesting that this is indeed the 

case (Holland, Ebner, Lin, & Samanez-Larkin, 2019; Krendl & Ambady, 

2010; Sze, Goodkind, Gyurak, & Levenson, 2012), whereas other studies have 

reported that age-related deficits still emerge (Grainger, Henry, Phillips, 

Vanman, & Allen, 2017; Hayes et al., 2020; Schlegel, Vicaria, Isaacowitz, & 

Hall, 2017). Even if contextual information is provided, younger adults still 

outperform older adults, although age-related differences in ERA decrease 

(Ngo & Isaacowitz, 2015; Noh & Isaacowitz, 2013). Another stimulus 

characteristic that may influence ERA is the target age (e.g., face age and 

voice age). It is possible that older adults may be disadvantaged when 

identifying emotions from other-age faces or voices because they may be less 

familiar or less skilled when processing these stimuli. However, evidence is 

not so robust for an own-age advantage in ERA (Sze et al., 2012), which may 

also depend on the expressed emotion (Fölster, Hess, & Werheid, 2014). 

Most of the ERA literature has used the basic emotions approach, which 

typically treats happiness (joy) as the only positive emotion. This may at least 

partially explain why there is a strong age effect for negative but not positive 

expressions in this approach. Furthermore, when age-related differences in 

happiness arise, they are often very small in terms of effect size (Gonçalves et 

al., 2018; Hayes et al., 2020). From a practical point of view, it is important 
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to consider positive emotions other than happiness if we really want to reflect 

everyday interactions, as positive emotions are important and frequent in daily 

life. From a theoretical standpoint, we should move from the basic emotions 

approach and adopt other traditions of emotion research. We aimed to address 

this issue in Study II by considering several positive emotions, such as pride, 

relief, interest, affection, amusement, and pleasure.   

Interestingly, most of the evidence that I have reviewed comes from studies 

investigating facial emotional recognition. Compared with the overwhelming 

number of such studies, fewer studies examine age-related differences in the 

recognition of vocal emotional expressions, which are not as well established, 

and the same goes for aging studies including multimodal stimuli. Also, 

research on aging effects on vocalizations is quite limited. Vocalizations are 

nonlinguistic sounds such as laughs, cries, gasps, and sighs. Vocalizations are 

effective means of communication and convey a wide range of emotions 

(Cowen, Elfenbein, Laukka, & Keltner, 2019) and are therefore also relevant 

when studying the effects of aging on emotion recognition. Besides 

incorporating several positive emotions, two other novel features of Study II 

were the inclusion of nonlinguistic vocalizations to complement vocal and 

facial expressions, and the inclusion of dynamic multimodal stimuli.  

In general, the multimodal condition displays the smallest age group 

differences, while the auditory modality displays the greatest differences, with 

the visual modality in between (Chaby, Luherne-du Boullay, Chetouani, & 

Plaza, 2015; Hunter, Phillips, & MacPherson, 2010). The recognition of 

specific emotions varies as well, and it seems that older adults have the 

strongest impairments when recognizing anger and sadness regardless of 

modality. In particular, two recent meta-analyses (Gonçalves et al., 2018; 

Hayes et al., 2020) demonstrated that, after controlling for task characteristics, 

older adults had the lowest accuracy ratings for fearful facial expressions, 

closely followed by sad and angry facial expressions. Both meta-analyses also 

reported that the recognition of disgust facial expressions was relatively well 

preserved in older adults, and that the recognition of happiness was associated 

with small effect sizes. Conversely, when videos were considered for these 

two emotions, robust age effects emerged (Hayes et al., 2020).  

There is also strong evidence for age deficits in recognizing vocal 

expressions, though evidence as to whether older adults experience difficulties 

in recognizing certain expressions is mixed. In both speech vocal expressions 

and nonlinguistic vocalizations, age-related difficulties are more prominent in 

negative rather than positive expressions, particularly in anger expressions. 

Specifically for vocal expressions, older adults performed worse than younger 

adults in recognizing expressions of sadness, and some studies have also 

reported group differences in recognizing fear and disgust expressions and, to 

a lesser extent, in recognizing vocal expressions of happiness (Hunter et al., 

2010; Laukka & Juslin, 2007; Ruffman, Henry, Livingstone, & Phillips, 

2008). Regarding vocalizations, Lima, Alves, Scott, and Castro (2013) 
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included an equal number of positive and negative vocalizations to study age 

effects, finding that age deficits are also observed in positive vocalizations, 

which underscores the importance of including positive emotions other than 

happiness and even further supporting the existence of a ceiling effect in 

recognizing happiness expressions.   

Moreover, there is some preliminary evidence that age-related differences 

in ERA are reduced or even fully eliminated when multimodal expressions are 

presented (Chaby et al., 2015; Hunter et al., 2010; Lambrecht, Kreifelts, & 

Wildgruber, 2012; Sze et al., 2012). Here, there is also agreement on age 

effects in negative compared with positive emotions (Hunter et al., 2010; 

Lambrecht et al., 2012), but again, it is a challenge to state this when happiness 

is the only studied positive emotion.  

In sum, in Study II, we attempted to address some of these important issues. 

First, we included a wide range of positive and negative emotional 

expressions. Second, we included dynamic multimodal stimuli. Lastly, we 

also included nonlinguistic vocalizations, as these are understudied in aging 

research.  
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Underlying mechanisms of age-related 
differences in social perception 

So far, I have mainly given an overview of research on social attribute 

evaluation and emotion recognition, but I have not tapped into their underlying 

processes. Models of age effects in social perception typically comprise three 

overarching mechanisms: motivation, cognition, and biology. In this section, 

I will discuss four models of age-related differences that can be applied to our 

understanding of both social attribute evaluation and emotion recognition. 

There are certainly many other models, but the models described here are 

likely to be the most relevant to social perception. Specifically, two of the 

revised models have a socio-cognitive basis, while the last model has a 

neuropsychological framework. In the last section of this introduction, I will 

take another approach and discuss a biological model that includes hormonal 

processes.   

Socioemotional selectivity theory  

One of the most prominent theories of age differences in motivation as a 

potential underlying mechanism is socioemotional selectivity theory (SST; 

Carstensen, Isaacowitz, & Charles, 1999). This is one of the first models 

describing how individuals allocate their social and emotional goals as a 

function of time (and possibly adult  age). SST postulates that individuals’ 

time perception influences their motivations regarding future goals, as well as 

the information and experiences they will seek in order to achieve these goals. 

Why is time perception a central concept? Take, for example, the current 

Covid-19 situation. Most of us are probably wondering how long the 

lockdowns and social isolation will continue, and when we can go back to 

“normality.” This specific situation has probably caused changes in our goals 

and in how we select and pursue them. In other words, time horizons have 

shifted our priorities and influenced our future goals. This shifting of goals is 

due to a particular event and has happened regardless of age. However, on 

most occasions, time perception involves stopping to think about the future 

perspective (i.e., how much time is left in life), which is often associated with 

old age. In contrast, young adults do not reflect as much on time constraints 

and envision time horizons as expansive. Shortened time perspectives 
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promote selecting positive, pleasant experiences that focus on close social 

relations that reinforce comfort and well-being, rather than selecting 

unfamiliar experiences that involve novelty seeking, exploration, learning 

new information, and new relationships. The former description pertains to 

older adults’ preferences while the latter is more in line with younger adults’ 

motivations. According to SST, the immediate goal of older adults is to 

maintain or increase emotional well-being and emotional regulation through 

different strategies. The main strategy that older adults employ to achieve this 

is likely to selectively attend to positive emotional information, diverting 

attention from negative information. This relative preference in older adults 

toward positive over negative information is referred to as the positivity effect 

(Carstensen & Mikels, 2005). SST and the positivity effect are commonly 

used to explain age-related differences in the processing of negative 

information, whereas there is age stability in information processing of 

positive stimuli (Reed, Chan, & Mikels, 2014). Translated into social attribute 

evaluation, this would mean that older adults may rate negatively valenced 

faces more positively than do younger adults (e.g., rating untrustworthy faces 

as more trustworthy). In ERA research, this may explain why older adults have 

difficulties in recognizing negative but not positive emotional expressions. In 

sum, this framework has been influential in empirical evidence that speaks in 

favor of age differences in social perception. However, it does not provide 

answers to why age similarities are also found or why a deficit in perceiving 

positive information may be observed with advancing age. 

Dynamic integration theory   

An alternative motivational model is the dynamic integration theory (DIT; 

Labouvie-Vief, 2003). DIT underscores the roles of emotion and cognition 

and describes their relationship as being inherently dynamic. According to 

DIT, individuals should strive to achieve a flexible and dynamic balance 

between these two variables by maintaining emotional well-being while also 

discerning negative or arousing information. Notably, the integration of 

emotions and cognition increases with age, reaching its peak in middle-

adulthood, and then declining with advancing age. Two central processes in 

DIT are affect optimization and affective complexity. Affect optimization 

refers to the engagement in processes that maintain well-being, which is often 

inferred to be an automatic, relatively effortless tendency. On the other hand, 

affective complexity, also known as affect differentiation, involves 

coordinating (and differentiating) positive and negative aspects about the self 

and others in one’s cognitive functioning. Affective complexity requires more 

cognitive resources than does affect optimization because the former is linked 

to learning and existing knowledge whereas the latter involves more personal 

experiences. DIT posits that older adults attend more to positive emotional 
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information at the expense of changes in cognitive resources and by favoring 

affective optimization. In short, this means that processing negative 

information may be more cognitively demanding for older adults, which in 

turn produces an automatic processing of positive information (Labouvie-

Vief, 2003, 2009). Compared with SST, DIT suggests that older adults 

prioritize positive information as a consequence of decreases in cognitive 

resources: positive information is simpler to process. SST, conversely, 

proposes that positive information involves effortful attention, which requires 

cognitive control. It could indeed be the case that positive information is easier 

to process, but how does this explain that older adults are sometimes worse 

than younger adults at recognizing expressions of happiness? Both DIT and 

SST have similar shortcomings in explaining age effects on social perception. 

Stronger impairments for negative rather than positive information fit both 

models, which, however, do not account for age-related differences in both 

positive and negative emotional expressions.  

General cognitive decline 

Social perception requires a series of cognitive abilities such as processing 

speed, working memory, verbal intelligence, reasoning, and executive 

functions—to mention just a few. Older adults have well-documented declines 

in several cognitive abilities, which may be associated with worse social 

perception. Age-related cognitive decline appears to be quite broad and is 

likely to be cumulative across the life span (Salthouse, 2004, 2009). The start 

of decline varies depending on the cognitive ability and often intensifies after 

the age of 50, with most abilities decreasing since early adulthood. Exceptions 

are observed in accumulated knowledge, vocabulary-related abilities, and 

short-term and autobiographical memory, which remain rather stable until at 

least the age of 60. In particular, decrements in fluid intelligence and mental 

processing speed start to appear around the age of 30. This is important as it 

has been suggested that processing speed accounts for the age effects on most 

cognitive tasks. If older adults display impairments in the mental processing 

speed required to make quick initial evaluations from facial appearance or to 

accurately recognize emotions from others, their performance in these tasks 

will certainly suffer. For example, older adults may not benefit as much from 

dynamic stimuli as previously suggested, since fleeting, moving stimuli 

include fast transitions. This, in turn, may require high-speed processing, in 

which older adults are deficient. However, when comparing the magnitude of 

age effects for static and dynamic stimuli, both stimulus types evoked equal 

emotion recognition difficulties (Hayes et al., 2020). There is also robust 

evidence indicating emotion-specific age effects, which contradicts the notion 

of general cognitive decline, because similar difficulties across all emotions 

would then be expected. Additionally, studies have also shown that 
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decrements in emotion recognition result not only from declines in perceptual 

abilities, processing speed, working memory, and verbal intelligence 

(Lambrecht et al., 2012; Lima et al., 2013; Ryan, Murray, & Ruffman, 2010; 

Sullivan & Ruffman, 2004).  

Neuropsychological framework 

Another possible explanation concerns how neural mechanisms may influence 

age-related differences in social perception. I will briefly review this model, 

since the next section is about biological and neural processes with advancing 

age. Some brain regions, such as the amygdala, orbitofrontal cortex, and 

insular and cingulate cortices, are strongly associated with the processing of 

emotions. The frontal and temporal lobes undergo among the earliest and most 

rapid declines with advancing age (Ruffman et al., 2008). Other brain regions, 

such as the amygdala, undergo declines starting around the age of 40 

(Walhovd et al., 2005). The neuropsychological framework posits that certain 

emotions display more age decrements than do others because rates of brain 

deterioration vary across brain regions (Cacioppo, Berntson, Bechara, Tranel, 

& Hawkley, 2011; Raz et al., 2005; Ruffman et al., 2008). For example, 

deterioration in the cingulate cortex and amygdala may underlie decreased 

fear and sadness facial recognition, declines in the orbitofrontal cortex may 

explain the effects of age on the recognition of anger, whereas the relative 

sparing of the basal ganglia and insula may explain the retention of disgust 

(but see Barrett, 2017; Lindquist et al., 2012, for a discussion of local and 

specific versus more distributed and general neural underpinnings of 

emotions). Importantly, some of these brain regions also play a key role in the 

integration of visual and auditory emotional expressions (Ruffman et al., 

2008). The neuropsychological framework may fall short as it is difficult to 

demonstrate a one-on-one mapping between brain regions and specific 

emotions. Moreover, a specific brain region may not necessarily be activated 

when emotional expressions are presented in different modalities. For 

example, the anterior insula is not significantly activated by auditory stimuli 

conveying disgust expressions, whereas this same region is strongly 

associated with facial disgust expressions (Phillips et al., 1998). Instead, an 

alternative, complementary approach to better understand how younger and 

older adults’ social perception works could entail identifying neural circuits 

or networks rather than specific brain regions. Another aspect that has also 

been considered within the neuropsychological framework is that of 

neurotransmitters (Ruffman et al., 2008). Levels of hormones and 

neurotransmitters are known to decline with age, and these have further been 

associated with social perception. Following a similar rationale, in Study III, 

we explored whether the neuropeptide oxytocin affects emotion recognition 

in younger and older adults.  
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The role of oxytocin in socioemotional 
behavior 

That hormones influence our body and behavior is common knowledge. 

Popular examples are how adrenaline (epinephrine) is elicited by stressful 

situations and sensation-seeking behaviors, and how endorphins boost 

pleasure, leading to feelings of well-being. But there are many other 

hormones, not as well known, that play a key role in human functioning. This 

is probably the case for oxytocin (OT), which is known for its role during 

labor and lactation, but has a wide range of other physiological and 

psychological effects as well. It was not until the last decade that the scientific 

community witnessed burgeoning interest in OT research. Based on evidence 

from animal research, OT has generated considerable interest regarding its 

possible role in social behavior and cognition. In light of these reports, OT has 

been implemented as a potential therapeutic agent to aid disorders 

characterized by social cognitive deficits (e.g., autism spectrum disorder and 

schizophrenia). OT has also been explored in healthy populations with mixed 

results, some studies obtaining promising results, while many others argue for 

null effects (Bakermans-Kranenburg & Van IJzendoorn, 2013; Tabak et al., 

2019). However, most OT research includes young male samples and a 

lifespan approach has barely been discussed. OT effects in the context of 

cognitive and socioemotional aging remain understudied, so we addressed this 

topic in Study III. As presented above, numerous open questions remain 

regarding the possible mechanisms of socioemotional age-related change 

from the motivational, cognitive, and biological perspectives. To gain a 

broader view of aging and the interplay of different factors, in Study III, we 

decided to take a further step and complement previous studies in the field 

with functional magnetic resonance imaging (fMRI). Study III also included 

an intervention, the intranasal administration of OT, to explore possible effects 

in younger and older adults during negative emotional expressions.  
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Oxytocin: early history and brief overview 

The word OT derives from the ancient Greek words ωκύς and τοκετός or the 

contemporary Greek word ωκυτοκίνη (pronounced “okitokini”), which 

translate as “quick birth.” As implied by the name, OT is best known for its 

role during childbirth, as it facilitates uterine contractions (Carson, Guastella, 

Taylor, & McGregor, 2013). In 1906, Sir Henry Hallet Dale was studying the 

effects of ergots (fungi), and almost by chance discovered that when 

intravenously administrating parts of the ox pituitary glands to cats, dogs, 

guinea pigs, rats, and rabbits, this would produce a rise in blood pressure and 

facilitate uterine contractions (Dale, 1906). Some years later, Bell (1909), 

based on Dale’s studies, established a milestone in obstetrics by discovering 

that pituitary extracts could also be clinically used to induce contractions in 

pregnant women and could ease postpartum hemorrhage. However, it was not 

until about 40 years after these discoveries that OT became of scientific 

interest and was described as the principal uterine-contracting and milk-

ejecting hormone. We owe this to Vincent du Vigneaud, who in 1955 won the 

Nobel Prize for his work on sequencing and synthesizing the OT hormone, 

which, incidentally, also happened by chance, as he was more interested in 

insulin (du Vigneaud, Ressler, Swan, Roberts, & Katsoya, 1954). 

OT is a hormone, but more specifically, it is a nine-amino-acid peptide with 

both peripheral and central functions. OT is synthesized in peripheral tissues 

such as the uterus, placenta, and heart. OT is triggered by projections from the 

hypothalamus, mainly by the magnocellular neurosecretory cells of the 

paraventricular and supraoptic nuclei. These axonal projections converge on 

the posterior pituitary gland for release into the bloodstream (via peripheral 

circulation) (Gimpl, Fahrenholz, & Gene, 2001). OT is also released into 

peripheral circulation from axon terminals that converge on the blood–brain 

barrier (Engelmann, Landgraf, & Wotjak, 2004; Rodríguez, Blázquez, & 

Guerra, 2010). OT is even produced by magnocellular neurons whose axonal 

projections affect the amygdala, hippocampus, striatum, nucleus accumbens, 

olfactory nucleus, and brainstem (Chini, Verhage, & Grinevich, 2017; 

Knobloch et al., 2012). Furthermore, OT production is modulated in the CNS 

by gonadal steroid hormones such as estrogen (Bos, Panksepp, Bluthé, & 

Honk, 2012; Gimpl et al., 2001; Lee, Macbeth, Pagani, & Scott Young, 2009; 

Meyer-Lindenberg, Domes, Kirsch, & Heinrichs, 2011) and its production 

may also vary across the phases of the menstrual cycle. This suggests that OT 

production is strongly dependent on sex, and that females may therefore 

display higher levels of OT than do males (Carter, 2007; Lee et al., 2009). 

This is one possible reason why most OT human studies are conducted in men.  

Experiments on OT effects on human behavior have increased in the past 

fifteen years, as it was reported that certain neuropeptides could be 

intranasally administered and reach the cerebrospinal fluid (Beard, Singh, 

Grundschober, Gee, & Tate, 2018; Born et al., 2002; Lee et al., 2018). OT 
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increases in cerebrospinal fluid are usually associated with increases in the 

peripheral levels, where OT causes significant peaks in plasma concentration 

(Striepens et al., 2013). This route has been proposed to bypass the blood–

brain barrier by entering the CNS through the olfactory epithelia, versus the 

intravenous route, which requires direct blood–brain barrier access (Beard et 

al., 2018; Bos et al., 2012; Lee et al., 2018). Importantly, there is evidence that 

intranasally administered peptides may also reach the amygdala and 

hippocampus, two brain regions with prolific OT receptors (Quintana et al., 

2019; Quintana, Smerud, Andreassen, & Djupesland, 2018). Intranasal OT 

was first used in the 1960s to ease difficulties with milk output (Newton & 

Egli, 1958), and although this practice has now been questioned, it is still 

common today.  

One plausible reason why it took so long to adopt intranasal OT in social 

cognition research is the uncertainty as to whether this delivery route truly 

works. For example, debates regarding the nose-to-brain transportation of OT 

concern individual differences in nasal cavity physiology, the pump in nasal 

spray devices (which may hinder OT from reaching the olfactory epithelia), 

and the amount of OT that crosses the blood–brain barrier. However, there is 

robust evidence from recent studies suggesting that intranasal OT indeed 

bypasses the blood–brain barrier (even small amounts produce significant 

changes) and is an effective delivery route in humans (e.g., Beard et al., 2018; 

Quintana et al., 2019, 2018; Valstad et al., 2017). There is also research on 

OT receptors, OT-related genes, and plasma OT levels in both clinical and 

healthy populations (e.g., Hovey et al., 2018; Westberg et al., 2016). However, 

I am focusing solely on single-dose, intranasal administration of OT in healthy 

populations.  

Other controversial issues surrounding intranasal OT are the dosage and 

the timing of the effects. Although 24 international units (IU) of OT seem to 

be the standard dosage, the most commonly used dosages range from 20 to 48 

IU (MacDonald et al., 2011; Van IJzendoorn & Bakermans-Kranenburg, 

2012), with some studies using up to 72 IU (Finger et al., 2015). The optimal 

dosage is still debated, with some studies suggesting that dosages as low as 8 

IU (vs. 24 IU) are the ideal intranasal dose that may influence social cognition 

(Quintana et al., 2015; Quintana et al., 2018). Other studies have advocated 

that the usual 24 IU is the most effective dosage (e.g., Spengler et al., 2017), 

whereas another study suggested that, at least for patients with frontotemporal 

dementia, the most promising dosage was 72 IU (Finger et al., 2015). More 

importantly, no serious adverse effects and minimal to null side-effects have 

been reported in the literature despite high dosages or chronic use of OT 

(Barraza et al., 2013; Finger et al., 2015; MacDonald et al., 2011). The few 

studies that have directly compared different doses of intranasal OT have 

yielded divergent results and should be interpreted with caution, as they have 

been conducted in clinical samples, included only male participants, used 

different outcome measures, or used special administration devices. Thus, a 



 39 

call for clear recommendations about the optimal dosage has grown louder in 

recent years. As to the timing and duration of OT effects, there is some 

evidence that even 15 minutes after intranasally administrating OT, its 

salivary levels increase strongly (Weisman, Zagoory-Sharon, & Feldman, 

2012), but that OT levels peak around 40–45 minutes after administration 

(with increases in plasma levels detected after 30 minutes; Gossen et al., 

2012). This is actually the common practice in research, to wait at least 40 

minutes before completing any task of interest. After the initial peak, salivary 

levels of OT remain elevated after two hours (exactly 2¼ hours; Huffmeijer 

et al., 2012), with other studies showing lasting effects for up to 4 (Weisman 

et al., 2012) and 7 hours (Van IJzendoorn, Bhandari, van der Veen, Grewen, 

& Bakermans-Kranenburg, 2012) after OT intranasal administration. Thus, 

OT research has suffered a rough start and is surrounded by controversy, but 

its promising findings have outweighed these initial hindrances and yet more 

such findings are expected.  

Oxytocin and socioemotional behavior  

OT early on gained the status of being the love hormone, cuddle hormone, or 

bonding hormone in the scientific community and the media. OT research on 

prairie voles is possibly what lies behind this love story. Prairie voles are 

social rodents that are monogamous, prefer to spend time with each other, 

groom and nest together, and prefer affiliative, parental behaviors. In contrast, 

their cousins the montane voles are “party animals” with no interest at all in 

partnership or family building, and are asocial, polygamous, and lacking in 

parental behavior. This is quite curious, as these two species are extremely 

genetically similar. Oversimplifying the story, it seems that the difference 

between these voles resides in their vasopressin and OT receptors. When 

prairie voles have sex, both vasopressin and OT are released, and when their 

release is blocked, the prairie voles behave as their cousins. Conversely, if the 

montane voles are administered vasopressin and OT, their polygamous, non-

affiliative behavior does not change. This led Young, Nilsen, Waymire, 

MacGregor, and Insel (1999) to conclude that prairie, but not montane, voles 

have abundant receptors for OT and vasopressin in brain regions associated 

with reward and reinforcement.   

After this, research on exogenous OT and human social behavior and 

cognition gradually became popular and can essentially be categorized into 

two main streams, prosociality and social cognition research. There is a 

plethora of research on cooperation, trust, empathy, social bonding, 

attachment, social memory, and emotion recognition. For example, there is 

evidence that a single dose of intranasal OT (vs. placebo) has beneficial effects 

on memory for angry faces, increased gaze toward the eye region in both 

neutral and emotional faces, greater trust in facial cues, willingness to take 



 40 

social risks within social interactions, higher attractiveness ratings of 

unfamiliar faces, increased generosity, and maintained trust feelings even after 

being betrayed—to mention just a few findings (e.g., Guastella, Mitchell, & 

Dadds, 2008; Kosfeld, Heinrichs, Zak, Fischbacher, & Fehr, 2005; 

Theodoridou, Rowe, Penton-Voak, & Rogers, 2009). Additionally, two meta-

analyses of the effects of intranasal OT on emotion recognition found positive 

small to moderate effect sizes for overall facial emotion recognition and, 

specifically, a robust effect on the recognition of fearful faces and, to a lesser 

extent, of happy faces (Leppanen, Ng, Tchanturia, & Treasure, 2017; 

Shahrestani, Kemp, & Guastella, 2013). Most of these studies have shown 

positive results after the administration of OT, though there is also a less 

desirable side to OT. Some studies have reported increasing feelings of envy 

and mistrust when others gain more money (Shamay-Tsoory et al., 2009), and 

in individuals with aggressive tendencies, OT increased aggressive behaviors 

toward romantic partners (DeWall et al., 2014) and exacerbated negative 

feelings toward the out-group (Van IJzendoorn & Bakermans-Kranenburg, 

2012). 

How can such contradictory results be explained? Well, things are never 

simple when it comes to OT research. The effects of OT are moderated by two 

main types of factors: contextual/situational factors (e.g., OT administration, 

doses, task difficulty, and stimuli valence) and rather stable personal 

characteristics (e.g., OT receptor gene, attachment styles, personality, sex, and 

age) (Bartz, Zaki, Bolger, & Ochsner, 2011). Alternatively, others have 

instead proposed that the effects of OT may vary as a function of social 

boundaries, with OT facilitating prosocial behavior toward “safe” stimuli and 

defensiveness toward “unsafe” stimuli (Olff et al., 2013). A more in-depth 

discussion of the possible mechanism follows.  

Processes underlying effects of oxytocin on 
socioemotional behaviors    

 

Three mechanistic processes have been proposed in order to better understand 

the role of OT in human social cognition: the anxiety reduction approach, the 

affiliative/prosocial approach, and the social salience hypothesis. The anxiety 

reduction and affiliative approaches are somewhat similar but have been used 

separately to explain different results in OT research. For example, the anxiety 

approach is often used to explain OT effects in autism or the better recognition 

of fearful stimuli, whereas the affiliative approach focuses on explaining 

results in terms of cooperative and trust behavior, empathy, and attachment. 

The social salience hypothesis underscores the importance of considering both 

contextual and interindividual factors. 
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Anxiety reduction approach  

The focus of this approach has varied slightly over time. It was initially 

referred to as the stress reduction approach, but later incorporated fear and 

anxiety. This hypothesis is based on evidence that OT dampens anxiety and 

fear and modulates stress reactivity. Once the anxiolytic effects of OT are 

triggered, individuals can incorporate social stimuli that they otherwise may 

not have attended to. Support for this view comes from both animal research 

(particularly in rodents and sheep) and human research, as well as from 

neuroimaging studies (Bartz et al., 2011). For example, threatening stimuli 

increase OT and hypothalamic-pituitary-adrenal activity, producing both 

behavioral and physiological manifestations of anxiety (regulated by the OT 

system). By dampening stress reactivity, OT release also decreases the 

secretion of adrenocorticotropic hormone and cortisol, a process often 

observed in social support (Neumann & Slattery, 2016). Furthermore, 

neuroimaging studies have shown that OT reduces amygdala activation in 

response to threatening or fearful stimuli (e.g., Domes et al., 2007; Kanat, 

Heinrichs, Schwarzwald, & Domes, 2015). Sometimes, regardless of the 

dampening effects of OT on stress, some individuals may still react with 

aggression or increased anxiety, countering the anxiety reduction approach. In 

sum, OT effects are clearly moderated by differences in individual factors 

such as personality, but also by situational factors such as context.  

Affiliative/prosocial approach 

Another possible mechanism by which OT influences social cognition is by 

affecting motivational states related to affiliation, such as trust, social 

bonding, attachment, cooperation, and empathy. In this approach, instead of 

reducing stress or anxiety, OT seems to promote social support by increasing 

the salience of social information. There is no in-between mechanism as in the 

anxiety reduction approach; rather, in this approach OT directly increases 

attention to positive social information. Thus, OT may trigger a shift from 

negative to positive stimuli to endorse approach behaviors. Support for this 

approach comes from animal and human studies, primarily neuroimaging 

studies showing the modulatory effects of OT on amygdala function. For 

example, Gamer, Zurowski, and Büchel (2010) showed that OT effects differ 

according to subregions of the amygdala, depending on the valence of the 

emotional stimuli. In their study, OT particularly reduced activation in the 

lateral and dorsal regions of the anterior amygdala in response to fearful faces, 

while triggering a more direct gaze toward eye regions (Gamer et al., 2010). 

This approach highlights the importance of taking participant and item sex 

into account, as these two variables may influence OT processing. OT may 

differentially affect male and female participants, as it has been shown that in 

females, OT enhances compassion toward other females, but not toward males 



 42 

(Palgi, Klein, & Shamay-Tsoory, 2013). This again emphasizes that individual 

and contextual factors play a key role.  

Social salience hypothesis 

According to the social salience hypothesis (SSH), the effects of OT are not 

uniform and may therefore lead to both positive and negative outcomes. In 

SSH, OT effects are seen as context dependent, varying as a function of 

baseline individual differences, for example, in sex, personality, attachment 

style, psychopathology, gene receptors and expression, and plasma OT 

concentrations (Bartz et al., 2011; Shamay-Tsoory & Abu-Akel, 2016). Since 

the focus of this thesis is aging, I would add age to this list of moderating 

factors. Contextual factors include task characteristics such as difficulty level, 

stimulus valence, and social or nonsocial stimuli. SSH suggests that OT 

affects attentional processing by initially reorienting attention toward socially 

relevant stimuli or by filtering out irrelevant stimuli. SSH also highlights the 

role of the dopaminergic system, as this system is highly involved in attention 

regulation. Thus, OT promotes the salience of social cues in interaction with 

the dopamine system, by boosting or regulating dopamine signals, which leads 

to attention reorientation. SSH also proposes that both tonic and phasic 

dopamine influence the effects of OT. Tonic dopamine may account for the 

contextual effects of OT while phasic dopamine is associated with individual 

differences (Shamay-Tsoory & Abu-Akel, 2016). This is how SSH reconciles 

both the socially positive and socially negative effects of OT. SSH also 

attempts to integrate both the anxiety reduction and affiliative approaches. For 

example, OT may enhance the salience of social cues by reducing anxiety or 

stress reactivity, which would allow socially anxious or distressed individuals 

to attend to social information that they would otherwise have ignored. 

Alternatively, increases in the salience of social cues may also be activated by 

affiliative motives, which in turn help the individual to process socially 

relevant information often associated with their goals.  

A third model posits that increases in affiliative motives and prosocial 

behaviors occur because there is a decrease in social anxiety (Bartz et al., 

2011). OT may facilitate prosocial behaviors when the context is perceived as 

supportive, safe, and providing positive social cues. In this context, OT would 

also help reduce anxiety and distress, promoting the salience of social cues. 

Conversely, in aggressive, hostile, or competitive contexts, where individuals 

feel distressed and endangered, OT may lead to mistrust or non-prosocial 

behaviors because OT would also elicit anxiety and attention is focused on the 

threatening component (Bartz et al., 2011; Shamay-Tsoory & Abu-Akel, 

2016). In sum, SSH promotes an interactionist model of social effects of OT 

in which attention reorientation is the central component. Shifts in attention 

may occur because OT alleviates anxiety, accentuates affiliative motives, or 
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does both simultaneously. The dopaminergic system also underlies these 

attentional shifts and is in constant interaction with the oxytocinergic system.  

Aging and oxytocin 

Surprisingly, the literature on OT and aging is quite scarce despite a need to 

better understand the role of OT in social cognitive aging (Ebner et al., 2013; 

Huffmeijer, Van IJzendoorn, & Bakermans-Kranenburg, 2012). I would even 

claim that there are no more than fifteen or twenty published studies on this 

subject, only three of which have investigated facial emotion recognition.  

As suggested by the meta-analyses mentioned above, OT facilitates ERA 

from faces (Leppanen et al., 2017; Shahrestani et al., 2013), and since older 

adults have difficulties recognizing some emotions more than others (e.g., fear 

and sadness), it seems straightforward to hypothesize that OT may improve 

ERA in older adults. This was precisely what Campbell, Ruffman, Murray, 

and Glue (2014) investigated. These authors further hypothesized that since 

levels of OT are lower in males than females, and since males are worse than 

females at emotion recognition, it could be expected that older males would 

benefit the most from OT administration (vs. older females and younger 

adults). In their double-blind, randomized, placebo-controlled, between-

subjects study, participants self-administered either 20 IU OT or placebo (PL). 

Angry, disgusted, fearful, happy, sad, and neutral faces were used to assess 

ERA in a forced-choice paradigm. Results indicated no OT effects on the 

recognition of specific emotions in any age group; however, when analyzing 

overall emotion identification accuracy, a significant treatment effect was 

observed in older males. No differences were found in older females or 

younger adults. This was the first study to show that OT enhances ERA in 

older adults, particularly in the group with the worst ERA (Campbell et al., 

2014).  

Recently, Horta et al. (2019) used a dynamic facial emotion recognition 

task to study brain connectivity in younger and older adults, after 

administering a single dose of 24 IU intranasal OT. This double-blind, 

randomized, placebo-controlled, between-subjects study included neutral 

faces that rapidly morphed until they displayed high intensity levels of anger, 

fear, happiness, and sadness. Interestingly, no behavioral OT effects were 

observed, but OT changed brain activity and amygdala connectivity for certain 

emotions and by age group. In particular, in younger adults, OT altered how 

sad and happy faces were processed in the brain. In contrast, in older adults, 

this altered pattern was merely observed for sad faces. Furthermore, older 

adults in the OT group (vs. older adults in the PL group) displayed early, 

widespread amygdala activity for high-arousal emotions (i.e., anger, fear, and 

happiness). This finding suggests that OT may improve anterior amygdala 

region connectivity and that OT may promote early attention shifts that 
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facilitate the identification of socially salient stimuli (Horta et al., 2019), 

further supporting SSH.  

We can draw several relevant conclusions from these two studies regarding 

the effects of OT on ERA and aging. First, the effects of OT are indeed 

moderated by individual differences, specifically in sex and age. Second, task 

characteristics also play a key role, as when using static pictures, OT only 

affected overall recognition accuracy, whereas when using dynamic stimuli, 

emotion-specific effects emerged. Lastly, behavioral studies may sometimes 

not capture the complexity of OT effects as they may also be differentially 

reflected in the brain. Some studies have pointed out publication bias in 

behavioral intranasal OT research, while others have reported that null effects 

are more common than previously thought (e.g., Lane, Luminet, Nave, & 

Mikolajczak, 2016; Quintana, 2018; Tabak et al., 2019). Small, underpowered 

sample sizes have also contributed to mixed results in the OT literature, which 

may not reflect the true effects (Walum, Waldman, & Young, 2016).    

Previous studies have reported valence-specific effects of OT, but 

happiness has been the only positive emotion included in these studies. So far, 

it is still unknown whether OT has a facilitating role in presentation modalities 

other than the visual one. The effects of OT on aging are still understudied, 

especially when it comes to emotion recognition, which is the avenue that we 

follow in Study III.   
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Aims 

Impairments in several domains accompany advanced age. The general aim 

of this thesis was to advance our understanding of the effects of age on 

socioemotional perception, particularly on the evaluation of social attributes 

and on emotion recognition in multiple modalities. More specifically, the aim 

of this thesis was to address the following questions:  

 

1) Study I: How does aging affect the evaluation of social attributes 

from computer-generated faces of varying intensity?  

 

2) Study II: Are there age-related differences in the ability to recognize 

dynamic visual and auditory emotional expressions presented alone 

or in combination? Do age-related differences also extend to 

nonlinguistic vocalizations?  

 

3) Study III: Does a single dose of intranasal oxytocin enhance the 

ability to recognize negative compared with positive emotions in 

dynamic multimodal expressions, in younger and older adults? What 

is the underlying functional neuroanatomy of this process?  
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Methods  

Participants 

Participants in these studies consisted of young participants aged between 18 

to 30 years and older participants aged between 65 and 75 years. Young 

participants were recruited from the Stockholm area through university 

bulletin boards and designated websites (studentkaninen.se). Older 

participants were recruited from the community or from a database where they 

had previously signed up to receive information about future projects. In Study 

III, we extended the recruitment strategies and included newspaper 

advertisements to which mostly older participants responded. Studies I and II 

used the same sample, and the participants were compensated with course 

credits or movie vouchers. Study III included a completely new sample and 

participants received gift cards in exchange for their participation.  

All participants were fluent in Swedish and reported being in good health 

with no previous or current substance abuse or psychiatric medication. All 

participants had normal or corrected to normal vision, no colorblindness, 

normal hearing, and reported no neurodegenerative diseases. For Study III, all 

participants were screened prior to participation over the phone or via mail. 

Furthermore, if any of the following exclusion criteria was fulfilled, subjects 

were excluded from the study: left-handed, pregnant, breastfeeding, oral 

contraceptive use, hormone replacement therapy, nasal allergies, and 

excessive smoking or caffeine intake. Besides these, participants in Study III 

also had to fulfill the criteria for magnetic resonance imaging (MRI), which 

included not being claustrophobic, no magnetic objects in the body, and no 

pacemakers (a detailed checklist of exclusion criteria for MRI was completed 

two or three times before scanning participants).  

Ethics statement 

All study participants gave written informed consent before commencement 

of the study. Participants in Study III were informed of the potential risks and 

procedures of OT administration and of undergoing an MRI session. All three 

studies were conducted in accordance with the Declaration of Helsinki and all 

were approved by the Stockholm Area Regional Ethical Review Board. 
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Additionally, Study III was approved by the Swedish Medical Products 

Agency (Läkemedelsverket). 

Education level 

Education level was assessed with a single-item question regarding the 

participants’ highest completed education level: 1 = elementary/middle 

school; 2 = high school; 3 = college/university shorter than 3 years; and 4 = 

college/university 4 or more years. Additionally, in Studies I and II, total years 

of education were also entered by the participants. In all three studies, older 

adults reported higher education levels than did their younger counterparts.  

Cognitive and affective assessment 

As a first filter, all contact with participants required use of a computer, 

smartphone, or tablet to answer emails and to complete some screening 

questionnaires. Presumably, if older participants managed to successfully 

complete these tasks, this could speak in favor of preserved cognitive abilities. 

The studies also included two tests used to assess general cognitive ability and 

one test that measured mood at the moment. These were some, but not all, of 

the questionnaires included in the three studies and they were used as 

covariates or in correlational analyses. Participants also completed single-item 

questions regarding education level and self-rated health. These variables 

were comparable in both age groups (except education level in Studies I and 

II, which was significantly higher among older adults). 

Cognitive status  

All participants had to complete the Mini-Mental State Examination (MMSE; 

Folstein, Folstein, & McHugh, 1975), which we used to measure general 

cognitive status. The MMSE is a brief 30-point questionnaire that assesses 

general cognitive skills such as orientation, arithmetic, episodic memory, and 

language. A cutoff score of 26 was used to screen for potential cognitive 

impairment, which is an adapted score for Swedish elderly populations 

(Kvitting, Fällman, Wressle, & Marcusson, 2019). Across the three studies, 

none of the participants scored below the cutoff. In these studies, older and 

younger participants obtained comparable scores on the MMSE.  

Vocabulary and semantic memory 

The Synonyms Reasoning Blocks (SRB; Dureman, Eriksson, Kebbon, & 

Österberg, 1971) is a vocabulary test often used as a measure of semantic 
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memory. In this test, participants have to choose (Swedish) word synonyms 

among four written alternatives. Besides semantic memory, we used the SRB 

as a control measure of general cognitive status. Older relative to younger 

participants obtained higher scores on the SRB. This was expected, as older 

participants reported more years of education, but also because some of the 

words included in the test are more common in older Swedish usage. 

Mood in the moment 

The Positive and Negative Affect Schedule (PANAS; Watson, Clark, & 

Tellegen, 1988) is a scale that consists of ten positive and ten negative words 

describing feelings and emotions. On a five-point Likert scale, participants 

indicated the degree of the feeling/emotion. Across all studies, older relative 

to younger participants reported higher state scores for positive affect but 

lower state scores for negative affect. This pattern of results is common in the 

aging literature.  

Stimuli  

Study I included computer-generated faces of varying intensity (Todorov et 

al., 2013), whereas Studies II and III involved a task of multimodal emotion 

recognition. Study II further included a nonlinguistic vocalization task. All of 

the tasks were intended to compare younger and older participants. 

Computer-generated faces (Study I) 

The stimuli for Study I consisted of computer-generated faces developed by 

Todorov et al. (2013) and Todorov and Oosterhof (2011) in Facegen Modeller 

3.1 (Singular Inversions, www.facegen.com). The faces systematically vary 

in seven intensities (–3, –2, –1, 0, +1, +2, and +3 standard deviations from the 

neutral) and reflect seven social attributes: attractiveness, competence, 

dominance, extraversion, likeability, trustworthiness, and threat. Each social 

attribute comprised four distinct male face identities manipulated for face 

shape and face reflectance of the respective social attributes. Participants 

evaluated each face on Likert scales ranging from 1 = not at all to 9 = 

extremely based on how well the face represented each of the seven intended 

social attributes. Figure 1 shows the seven intensities that a dominant face 

displayed.     
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Figure 1. Sample stimuli for face identities depicting dominance. The face in the middle (0 SD) 

represents an average dominant face. Faces to the left vary one to three standard deviations 

(SD) from the average face (e.g., more dominant faces) and faces to the right vary one to three 

SD above the average face on dominance (e.g., less dominant faces).  

Dynamic multimodal emotion recognition (Studies II & III) 

Emotion recognition was assessed with the Emotion Recognition Assessment 

in Multiple Modalities (ERAM) test (Laukka et al., submitted). The ERAM 

test is a dynamic multimodal expression test that contains 72 video clips of 

ten professional actors depicting different emotions (i.e., pride, irritation, 

anxiety, sadness, happiness, anger, fear, despair, pleasure, disgust, relief, and 

interest). Emotions are also presented in different modalities (i.e., video-only, 

audio-only, and audio-video). The audio clips (for both the audio-only and 

audio-video conditions) consisted of the actors depicting emotions while 

expressing a sentence in a pseudo-language without meaning (“Nekal ibam 

soud molen!”). Each video clip consisted of close-up frontal views of an 

actor’s face and torso, thereby providing facial, vocal, and some bodily cues. 

Each presentation modality further consisted of items with varying levels of 

difficulty (two items per emotion, one easy and the other harder) to avoid floor 

and ceiling effects. Participants had to choose the emotion that best 

represented the expressed emotion in the stimuli. The duration of the items 

varied from 1 to 5 seconds. For Study III, we employed a modified version of 

the ERAM test, as the task was completed during the scanning session. The 

modified version included fewer emotions (i.e., anger, anxiety, disgust, 

sadness, happiness, pride, relief, and interest), included neutral items, and each 

item was repeated twice (in total 40 items per modality). With the help of two 

five-button response boxes (one in each hand) (Current Designs), participants 

were asked to identify the displayed emotions. First, participants became 

familiar with the response boxes and with the task in a short training session 

outside the scanner, then they completed the task in the scanner.  
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Nonlinguistic vocalizations (Study II) 

In Study II, we also included nonlinguistic vocalization as a variation of 

auditory stimuli. This was assessed using stimuli from the Vocal Expressions 

of Nineteen Emotions across Cultures database (VENEC; Laukka et al., 

2013), which consists of vocalizations of nine positive (i.e., affection, 

amusement, happiness, interest, sexual lust, pride, positive surprise, relief, and 

serenity) and nine negative (i.e., anger, contempt, disgust, distress, fear, guilt, 

negative surprise, sadness, and shame) emotions. The task included a total of 

216 vocalizations (108 vocalizations per valence, 12 vocal stimuli per 

emotion). Some included vocalizations were sighs, breathing sounds, crying, 

hums, grunts, laughter, and shrieks. Positive and negative emotions were 

presented in separate tasks (randomized) in which participants had to choose 

the correct portrayed emotion from nine forced-choice alternatives.     

Oxytocin study design and administration (Study III) 

An overview of the design of Study III is provided in Figure 2. This was a 

randomized, double-blind, placebo-controlled, within-group study. Each 

participant self-administered a single dose of 40 IUs (five puffs per nostril) of 

placebo (PL; sesame oil) or OT (Syntocinon, CD Pharma, Sweden), 

approximately 35–45 minutes prior to the emotion recognition task. 

Participants administered the nasal spray under the experimenter’s 

supervision and following the recommendations for the standardized 

administration of intranasal OT proposed by Guastella et al. (2013). The 

testing sessions were scheduled approximately one month apart, with most 

participants coming at roughly the same time of day for both sessions. 

Furthermore, female participants were instructed that they should participate 

either during the late ovulation phase or during the subsequent luteal phase of 

the menstrual cycle (i.e., 15–26 days from the first day of bleeding). These 

measures were taken to keep potential hormonal variations constant.  
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Figure 2. Overview of study design. After administration of nasal spray containing oxytocin 

(OT) or placebo (PL), participants underwent a test protocol consisting of visual (only video), 

auditory (only audio), and multimodal (audio-video) conditions. The stimuli included eight 

emotional expressions, i.e., anger, anxiety, disgust, sadness, happiness, pride, relief, and 

interest, plus a neutral option.  

Image acquisition and preprocessing (Study III) 

Participants were asked to refrain from tobacco, alcohol, and caffeine for at 

least 12 hours before the MRI sessions, and to avoid sexual activity, exercise, 

and eating two hours before their visit to the hospital. These factors were 

further assessed with a self-report questionnaire. The MRI data acquisition 

was conducted on a 3T Siemens Prisma MR Scanner (Magnetom Prisma-fit, 

Siemens Medical Solutions, Erlangen, Germany) using a 32-channel phased-

array receiving head coil. Head movements were minimized using foam 

cushions. Functional images were obtained using whole-head echo planar 

imaging and a single-shot gradient echo (35 interleaved slices, TR 2 seconds, 

TE 34 milliseconds, FOV 1344 × 1344 × 55, flip angle 90°, slice thickness 3.5 

mm, no skip). Before statistical analyses, all images were normalized to the 

Montreal Neurological Institute (MNI) standard space using the MATLAB 

toolbox Statistical Parametric Mapping 12 (Wellcome Department of 

Cognitive Neurology, University College London, www.fil.ion.ucl.ac.uk). 

Preprocessing of the images included functional realignment and unwarping, 

slice-timing correction, structural segmentation and normalization, functional 

normalization, outlier detection, and smoothing. Functional images were 
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normalized into standard stereotaxic MNI space with a target voxel size of 2 

mm and smoothed with an 8 mm Gaussian kernel. Motion artifacts greater 

than 2 mm were coded as a separate variable and removed from individual 

time series.  

Statistical analyses 

Each study involved different analytical strategies, but in all studies the 

ultimate goal was to compare younger and older participants. In Study I, null-

hypothesis significance testing and Bayesian statistical analyses were 

conducted (Lakens, McLatchie, Isager, Scheel, & Dienes, 2020). Specifically, 

to examine whether the age groups differed in their evaluation of social 

attributes from facial appearance, a multivariate analysis of variance 

(MANOVA) was conducted. To corroborate these results, Bayesian analyses 

of variance (ANOVAs) were also performed. In Study II, we took a similar 

approach and used mixed ANOVAs to investigate whether there were age-

related differences regarding presentation modality, valence, and emotional 

expressions. Furthermore, to explore response biases, confusion matrices were 

calculated. This allowed us to better understand which emotions the 

participants confused, for example, whether they selected anger when the 

correct answer was instead anxiety. Finally, in Study III, linear mixed models 

(LMMs) were calculated in order to include both participants and time 

(whether OT or PL was administered in session 1 or 2) as random factors. 

Time was included as a random factor because it was important to determine 

whether the potential treatment effects were true and not due to training 

effects. The LMM approach was implemented for both the behavioral and 

fMRI data. fMRI data were analyzed voxel-wise using regions of interest 

(ROIs). The ROIs were selected a priori based on earlier neuroimaging meta-

analyses regarding the effects of OT on emotion recognition in healthy young 

adults (Grace, Rossell, Heinrichs, Kordsachia, & Labuschagne, 2018; Wang, 

Yan, Li, & Ma, 2017; Wigton et al., 2015). Study III included the following 

bilateral ROIs: amygdala, superior temporal gyrus (STG), anterior insula, 

caudate, medial prefrontal cortex (mPFC), ventromedial prefrontal cortex 

(vmPFC), medial orbitofrontal cortex (mOFC), anterior cingulate cortex 

(ACC), dorsomedial prefrontal cortex (dmPFC), and fusiform gyrus (FFG). 

Furthermore, in Study III we specifically compared negative and positive 

emotional expressions (Negative > Positive). This comparison was chosen 

based on previous meta-analyses (e.g., Leppanen et al., 2017) showing that 

the effect of OT is more robust for negative rather than positive expressions. 
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Open science framework 

In recent years, there has been a call in the field of psychology for open 

research practices, motivated by the poor reproducibility of psychological 

findings, especially in social psychology (Open Science Collaboration, 2015). 

Open science is intended to reduce practices that are harmful to science and 

to promote more transparent practices that make study protocols and designs 

openly available, with specified sample sizes and hypotheses registered in 

advance.  

Studies I and II were conducted before these open practices became 

popular, and were not preregistered. However, their raw data and stimulus 

identifiers are available either as supplemental material or in the respective 

journal repositories. However, Study III was pre-registered (e.g., study 

protocol and design, stimuli, and ROIs) in the Open Science Framework 

(https://osf.io/squ7g/) and is openly shared.  
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Summary of studies 

Study I—Aging and social attribute evaluation 

Cortes, D. S., Laukka, P., Ebner N. C., & Fischer, H. (2019). Age-related 

differences in evaluation of social attributes from computer-generated faces 

of varying intensity. Psychology and Aging, 34(5), 686–697. 

Aims and background  

The processing of socially relevant information is altered during normal adult 

aging, but for some reason this has not been fully addressed in the aging 

literature. The focus of Study I was to investigate whether aging affects how 

we evaluate social attributes from facial appearance. Two strengths of this 

study were (i) the inclusion of several social attributes (i.e., attractiveness, 

competence, dominance, extraversion, likeability, threat, and trust-

worthiness), as each of the previous studies only included a few of these, and 

(ii) the use of computer-generated faces that systematically varied in the 

intensity levels of the social attributes. This allowed us to examine whether 

the age-related differences were present overall or only for particular social 

attributes, and whether these differences varied with the intensity levels of the 

social attributes. The findings were interpreted through the lens of SST and 

the emotional face overgeneralization hypothesis.  

Methods  

The study included 71 young (M = 23.42 years, SD = 2.83) and 60 older (M = 

69.22 years, SD = 3.16) participants. The participants were asked to rate how 

well the faces represented each social attribute on nine-point scales ranging 

from 1 = not at all to 9 = extremely well. For example, participants had to 

evaluate “How dominant is this person?” After evaluating all the face 

identities for one attribute (e.g., dominance), stimuli for the next dimension 

appeared. The order of stimuli was randomized within each attribute and face 

identity. 
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Analyses and results  

The analyses included a MANOVA with age (younger, older) as the between-

group factor and intensity level (–3, –2, –1, 0, +1, +2, +3) as the repeated 

measure factor. The dependent variables were the ratings of each social 

attribute dimension. Bayesian ANOVAs were also calculated to quantify 

evidence in favor of the null hypothesis (H0) as compared with the alternative 

hypothesis of an effect being present (H1) (Wagenmakers et al., 2018). 

The main effect of age was only significant for attractiveness. Older (M = 

3.98) relative to younger participants (3.11) overall rated both attractive and 

unattractive faces as more attractive than did younger participants (see Figure 

3A). The main effects of intensity were significant for all seven social 

attributes (ps < .001) in nearly a linear fashion (Figure 3C). This suggested 

that faces were rated according to their intensity levels, i.e., higher ratings for 

more intense levels and lower ratings for less intense levels. These main 

effects were further qualified by the significant interaction effect between age 

and intensity level for likeability (p = .025) and trustworthiness (marginally 

significant, p = .056). No interactions were observed for any of the other social 

attributes. Follow-up tests showed that significant differences were only 

observed for faces displaying low likeability. For example, older participants 

rated faces with an intensity level of –3 (2.95) as more likeable than did 

younger participants (2.54; p = .048). Also, older (4.34) relative to younger 

(3.89) participants rated faces with an intensity level of –1 as more likeable (p 

= .020) (Figure 3B). However, the likeability findings did not survive multiple 

comparison corrections.  
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Figure 3. Mean ratings (1 = not at all to 9 = extremely well) for (A) attractiveness and (B) 

likeability as a function of intensity level (in standard deviations from the average image) and 

age (younger vs. older adults). (C) Mean ratings for how well faces represented each social 

attribute. Error bars denote 95% confidence intervals. 

 

Discussion and conclusion  

Study I demonstrated that older adults may favor the processing of positive 

rather than negative information, with older adults being more generous in 

their ratings. In particular, attractiveness is a relevant social attribute for both 

younger and older adults, but they prioritize it differently. For older adults, 

attractiveness is important because it encompasses social components that 

may signal warmth and approachability. For younger adults, facial 

attractiveness is more related to kinship and mating choices. The adaptive 

value of attractive faces may be to evoke approach behaviors. The absence of 

age-related differences for most social attributes (in the present data) suggests 

that when including computer-generated faces, younger and older adults rate 

attributes similarly, qualifying some of the previous work on age effects on 

facial feature evaluations. 
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Study II—Aging and emotion recognition 

Cortes, D. S., Tornberg, C., Bänziger, T., Elfenbein, H. A., Fischer, H., & 

Laukka, P. (under review). Effects of aging on emotion recognition from 

dynamic multimodal expressions and vocalizations.  

Aims and background 

The literature on the effects of age on emotion recognition is based almost 

solely on facial stimuli and much less attention has been paid to auditory 

stimuli. This certainly does not reflect how everyday communication happens. 

Therefore, Study II aimed to examine the effect of age on visual and auditory 

emotional expressions. Nonlinguistic vocalizations were also included 

because they are not only an understudied type of auditory stimuli but because 

it has been shown that they effectively convey several emotions and are 

commonly used when we communicate with others. To further study emotion 

recognition in a more ecologically valid manner, we included dynamic stimuli. 

Lastly, since most previous studies have included happiness as the only 

positive emotion, we considered several positive emotion categories. 

Specifically, Study II aimed to investigate whether age-related differences 

were more prevalent in certain modalities than in others and, if so, whether 

they were emotion and valence specific.  

Methods  

The participants were the same sample as in Study I. Task 1 consisted of the 

ERAM test while Task 2 involved the VENEC test. The ERAM test allows 

for the separate assessment of visual, auditory, and multimodal emotion 

recognition ability (24 items per modality). In Task 1, participants had to 

choose from a 12-alternative forced-choice paradigm which of the response 

alternatives best described the emotion that the actor portrayed. The response 

alternatives (anger, irritation, fear, anxiety, despair, sadness, disgust, 

happiness, pride, pleasure, relief, and interest) were the same as the portrayed 

emotions. The modalities were presented in fixed order, i.e., visual, audio, and 

multimodal. The items within each condition were also presented in fixed 

order. Task 2 involved positive and negative emotional vocalizations 

(presented separately, in random order). The positive emotional vocalizations 

were: affection, amusement, happiness, interest, sexual lust, pride, positive 

surprise, relief, and serenity; and the negative vocalizations were: anger, 

contempt, disgust, distress, fear, guilt, negative surprise, sadness, and shame. 

Participants had to choose from a nine-alternative forced-choice paradigm 

which of the response alternatives best described the emotion that the actor 

depicted. The order of the items was randomized for each participant, and the 
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response alternatives were the same as the intended nine positive or negative 

emotions.  

Analyses and results 

Since the response options were provided in forced-choice paradigms, 

participants could select the correct emotional label by chance, biasing the 

accuracy rates. To correct for such biases, we calculated unbiased hit rates 

(Wagner, 1993) for each of the tasks. In Task 1, to investigate age effects, 

separate mixed ANOVAs were performed using unbiased hits as a function of 

presentation modality (across all emotions), emotion (across all modalities), 

and valence (across all presentation modalities). Age was entered as the 

between-subject factor, and presentation modality (i.e., visual, auditory, and 

multimodal), emotion (i.e., anger, irritation, fear, anxiety, despair, sadness, 

disgust, happiness, pride, pleasure, relief, and interest), and valence (i.e., 

positive, negative) were the within-subject factors. Likewise, for the 

vocalizations (Task 2), separate mixed ANOVAs were conducted based on 

the unbiased hit rates. In the first ANOVA, age was again entered as the 

between-subject factor, and positive vocalizations (i.e., affection, amusement, 

happiness, interest, sexual lust, pride, positive surprise, relief, and serenity) as 

the within-subject factor. The second ANOVA also included age but the 

within-subject factor consisted of negative vocalizations (i.e., anger, 

contempt, disgust, distress, fear, guilt, negative surprise, sadness, and shame). 

Finally, we investigated the effects of valence (i.e., positive and negative 

vocalizations) and age (i.e., young and old).  

In Task 1, a main effect of age was that younger (M = .40) outperformed 

older (.33) participants across all modalities, emotions, and valences (p < 

.001). Regarding presentation modalities, multimodal expressions (.49) 

evoked higher recognition rates than did expressions in the visual (.35) and 

the auditory (.27) presentation modalities (all ps < .001). These main effects 

were further qualified by the interaction between age and modality (p = .02), 

and independent t-tests revealed that age-related differences were only 

observed in the auditory modality (p < .001). Older (.22) relative to younger 

(.32) participants had lower recognition rates (see Figure 4A for more details). 

Both age groups recognized anger and pleasure better than the other emotions, 

whereas anxiety and sadness were the worst recognized. Figure 4B shows age-

related differences in the recognition of anger, irritation, and relief (ps < .001). 

Regarding valence, positive expressions (.42) were better recognized than 

were negative (.33) expressions (p < .001) in both age groups.  
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Figure 4. Emotion recognition in Task 1 (the ERAM test) as a function of age and (A) 

presentation modality and (B) emotion. Error bars denote 95% CIs. *** p < .001  

ang = anger, irr = irritation; fea = fear; anx = anxiety; des = despair; sad = sadness; dis = disgust; 

hap = happiness; pri = pride; ple = pleasure; rel = relief; int = interest 

 

In Task 2, for positive vocalizations, younger (M = .32) performed better 

than older (.19) participants (p < .001). Vocalizations of relief and lust were 

better recognized than were the other vocalizations, while affection and pride 

evoked the lowest accuracy rates. Post hoc independent t-tests revealed that 

older participants had more difficulties than did younger participants in 

correctly recognizing vocalizations of interest, lust, pride, positive surprise, 

relief, and serenity (ps < .001) (Figure 5A). For negative vocalizations, again 

younger (.42) outperformed older (.28) participants (p < .001). Anger, 

sadness, and disgust were better recognized, while guilt and shame evoked the 
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lowest recognition rates. Post hoc independent t-tests (Figure 5B) indicated 

worse recognition of all negative vocalizations (except shame) with advancing 

age (ps < .002). In contrast to Task 1, negative vocalizations (.35) were better 

recognized than were positive vocalizations (.26) (p < .001), but the effects of 

age were not significant.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Emotion recognition accuracy (unbiased hit rates) in Task 2 (nonlinguistic 

vocalizations) as a function of age and emotion for A) positive emotions and B) negative 

emotions. Error bars denote 95% CIs. *** p ≤ .002 

Positive emotions: aff = affection, amu = amusement, hap = happiness, int = interest, lus = lust, 

pri = pride, psur = positive surprise, rel = relief, ser = serenity 

Negative emotions: ang = anger, con = contempt, disg = disgust, dist = distress, fea = fear, gui 

= guilt, nsur = negative surprise, sad = sadness, sha = shame 
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Discussion and conclusion  

Our findings provide evidence that age-related differences mainly prevail in 

auditory stimuli. Auditory stimuli require higher cognitive skills, such as rapid 

attentional and speed processing, domains usually associated with age 

declines. Alternatively, dynamic stimuli may indeed make age-related 

differences less evident, as this stimulus type may be more compelling to older 

adults as it is perceived as less artificial. Our findings are in line with previous 

studies, especially with a recently published meta-analysis (Hayes et al., 2020) 

reporting moderate effects of age on facial expression recognition. The 

findings also speak against the positivity effect, as difficulties were observed 

for both positive and negative expressions. The high prevalence of the 

positivity effect in the literature is likely a ceiling effect that disappears once 

several positive emotion alternatives are included. Our findings instead favor 

a general cognitive decline explanation, since in the vocalization task, older 

adults displayed lower recognition rates for most of the included emotion 

categories (regardless of valence). Task characteristics such as static images 

and few, mainly negative, emotional expressions may thus give a misleading 

picture of age effects on emotion recognition.  
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Study III—Aging, oxytocin, and dynamic multimodal 
emotion recognition in the brain 

Cortes, D. S., Månsson, K. N. T., Manzouri, A., Laukka, P., Ebner, N. C., & 

Fischer, H. (manuscript). Does single-dose intranasal oxytocin facilitate 

neural recruitment in younger and older adults during negative versus positive 

dynamic multimodal expressions? 

 

Aims and background 

There is evidence suggesting that changes in neurotransmitters, specifically 

OT, may underlie age-related declines in ERA. In Study III, the main aim was 

to investigate whether a single dose of intranasal OT, compared with PL, 

enhanced the recognition of negative versus positive expressions, particularly 

in older adults. Study III also aimed to examine the neural substrates 

underlying the potential effects of OT. Specifically, we examined how OT 

influences behavior and brain responses to processing negative versus positive 

dynamic multimodal emotions at older ages.  

Methods  

In total, we had complete data from 90 participants; however, due to either 

corrupted brain images, excessive head motion, or outlying brain scores, the 

sample for imaging data included 87 participants. Thus, we analyzed data 

from 43 younger (M = 24.90, SD = 2.97, 48% women) and 44 older (M = 

69.70, SD = 2.99, 50% women) men and women. All participants were 

carefully screened to fulfill all the inclusion criteria. This was a randomized, 

double-blind, placebo-controlled, within-subject design (see Figure 2) in 

which participants self-administered 40 IU of OT or PL. Before administering 

the nasal sprays, participants had to smell a pen with a scent resembling that 

of rotten fish. The pen was used to numb the participants’ sense of taste and 

smell, to reduce the chance of guessing the treatment condition that they had 

received. In this study, we used a modified version of the ERAM test, which 

consisted of fewer emotions (i.e., anger, disgust, anxiety, sadness, happiness, 

pride, relief, and interest), with neutral items added to the task. During two 

separate fMRI sessions (approximately one month apart), participants were 

exposed to dynamic video and audio clips of positive and negative emotional 

displays in a fixed block design. As in the original ERAM test, participants 

were asked to identify, as quickly and accurately as possible, the displayed 

emotions using two five-button response boxes (Figure 2). Participants 

underwent a training session just before the fMRI session began. In the 

training, they were able to respond to example items using response boxes 

similar to the ones used in the scanner. As a control measure, affect was 
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measured first before the treatment intervention and a second time just before 

entering the scanner.  

Analyses and results 

Both behavioral and imaging data were submitted to LMMs using the lme4 

package (Bates et al., 2015). LMMs were calculated for presentation modality, 

including the contrast Negative > Positive, for each of the relevant ROIs. This 

specific contrast (i.e., negative vs. positive) was selected since previous 

studies reported that OT facilitates the recognition of negative but not positive 

emotions (Leppanen et al., 2017; Shahrestani et al., 2013). Thus, the obtained 

results should be interpreted in light of this contrast, that is, that OT 

increases/reduces brain activity more in the presence of negative than positive 

emotional expressions. The ROIs were regionally defined within 15 mm and 

were also determined a priori based on previous OT literature: FFG, dmPFC, 

anterior insula, mPFC, caudate, amygdala, ACC, vmPFC, STG, and mOFC 

(Grace et al., 2018; Wang et al., 2017; Wigton et al., 2015). The FFG, caudate, 

amygdala, ACC, vmPFC, and mOFC were defined according to the automated 

anatomical atlas (Rolls, Huang, LinFeng, & Joliot, 2020), whereas the other 

brain regions were defined according to coordinates specified in previous OT 

studies or meta-analyses (STG, Grace et al., 2018; mPFC, Labuschagne et al., 

2012; anterior insula, Wigton et al., 2015; dmPFC, Zhao et al., 2016). Only 

bilateral analyses of the ROIs were included. 

Participants’ age, sex, treatment, presentation modality, and their 

interactions were included as fixed factors in the models. Participant and order 

were initially included as random factors; however, as order had almost no 

impact on the variance (e.g., training effects were not significant in any 

model), all models were calculated with participants as the only random 

factor. If a model led to singular fits, the random intercept for subject was 

removed. When the interaction was significantly different, post hoc testing 

with Bonferroni correction was performed using the lsmeans package (Lenth, 

2016). All results were presented as means and standard errors (M  SE) and 

p-values were computed based on Kenward–Rogers approximation for 

denominator degrees of freedom. 

In the behavioral data, a significant main effect of age was that younger 

participants (0.38  0.01) outperformed older participants (0.23  0.01) (p < 

.001) in recognition accuracy. The main effect of treatment, also significant, 

was that participants in the PL condition (0.32  0.009) performed better than 

did participants in the OT condition (0.30  0.009) (p = .04). We also observed 

a main effect of modality, in which the multimodal condition (0.40  0.01) 

evoked higher accuracy scores than did either the visual (0.33  0.01) and 

auditory modality (0.18  0.01) (all ps < .001). Sex, valence, and any 

interaction effects (including age ꓫ treatment) were not significant.  
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For the brain data, LMMs included age, sex, treatment, presentation 

modality, and their interactions for the contrast Negative > Positive. The FFG 

(PL: 0.01  0.12; OT: –0.22  0.12), dmPFC (PL: 0.52  0.14; OT: 0.07  

0.14), and mOFC (PL: 0.25  0.12; OT: –0.16  0.12) indicated a significant 

main effect of treatment, in which OT relative to PL induced brain activity 

reductions (ps ≤ 0.04) (Figure 6). A significant main effect of modality was 

also observed in most ROIs (ps ≤ 0.04), with the exception being the caudate, 

amygdala, and mOFC. Different ROIs displayed different modality patterns. 

For example, in the FFG, anterior insula, mPFC, ACC, and STG, higher 

activation was found in the visual and multimodal conditions than in the 

auditory condition (visual > auditory; multimodal > auditory) (ps ≤ 0.03) 

(Figure 7), and the contrast between the visual and multimodal conditions did 

not reach significance. On the other hand, in the dmPFC and vmPFC, only the 

contrast between multimodal and auditory stimuli reached significance 

(multimodal > auditory). The effects of age, sex, and any of the interaction 

effects were not significant. Figure 7 shows the effect of presentation modality 

on the different ROIs.  

 

 

  

 

 

 

 

 

 

 

 

 

 

Figure 6. Oxytocin (OT) relative to placebo (PL) reduced bilateral brain activity in the fusiform 

gyrus (FFG), dorsomedial prefrontal cortex (dmPFC), and medial orbitofrontal cortex (mOFC) 

in response to negative stimuli (relative to positive) and across presentation modalities in both 

age groups. Error bars denote the standard error of the mean. 

FFG = fusiform gyrus, dmPFC = dorsomedial prefrontal cortex, mOFC = medial orbitofrontal 

cortex. 
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Figure 7. Emotion recognition as a function of presentation modality (i.e., visual, auditory, and 

multimodal conditions). The brain regions displayed increased activation (bilateral) for 

negative relative to positive emotional expressions in the video and multimodal conditions 

compared with the auditory condition. Error bars denote the standard error of the mean. 

FFG = fusiform gyrus, dmPFC = dorsomedial prefrontal cortex, mPFC = medial prefrontal 

cortex, ACC = anterior cingulate cortex, vmPFC = ventromedial prefrontal cortex, STG = 

superior temporal gyrus. 

Discussion and conclusion  

OT effects were observed during the presentation of negative (vs. positive) 

stimuli and in a small subset of regions that included the FFG, dmPFC, and 

mOFC. OT induced brain activity reductions in these regions, in line with the 

anxiety reduction approach. OT likely dampened anxiety and stress, which 

helped younger and older adults to direct their attention toward negative 

emotional expressions. Age-related differences were not significant for any 

modality, which suggests that the effects of OT were generalized across both 

age groups and all three modalities. For most brain regions, the auditory 

condition, compared with the visual and the multimodal conditions, evoked 

the lowest brain activation. This is in line with previous research reporting that 

difficulties in recognizing vocal emotional expressions are not exclusive to 

late adulthood, but may also arise early on during development. However, 

these results need to be interpreted with caution, as the study only compared 

negative with positive emotional expressions. Whole-brain analyses and other 

contrasts should be included to disentangle the effects of OT on aging. 
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General discussion  

This thesis investigated the influence of age on socioemotional perception. 

Study I attempted to answer the question: Are there age-related differences in 

the evaluation of attractiveness, competence, dominance, extraversion, 

likeability, threat, and trustworthiness? Study II examined the question: Are 

there age-related differences in the recognition of positive and negative 

emotions from dynamic multimodal expressions and nonlinguistic 

vocalizations? Finally, Study III attempted primarily to answer these two 

questions: Does a single dose of intranasal oxytocin facilitate emotion 

recognition in negative compared with positive dynamic multimodal 

expressions in younger and older adults? What are the potential neural 

underpinnings of this process? The findings indicated age comparability in the 

ratings of most social attributes (except attractiveness and to a lesser extent 

likeability; Study I) and indicated that younger relative to older adults display 

higher emotion recognition accuracy (Study II). The largest age-related 

differences were found for auditory stimuli relative to visual and multimodal 

stimuli (in both Studies II and III, in behavior and fMRI data). In Study II, 

positive emotional expressions evoked higher accuracy rates than did negative 

expressions. Finally, in Study III, higher brain activity was observed in the PL 

than the OT condition in the FFG, dmPFC, and mOFC, in response to negative 

compared with positive stimuli. 

Below, the aims of the studies are revisited and some of the obtained results 

will be highlighted and discussed in relation to previous research findings. I 

will also address methodological considerations together with other 

limitations and strengths of the research, and finally propose ideas for future 

research directions.   
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How does aging affect the evaluation of social attributes 
from computer-generated faces of varying intensity?  

It has previously been suggested that the way we evaluate others may change 

over time as we age. This is often associated with age-related declines in 

recognizing socioemotional information and may be a result of younger and 

older adults using different cues when socially evaluating faces. However, the 

findings of Study I are only partially in line with what previous research has 

reported, as we instead found that both age groups rated similarly most of the 

social attributes that were investigated (e.g., competence, dominance, 

extraversion, threat, and trustworthiness). Exceptions to these age-

comparability ratings were the social attributes of attractiveness and 

likeability, which is not surprising as these two attributes may be related (Lin, 

Lendry, & Ebner, 2016). These results are in line with the beauty-is-good 

effect in which attractiveness is usually associated with positive outcomes, 

such as being perceived as more likeable, social, outgoing, and healthy 

(Langlois et al., 2000; Zebrowitz & Montepare, 2008). Thus, the fact that older 

adults evaluated faces as more attractive regardless of their intensity level 

suggests that age-related changes in social motivation may underlie 

evaluations of face attractiveness and face likeability (Lin et al., 2016). Here, 

the elderly relied more on attractiveness judgments, possibly because of the 

social value that they convey, as attractive faces may be associated with 

approachability and warmth. Instead, for younger adults, attractive faces are 

more relevant to kinship and mating purposes. The attractiveness findings of 

Study I add to the previous literature by suggesting that face attractiveness is 

relevant to both younger and older adults, although perhaps for different 

reasons and priorities.  

Likeability results can also be interpreted in a similar vein, but through the 

lens of the emotion overgeneralization hypothesis, which posits that social 

features of faces appear to resemble emotional expressions (Knutson, 1996; 

McArthur & Baron, 1983). Face likeability is expected to involve happiness, 

warmth, and expressivity. According to this hypothesis, happy faces are 

related to affiliation, which in turn may evoke approach behaviors (Knutson, 

1996; Montepare & Dobish, 2003). This is further supported by Sutherland et 

al. (2015), who suggested that likeability is similar to approachability. So, 

once again, it could be the case that older adults rate dislikeable faces as more 

likeable because they rely on broad and simple cues, particularly cues that 

likeable faces provide, since they are relevant to them (e.g., “I can approach 

this person because he or she is smiling and is therefore friendly”). In sum, it 

is possible that approachability is the key factor underlying evaluations of 

attractiveness and likeability, something that has barely been explored in the 

aging literature.     
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As explained in the introduction, trustworthiness and dominance are core 

social attributes that underlie a wide range of facial first impressions. The 

trustworthiness dimension concerns the person’s intentions and consequently 

determines whether approach or avoidance behaviors need to be initiated 

(Oosterhof & Todorov, 2008; Todorov et al., 2008). Interestingly, age-related 

differences were not observed for evaluations of trustworthiness, and also not 

for the other social attributes under study, for that matter. A possible 

explanation could be that while other social attributes (i.e., competence, 

dominance, trustworthiness, and threat) reflect intentions, attractiveness is an 

attribute that is well defined and delimited by physical properties that are 

obvious and fairly simple to perceive. In the case of likeability, it is considered 

a more generalized, global affective response that can be readily implied by 

faces (Willis & Todorov, 2006; Zajonc, 1980). Thus, both attractiveness and 

likeability can be considered basic assessments of facial features, as they are 

more explicit and may primarily be inferred from physical cues. 

Consequently, these evaluations may occur rapidly, in an automatic and 

intuitive fashion. In contrast, competence or trustworthiness may not be 

evaluated as automatically or intuitively, possibly because they require more 

complex cognitive processing (Bargh, 2014; Leclerc & Hess, 2007).    

Also, age comparability was found in ratings of competence, dominance, 

extraversion, and threat. These results suggest that certain attributes are as 

relevant to older as to younger adults. For example, threatening stimuli may 

be relevant to both age groups as they are related to survival. The recognition 

of dangerous, threatening stimuli may therefore be preserved in late 

adulthood. We note that computer-generated faces can appear to be less 

threatening than other facial stimuli; however, our results qualify previous 

work (e.g., Boshyan et al., 2013; Mather & Knight, 2006). Similarities in 

dominance ratings may be interpreted in a similar vein, as dominance and 

threat are related. The dominance dimension reflects physical strength and the 

ability to harm and realize prosocial or antisocial intentions (e.g., Oosterhof 

& Todorov, 2008; Todorov et al., 2008). It is thus important to distinguish 

between dominant and less dominant faces across the lifespan, to assess the 

possibility of harm. In the case of competence and extraversion, it is likely 

that both age groups use similar standards when judging these attributes. 

Although competence and extraversion may be more relevant to younger 

adults, they may decrease in importance with age, compensating for possible 

positivity effects in older adults.  

The strengths of Study I consisted of simultaneously including seven social 

attributes in a single study of age effects, and in using computer-generated 

faces that systematically varied in the intensity levels of the depicted social 

attributes. This last aspect may be considered both an advantage and a 

potential limitation of Study I. It was advantageous because we deemed that 

adopting a data-driven approach (as implied by using the computer-generated 

facial stimuli) would allow for a more genuine evaluation of social attributes, 
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as there were no prior assumptions about which features would drive specific 

social attributes. The limitation is that older adults are not as acquainted as are 

younger adults with computer-generated characters, which may have affected 

their evaluation of the social attributes, as familiarity is associated with 

likeability (as posited in the familiar face overgeneralization hypothesis; e.g., 

Zebrowitz et al., 2007) and may even lead to positive affect (Peskin & Newell, 

2004). It is therefore suggested that future studies include data-driven face 

models and computer-generated faces to extend our understanding of the 

effects of age on social attributes.     

Are there age-related differences in the ability to 
recognize dynamic visual and auditory emotional 
expressions presented alone and in combination? 

Another aspect that changes over time is how well we recognize the emotions 

of others. This process also seems to be affected by age, as the literature has 

reported that older adults perform worse than younger adults at labeling 

various emotional expressions from faces, voices, and bodies. Study II found 

age-related differences, but only in the auditory modality, not in the visual or 

multimodal conditions. Both age groups benefited from the multimodal 

condition, but more importantly, the effects of age were no longer present. 

This finding emphasizes that multimodal information is particularly relevant 

to older adults, specifically when interpreting emotions. Multimodal stimuli 

likely more closely resemble everyday socioemotional experiences than do 

stimuli presented in isolation (e.g., only seeing faces or only hearing voices). 

Moreover, having information from multiple modalities may provide older 

adults with more cues and give a greater level of redundancy. This may help 

attenuate possible impairments in processing speed that may affect older 

adults’ efficiency of processing emotional information (often assumed in the 

general cognitive decline model).  

Hunter et al. (2010) reported results similar to ours in the multimodal and 

auditory modalities. Those authors also found age-related differences in the 

visual modality, possibly attributable to their use of static faces rather than 

dynamic videos. Dynamic stimuli, like the ones employed here in the visual 

modality, are more information rich, provide more cues, and include more 

nuances that may reflect subtle emotions, all of which enhance ecological 

validity (e.g., Phillips & Slessor, 2011). Dynamic stimuli may explain why we 

did not observe significant age effects on the visual modality, unlike those 

found by Hunter et al. (2010). Altogether, the results of Study II suggest that 

age-related declines in emotion recognition may not be as pervasive as 

previously reported.  
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When it comes to specific emotions, age effects were not significant for 

most emotion categories, except for anger, irritation, and relief, where older 

adults underperformed their younger counterparts. The largest age-related 

differences were usually observed in anger expressions. This has been 

reported in several studies (e.g., Gonçalves et al., 2018; Hunter et al., 2010) 

and is even supported by the results of Task 2 in Study II. It could therefore 

be speculated that older adults’ difficulties in identifying anger may not be 

accounted solely by motivational factors or cognitive changes with advancing 

age. Instead, it is likely that declines in the orbitofrontal cortex contribute to 

age effects in the recognition of anger, as this brain region has an important 

function in processing anger expressions in both the visual and auditory 

modalities (Ruffman et al., 2008). Also, following a similar line as in the 

discussion of Study I, anger expressions may elicit avoidance-related 

behaviors and are usually associated with threat (Marsh, Ambady, & Kleck, 

2005). However, in Study I, no significant age-related differences were 

observed in the evaluation of threatening faces. Although it is possible that the 

computer-generated faces might not have been experienced as particularly 

threatening, other studies do not indicate that older adults display deficits in 

recognizing threatening faces (Boshyan et al., 2013; Mather & Knight, 2006). 

It is likely that the detection of dangerous stimuli is preserved in older 

adulthood since it is crucial for survival, and that anger expressions are not 

experienced as sufficiently dangerous or intimidating. We therefore suggest 

that age-related differences in detecting anger (and possibly in detecting most 

emotion categories) may be better understood when considering both 

structural and functional brain changes together with top–down motivational 

changes that occur across the lifespan.  

In Study II, older adults also displayed difficulties in recognizing positive 

emotional expressions such as relief. This raises the question of whether the 

positivity effect is a matter of happiness (i.e., a happiness effect). Most tasks 

assessing recognition accuracy for positive emotions entail ceiling effects 

(Isaacowitz et al., 2007), not only because the tasks may be too easy, but also 

because happiness is the only positive emotion under study. Results of Task 2 

in Study II (discussed below) also did not support the positivity effect, as older 

adults displayed similar difficulties in identifying both positive and negative 

expressions. It seems that when several positive expressions and response 

options are included, the positivity effect may no longer be present. However, 

it could also be argued that it was the cognitive load rather than the inclusion 

of more positive expressions that produced the absence of the positivity effect. 

Dynamic stimuli may increase the cognitive load as they involve more 

perceptual elements that need to be processed and may consequently require 

rapid attentional processing and the implementation of additional cognitive 

skills (Hayes et al., 2020). Results of Study II also suggest that older adults 

are less effective in maintaining attention to positive stimuli and in avoiding 

negative stimuli than they would normally be, since their cognitive resources 
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are instead focused on the dynamic stimuli. Dynamic stimuli helped older 

adults perform better than they would usually, but at the cost of attending to 

and processing both positive and negative information. Of note, a similar 

effect may have influenced the results of Study I, in which we also expected 

that older relative to younger adults would give higher ratings to most social 

attributes. Here, it is likely that the computer-generated faces imposed a higher 

cognitive load on older adults due to the unfamiliarity of the stimuli. This may 

have resulted in the reduced availability of their cognitive resources (rather 

than allocating them to goal-relevant information), resulting in the absence of 

positivity effects.  

In sum, Task 1 of Study II can broaden the aging emotion recognition 

literature by underscoring the importance of including dynamic stimuli and 

modalities other than facial expressions. Positive expressions beyond 

happiness have barely been considered in the existing literature. To address 

this issue, Task 1 also included a wider than normal range of positive 

emotional expressions, such as pride, pleasure, interest, and relief. This may 

improve our understanding of the mechanisms underlying emotion 

recognition and, in particular, shed new light on the positivity effect.  

Do age-related differences also extend to nonlinguistic 
vocalizations? 

Although nonlinguistic vocalizations also represent a powerful (and often 

used) means of communication, very few aging studies have included these 

stimuli. The results of Task 2 were more uniform, for example, age 

impairments were observed for most vocalizations, both positive and negative. 

This could be interpreted as a matter of confusing one emotion for another, 

but this was not the case, as confusion matrices showed that both age groups 

mistook the same emotional vocalizations (e.g., affection mistaken for interest 

and serenity, and distress mistaken for fear). These age impairments may 

speak in favor of a general cognitive decline explanation, as difficulties across 

almost all vocalizations emerged for older adults. Similar to dynamic stimuli, 

auditory stimuli may also require complex processes in which rapid attentional 

and speed processing are central. However, some studies have demonstrated 

that the effects of age on vocalization recognition occur independently of 

cognitive decline (e.g., Lima et al., 2013). It could be speculated that 

presenting a wide variety of positive and negative response alternatives may 

be counterproductive, because participants may not be familiar with all the 

emotional expressions. Additionally, Hedden and Gabrieli (2004) reported 

greater age-related differences in recognition accuracy when tasks included 

larger numbers of response alternatives, possibly due to more demands on 

working memory.   
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All in all, Study II suggests strong age declines in the auditory modality, 

not only because it may be the most challenging modality for older adults (and 

possibly for most people), but also because there may be domain-specific 

declines (Paulmann, Pell, & Kotz, 2008). Declines may be observed first in 

the auditory modality and then extend to other modalities, possibly implying 

structural brain changes with advancing age. For example, Orbelo, Grim, 

Talbott, and Ross (2005) suggested that age-related differences in emotional 

prosody comprehension may result from asymmetric, age-related changes in 

the right hemisphere. That study also demonstrated that age effects were not 

due to hearing loss or cognitive decline. The neural correlates of age-related 

differences in emotion recognition from auditory stimuli, and specifically 

from nonlinguistic vocalizations, warrant further study.  

Does a single dose of intranasal oxytocin enhance the 
ability to recognize negative emotions in dynamic 
multimodal expressions in younger and older adults? 

Although research on the socioemotional effects of OT has grown 

significantly in the past decade, knowledge of potential effects in an elderly 

population is scarce. The behavioral data from Study III indicated some 

expected results, such as an advantage of younger over older adults in emotion 

recognition and higher recognition accuracy in the multimodal domain than 

the unimodal visual and the auditory domains (similar to the results of Task 1, 

Study II). However, there was no overall enhancing effect of OT on emotion 

recognition ability; instead, higher recognition accuracy was observed in the 

PL condition. Although this was contrary to our predictions, null effects of 

OT at the behavioral level are not surprising, given that Horta et al. (2019) 

also used dynamic facial emotional stimuli and also reported no effect of OT 

on emotion recognition. Also, Grainger et al. (2018) used dynamic social 

scenes in which the interpretation of facial expressions, voice tone, and body 

language is required. These authors also reported an absence of age-related 

enhancements in emotion recognition after OT administration. Only Campbell 

et al. (2014) reported that older men receiving OT improved the emotion 

recognition accuracy compared with PL. However, that study used static 

images of facial emotional expressions, which can be easier to process than 

dynamic stimuli. Study III used dynamic multimodal stimuli, which, as argued 

above, are more complex and naturalistic and therefore more representative of 

everyday social interactions. Bartz et al. (2011) suggested that the effects of 

OT may be moderated by factors such as task difficulty. It could be assumed 

that the enhancing effects of OT are obvious only in simplistic tasks (e.g., a 

single modality, static images). The dynamic multimodal task employed in 
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Study III may have been sufficient for older adults to improve their emotion 

recognition accuracy, as the task provided all the additional cues they needed 

to perform at their best, leaving no room for improvement contributed by OT 

administration.  

Other obvious considerations concern the dose and the sample size used in 

Study III. The standard dose that most OT studies have used is lower than that 

used in Study III, i.e., 24 IU vs. 40 IU, respectively. However, since there is 

still no consensus regarding which is the most efficient dosage, the 

discrepancies among studies and the absence of OT effects are difficult to 

interpret, reflecting the complexity of OT work and calling for more research. 

Although Study III may have used a relatively small sample (but larger than 

those in other comparable studies), it would nevertheless be adequate to 

capture true effects (likely small to medium in size). Perhaps the effects of OT 

are too subtle to be captured by behavioral data even when using a within-

subject approach, as we did in Study III? 

What is the underlying functional neuroanatomy of 
oxytocin with advancing age during negative versus 
positive dynamic expressions? 

Similar results were found in Study II and in the behavioral data of Study III 

regarding presentation modalities, with the multimodal condition evoking the 

highest recognition accuracy, followed by the visual modality and, lastly, the 

auditory modality. These results have been discussed above, but it is important 

to underscore that Study III included fewer emotion categories than did the 

ERAM test used in Study II and that the results were observed in response to 

negative rather than positive stimuli. The processing of visual, auditory, and 

multimodal stimuli results in additional activation in a number of brain regions 

(Freiherr, Lundström, Habel, & Reetz, 2013), most of which were included in 

Study III (e.g., frontal areas, STG, insula, and FFG). However, the main effect 

of modality was not observed in the caudate, amygdala, and mOFC. This is 

quite surprising, as the amygdala is well known as a hub for processing 

emotional stimuli and has strong interconnections with, among others, the 

mOFC. The mOFC is also associated with reward processing and has also 

been related to multimodal affective information processing (e.g., Brück, 

Kreifelts, & Wildgruber, 2011) and is specifically relevant to the processing 

of vocal emotional expressions (Frühholz & Grandjean, 2013). Furthermore, 

aging is associated with greater recruitment of prefrontal regions together with 

attenuated amygdala activity (St. Jacques, Dolcos, & Cabeza, 2010). This 

pattern is often associated with facial dynamic emotion processing (Ziaei et 

al., 2016). We note that the results should be interpreted with caution as the 

contrast that was used compared negative with positive emotional 
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expressions, so differences from previous results may also be due to this 

specific contrast. Study III nevertheless emphasizes that task characteristics, 

emotional valence, and different amygdala subregions may play a key role 

when investigating emotion recognition with advancing age. Also, meta-

analyses of the effects of OT have revealed no hyper- or hypoactivation of the 

amygdala in response to OT administration (Grace et al., 2018; Wigton et al., 

2015). These meta-analyses also suggest that the effects of OT may be 

modulated by sex and task characteristics.    

Regarding OT effects, when comparing negative and positive stimuli, we 

found that OT relative to PL reduced brain activity in the FFG, dmPFC, and 

mOFC. As no significant treatment effects were observed in the other ROIs, 

we cautiously suggest that these results are in line with the anxiety reduction 

approach. The anxiolytic effects of OT may have increased the salience of 

negative stimuli, which would otherwise have been overlooked, by reducing 

stress and promoting the social component of the stimuli. However, the 

strongest support for this approach comes from the inhibitory effects of OT 

on the amygdala for negative stimuli (e.g., Domes et al., 2007; Labuschagne 

et al., 2010). This pattern of activation was not observed in our findings, likely 

due to the bilateral analysis of the amygdala rather than calculating values for 

the left, right, and other amygdala subregions (but see Wang et al., 2017). Nor 

could the social salience approach (Shamay-Tsoory & Abu-Akel, 2016) 

explain our findings, as it states that OT increases the salience of social cues 

regardless of valence, with alterations in the activation of brain regions 

involved in social cognitive processes (e.g., STG, temporal lobes, insula, and 

ACC). We instead found inhibitory OT effects in the FFG, dmPFC, and 

mOFC in response to negative versus positive stimuli. These regions are 

usually associated with facial emotion recognition, but are also involved in the 

integration of visual and auditory emotional expressions (Kreifelts, Ethofer, 

Grodd, Erb, & Wildgruber, 2007). This suggests that OT reduced the brain 

activity to enable attention to be paid to the displayed dynamic cues and 

multimodal emotional expressions, explaining younger and older adults’ 

comparable performance in all presentation modalities (even in the auditory 

modality, which in Study II evoked age-related differences). Thus, OT effects 

may have similarly influenced both age groups rather than just targeting the 

group with the poorest emotion recognition, as Campbell et al. (2014) stated.  

Study III may complement the anxiety reduction approach by extending the 

dampening OT effects to brain regions other than the amygdala, in this case 

the FFG, dmPFC, and mOFC. Taken together, the results of Study III indicate 

that OT effects may vary and may be difficult to generalize. This is further 

qualified by Horta et al. (2019), who found that OT only affected the 

processing of sad facial expressions in older but not younger adults. Study III 

again underscores the importance of considering the context (e.g., 

experimental task features such as dynamic multimodal stimuli and emotional 

valence), interindividual variables (e.g., sex and age), and the person–context 
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interactions when investigating potential OT effects (see Bartz et al., 2011; 

Olff et al., 2013, for more details). Strengths of Study III were its inclusion of 

both men and women as well as younger and older adults, and its use of 

dynamic stimuli presented unimodally and multimodally. The next step would 

be to adopt different analytic strategies such as whole-brain analyses, 

including lateral instead of bilateral regions (e.g., left and right amygdala vs. 

bilateral amygdala), connectivity analyses, and contrasts other than Negative 

> Positive.  
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Points of caution 

There are a few obvious limitations regarding the generalizability of the 

present findings. In the following subsections, I will highlight features of the 

studies in this thesis that deserve more thorough discussion, mainly with a 

focus on task characteristics, study design, and sample characteristics.  

Task characteristics  

All three studies illustrated how the task characteristics can influence the 

results. Although choosing a task may seem rather trivial, its importance is 

sometimes underestimated as minor details may play key roles. In Study I, we 

used computer-generated faces because they were based on data-driven 

approaches rather than imposing a priori assumptions that dictate specific 

manipulations of the social attributes. Although the validity of the database 

employed in Study I is greater than that of other databases, and the social 

attribute intensity levels were varied systematically, this otherwise good 

combination could also prove to be problematic. Daily interactions involve 

the simultaneous expression of several social attributes that may not be 

differentiable from each other. The artificial nature of the stimuli and the fact 

that they only used young male facial identities may have influenced older 

adults’ evaluations of the social attributes, probably favoring the performance 

of younger adults. The ecological validity of the stimuli can definitely be 

questioned—after all, when do we meet and judge computer-generated 

images? Although the stimuli were parametrically controlled and did not differ 

in a number of important features such as age, sex, and expressions, for easier 

comparisons between studies, one must acknowledge that ecological validity 

suffered.  

In contrast, Studies II and III directly tackled the issue of ecological 

validity. This was accomplished by presenting dynamic multimodal emotional 

expressions, nonlinguistic vocalizations, and several positive and negative 

expressions. Although the dynamic stimuli used provided more cues than did 

the static images, both stimuli types shared the same limitation: they involved 

actor portrayals. This also extends to auditory (including vocalizations) and 

multimodal stimuli. Actor portrayals consist of enacted, posed emotional 

expressions rather than expressions produced spontaneously. Potential 

disadvantages of using enacted expressions include that the portrayals may be 

considered artificial, inauthentic, and fake. However, actor portrayals may 
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involve genuine emotional expressions and have been found to be reliable and 

suitable for studying emotion recognition (due to the possibility of 

manipulating and standardizing the portrayals; see Scherer & Bänziger, 2010, 

for more details). Evidence is mixed as to whether there are age-related 

difficulties in discerning posed versus spontaneous, genuine emotional 

expressions (e.g., Murphy, Lehrfeld, & Isaacowitz, 2010; Slessor, Miles, Bull, 

& Phillips, 2010). However, actor portrayals should not by any means be 

dismissed or considered inherently flawed. The databases used in this thesis 

are based on robust theoretical and methodological considerations. These 

features, together with thorough enacting instructions and well-defined 

emotional expressions (i.e., short definitions of the emotions and brief 

scenarios illustrating the emotional categories), validate actor portrayals, 

making them an extremely useful research tool. It would nevertheless be 

interesting to see whether true natural (i.e., spontaneous) settings would 

increase or decrease emotion recognition ability in younger and older adults.   

Another limitation is that the ERAM test includes few stimulus items per 

emotion. This prevented us from investigating whether certain emotion 

categories were recognized better than others in specific modalities. The meta-

analysis by Ruffman et al. (2008) suggested that older adults’ impairments in 

recognizing anger prevail in all three modalities. However, it would be 

interesting to see whether this is indeed the case when using a single task. It 

would also be interesting to investigate whether the age-related declines in the 

auditory modality are driven by a specific emotion or whether they represent 

a more generalized pattern.    

A final note on the task characteristics concerns the age and sex of the 

expressers, as these may facilitate own-age and own-sex effects. It is generally 

the case that we interact and spend more time with members of our own age 

group, i.e., those similar in age to us. Thus, it is natural to develop greater 

expertise at evaluating social attributes and recognizing emotions in people 

with whom we have close contact. The computer-generated faces were based 

on young male adults, but the computer-generated faces varied in the intensity 

of their feminine/masculine characteristics for each social attribute, which 

may somewhat compensate for the exclusive use of male faces. In contrast, 

the stimuli used in Studies II and III included an equal number of female and 

male items but few stimulus items depicted by older expressers. Although 

there is robust evidence for own-sex effects, most extant research on facial 

processing has found little or no own-age advantage (Fölster et al., 2014). 

Own-age effects in discerning vocal expressions deserve more attention and 

warrant further study. 
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Study design and other statistical considerations 

Order effects and tiredness are two factors that most studies should consider. 

For example, these factors can be alleviated by counterbalancing tasks and 

presenting items randomly. In the ERAM test (Studies II and III), both the 

presentation modalities and the items within each modality were presented in 

a fixed order. This was done specifically to avoid the possible influence of 

order effects on individual differences (by using the same order for all 

participants). The fixed order also represented an advantage in the 

preprocessing and analysis of the fMRI data, but it could also have influenced 

the results. For example, the multimodal condition was always presented last 

(first visual, followed by auditory, and lastly multimodal stimuli). It is possible 

that the absence of age effects in the multimodal condition may partially be 

because participants had already been exposed to visual and auditory 

emotional information. We were aware that order effects were plausible, but 

we adopted this fixed order to avoid the demotivation that could be produced 

if auditory or multimodal stimuli were presented first (e.g., all conditions will 

be difficult or too easy). Similarly, in Study II, the order of Task 1 (the ERAM 

test) and Task 2 (the VENEC test) was not counterbalanced. Task 2 was 

always presented last, which might have led to tiredness in the participants, 

affecting their performance for the nonlinguistic vocalizations.  

Furthermore, all the studies of this thesis (especially Study III) included 

multiple comparisons. When several statistical tests are calculated in the same 

study, the probability of observing at least one significant result due to chance 

is high. To control for multiple comparisons, we used Bonferroni correction, 

which is often deemed conservative. Although this might have been an 

appropriate solution for Studies I and II, Bonferroni correction can also lead 

to a high rate of false negatives, which might have been the case in Study III.  

A possible limitation of Study III is that the ROIs used were selected from 

recent meta-analyses that included mostly healthy young populations, which 

could have biased the selection. Whole-brain and connectivity analyses, as 

well as including different contrasts, may improve our understanding of the 

mechanisms of OT with advancing age. Furthermore, the self-administration 

of OT and PL may also be considered a limitation. Although we followed the 

recommendations proposed by Guastella et al. (2013), a Norwegian group of 

researchers implemented the use of a breath-powered delivery device to 

optimize the nose-to-brain delivery (e.g., Quintana et al., 2015). This should 

not be taken as implying that intranasal administration is not effective; rather, 

it merely suggests that there may be other ways to improve OT research in the 

future. It seems that the usual intranasal administration and the breathing 

device provide similar results, but the device may guarantee successful OT 

administration even in the presence of “difficult” nasal cavity anatomy.  
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Finally, one obvious limitation of this thesis is that all its constituent studies 

involved a cross-sectional approach. Although most studies on aging and 

socioemotional perception share this issue, the reliability and generalizability 

of the findings may be questioned on this basis. A longitudinal approach 

would potentially minimize between-subject and cohort effects, as well as 

other random effects that may be implicit in cross-sectional designs. For 

example, a longitudinal study design that includes several own-age stimuli 

(i.e., also involving computer-generated old face identities) may provide even 

a more nuanced picture of age-related effects. Thus, longitudinal studies might 

provide complementary results answering other specific aging questions. 

However, all in all, the studies of this thesis attempted to take a step in 

advancing traditional aging approaches, identifying some methodological 

caveats, and providing a more reasonable view of potential age-related 

changes in socioemotional perception.  

Sample characteristics and other statistical considerations 

Sample sizes are usually an issue and the studies of this thesis are no 

exception. The sample sizes that we used can be considered reasonable for 

behavioral and fMRI studies. Studies I and II used the same sample, which 

included an unequal number of older females and males (40 vs. 20, 

respectively). Since there is some evidence that older males have the lowest 

recognition accuracy, it would have been ideal to have an equal number of 

participants of both sexes. In Study I, the statistical analyses showed that sex 

differences between younger and older adults were not significant. However, 

the unequal number of older participants hindered us from including sex as a 

variable for analysis, because it would have led to low statistical power for 

these subanalyses.  

Regarding Study III, although we used a reasonable sample size to detect 

small treatment effects, it should be noted that small sample sizes are a flaw 

in OT research. This may be something to consider when interpreting the 

findings of Study III, which should be regarded as tentative, especially since 

only a few studies examine OT effects on emotion recognition ability with 

advancing age. However, it should be noted that regardless of the relatively 

small sample size in Study III, a major strength of the study is its within-

subject design (rare in the OT literature).  
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Future directions 

As this thesis suggests, there are many questions left to answer in the aging 

and socioemotional perception literature. If the aim of research is to explore 

real-life situations, why continue treating happiness as the only positive 

emotion? I believe that the first step in any emotion recognition research 

should be to consistently study several positive and negative expressions, 

besides the basic emotions. This has already been acknowledged by  Phillips 

and Slessor (2011), but still needs to be adopted in research. We attempted to 

do this mainly in Study II, but we did not fully exploit the results as we could 

not determine the influence of specific emotions in each modality. In a similar 

vein, dynamic stimuli are considered less artificial and to more closely 

resemble real-life interactions. However, I believe that the literature would 

benefit from a clear definition of what can be considered dynamic stimuli. For 

example, it is rather common to morph neutral faces into other emotional 

expressions. Although this is categorized as dynamic, it differs from the 

approach that we employed, that is, showing brief video clips of actors 

portraying emotions. These two types of dynamic stimuli may yield different 

results and therefore be interesting to compare. One of the ultimate goals of 

socioemotional perception research is to employ completely naturalistic 

settings that include spontaneous emotional expressions, something that we 

will definitely read more about in future studies. 

On a different note, SST has been the prevailing approach to studying and 

understanding the effects of age. The degeneration of brain areas associated 

with socioemotional processing and cognitive decline among older adults 

have also been put forward to explain these age-related differences. However, 

these alternative approaches are greatly understudied compared with SST. 

This highlights the dominant position of SST in the aging and socioemotional 

field. This dominance has come with a high cost, as the SST framework is 

seldom challenged, leaving little or no room for other approaches to be 

considered. Our studies are no exception and may have fallen short in offering 

alternative solutions for the weaknesses of SST or in even contemplating other 

more in-depth approaches. Nevertheless, in Study II, we considered theories 

other than SST, and our findings do not support SST but rather speak in favor 

of a general cognitive decline explanation. Additionally, in Study III, we 

attempted to understand socioemotional processing in late adulthood through 

a neuropsychobiological lens, including a treatment intervention. During the 

last decade, OT research has attracted tremendous attention, but it is surprising 
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that so few OT studies have incorporated an aging perspective. This idea was 

introduced by Ruffman et al. (2008) in their seminal meta-analysis, in which 

the authors suggested that depleted levels of neurotransmitters may be behind 

older adults’ difficulties in recognizing certain negative expressions. The 

authors further related this idea to changes in different brain regions and 

proposed the use of pharmacological interventions when studying elderly 

populations (at least regarding socioemotional perception). Although these 

ideas were introduced in 2008, I still think that aging research has fallen short 

by not following this interesting avenue. All in all, the effects of OT on the 

elderly undoubtedly represent an interesting avenue to explore in future 

studies.  

Concluding remarks  

Late adulthood is often associated with underperformance, decrements, and 

even dysfunctionality in several spheres of life. But this may not always be 

the case. The findings of all three studies of this thesis qualify previous work, 

suggesting more nuanced age-related patterns in socioemotional perception. 

That is, younger and older adults may perform at similar levels, at least when 

it comes to social attribute evaluation and dynamic multimodal emotion 

recognition. Although mixed results are usually explained by different 

methodological strategies, it is likely that task characteristics have played a 

key role in the present mixed results. This particularly seems to be the case 

when the stimuli are well validated, parametrically controlled, or closely 

resemble real-life interactions.  
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