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Abstract 

Social rewards are strong drivers of behavior and fundamental to well-being, yet there is a 

lack of consensus regarding what actually defines a reward as “social.” Because a 

systematic overview of existing social reward operationalizations is currently absent, a 

review of the literature seems necessary to advance toward a unified framework and to 

better guide research and theory. To bridge this gap, we preregistered and conducted the 

first comprehensive systematic review of human and animal experimental studies that used 

the term “social reward”, and charted existing operationalizations, revealing the implicit and 

explicit definitions used in the field. Stimulus characteristics and measures of social reward 

were extracted from a total of 384 studies encompassing 42,118 participants and subjects. 

We provide detailed summaries of these elements, stratified by species (human/animal) and 

study type (behavioral, brain imaging, pharmacological, and physiological). Two main 

aspects were found to account for most of the difference in operationalizations: the sensory 

richness of a stimulus (intimacy) and engagement in social interaction (i.e., the synchronous 

observation and action between at least two individuals; viz. immediacy). Drawing insights 

from second-person neuroscience approaches and theoretical models in the field of human-

computer interaction, we propose that human and animal research can greatly benefit from 

considering these properties, as they have important theoretical and practical consequences 

for human and translational research, with far-reaching implications for neighboring research 

fields such as those pertaining to social media and the development of artificial intelligence.  

Keywords: social reward, translational research, systematic review, animal, human 

Public Significance Statement 

Although social rewards are important for survival and wellbeing across many 

species, their specifics and neural bases remain poorly understood, possibly due to 

inconsistencies in how the concept is defined and measured within and across disciplines. 

This systematic review attempts to describe with an unpreceded level of detail the definitions 

of social rewards used in human as well as animal research. It shows that human studies 

rely heavily on unimodal (visual) stimuli and animal studies instead use sensory-rich real-life 
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interactions. Such discrepancy may lead to problems in comparability across fields and 

limited ecological validity of the results. We, therefore, encourage scholars to increase the 

levels of immediacy and sensory richness of social exchanges in human research. Doing so 

will help to advance human and translational research on social reward, ultimately paving 

the way for a better understanding of what makes us “social.”  
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Defining Social Reward: A Systematic Review of Human and Animal Studies 

Receiving a smile or a compliment or sharing a personal story with a friend are 

examples of social rewards. We are motivated to seek them out; they make us feel good, 

and they can reinforce our future behavior. Social rewards have been broadly defined as 

“rewards that appear in social context” (Báez-Mendoza & Schultz, 2013, p. 3) and “positive 

experiences (i.e., outcomes or interactions that we seek out) which involve other people” 

(Bhanji & Delgado, 2014, p. 4). Similar to non-social rewards such as food (Schultz, 2015), 

social rewards are extremely relevant for well-being, as demonstrated, for example, by 

mammals’ dependence on social contact for survival, growth, and reproduction (Atzil et al., 

2018; Dunbar, 2016) and by the existence of a homeostatic system devoted to regulating our 

social needs (Matthews & Tye, 2019). Despite being a widely used concept that is relevant 

to understanding basic aspects of our sociality and deviations therefrom, the scientific 

community has not yet reached (or even actively pursued) a consensus on how to precisely 

define and operationalize the term social reward. Whereas we have a better understanding 

of the specificity of other natural rewards (e.g., fat or sugar make food more rewarding), the 

characterization of social in “social reward” remains vague. This poses a significant obstacle 

to investigating social reward in humans and across different species. Moreover, 

translational research is fundamental in bridging the gap between our understanding of 

fundamental neural processes and their practical applications in the real world. Indeed, 

animal models can be used as a tool for addressing causal hypotheses that are not easily 

accessible through measurement techniques employed in human studies. Eventually, this 

allows us to develop more targeted mechanistic interventions in human research, leading to 

advancements that ultimately enhance our overall well-being. Nonetheless, if there are 

fundamental differences in the definitions and operationalizations of concepts within and 

across species, this will hinder the possibility of effective translation between them. Although 

the ecological profile of social rewards may differ more across species than that of other 

natural rewards (e.g., food), some key aspects of social interactions, such as physical 

closeness (Loseth et al., 2014), or interpersonal synchrony (Feldman, 2016), are shared 
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across mammals, and translational research on social reward relies on these shared 

functionalities. Therefore, through this systematic review, we aim to present the most 

comprehensive overview of what is referred to as “social reward” in both human and animal 

research, and ideally foster a consensus within the field regarding the fundamental 

characteristics that define a reward as “social.” 

Challenges for Translational Research on Social Reward 

Unlike for other species, social reward in human research can be seen as an 

umbrella term covering a very broad range of stimuli. For example, smiles (Lin, Adolphs, et 

al., 2012), attractive faces (Spreckelmeyer, Rademacher, Paulus, & Gruender, 2013), 

signals of social approval (Izuma et al., 2008), or interpersonal sharing (Soutschek et al., 

2016) have all been commonly used to demonstrate the rewarding value of social signals. In 

this tradition, the rewarding value has been operationalized at the neurobiological level as 

increased activity of the mesocorticolimbic circuit and especially the striatum (Bhanji & 

Delgado, 2014), and at the behavioral level as the willingness to pay, or to engage in various 

forms of effort, to gain access to these rewards (Izuma, 2015). A similar operationalization of 

social reward is often used in research with non-human primates, for example by measuring 

their willingness to sacrifice food to obtain a social reward and the primate’s brain activity 

during reward consumption (Báez-Mendoza & Schultz, 2013). In contrast, studies in rodents 

have defined social reward quite differently, for instance through behaviors such as play, 

grooming, and huddling (Trezza et al., 2010), and typically operationalize it using a set of 

highly standardized social learning paradigms including place conditioning, operant lever-

pressing tasks, and T-maze paradigms (Trezza, Campolongo, et al., 2011).  

Although interspecies social differences inevitably result in different 

operationalizations of social reward, some differences in operationalizations can create 

challenges when attempting to generalize underlying shared brain mechanisms involved in 

social reward processing. For example, we know that passive observation and social 

interaction result in very different patterns of brain activity – a finding that marked the 

beginning of a paradigmatic shift and the development of a ”second-person” neuroscience 
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(Schilbach et al., 2013). Similarly, recent evidence shows that symbolic and experiential 

rewards are valued differently in decision-making processes, suggesting different underlying 

brain representations (Garcia et al., 2023). Both of these findings are directly relevant for 

translation of social reward paradigms across species, and especially when creating social 

reward stimuli. Although it is true that both stimuli and measures are exclusive to and utilized 

depending on the particular species under study (for example, measures that require verbal 

communication are specific to research with humans and more invasive observations are 

used in animals; Der-Avakian et al., 2015), disparities in operationalizations persist even 

when behavioral tasks are used to investigate the same reward concept across species 

(Pool et al., 2016). The development of paradigms that are more comparable across species 

has been suggested as a main approach to advance translational research (Prounis & Ophir, 

2020). This points to the necessity to compare and identify key differences and overlaps in 

social reward operationalization across species, both in terms of measures and stimulus 

characteristics, in order to advance the translational efforts on the topic. 

To date, published reviews have discussed the translatability of brain activity 

acquisition techniques in the context of social reward research (Grimm et al., 2021). 

Similarly, researchers have discussed the translatability of experimental paradigms 

employed to investigate general reward concepts, such as motivation, reward evaluation, 

reward learning, “wanting,” and “liking” (Der-Avakian et al., 2015; Pool et al., 2016). Still, the 

comparability of operationalizations of social reward across different species is not 

adequately addressed in the existing literature. Notably, the development of unifying 

conceptual definitions and operationalizations of social reward across species constitutes a 

crucial aspect that warrants further attention. 

Existing Conceptual Definitions of Social Reward 

Although a comprehensive systematic literature review is currently lacking, there 

have been a number of efforts to delineate the defining dimensions of social rewards in 

humans. Drawing on brain research into social cognition across species, Baez-Mendoza and 

Schulz (2013) proposed two main dimensions of social reward that can be formulated as 



SOCIAL REWARD IN HUMAN AND ANIMAL STUDIES 7 
 

 
 

responses to the questions “who acts?” and “who receives?” For instance, when observing 

rewarding images, an individual both acts and receives; when receiving a gift, the other 

person acts and the individual receives, and when sharing money with someone, the 

individual acts and the other person receives (Báez-Mendoza & Schultz, 2013).  

Tamir and Hughes (2018) suggested two main approaches to study social reward in 

humans. The first is to decontextualize social cues to discover “basic building blocks” of 

social motivation, that is, stimuli that are rewarding in their own right, with no or minimal 

context. Examples of such stimuli are smiling faces, social presence, or one-way information 

sharing. The second is to recontextualize social cues to understand the key contextual 

factors that determine reward value (e.g., social closeness of a partner or being observed by 

others while doing good deeds). According to the authors, studying contextual factors helps 

provide an understanding of the ultimate goals of social reward seeking (i.e., why we seek 

social contact), which can be linked to evolutionary theories (Tamir & Hughes, 2018).  

Finally, a multidimensional approach by Matyjek et al. (2020) proposes that social 

and non-social rewards in human research differ along eight dimensions: primacy, temporal 

proximity, duration, familiarity, source, tangibility, naturalness, and magnitude. The authors 

argue that these dimensions can be used to better match social rewards to other rewarding 

stimuli such as money or food. Being shared between different reward types, these 

dimensions still do not address the question of what social means in the context of “social 

rewards,” and thus they cannot provide guidance on defining their specificity. For instance, 

there is no agreement on what constitutes a primary and what a secondary social reward. 

According to some authors, although acquired early in life, social rewards are not primary 

but rather constitute secondary rewards that fulfill basic needs such as the need for food or 

shelter (Atzil et al., 2018; Dunbar, 2016). Other authors claim that some social rewards are 

stimuli we are biologically predisposed to prefer, such as happy faces (Farroni et al., 2007; 

Reid et al., 2017) and touch (Della Longa et al., 2021), and could thus be considered as 

primary. With respect to contextual factors, the research to date is likewise marked by 

opposing views. Some researchers argue that social rewards must exist in the (at least 



SOCIAL REWARD IN HUMAN AND ANIMAL STUDIES 8 
 

 
 

minimal) context of social interaction, that is, that intention and direction from the reward 

sender to the receiver is a prerequisite for social reward (Krach et al., 2010; Matyjek, Meliss, 

et al., 2020), and others believe that some basic stimuli, prioritized in bottom-up processing 

(e.g., Hornstein et al., 2016; Pfabigan & Han, 2019), can hold rewarding value in the 

absence of a real social interaction context (Tamir & Hughes, 2018).  

Present Study 

Whereas existing discussions provide some guidance for navigating the field of social 

reward research, a systematic review of existing experimental operationalizations of the term 

“social reward” is currently lacking. Such a review is essential in order to classify and 

synthesize the existing operationalizations of social reward and to provide a guiding 

resource for researchers studying social reward experimentally. Moreover, it will also allow 

for a better understanding of the challenges in social reward research faced by the growing 

fields of translational and comparative research. Rather than using a working definition of the 

latent concepts (that may encompass various terms), this review focuses on the term “social 

reward” itself, aiming to show how different authors in the field operationally define it. We 

believe that assessing how the term is used in the field is an important stepping stone 

toward creating a shared framework of the latent concept that partially overlaps with other, 

related terms such as “social value” or “social incentive.” Some might argue that focusing on 

a single term, such as “social reward,” comes at the expense of giving a less comprehensive 

overview of the field. For example, studies similar to the ones included in this review might 

not explicitly mention the term “social reward” or they might use related (or, as some might 

argue, synonymous) terms (e.g., “social incentive,” “social reinforcement”). As a 

consequence, groups of authors and research traditions that consistently use these terms 

(and not “social reward”) do not figure in our sample. The aim of our study is to give a 

systematic overview of the literature that was created within a research tradition based on 

the term social reward. Within supplements (see Supplement 1; S1), we show through 

bibliometric analysis that (a) this body of research is indeed quite distinct from other bodies 

of literature that use (seemingly) related terms, and (b) that focusing on social reward as a 
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focal keyword is the most appropriate from a translational perspective (animals, humans). 

We further discuss the ramifications and limitations of this approach as well as results from 

this bibliometric analysis transparently within the Limitation section.  

In this preregistered systematic review (https://osf.io/nbd4y), we aimed to address 

three main questions: 

1. What operational definitions (in terms of measures and stimuli) of social reward 

exist in experimental studies in humans and animals? 

2. How do existing operationalizations differ between studies in humans and 

animals? 

3. Which higher-order categories or dimensions can be extracted to organize the 

different types of social rewards within and across species?  

To answer these questions, we charted operational definitions of social rewards, in 

terms of measures and stimuli, from 384 experimental human and non-human animal journal 

articles (henceforth referred to as human and animal studies) published through May 18, 

2022. We coded the measures of social reward and the measurement techniques used, 

social reward stimuli, stimulus contents, and stimulus characteristics, enabling a comparison 

of existing social reward measures and stimuli within and between animal and human 

studies.  

Method 

Transparency and Openness 

Our systematic review protocol was preregistered prospectively on the Open Science 

Framework (OSF; https://osf.io/nbd4y) before starting the literature search (2020, October 

8), was amended prior to performing an update of the literature search (2022, May 18; 

https://osf.io/m498f), and was amended again during the manuscript revision (2024, 

February 5; (https://osf.io/q89nb). All deviations from the preregistration have been reported 

in the preregistration amendments and in the section Data Items and Transformation. There 

were no further deviations from the preregistration and its amendments. We adhered to the 

PRISMA (Page et al., 2021) and PRISMA-P (Moher et al., 2015) guidelines for 

https://osf.io/nbd4y
https://osf.io/m498f
https://osf.io/q89nb
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conceptualizing, conducting, and reporting systematic reviews and systematic review 

protocols. All coding materials (a coding manual and a codebook), datasets, R syntax (R 

Core Team, 2023), and metadata to reproduce tables and figures reported in text and 

supplements are openly available (https://osf.io/cnhf4/). 

Eligibility Criteria 

Studies were included if they (a) were published in a peer-reviewed journal 

(irrespective of publication or data collection year) or as preprints on selected scientific 

preprint servers, (b) were written in English, (c) reported one or several experiments with 

human participants or animal subjects, and (d) referred to at least one stimulus or measure 

as “social reward” anywhere in the text. Other types of publications (e.g., theses and book 

chapters) as well as studies using only non-experimental methods (e.g., reviews, surveys, 

interventions, interviews) were excluded. As the main goal of this review is to scope 

operational definitions of the specific term “social reward” and avoid making assumptions 

about a latent shared concept that may be represented by similar terms (e.g., “social 

incentive,” “social value,” or “social reinforcement”), this criterion excluded studies that refer 

to their stimuli or measures by any other similar term. Studies that mention “social reward,” 

but do not do so in reference to their experimental paradigms, were also excluded. To gain 

an impression of how this body of literature overlaps or is distinct from bodies of literature 

using similar terms, see a bibliometric analysis of articles captured by our search term, as 

well as the related terms “social reinforcement” and “social incentive” (S1, Table S1, and 

Figures S1-S3). The results of this analysis are discussed in the Limitations section.  

Originally, studies with human participants were included if at least part of the sample 

were healthy participants and adults or young adults (≥18 years old). During article revision, 

inclusion criteria were broadened to clinical samples and children/adolescents (<18 years 

old) and additional studies were introduced in the review. This change was amended in the 

preregistration (see Transparency and Openness section). 

Information Sources and Search Strategy 

https://osf.io/cnhf4/
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A search for published journal articles was performed on PubMed, Scopus, and Web 

of Science1, due to their broad coverage of the biomedical and social science literature as 

well as their suitability for systematic review searches (Gusenbauer & Haddaway, 2020). 

Additionally, preprints were searched on preprint servers for life sciences (bioRxiv), and 

psychology (PsyArXiv). All databases were searched on two dates, 2020, October 8 

(covering the period from database inception until 2020, October 8) and, to update the first 

search, on 2022, May 18 (covering the period from 2020, October 9 until 2022, May 18). No 

database-specific filters (e.g., languages) or limits were set. Our literature search thus 

includes publications up to 2022, May 18. 

As we were specifically interested in deriving definitions of the term social reward 

from the current literature, we only reviewed articles in which the authors claimed to have 

studied social rewards, irrespective of the authors’ definition. Thus, our search strategy had 

only one keyword “social reward,” that had to appear in the topic fields (title, keywords, or 

abstract). Variations of the keyword, such as “social rewards,” “socially rewarding,” and 

“prosocial rewards” were included through the use of database-specific truncation symbols 

(e.g., “*social* reward*”; for a full list of search strings per database, see S2).  

Study Selection and Data Collection Process 

Records were deduplicated using EndNote (Bramer et al., 2016) and unique records 

entered the selection process. We opted for a standard two-stage selection process with an 

initial title and abstract screening followed by an assessment of full texts (Page et al., 2021). 

In the first selection stage, titles and abstracts of the records retrieved from the first search 

(i.e., 2020, October 8) were screened by two independent raters consisting of AS and IB or 

one of them with a trained research assistant. Titles and abstracts of the records retrieved 

from the second search (i.e., 2020, May 18) were screened by AS and AK. In the second 

 
1 All databases the University of Vienna library was subscribed to on the date of search, 

including Web of Science Core Collection, BIOSIS Citation Index, BIOSIS Previews, Current Contents 
Connect, Chinese Science Citation Database, Data Citation Index, Derwent Innovations Index, 
Inspec, KCI-Korean Journal Database, MEDLINE, Russian Science Citation Index, SciELO Citation 
Index, and Zoological Record. 
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stage, two raters (AS and IB for the first search and AS and AK for the second search) 

reviewed full texts and provided reasons for rejection based on the aforementioned criteria 

(1 – 6; see S3 for more details on study selection). During the article revision, the rejected 

abstracts and full texts were screened by the first author for inclusion of studies performed 

on children, adolescents and clinical samples. 

All studies eligible for inclusion retrieved from the first search, which make up 61% of 

all studies coded in this review, were coded by two pairs of independent raters, consisting of 

AS and a trained research assistant, and IB and AK, between 2021, February 20 and 2021, 

August 18. Interrater agreement was calculated using percentages of agreement and 

Cohen’s Kappa on a sample of 24 studies coded by AS and IB before proceeding to code 

the remaining studies and was deemed sufficiently high (Cohen’s κ: M = 0.73, range 

[0.29,1], percentage agreement: M = 84.02, range [50, 100]; see S4 for more details on 

interrater agreement). Studies included from the second search were coded by AK and 

validated by AS between 2022, June 17 and 2022, September 9. No automation tools were 

used during the data collection process. We originally excluded 92 studies that were 

included during manuscript revision and were coded by pairs of independent raters between 

2024, January 29 and 2024, March 4, following the same coding procedure from the original 

search. Interrater agreement was calculated on a sample of 25 studies by AS and AK 

(Cohen’s κ: M =0.49, range [0, 1], agreement: M = 91.71%, range [66.67, 100]). See S4 for 

more details on the data collection procedure for all stages. The manuals used in study 

selection and data collection is available on the study’s OSF page (https://osf.io/8gz9e). 

Data Items and Transformations 

The main aim of the present review was to chart existing operationalizations and 

definitions of the term social reward and their use in different experimental settings. 

Therefore, the focus was on characteristics of social reward stimuli and measures of social 

reward. All collected items were categorized into three groups: (a) study and population 

characteristics, (b) measures collected in these paradigms (including direct measures of 

social reward processes, such as motivation to acquire or reward learning), and (c) social 

https://osf.io/8gz9e
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reward and control stimuli used in experimental paradigms. A list and descriptions of all 

recorded variables can be found in our openly available codebook (https://osf.io/wqvab).  

Several variables were recoded and/or grouped post-data collection (see 

Amendment to study preregistration; https://osf.io/m498f), as these transformations allowed 

for a more effective representation of the data. Transformations are reported together with 

the respective data items, and further details are available in the supplements (S5). Data 

items for which information was missing were marked as “not stated” for all variables. In the 

data synthesis, these fields were treated as missing values and were not considered for 

summary statistics. The same applied for items marked as “not applicable” for a given 

stimulus/measure.  

Study and Population Characteristics 

We recorded the country of data collection and whether the study also included a 

clinical sample (model of clinical disorder for animal studies) and/or a child/adolescent 

sample (yes/no). Characteristics of the study sample were also recorded, including species, 

race/ethnicity (for studies with human participants), age, gender (proportion of female 

participants), and sample size. Type of each study was recorded using data-driven 

categorization that was decided upon by consensus after piloting the coding sheet and 

included the following types: behavioral, brain imaging, brain physiology, peripheral 

physiology, pharmacology, genetics, and lesion. Importantly, with the exception of behavioral 

studies, studies including multiple methodologies could belong to more than one category 

(e.g., a study that used both pharmacological manipulation and brain imaging was 

categorized as both). After data collection, we reduced the number of categories to four: 

behavioral, brain imaging, pharmacology, and physiology. Both brain imaging and 

pharmacology encompass some brain physiology studies, depending on whether the brain 

was pharmacologically manipulated or whether markers of brain activation were recorded. 

The categories genetics and lesion studies were excluded, as there were very few 

corresponding studies, and given that these studies belonged to at least one more category. 

See S5 for descriptions of each study type. We chose these four categories because they 

https://osf.io/wqvab
https://osf.io/m498f
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represent the main fields that investigate social reward, namely experimental psychology 

(behavior and self-report measures), neuroscience (brain imaging), psychopharmacology 

(pharmacological manipulations), and psychophysiology (measures of peripheral 

physiology). Given the lack of shared conceptual definition of the term social reward, we 

expected operationalizations to differ depending on fields and different methodologies they 

use. Moreover, previous reviews on measuring reward across species argued that using 

different measurements shapes translatability of the reward concept that is measured (Der-

Avakian et al., 2015). Therefore, we considered the methodology used to study social 

reward as one of the key variables. We always present our data stratified by study type, and 

sometimes also by more specific measurement techniques described in the next subsection. 

If a study included more than one independent experiment with independent 

samples, we coded only the experiments that included at least one stimulus or measure that 

was directly referred to as “social reward.” Only samples from coded experiments were then 

counted into sample information reported in results. Within each study, unique tasks or 

paradigms including social rewards were coded only once (i.e., if more than one experiment 

included the same task, this task was coded once). Task names and short descriptions were 

recorded for these tasks. Stimuli and measured items were nested under the respective 

tasks.  

Measures of Social Reward 

All measures collected within tasks that contained social rewards were recorded. 

Items for each measure included the measure name (e.g., liking, preference, motivation, 

attentional bias), whether the concept was stated in the study authors’ or raters’ words, its 

content (e.g., rating, accuracy, response time), whether it was a direct measure of social 

reward, whether it was statistically tested by contrasting a social and a non-social condition, 

and whether it was statistically tested by contrasting a reward and a non-reward condition. If 

a measured concept was not clearly stated by the authors, raters used task description and 

the context of the whole article to code the measured concept item. A measure was defined 

as a direct measure of social reward if the measured concept was identified as part of the 
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social reward definition, anywhere in the text. Examples include reward liking, motivation to 

obtain reward, approach behaviors, brain activity during reward consumption/anticipation, or 

learning of reward value. Remaining measures were categorized as indirect if the effect of 

social reward was tested but the measure was not an aspect of social reward (e.g., cognitive 

control, trust, or prosocial behavior) and as uncategorized if the effect of social reward was 

not tested (e.g., amount of food consumed, or choices concerning monetary rewards). 

Indirect and uncategorized measures, as well as information on which statistical tests were 

performed for each measure, are not discussed in the Results section and can be found in 

the open data files. 

Direct measures of social reward (hereafter referred to as “measures of social 

reward”) were grouped into a reduced number of themes (see S6 for details on theme 

extraction). The themes were hierarchically organized into three categories: anticipation 

phase, delivery phase, and learning measures. Anticipation phase themes refer to measures 

relating to the anticipation of social reward, including (in alphabetical order) behavioral 

measures (accuracy/reaction time, approach behavior, effort, and payment for reward), brain 

activity, eye movement, facial movement, peripheral physiological responses, and self-report 

measures (ratings). Delivery phase themes refer to measures relating to delivery of social 

reward, including behavioral measures (amount of reward and social interaction behaviors), 

brain activity, eye movement, facial movement, peripheral physiological responses, and self-

report measures (ratings). Learning themes refer to measures of social reward learning, 

including brain activity, conditioned preference, discrimination learning, operant/instrumental 

learning, Pavlovian learning, and reinforcement (associative) learning (see openly available 

codebook for definitions of each theme; https://osf.io/wqvab). 

Social Reward Stimuli 

Social reward stimuli were defined as any stimulus the authors referred to as “social 

reward” anywhere in the text. Wherever possible, we retained the authors’ own words 

describing the social reward stimuli. If this was not possible, the name of the social reward 

was instead assigned by the rater (and recorded as such). This was the case when text 

https://osf.io/wqvab
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contained a statement that “social reward” was measured and/or manipulated in the given 

study but there was no direct reference to a stimulus as “social reward.” In these cases, 

positive social stimuli in the task in which “social reward” was manipulated and/or measured 

were coded as social reward stimuli (e.g., "social interaction" in Hung et al., 2017 or "happy 

faces" in  Radke et al., 2016). We also recorded contents of social reward stimuli or what 

they consisted of (e.g., image, text, access to a conspecific animal). 

Social reward stimuli and their contents were synthesized into a reduced number of 

themes (see S6 for details on theme extraction). The final list of social reward stimulus 

themes included (in alphabetical order): affective sound, affective touch, biological motion, 

body, face, feedback on performance, feedback on self, gestures of approval, humor, joint 

attention, observing other (without interaction), physical closeness, play, prosocial actions, 

sexual stimulus, smile, social closeness, social interaction, social support, and status. The 

list of social reward content themes included: action, conspecific, image, movie, smell, 

sound, spoken word, text, and touch (see openly available codebook for definitions of each 

theme). 

In addition to the definition and contents of the social reward stimuli, we recorded a 

list of social reward characteristics that we considered relevant for the operationalization of 

the concept, partially drawing on previous dimensional approaches to social reward (Báez-

Mendoza & Schultz, 2013; Matyjek, Meliss, et al., 2020). The reward characteristics included 

(a) familiarity (whether reward content is novel or familiar; for humans, familiar was split into 

two categories: close person and acquaintance); (b) sensory modality2 (visual, auditory, 

tactile, olfactory, multimodal, or not applicable); (c) tangibility (in presence, on screen, 

abstract); (d) direction (whether the reward was received or given by participants); (e) 

duration (length of reward presentation); (f) unit of reward presentation (e.g., trial, session, 

task); (g) number of reward presentations; (h) announcement (whether the reward was 

announced); (i) delivery time (whether the reward was delivered immediately, delayed, or 

 
2 Notably, taste never appeared in the operationalization of social rewards. 
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never; if delayed, length of delay); (j) number of manipulated levels of reward magnitude; 

and (k) short descriptions of reward levels (if more than one). The variable sensory modality 

was re-coded into several binary variables based on whether or not the reward includes a 

certain modality: visual, auditory, tactile, olfactory, and no sensory modality (see S5 for more 

details). Some of the variables were deemed redundant (i.e., unit of reward presentations, 

number of reward presentations, announcement, and levels of magnitude) and were not 

used in the final analysis (see S5 for justification); these variables can be found in the openly 

available data files. In the final stage of data synthesis, a higher order variable stimulus 

category was extracted based on social reward theme codes with four exclusive categories: 

observation, 1-way exchange (received), 1-way exchange (given), 2-way exchange, and 

imagined/abstract (see S6 on details on extraction and definitions of variable levels). This 

variable was coded by the first author and validated by a senior author GS.   

We also recorded control stimuli in all tasks that included social reward stimuli (see 

S7 for details on coded characteristics and themes). As these data are beyond the scope of 

the present manuscript, the results are reported in the supplements (see Figure S5 and 

Figure S6). 

Risk of Bias Assessment 

We did not undertake a quality, risk of bias, publication bias, or certainty assessment, 

as the focus of our review was on definitions and operationalizations of social reward 

regardless of study quality, rather than on statistical effects and effect strength.  
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Results 

Study Selection 

Our study selection process is depicted in Figure 1. The first literature search (2020, 

October 8) yielded 3,468 articles retrieved via database searches (PubMed = 549, Scopus = 

923, Web of Science = 1996) and 42 from preprint servers (bioRxiv = 22, PsyArXiv = 20). 

Figure 1 

PRISMA Flow Chart  

Records identified from: 
Databases (n = 4,071 [3,468 

+ 603]) 
Preprint servers (n = 82 [42 + 
40]) 

Records removed before 
screening: 
Duplicate records removed (n = 
2,549 [2,257 + 292]) 

Identification of studies via databases and registers 

Id
e
n

ti
fi

c
a
ti

o
n

 

Records screened 
(n = 1,604 [1,253 + 351]) 

Records excluded 
(n = 904 [695 + 209]) 

Reports excluded: 
Not a journal article (n = 58 
[49 + 9]) 
Not in English (n = 8 [4 + 4]) 
Not an experimental study (n 
= 77 [51 + 26]) 
No social reward stimulus (n 
= 167 [137 + 30]) 

Reports assessed for eligibility 
(n = 694 [556 + 138]) 

Reports sought for retrieval 
(n = 700 [558 + 142]) 

Reports not retrieved 
(n = 6 [2 + 4]) 

S
c
re

e
n

in
g

 

Studies included in the review 
(n = 384 [312 + 72]) 

In
c
lu

d
e
d

 

Note. The first number in square brackets in each box refers to studies from the first search, published 
until 2020, October 8, and the second number refers to studies from the second search, published 
between 2020, October 9 and 2022, May 18. 
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After deduplication, we screened titles, abstracts, and keywords of 1,253 articles and 

assessed full texts of 556 of these studies for eligibility. The final number of studies included 

from the first search is 312. In the second literature search (2022, May 18), 603 records 

were identified from the databases (PubMed = 125, Scopus = 258, Web of Science = 220) 

and 40 from the preprint servers (bioRxiv = 11, PsyArXiv = 29). Titles, abstracts, and 

keywords of 351 articles were screened both for inclusion criteria and dates of publication, 

and of these, 138 full texts were assessed for eligibility. The final number of studies included 

from the second search is 72. Thus, a total of 384 publications were included in our review. 

Study and Population Characteristics 

The majority of studies included human samples (72%, 276 studies). Of these, the 

majority were brain imaging studies (56% of human studies) and the majority of animal 

studies were pharmacological (57% of animal studies; see Table 1). Of the studies 

performed in animal samples, most encompassed rodent species (79% of animal studies), 

dogs represented 7%, non-human primates 6%, and fish 6% of animal studies (see Table S2 

for details on study samples). Throughout this article, human studies will be compared to all 

animal studies grouped across species.  

With regards to human samples, the majority of studies were performed in North 

America (41%; 36% in the United States) or Europe (30%; see S8 and Figure S4 A). From 

the 28% of human studies that reported ethnicity, an average of 57% (SD = 27.92) of study 

samples identified as white. These results overall point to an overreliance on WEIRD 

samples (Western, Educated, Industrialized, Rich, and Democratic, Henrich et al., 2010) in 

human social reward research. 
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Table 1 

Distribution of Study Types in Humans and Animals 

Study type 
% human studies  
(number of studies) 

% animal studies 
(number of studies) 

Behavioral 34 (94) 27 (29) 

Brain imaging 56 (154) 35 (38) 

Pharmacological 7 (20) 57 (62) 

Physiological 9 (25) 8 (9) 

Total number of studies 276 108 

 

Operationalization of Social Rewards in Animals and Humans 

To address our first research question, we outline existing measures of social 

reward, social reward stimuli, and their characteristics in humans and animals. For a full list 

of stimuli and measures, see the open data (https://osf.io/cnhf4; see “README.txt” for 

guidance). Results on control stimuli used for comparisons with social rewards are reported 

in the supplements (Figure S5 and Figure S6). As operationalizations of social reward are 

mainly defined by the methods available to measure them in different species, we first 

introduce measures of social reward, followed by an analysis of the social reward stimuli. 

Measures of Social Reward 

In human studies, most measures of social reward were collected in the reward 

delivery phase (in 68% of studies), followed by measures during reward anticipation (49%), 

and reward learning measures were the least frequent (14%)3. In animal studies, most 

measures were collected in the delivery phase (in 65% of studies), closely followed by 

learning measures (56%), and anticipation measures were the least frequent (32%).  

 
3 Each measure was categorized as one measure theme, and each study could contain 

multiple measures. In text and figures, results are always expressed as percentages of studies that 
had at least one measure belonging to a certain measure theme. For example, if a study had an 
anticipation brain activity measure, an anticipation effort measure, and a delivery rating measure, this 
study was counted once in % of studies with anticipation measures and once in % of studies with 
delivery measures. When reporting specific measure themes within anticipation and delivery, the 
study was counted once for each theme (i.e., once for brain activity, once for effort, and once for 
rating). 

https://osf.io/cnhf4
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Anticipation. The most frequent measures during reward anticipation in humans 

were accuracy/reaction time (e.g., in target detection tasks) in 25% of studies, brain activity 

in 20% (of which 74% used functional magnetic resonance imaging (fMRI) and 26% 

electroencephalography (EEG)), and subjective ratings (e.g., motivation, wanting, or 

anticipated enjoyment) in 14%. Effort, approach behavior, payment for reward, facial 

movement, peripheral physiological activity, and eye movement were present in less than 

10% of studies each. Of the animal studies, 17% measured effort, 16% measured approach 

behavior, and less than 5% measured brain activity and payment for reward (i.e., sacrificing 

another reward type for social reward; see Figure 2 and Table S3).  

Figure 2 

Measures of Social Reward Across Study Types, Reward Phase, and Species (Human/Animal) 

Note. Measures of social reward organized into a reduced number of themes and separated into three 
aspects of social reward: anticipation, delivery, and learning. Bars show percentages of studies per 
study type and species with each measure theme (e.g., top bar in brain imaging column represents % 
of human brain imaging studies that collected a brain activity measure during reward anticipation). In 
animal studies, the theme “payment for reward” refers to exchange of another reward for social 
reward (e.g., juice for pictures of conspecifics). RT = reaction time. 
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Delivery. In human studies, the most common measure during the delivery phase 

was brain activity (44% of human studies, of which 75% employed fMRI, 23% EEG, and 2% 

functional near-infrared spectroscopy (fNIRS)), followed by subjective ratings (e.g., valence, 

liking, or closeness; 34%). Amount of reward consumed, facial movements, eye movements, 

and social interaction behaviors (e.g., smiling behavior) were collected in less than 10% of 

studies each. In animals, 35% of the studies measured amount of reward consumed and 

social interaction behaviors each (e.g., grooming, play, or mating behaviors), and 13% brain 

activity. Eye movements and peripheral physiological activity were present in one study 

each.  

Learning. Of the human studies, 6% used associative reinforcement learning, 5% 

used brain activity measures of learning (of which 79% comprised fMRI and 21% EEG), 3% 

instrumental learning, 2% discrimination learning, and 1% Pavlovian learning. By contrast, 

34% of the animal studies used measures of conditioned (place) preference, 16% 

instrumental learning, 4% discrimination learning, and 2% associative reinforcement 

learning.  

See Figure 2 and Table S3 for an overview for further stratification by study type for 

anticipation, delivery, and learning themes. For examples of tasks in which these measures 

were applied, as well as specific measures belonging to the themes, see the open data files 

on the study’s OSF page (https://osf.io/cnhf4; see “README.txt” for guidance). For an 

overview of prevalence of indirect and uncategorized measures, see Table S3, and for 

respective examples, see open data files. 

Social Reward Stimuli 

Social Reward Themes. The most common themes in human studies were 

feedback on performance (51% of human studies4), face (49%), smile (39%), feedback on 

 
4 Each stimulus was coded as one or more social reward themes and as one or more content 

themes. In text and figures, results are always expressed as percentages of studies that had at least 
one reward with a certain characteristic and/or theme. For example, if a study had a face picture and 
a body picture as social rewards, this study is counted once in the percentage of studies with the 
theme face and once in the percentage of studies with the theme body. If a study had two familiar 
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self (22%), social interaction (17%), gestures of approval (13%), status (8%), social 

closeness (7%), and prosocial actions (5%). The remaining social reward themes 

represented less than 5% of human studies each (see Figure 3A and Table S4). Ordered 

from most to least frequent, social reward content themes in human studies were image 

(photos, icons, or drawings; 59% of human studies), text (words, statements, or numbers; 

24%), spoken word (words of approval or encouragement; 13%), movie (videos or 

animations; 10%), action (sharing, giving, donating, or gifting; 9%), conspecific (physically 

present other person; 8%), sound, and touch (each <5%; see Figure 3B and Table S5). See 

Figure 3C and D, Table S4, and Table S5 for further stratification by study type. 

 
social rewards and one novel reward (e.g., in three separate experiments), this study is counted once 
in the percentage of studies with familiar stimuli and once in the percentage of studies with novel 
stimuli. 
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 Figure 3 

Social Reward Themes (A and C) and Social Reward Content Themes (B and D) 

Note. Social reward themes and their content themes were extracted, respectively, from the names of 
the stimuli used in publications and the contents of which these stimuli were made (see S5 for theme 
extraction procedure). The figure represents: absolute frequencies of social reward themes and 
distribution across human vs. animal studies (A), percentages of human/animal studies across social 
reward content themes (B), percentages of studies per study type and species across social reward 
themes (C), and percentages of studies per study type and species across social reward content 
themes (D). Social reward themes in C and D were ordered by unweighted frequency of studies that 
contained them across humans and animals. For full tables with percentages, see Table S4 for A and 
C and Table S5 for B and D. 
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When looking at social reward stimuli and their contents together (see Figure 4), the 

social reward themes face, smile, and gesture of approval were usually represented by 

images (69-88% of studies with the themes; e.g., images of smiling faces or social media-

like icons), but sometimes also represented by movies (12-17% of studies with the themes; 

e.g., videos of a person showing thumbs-up or animations of a smiling avatar), or 

accompanied by text (10-25% of studies with the themes, e.g., image of one’s selfie together 

with the number of likes). Most of the stimuli with the themes feedback on performance 

and/or feedback on self were represented by images (61% and 64%, respectively, mainly 

smiling faces and thumbs-up signs). Feedback on self was sometimes also delivered as 

written text (43% of studies with the theme, e.g., statements of praise, agreement, or 

personal validation) and feedback on performance as spoken word (20%, e.g., experimenter 

voicing “Good!” or “Well done!”). Less frequently, they included movies, sound, or touch (see 

Figure 4 for all combinations of social reward stimuli and their contents). Social interaction 

was either mediated via images (43% of studies with theme) and/or text (30%), or it included 

physically present person(s) (26%). See Figure S7B for an overview of co-occurrence of 

social reward themes in human studies. 

In animal studies, the most common themes were social interaction (80% of animal 

studies) and feedback on performance (24%), and the less frequent themes were affective 

touch (9%), and play (7%; see Figure 3A and Table S4). The most frequent content theme 

was conspecific (85%). Affective touch was social reward in 10% of studies. The themes 

image, smell, sound, spoken word, and movie were each present in less than 10% of studies 

(see Figure 3B and Table S5). Almost all social rewards consisting of a social interaction 

used one or more conspecifics as contents (99% of studies with this theme; see Figure 4). 

Feedback on performance also included conspecific in the majority of rewards with this 

theme (69%), less frequently touch (27%), and the least frequently spoken word, image, or 

smell (4-8%). Play included conspecific in 88% of the studies with this theme and touch by a 

human experimenter in 13%. Affective touch, in addition to touch, sometimes included sound 

and/or spoken word or sound (10% each).  
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Social Reward Characteristics. In human studies, the majority of social rewards 

included only the visual modality (71%, see Figure 5A for sensory modalities included in 

social rewards and Table S6 for unique combinations of modalities) and were delivered on 

screen (79%; see Figure 5D). Most of the rewards delivered in the presence of another 

Figure 4 

Studies With Each Social Reward Theme Distributed Across Social Reward Content Themes in 
Humans (Left) and in Animals (Right) 

Note. In each row, colors depict percentages of studies with a given social reward theme (e.g., first 
row and first column on the right represents % of animal studies with the theme social interaction that 
had conspecific as a content). Social reward themes and social reward content themes are ordered 
from highest to lowest overall frequency (across human and animal studies). Numbers in the tiles 
represent respective percentages. It should be noted that stimuli could have more than one theme 
and/or content theme. For example, a static image of a baby face may be presented together with 
baby laughter sounds.  



SOCIAL REWARD IN HUMAN AND ANIMAL STUDIES 27 
 

 
 

person (15% of human studies) included all modalities except for tactile5 (11% of human 

studies), whereas some included only one modality (4% auditory, 2% tactile). Rewards 

coded as having no modality (12%) were abstract and/or consisted of an action. Most of the 

rewards were novel (in 76% of studies; see Figure 5C), whereas some included 

acquaintances (18%) and close persons (10%). The average length of stimuli in human 

studies was 1.27 minutes (median 0.03 min, standard deviation 8.43 min, range from 0.0003 

min to 93 min, see Figure 5B), and the majority lasted between 1s and 10s (58%, see Figure 

5B). Most of the social rewards were delivered immediately (54%), many were delivered with 

a delay (in 45% of studies), and some rewards, usually abstract or imagined, were never 

delivered (6%; see Figure 5E). For delayed rewards in human studies, the average delay 

was 92.61 min (median 0.06 min, standard deviation 965.48 min, range from 0.004 min to 

10,080 min). See Figure S7A for an overview of social reward characteristics for each social 

reward theme in human studies. 

 
5 Gustatory modality was not coded, see Method. 
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Figure 5 

 
Overview of Social Reward Characteristics (A-E) for Humans (Left) and Animals (Right) Stratified by 
Study Type (Colors) 

Note. Social reward characteristics: sensory modalities involved (A), duration (B), familiarity (C), 
tangibility (D), and delivery time (E). Percentages represent percentage of studies of a given species 
and study type. * Label “No sensory modality” refers to abstract rewards (e.g., hypothetical scenarios, 
a memory about a loved one) or situations in which social reward is an action of giving (e.g., sharing 
money with an opponent, donation to charity). For full table with percentages and percentages 
stratified only by species, see Table S6. 
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In most animal studies, social rewards included all modalities (70%; see Figure 5A 

and Table S6) and were delivered in the presence of another conspecific or a human (95%; 

see Figure 5D). In some animal studies, rewards were presented in all modalities but the 

tactile modality (15%) or only in one modality (17% of studies). Novel rewards were more 

common (57%) than familiar ones (38%; see Figure 5C) in animal studies. The average 

length of stimuli in animal studies was 344.62 min (median 10min, standard deviation 

1,362.08 min, range from 0.01 min to 14,400 min; see Figure 5B) and stimuli were usually 

presented immediately (83%; see Figure 5E). Regarding animal social rewards that were 

delivered with a delay, the average delay was 16.94 minutes (median 0.17 min, standard 

deviation 70.64 min, range from 0.003 min  to 300 min). See Figure 5 for further stratification 

by study type and Table S6 for full table with percentages (stratified by species only and by 

species and study type).  

Higher-Order Grouping of Social Reward Stimuli 

We grouped social reward stimuli into four larger groups that reflect the extent to 

which social interaction was involved in the operationalization of social reward, as this is one 

of the main characteristics that differentiated stimuli in human and animal studies. The 

categories rely on previous conceptualizations of social reward dimensions (i.e., “who acts” 

and “who receives”; Báez-Mendoza & Schultz, 2013), and “decontextualization” and 

“recontextualization” of social rewards (Tamir & Hughes, 2018). Social rewards included 

either no social exchange (passive observation), received one-way social exchange, given 

one-way social exchange, or two-way social exchange. As social rewards in animal studies 

were by far more homogenous in their characteristics, the categorization of animal stimuli is 

only briefly outlined for the purpose of comparison with human studies, whereas human 

stimuli are covered in more detail.  

Animal Studies 

A large majority of animal studies included social interactions with a conspecific or a 

human (82%) that were categorized as two-way social exchanges. In some studies (11%), 

rewards were passively observed (e.g., seeing conspecifics through blinded glass, images of 
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conspecifics, or olfactory stimuli) or received in a one-way social exchange (when delivered 

as feedback on performance; 8%). Animal studies included a given one-way social 

exchange in 2% of the studies (exhibiting aggressive behavior and helping behavior). 

Human Studies: No Social Exchange (Passive Observation) 

A proportion of human studies (16%) used stimuli that were presented without 

contingency to participants’ responses and were not integrated into real or hypothetical 

social exchange. In these studies, participants both acted (i.e., perceived) and received, and 

stimuli represented “decontextualized” basic elements of social interaction. This group is 

dominated by the most common social reward themes, such as face (74% of studies in this 

group), smile (56%), and body (19%). Some of the less frequent themes were observing 

others without interaction, biological motion, affective touch, affective sound, approval 

gestures (see Figure 6B). In terms of their contents, they usually consisted of images (79%), 

movies (12%), or physically present others (7%; see Figure 6C). Almost all stimuli included 

visual modality (98%), and the majority were delivered on screen (91%), novel (86%), less 

than 10 s long (79%), and delivered immediately (91%; see Figure 6A).  

Human Studies: Received One-way Social Exchange 

The largest share of stimuli in human studies included one-way social exchange, in 

which social reward was received by participants (60% of studies) as one or more of the 

following: feedback on performance (80% of studies in this group), feedback on self (27%), 

and status (8%). These stimuli assume that an imagined (or real) person acts and the 

participant receives. The context of social interaction is minimal (“decontextualization”), 

whereas the inclusion of status and reputation also taps into long-term social goals 

(“recontextualization”). This group often included face (58%), smile (48%), or gestures of 

approval (17%), and less frequently, themes such as affective sound, affective touch, body, 
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or social closeness (see Figure 6B). Feedback was commonly delivered as images (63%), 

text (23%), spoken word (18%), or movies (10%), and less commonly included conspecific, 

sound, or touch (see Figure 6C). Similar to the group that includes passive observation, 

Figure 6 

 
Higher-Order Stimulus Categories in Humans Across Social Reward Characteristics (a), Social 
Reward Themes (B), and Social Reward Content Themes (C) 

Note. Colors represent percentages of studies with a given stimulus category in humans that have 
each characteristic and theme. Numbers in the tiles represent respective percentages.  
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these stimuli were mainly visual (91%), delivered on screen (83%), novel (75%), less than 

10s long (74%), and delivered with a delay (60%; see Figure 6A).  

Human Studies: Given One-way Social Exchange 

In several studies (3%), social rewards were defined as an act of giving, in which the 

participant gives and an imagined (or real) person receives. Similarly to the previous 

category, these rewards include minimal context of social interaction (“decontextualization”), 

but sometimes also incorporating social goals such as status (“recontextualization”). The 

reward included prosocial actions in 89% of studies from this group (e.g., donations), status 

in 22% (informing others about one’s success), and social closeness in 11% (see Figure 

6B). The content of these rewards was always action (see Figure 6C), most often 

incorporated in on-screen paradigms (89%), included novel individuals (78%), was delivered 

immediately (89%), and reward duration was often not given or not applicable (see Figure 

6A). 

Human Studies: Two-Way Social Exchange 

Some studies operationalized social rewards through two-way social exchange 

(17%), which included any form of back-and-forth exchange between the participant and 

another person (imagined or real). These rewards included reciprocal giving and receiving 

between the participant and an imagined (or real) other person and were thus less 

decontextualized. Ultimate social goals, such as building social connectedness or status, 

could be included. Studies with such stimuli usually included the theme social interaction 

(87%) or joint attention (6%). Sometimes they also involved the feedback themes (11-28%), 

faces (17%), approval gestures (17%), smiles (11%), and prosocial actions (11%; see Figure 

6B). Common social reward content themes include images (49%), text (23%), action (23%), 

conspecific (i.e., physically present person(s); 21%), and movies (13%; see Figure 6C). 

Although different modalities and tangibility levels were more represented than in other 

groups (19% included presence of others), visual modality and on-screen paradigms 

dominated this group (96% and 79% respectively), as did novel individuals (77%). In most of 
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the studies, stimulus length was not reported, and rewards were delivered immediately 

(68%; see Figure 6A).  

A considerable number of human studies (8%) included abstract rewards in which 

neither social exchange nor passive observation took place and are thus considered as a 

separate category that overlaps with the level of tangibility variable “abstract.” Interestingly, 

this group of studies had the highest prevalence of the theme social closeness out of all 

groups (36%), whereas imagined social interaction was the second most common theme 

(32%; see Figure 6B). Therefore, these stimuli often tapped into long-term social goals such 

as social connectedness, although participants neither acted nor received a real social 

reward.  

Social Reward Stimuli in Humans Across Study Types and Measurement Techniques 

After exploring social reward measures and stimuli separately, we also looked at how 

stimuli and their characteristics related to the methodology used to study social rewards in 

humans. We report the prevalence of different social reward themes, social content themes, 

and higher-order stimulus groups in different study types (behavioral, brain imaging, 

pharmacological, and physiological) and different types of measures (fMRI, EEG, and fNIRS 

for brain imaging, electromyography (EMG), eye tracking and measures of the autonomic 

nervous system (ANS) for physiological study types, and behavioral measures for all study 

types). For an overview of the prevalence of specific measure themes (listed in Figure 2) for 

each social reward theme, see Figure S8. 
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The most frequent study type in social reward research in humans was brain imaging 

(see Table 1). Of these studies, 73% used fMRI, 22% used EEG, and 1% used fNIRS to 

measure social reward-related activity (the rest did not have direct measures of social 

reward). Most of the social reward stimuli in brain imaging studies were classified as 

received one-way social exchange (62%), followed by two-way social interactions in on-

screen paradigms (19%), and passive observation of social reward stimuli (15%; see Figure 

7A). Faces were the most dominant theme in brain imaging studies (62% of studies), 

followed by feedback on performance (51%), smile (49%), feedback on self (25%), and 

gestures of approval (75%; see Figure 3C). In addition to faces and smiles, brain imaging 

studies also had the highest prevalence of social interaction (18%) among all study types. 

Stimuli were mostly represented by images (75%) and sometimes text (20%; see Figure 3D). 

With regard to individual brain imaging techniques, the most prevalent themes in fMRI 

studies were face (65% of fMRI studies), feedback performance (50%), smile (50%), and 

feedback on self (25%) albeit with a large variety of social reward themes appearing in a 

smaller number of studies each (e.g., social interaction, social closeness, or joint attention; 

Figure 7  

 
Higher-Order Stimulus Categories Among Different Study Types and Measurement Techniques 

Note. Colors represent percentages of studies of each study type that included each higher-order 
stimulus group (A) and percentages of studies using each measurement technique that included each 
higher-order stimulus group (B). Numbers in the tiles represent respective percentages.  
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see Figure 8). Although feedback on performance, faces, and smiles were also the most 

common themes among EEG studies (59%, 56%, and 47% of EEG studies, respectively), 

gestures of approval had the highest representation among all measurement techniques 

(35%; see Figure 8). Two fNIRS studies included either social interaction or feedback on 

performance, smiling face, and social closeness. 

Figure 8 

 
Techniques Used to Study Social Reward in Humans Across Social Reward Themes. 

Note. Colors represent percentages of studies that used each measurement technique (here, 
measure type) to measure aspects of social reward in humans. For example, top cell in the column 
fMRI refers to the % of studies that measured social reward-related activity using fMRI and included 
faces as social reward stimuli. ANS measures include heart rate, electrodermal activity, and salivary 
cortisol. Behavioral measures of social reward refer to all study types, fMRI, EEG, and fNIRS to brain 
imaging studies, and ANS, eye tracking, and EMG refer to physiological studies. Numbers in the tiles 
represent respective percentages.  
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Among the behavioral studies, received one-way social exchanges were the most 

common group of stimuli (55%, see Figure 7A). Feedback on performance (54%), face 

(29%), smile (22.34%), and feedback on self (21%) were the most common reward themes 

(see Figure 3C and Table S4), and images (40%), text (32%), and spoken word (28%) the 

most common content themes (see Figure 3D and Table S5). Nevertheless, behavioral 

studies also showed a higher variability in social reward themes (see Figure 3C) and social 

reward characteristics than did brain imaging studies (e.g., in sensory modality and 

familiarity; see Figure 5A and 5C). Of all study types, behavioral studies had the highest 

representation of social closeness (11.7%) and status (14.89%; see Figure 3C), but also of 

imagined/abstract social rewards (18%; see Figure 7B) that often included social closeness.  

Most of the social reward stimuli in pharmacological studies were received one-way 

social exchanges (40%) or passively observed (35%), and the proportion of a given one-way 

social exchange was higher than in other study types (10%; see Figure 7A). These studies 

also frequently included the social reward themes face, smile, and feedback on performance 

(50%, 50%, and 35%, respectively; see Figure 3C), and the social reward content theme 

image (50%; see Figure 3D). However, compared to other study types, they had a relatively 

high representation of the themes of social closeness (10%) and prosocial actions (10%; see 

Figure 3C). Moreover, stimuli in pharmacological studies were most likely to include a close 

person (15%, see Figure 5C).  

In physiological studies, measures of ANS activity (heart rate, electrodermal activity, 

and salivary cortisol), eye tracking, and EMG were used to measure social reward-related 

activity. Although, most physiological studies included one-way exchanges (52%) like other 

study types, they also had the highest prevalence of passive observation from all study types 

(36%; see Figure 7A). Whereas face, smile, and feedback on performance were the most 

common themes (52%, 48%, and 44%, respectively), physiological studies also had the 

highest representation of the less frequent themes, such as affective touch (20%), body 

(12%), biological motion (8%), and observing others without interaction; 4%; see Figure 3C). 

Physiological studies were the most likely to include a social reward delivered in presence 
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(32%, see Figure 5C). With respect to specific measurement techniques, ANS studies had 

the highest representation of status and affective sound from all measurement techniques 

(20% of ANS studies each) and, after fNIRS studies, the highest representation of social 

interaction (40% of ANS studies; see Figure 8). Studies with eye tracking predominantly 

included passive observation (67% of eye tracking studies, see Figure 7B), often with smiling 

faces but also complex visual stimuli such as full body images, biological motion, or 

observation in real life (see Figure 8). They also had the highest prevalence of joint attention, 

categorized as a two-way social exchange (17%, see Figure 7B). Studies including EMG 

showed the highest representation of affective touch stimuli (57% of studies using this 

technique), followed by images or videos of smiling faces (43%; see Figure 8). 

Discussion 

Given the lack of consensus regarding appropriate methods and concepts to study 

social rewards within and across species, we conducted a systematic review to chart 

existing operationalizations of the term social reward in experimental studies in humans and 

non-human animals. In the following discussion of our results, we first compare 

operationalizations of social reward between humans and animals and highlight implications 

for future translational research. Second, we propose two dimensions along which existing 

social rewards in human studies can be organized and that we find relevant for establishing 

specificity of social rewards and increasing the comparability of social reward stimuli across 

species. These dimensions are immediacy, that is the level to which operationalizations of 

social reward include a synchronous social interaction, and intimacy, that is the level to 

which sensory properties of social reward stimuli are close to real life (e.g., multisensory 

integration and physical presence). 

Comparison of Social Reward Measures and Stimuli in Animal and Human Studies 

Measures of Social Reward 

The operationalization of social reward is mainly defined by what we are able to 

measure in different species and how we are able to do so. On the one hand, human studies 

rely on brain activity measures (mainly focused on reward-related brain regions; see Figure 



SOCIAL REWARD IN HUMAN AND ANIMAL STUDIES 38 
 

 
 

2) and subjective ratings (e.g., of motivation, pleasure, valence, arousal, wanting, or liking; 

see Figure 2). On the other hand, animal studies operationalize social reward through 

learned preferences and observed social interaction behaviors (e.g., play behaviors, 

huddling, grooming, etc.; see Figure 2). A tendency to operationalize social reward in 

animals as (learned) behavior rather than as a stimulus explains the overrepresentation of 

behavioral learning measures and the underrepresentation of brain activity measures in 

animal studies (see Limitations). Our results indicate that some cross-species similarities 

exist in the measures of the anticipation and learning of social rewards – this is in line with 

the conclusions reached by a previous review on reward paradigms used in translational 

clinical research (Der-Avakian et al., 2015). Behavioral measures such as effort, approach 

behavior, or choice of social reward over alternative reward types have predominantly been 

employed in animal studies, but they have also been utilized in human participants (see 

Figure 2). Effort is operationalized in human studies as the number of key presses (e.g., 

Fussner, Mancini, et al., 2018) or the force exerted on a hand-grip device (e.g., Korb, 

Goetzendorfer, et al., 2020), which is comparable to effort measures used in the animal 

literature, such as the number of lever presses (e.g., L. Martin et al., 2014) or the degree of 

difficulty in overcoming physical obstacles (e.g., Bai et al., 2017). Approach behavior is 

frequently operationalized in humans as the selection of one reward over another stimulus 

(Soutschek et al., 2017), which is similar to the methodology employed in animal paradigms 

(e.g., discrete choice paradigms; Venniro et al., 2018). Some human studies have measured 

social reward motivation through monetary exchange, whereas exchanging food for social 

rewards is the preferred method in some primate studies (e.g., K. K. Watson et al., 2009, 

2010). When it comes to learning measures (see Figure 2), certain human studies employing 

associative reinforcement learning and conditioning paradigms align closely with the 

reinforcement, discrimination learning, and conditioning paradigms employed in animal 

research (e.g., Haffey et al., 2013; Thompson & Westwater, 2017). Learning paradigms that 

are highly comparable across species have also been previously implemented for other 

reward types (e.g., food rewards, Pool et al., 2015). Nevertheless, learning measures were 
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by far a more frequent type of measure in animals than in humans (see Figure 2). As a 

result, comparing findings on social reward learning between humans and animals might 

prove challenging in most cases. Exploring the use of learning tasks in humans that are 

comparable to those employed in animal studies may be a promising pathway for advancing 

translational research in this domain. 

There are also several differences between the measures used in the animal and 

human literature. Accuracy and reaction time are the most common behavioral measures 

during the anticipation phase in human studies (see Figure 2), as shown by the prevalence 

of paradigms in which social rewards take the form of feedback for simple motor or cognitive 

tasks (e.g., social incentive delay tasks (target detection), reinforcement learning tasks, 

attention tasks, and cognitive control tasks). However, these measures are not always 

intended as sensitive behavioral markers of reward anticipation per se, because sometimes, 

task difficulty is dynamically controlled in order to keep the proportion of accurate trials fixed 

(Dichter et al., 2012; Goerlich, Votinov, Lammertz, Winkler, Spreckelmeyer, Habel, 

Gruender, et al., 2017). Most human studies rely on brain activity and ratings (see Figure 2), 

whereas effort and approach behavior—the two most common measures in animal studies—

are used less frequently (Korb, Massaccesi, Gartus, Lundstrm, et al., 2020; Matyjek et al., 

2021). In human studies, participants typically provide subjective ratings of their experience 

of stimuli they have just observed (e.g., valence, arousal, closeness, liking, trust, and 

attractiveness), but in animal studies, social behaviors (e.g., grooming, nose contact, play 

behaviors, mating behaviors, exploratory behaviors, and huddling) are coded during social 

interaction (see Figure 2). Importantly, subjective ratings in humans can be considered as 

comparable to measures of conditioned preference in animals (e.g., of a place or a neutral 

stimulus) rather than to measures related to the reward delivery, whereas physiological 

measures such as facial EMG and eye tracking are used less commonly (see Figure 2). In 

terms of social interaction behaviors in humans, there are only two observational studies that 

coded reciprocated smiles during free interactions (Fairbairn, Sayette, Aalen, et al., 2015; 

Fairbairn, Sayette, Amole, et al., 2015). Given recent recommendations to develop more 
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ethologically relevant paradigms in humans as a way to advance translational research 

(Prounis & Ophir, 2020), future studies should therefore strive to employ more observational 

paradigms.  

Social Reward Stimuli 

Having different phylogenetic histories and ecosystems, social interactions and thus 

social rewards widely differ between species. Nevertheless, although perfectly parallel 

operationalizations of social reward stimuli across species are not possible, some 

fundamental differences we observed may pose several concerns for translational studies, 

depending on the aspect under investigation (e.g., reward learning, “wanting,” or “liking”). 

The relevance of each difference depends on the questions and physiological mechanisms 

that researchers are aiming to investigate (not all differences will be relevant for all studies). 

In the following, we organize these differences around several discussion topics potentially 

relevant for translational research.  

Observation vs. Interaction. One of the main differences is that most human 

rewards involve observation of unimodal sensory stimuli whereas most animal rewards 

involve dynamic interactions including observation of multimodal sensory stimuli and social 

actions (see Figure3 A-B, Figure 4, and Figure 5A). Human and animal rewards can also be 

similar in this regard, for example in human studies that involve real-life interactions (e.g., 

Philipp-Muller & MacDonald, 2017) and in the rare animal studies ( e.g. with primates) that 

involve the presentation of pictures of faces (e.g., K. K. Watson et al., 2009). Humans, as a 

highly social species, are willing to work or pay for simple visual cues representing social 

stimuli, and such stimuli also activate reward-related brain regions (see Izuma, 2015 for a 

review). Nonetheless, authors hold opposing views on whether smiling faces can be 

considered rewarding even in the absence of any direct contingency with participants’ 

responses (Krach et al., 2010; Matyjek, Meliss, et al., 2020) or without additional salient 

characteristics such as attractiveness or closeness (Izuma, 2015). Our results show that the 

majority of animal studies rely on free social interactions between conspecifics (see Figure 

3A-B and Figure 4), but unimodal social cues can be used as valid stimuli in some non-
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human species, such as primates and dogs (Boch et al., 2021; Munuera et al., 2018). 

Evidence from second-person human neuroscience approaches suggests that various 

aspects of the processing of our social world differ between mere observation and actual 

interaction (see Redcay & Schilbach, 2019 for a review). Therefore, matching social rewards 

across species on this characteristic may be crucial for some translational and comparative 

studies.  

   Symbolic vs. Experiential. Human social rewards often involve symbols such as 

gestures of approval (thumbs-up, ‘likes’), words, or various elements of abstract games (e.g., 

winning points for another person), whereas rewards in animal studies are purely 

experiential (e.g., nose pokes, sniffing, grooming, huddling; see Figure 5A-B). Recent 

evidence shows that when individuals make choices between experiential and symbolic 

stimuli, their evaluation of the two options differs significantly, suggesting that the common 

currency hypothesis of a shared evaluation mechanism for all types of rewards does not hold 

when comparing experiential and symbolic rewards (Garcia et al., 2023). If the objective of 

translational research is to compare the mechanisms underlying the estimation of social 

reward value, it is crucial to strive to match experiential value between human and animal 

rewards.  

Involvement of Higher-order Social Cognitive Processes. Social interactions 

between humans involve a higher level of cognitive complexity compared to most other 

species, because they require the use of higher cognitive abilities such as theory of mind, 

mentalizing, and joint attention—though it is worth noting that some non-human primates 

may exhibit partial exceptions to this observation (Krupenye et al., 2016). Social interactions 

are ubiquitous in everyday life, and some authors argue that theory of mind is a crucial factor 

for humans to derive rewarding value from these interactions (Krach et al., 2010; Matyjek, 

Meliss, et al., 2020). Therefore, experimental manipulations that make participants believe 

that another person is present in space and time are an effective means to increase the 

ecological validity of unimodal stimuli such as images or text (Alkire et al., 2018; Chakrabarti, 

2013). For example, participants might be led to believe that their task responses will be 
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assessed by a committee (Izuma et al., 2010b) or that a cooperation game partner is sitting 

in an adjacent room (Gromann, Shergill, de Haan, et al., 2014). Importantly, when 

participants believe that they are interacting with a real person rather than with a computer, 

they report greater enjoyment (Weibel et al., 2008) and show increased activation in reward-

related brain regions (Pfeiffer et al., 2014). Yet, it is crucial to account for, and where 

necessary adapt, the cognitive complexity of social reward stimuli when comparing humans 

to species that lack the same cognitive abilities.  

Transient vs. Long-lasting. This dimension is relevant for human-animal 

comparisons, in addition to social/non-social reward comparisons (Matyjek, Meliss, et al., 

2020). Rewards such as smiling faces, feedback on motor performance, joint attention, or 

affective touch may be considered transient, that is, their effect is not likely to last for a long 

time after stimulus presentation. By contrast, some stimuli are designed to activate long-

lasting social goals (called ultimate goals of social interactions by Tamir and Hughes, 2018) 

such as building or maintaining social connections (e.g., closeness building, Tchalova & 

MacDonald, 2020), status (e.g., downward comparison with others, Oikawa et al., 2012), or 

positive self-image (e.g., receiving ‘likes’ for one’s selfies on social media, Rosenthal-von der 

Puetten et al., 2019). In addition to being abstract and involving concepts that do not apply 

to most species, the timeline on which such rewards operate might render them less 

comparable to animal rewards. In some cases, however, animal rewards can also include 

relationship building (see later discussion on affiliative vs. reproductive rewards). 

Primary vs. Secondary. Although social contact has long been recognized as a 

fundamental need and proposed as being regulated by a dedicated homeostatic system 

(Matthews & Tye, 2019), there has been little discussion regarding the primacy of social 

rewards (i.e. for which some sort of biological preparedness is expected). The fact that 

infants show a prioritization of certain stimuli such as faces (Farroni et al., 2007) or touch 

(Della Longa et al., 2021) shortly after birth has been taken as evidence that these are 

primary rewards. Furthermore, in addition to activating the mesocorticolimbic circuit, certain 

social rewards also recruit additional basic social-specific neural pathways, such as C-fibers 
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specialized in affective social touch in primates and humans (Olausson et al., 2010). A meta-

analysis of brain imaging studies in humans found that primary rewards (food and erotic 

stimuli) and a secondary reward (money) have partially different neural representations, with 

primary rewards leading to greater activation in the anterior insula (Sescousse et al., 2013). 

Because primary and secondary rewards may tap into partly different brain systems and 

because secondary rewards are prominent in human research but rarely used in animal 

studies, it may be important to better define this dimension of social reward in order to fully 

understand its human and non-human neural basis. 

Affiliative vs. Reproductive. Rather than a point of divergence, the distinction 

between affiliative and reproductive rewards exists in both humans and animals, although 

animal studies often mix the concepts of social and sexual rewards (the theme sexual stimuli 

was present only in the animal literature; see Figure 3A and C). Human studies sometimes 

involve manipulations and measures of attractiveness (Spreckelmeyer, Rademacher, 

Paulus, & Gruender, 2013), or include romantic partners (Gere et al., 2013). Sexual rewards 

such as erotic images (Creswell et al., 2013) or body odors (Habel et al., 2021) are still not 

usually considered as social rewards in the human literature, whereas sexual stimuli such as 

copulation partners and odors have been referred to as social rewards in rodents (Bell & 

Sisk, 2013; Bialy et al., 2014). Research suggests that affiliative and reproductive rewards 

involve at least partially separate systems (Matthews & Tye, 2019). Therefore, these two 

reward types should be clearly delineated in future research, both within and across species 

boundaries. Finally, within affiliative rewards, familiar stimuli were less frequent in human 

than in animal studies (see Figure 5C). As we know that familiarity is one of the contextual 

factors that can increase the salience of social stimuli in humans (Inagaki et al., 2020), more 

research might want to consider including close others in experimental paradigms.  

Defining Dimensions of Social Reward 

Achieving greater comparability of operationalizations of reward across species is a 

necessary step in the development of translational research (Der-Avakian et al., 2015; 

Prounis & Ophir, 2020). We argue that two dimensions are especially relevant because they 
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account for most of the aforementioned points of divergence between human and animal 

social reward stimuli and because they help define the specificity of social rewards in 

contrast to other types of rewards. The first is the extent to which participants are involved in 

social exchange (immediacy), which is underlined by our higher-order categorization of 

social reward stimuli into four categories: no social exchange (observation), received one-

way social exchange, given one-way social exchange, and two-way social exchange. Our 

findings demonstrate that social rewards in animal studies mostly involve two-way social 

exchange, and human studies mostly include received one-way social exchange. The 

second dimension (intimacy) underlines the differences between human and animal studies 

in terms of sensory richness – with animal studies mostly involving physically present 

conspecifics and multisensory integration, and human studies mostly using unimodal visual 

stimuli. 

These dimensions of immediacy and intimacy also build on previous theoretical 

accounts on social reward (Báez-Mendoza & Schultz, 2013; Matyjek et al., 2020; Tamir & 

Hughes, 2018). We directly map the leading questions “who acts?” and “who receives?” 

posed by Báez-Mendoza and Schultz (2013) onto one-way social exchanges where 

participants act (i.e., given one-way exchanges), receive (i.e., received one-way exchanges), 

or observe. Importantly, we take this notion one step further to differentiate reciprocal 

exchange (where both participant and another person act and receive), agreeing with 

previous comments on the importance of social interaction in defining social reward (Krach 

et al., 2010; Matyjek et al., 2020). Tamir and Hughes (2018) outlined two approaches to 

study social reward, “decontextualization” and “recontextualization,” stressing both the 

importance of isolating key characteristics of reward out of naturalistic contexts and studying 

higher-order goals of social connectedness. We argue that our dimensional approach 

enhances both approaches by demonstrating that different levels of immediacy and intimacy 

can be incorporated in a wide variety of paradigms (e.g., minimal social exchange like joint 

attention, as opposed to social closeness induction through asking intimate questions). 
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The dimensions originate from the concept of social presence (Argyle & Dean, 1965; 

Wiener & Mehrabian, 1968), which can be defined as the salience of another person through 

a communication medium or the subjective feeling that another person is in one’s immediate 

environment (Cummings & Wertz, 2023). Whereas many dimensions of social presence 

have been proposed (see Cummings & Wertz, 2023 for review), we focus on immediacy, the 

level to which interaction is synchronous (Grondin et al., 2019; Wiener & Mehrabian, 1968), 

and intimacy or medium richness, the capacity of a medium to relay verbal or non-verbal 

information (Grondin et al., 2019; Wiener & Mehrabian, 1968).6 In choosing these 

dimensions, we were inspired by recent work suggesting that social presence and empathy 

may be well-applicable and relevant for differentiating affective physiological and neural 

responses to social situations (Petereit et al., 2022). Moreover, the concept of social 

presence is widely used in fields of human-computer interaction and telecommunications as 

a problem encountered when building different forms of artificial intelligence (Sciutti & 

Sandini, 2017) or computer-mediated interaction platforms (Grondin et al., 2019). The 

concept can also be useful for defining social reward stimuli, especially given that social 

rewards are operationalized in experimental environments where the presence of another 

person is, at least to some extent, artificial. It is also important to note that these dimensions 

can be used to define any social stimuli and not specifically social rewards. As the definition 

of social presence states, these dimensions define the salience of the presence of another 

person, irrespective of the valence. Previous reviews already focused on defining reward 

characteristics that are shared between social and other reward types (Matyjek et al., 2020). 

Nevertheless, social reward specificity is not well established yet. By defining characteristics 

of stimuli that are uniquely social, we argue that these dimensions may be especially 

important for future efforts in defining social rewards as a primary/basic need. 

 
6 Intimacy sometimes also refers to emotional intimacy of communication (Argyle, 1965), but 

for our purpose will refer only to its meaning as medium richness (to which our variables familiarity 
and social closeness refer). 
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The closer the dynamics of interaction are to the dynamics of real-life communication 

between people, the greater the immediacy of a social reward (e.g., simultaneously texting 

as opposed to sending an email). The relevance of this dimension is supported by the 

research on interpersonal synchrony, which is described as the alignment of behavior of 

interacting individuals in a time-dependent manner and is argued to be the core 

characteristic of our social affiliation as a species (Shamay-Tsoory et al., 2019). Synchrony 

is a prerequisite for building closeness in babies, and it is enjoyable (Sabu et al., 2019) and it 

leads to greater feelings of connectedness in adulthood (Tarr et al., 2016). The importance 

of including real-life social interaction in neuroscience has been discussed in the context of a 

second-person neuroscience approach (Schilbach et al., 2013) and is supported by the 

finding that brain mechanisms involved in interactions are fundamentally different to those 

involved in observation only (see Redcay & Schilbach, 2019 for review). Still, the potential of 

second-person neuroscience for translational research has received little attention 

(Schilbach, 2016). Finally, previous reviews on social reward also stressed the importance of 

including more close-to-real-life interactions in human studies on social reward (Matyjek, 

Meliss, et al., 2020), also as a way to improve the translatability of animal studies (Prounis & 

Ophir, 2020).  

The more information is received through a medium, for example through the 

integration of multiple sensory modalities (e.g., seeing a picture of a friend vs. holding their 

hand) and through observing dynamic as opposed to static stimuli (e.g., seeing a picture vs. 

a video), the greater the intimacy of a social reward. Indeed, as a social species, we are 

more prepared to receive social information that involves the integration of multiple senses 

(Scheller & Sui, 2022). Moreover, senses other than visual, such as touch (Taneja et al., 

2019) and olfaction (Ravreby et al., 2022), are increasingly being recognized as primary 

pathways of social information processing. Nevertheless, our social world is increasingly 

being replaced by less sensory-rich and predominantly visual stimuli, such as video calls or 

social media, and we are only just beginning to understand how this affects our interpersonal 

interactions (Cañigueral et al., 2021; Orben & Przybylski, 2019). By manipulating the 
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dimension of intimacy, we can gain insights into the distinctions between experiencing 

another person in physical proximity vs. encountering them remotely. 

Stimuli previously categorized as not involving any social exchange (passive 

observation; see Figure 6) would be qualified with the lowest levels of immediacy and 

intimacy (see Figure 9 for examples). These stimuli often extract salient elements that are 

expected to retain their value when removed from the context of social interactions, such as 

smiles or biological motion. Increasing intimacy through sensory richness and naturalness 

may additionally increase their rewarding value, making them more experiential and thus 

comparable to animal rewards. For example, dynamic visual stimuli, as opposed to static 

ones, increase the activation of the mentalizing brain network that is usually involved in real-

life interactions (Henry et al., 2021), and seeing live smiles on a screen induces more 

mimicry and more enjoyment than viewing prerecorded videos (Hsu et al., 2022). Some 

authors still argue that at least minimal contingency to participants’ responses, or even an 

involvement of theory of mind, is necessary to extract rewarding value from social 

information in humans (Krach et al., 2010; Matyjek, Meliss, et al., 2020). 
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Stimuli including one-way social exchange, in which rewards are either received 

(feedback on performance, self, or status, etc.; see Figure 6) or given (sharing, donating, 

etc.; see Figure 6), have higher immediacy as they usually include (an imagined) other 

person and can vary in intimacy (see Figure 9 for examples). Senders of feedback or 

receivers of gifts may be personified through task instructions, introduced in person during 

the task, or alternatively no information about the potential sender/receiver is provided. 

Including a cover story about another real person as part of an experimental task increases 

Note. Levels of immediacy are defined as follows: 1 = observation without social exchange, 2 = one-
way social exchange, 3 = infrequent two-way social exchange (single exchange in a trial), 4 = 
frequent two- or more-way social exchange (multiple exchanges in a trial); and levels of intimacy as 
follows: 1 = unimodal and delivered without presence of another person, 2 = multimodal and delivered 
without presence of another person, 3 = unimodal and delivered in presence of another person, 4 = 
multimodal and delivered in presence of another person. See https://osf.io/m4u3c for an interactive 
plot and details about the example stimuli. 

Figure 9 
 
Examples of Social Rewards in Human Studies Mapped onto Immediacy and Intimacy Dimensions 

https://osf.io/m4u3c
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enjoyment and activation of reward-related brain regions (Alkire et al., 2018; Weibel et al., 

2008) and is seen as a means to increase ecological validity (Chakrabarti, 2013). In terms of 

translational research, it is worth noting that such stimuli often involve symbols and higher-

order social cognitive processes, which we previously discussed as a potential drawback 

when comparing animals and humans. With respect to intimacy, stimuli from this category 

were mostly characterized by the lowest intimacy level (see Figure 6 and Figure 9 for 

examples). In some studies, however, feedback stimuli also included touch (Korb, 

Goetzendorfer, Massaccesi, Sezen, et al., 2020; Massaccesi, Willeit, Quednow, Nater, 

Lamm, Mller, et al., 2022) or verbal feedback delivered in person (Lenaert et al., 2018; 

Ramirez-Marin & Shafa, 2018), demonstrating that one-way feedback paradigms can also 

involve higher intimacy (see Figure 6 and Figure 9). 

Stimuli from the category of two-way social exchange (see Figure 6) are 

characterized by higher immediacy and can have both a low and a high level of intimacy 

(see Figure 9 for examples). Paradigms including face-to-face conversations (e.g., Fairbairn, 

Sayette, Amole, et al., 2015; Heerey & Crossley, 2013; Philipp-Muller & MacDonald, 2017) 

show the highest immediacy and on-screen paradigms can vary depending on how close the 

interaction dynamic is to real-life interaction (see Figure 9 for examples). A fast-paced game 

such as Cyberball (e.g., Beltzer et al., 2019; Niedeggen et al., 2014) or naturalistic tasks with 

joint attention (Preller, Herdener, Schilbach, Staempfli, et al., 2014; Soussignan et al., 2019) 

may be considered closer to real-life interactions as compared to slow-paced paradigms 

such as trust or prisoner’s dilemma games (Gromann, Shergill, de Haan, et al., 2014). There 

are several ways to bring artificial interactions closer to real life. For example, mutual 

engagement, behavioral alignment, and reciprocity (Redcay & Schilbach, 2019) can be used 

to extract the aspects of social interaction that are most relevant for translational research 

(e.g., avoiding symbolic and abstract elements of interaction). In online games, participants 

usually believed that one or more other players were physically present in a nearby room or 

were connected via the internet (e.g., Kawamichi et al., 2019; Weschke & Niedeggen, 2013). 

On other occasions, participants either met other players in person (D. Zhang et al., 2020) or 
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received no information about the identities of co-players (Beltzer et al., 2019). Rewards 

from this group had the lowest intimacy when including only the visual modality and the 

highest when involving face-to-face interaction (see Figure 9 for examples). Nonetheless, 

some studies, which were not captured by our search criteria, involved individuals talking 

with another person through a screen during fMRI experiments (e.g., Redcay et al., 2010b), 

suggesting that relatively high intimacy can also be achieved with on-screen paradigms.  

Our systematic review shows that depending on the focus of research, stimuli can be 

adapted in multiple ways to increase their ecological validity and their comparability to 

animal stimuli, for example, by increasing immediacy, intimacy, or both. Moreover, these 

dimensions can also be used in human studies to compare social rewards that differ in 

immediacy and intimacy. Finally, to create novel social reward stimuli that are compatible 

with the available measures of social reward processing, we can draw on knowledge from 

the field of human-computer interaction, which aims to create a sense of social presence in 

artificial environments, for example through haptic feedback technologies (Yarosh et al., 

2022) or robotics (Sciutti & Sandini, 2017). 

Social Reward Stimuli Seen Through Methodological Constraints 

Although immediacy and intimacy of social rewards are independent from 

measurement techniques used to study them, the way they could be implemented in 

different subfields depends on the constraints posed by the methodology. Moreover, 

measurement techniques differ in their implications for translational research (Grimm et al., 

2021). Finally, operationalizations of social reward often rely on convenience. In human 

studies, social reward is usually not defined in the same strict operational terms employed 

for animal research, for example through reward learning paradigms. Instead, the rewarding 

status of stimuli is often assumed, or justified by previous findings of correlated activation of 

reward-related circuits or participants’ willingness to approach (Tamir & Hughes, 2018). 

Definitions of social reward thus often remain vague and implicit in human literature, and 

they rely more on the methodology used to study the concept. By structuring our discussion 

following the different methodologies used to study social reward, we attempt to provide 
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awareness of the constraints posed and give an overview relevant for different fields 

(experimental psychology, neuroscience, psychopharmacology and psychophysiology). 

The use of unimodal, static, and brief stimuli that can be delivered in artificial 

environments is beneficial for most experimental designs, but especially for brain imaging 

studies using fMRI or EEG (see Figure 7B and Figure 8). These techniques require highly 

constrained movement, many trials, and precise comparison with control conditions. 

Understandably, this particularly favors short and sensory unimodal stimuli that can be 

repeated and that are expected to induce reliable activity. Mobile EEG and fNIRS systems 

could help to overcome some of the physical constraints posed by classical brain imaging 

methods. These methods are still less popular in social reward research in human adults, as 

demonstrated by the fact that our sample contained only two studies using such a technique 

(Lertladaluck et al., 2020; D. Zhang et al., 2020). This explains why the category of brain 

imaging studies was dominated by stimuli with the lowest level of intimacy (see Figure 3C-D 

and Figure 5). It should be noted, that reward themes such as affective touch and physical 

presence have also been implemented in the fMRI environment (Zimmermann et al., 2019). 

We further found that a considerable number of fMRI studies operationalized social rewards 

as two-way social exchanges (see Figure 7) with paradigms such as trust (e.g., Gromann et 

al., 2014), cooperation (e.g., Decety et al., 2004), Cyberball games (e.g., Weschke & 

Niedeggen, 2013), or Island Getaway tasks (e.g., Gromann et al., 2014), which are all higher 

in immediacy and lower on the intimacy dimension (see Figure 9 for examples). In sum, 

brain imaging techniques are dominated by static visual stimuli, but some studies have 

demonstrated that it is possible to include more complex and interactive stimuli on a screen, 

and also to deliver rewards in the presence of another person. 

Like brain imaging studies, pharmacological studies were also dominated by one-way 

exchanges (see Figure 7A). Many of them included social closeness (see Figure 3C and 

Figure 5C) such as sharing money with a friend (Soutschek et al., 2017), receiving 

messages from a close person (Inagaki, Ray, et al., 2016), closeness building (Tchalova & 

MacDonald, 2020), or seeing pictures of babies (Bhandari, van der Veen, et al., 2014). 
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Pharmacology was the most common study type in animal studies (see Table 1), and it 

should be noted that most of our current understanding of the neurochemistry of social 

reward processing comes from animal research. Consequently, there is a need for more 

human studies to adopt pharmacological approaches while employing operationalizations of 

social rewards that can be effectively compared across different species. 

Behavioral studies allow for less prioritization of strict experimental control, have 

fewer physical constraints, and rely less on the use of standardized trial-based paradigms. 

Accordingly, behavioral studies had the highest variability in reward characteristics (see 

Figure 5) and often involved more ecologically valid stimuli (see Figure 3C), with stimuli such 

as interaction on a fake social media website (Hudd & Moscovitch, 2020), a personal 

conversation with a confederate (Philipp-Muller & MacDonald, 2017), a reciprocated smile 

during free interaction (Fairbairn, Sayette, Aalen, et al., 2015), or an imagined interaction 

with a family member (Seaman et al., 2023). Like behavioral studies, physiological studies 

also allow for more variability in stimulus characteristics (see Figure 5). Some stimuli used in 

physiological studies could be characterized as having higher ecological validity than most of 

the more commonly employed stimuli (see Figure 3C and 8). Even when using only the 

visual modality, they include movement and complexity closer to real life  (biological motion; 

Williams et al., 2019) as well as observations in real life (Zimmermann et al., 2019), and 

some of them also incorporate physical presence (Massaccesi, Willeit, et al., 2021; 

Sutherland et al., 2022). The absence of physical constraints such as those posed by 

imaging techniques suggests that a combination of behavioral and physiological measures 

may be beneficial for exploring more real-life social rewards and possibly developing more 

ecologically valid paradigms.  

A recent review on social reward circuitry in humans and animals highlighted the 

importance of brain imaging for translational research, focusing on the presence of 

homologous reward-related brain mechanisms including activations in midbrain reward 

regions and the amygdala (Grimm et al., 2021). In the present work, we found that brain 

imaging techniques, and especially fMRI, were the most commonly employed tools to study 
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social reward processes in humans, which is promising given their high potential for 

translational insights. Imaging studies also achieved a higher standardization of the social 

reward stimuli and experimental paradigms, although ecological validity and comparability of 

reward stimuli to those from animal studies might be an issue. Another review suggested 

that incorporating more ethologically relevant and real-life paradigms in human studies 

would facilitate greater alignment between human and animal research on social rewards; it 

likewise underscored the importance of identifying homologous brain regions across species 

(Prounis & Ophir, 2020). Importantly, we found that most of the existing methodological 

approaches also show potential for adapting stimuli on the dimensions of immediacy and 

intimacy, which would help increase their ecological validity. Physiological and behavioral 

measures could be used to gain more insights into social reward operationalized through 

unconstrained real-life interactions, which could in turn be useful for building more 

ecologically valid stimuli that are applicable in more physically constrained environments. 

Limitations and Future Directions 

Despite our endeavor to provide the most extensive and complete up-to-date review 

on the topic, the article presents several limitations, which we address in the following. In our 

search strategy, we relied on “social reward” as the keyword, in order not to be biased by our 

own definitions of the concept. We acknowledge that this led us to miss some studies in 

which the authors intended to study rewarding properties of social stimuli. For instance, 

some of these studies simply did not use the term “social reward” or used it only as a 

secondary term, which did not appear in the topic fields of the respective articles (e.g., 

Aharon et al., 2001; Bartels & Zeki, 2004; Deaner et al., 2005; Gordon et al., 2013; Redcay 

et al., 2010; Tamir & Mitchell, 2012). Nevertheless, we deem our keyword-based search 

approach to be the least biased option in terms of capturing the (implicit, ill-defined) meaning 

of social reward in the field.  

Although this review focuses specifically (and deliberately) on operational definitions 

of the term “social reward,” future reviews are needed to address the definition of the latent 

concept that is partially overlapping with terms such as “social incentive” and “social 
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reinforcement.” It is however important to note that this review gives a comprehensive 

overview of the use of this specific term and not of the entire field, which somewhat limits its 

scope. To understand the extent of this limitation and identify potentially relevant 

unrepresented studies, authors, and research traditions, we provide a bibliometric analysis 

of the articles captured by the related terms “social reinforcement” and “social incentive” (see 

S1, Table S1, and Figures S1-S3). We found that, although there was an overlap in journals 

and keywords between the three search strategies (23-36% of those captured by the terms 

“social reinforcement” and “social incentive” were also captured by the term “social reward”), 

there was less overlap in publications (2% and 8% of those captured by “social 

reinforcement” and “social incentive,” respectively) and in authors (8% and 18%; see Figure 

S1). This suggests that, although these terms cover partially overlapping topics, authors tend 

to consistently use only one term in their publications. Moreover, our thematic analysis 

revealed relevant groups of authors and topics that our original search strategy missed (see 

Figure S3 and Table S1). For example, with regards to “social reinforcement” studies, our 

review does not represent neurophysiological experimental studies in animals by authors like 

J. B. Richards and S. Watanabe (Schatz et al., 2019; Watanabe, 2015; cluster “reward” in 

Table S1) or hyperscanning studies on cooperation by authors like M. Balconi and M. E. 

Vanutelli (Balconi et al., 2018; Balconi & Vanutelli, 2017; cluster “performance”). With 

regards to “social incentive,” examples include relevant observation studies in vervet 

monkeys by T. J. M. Arseneau-Robar or E. Müller (Arseneau-Robar et al., 2016, 2018; 

cluster “performance”) or experiments with priming and mimicry by J. W. Roberts, S. J. 

Bennett or S. J. Hayes (Roberts et al., 2016, 2018; cluster “behavior”). Notably, both terms 

“social reinforcement” and “social incentive” included a substantial body of applied studies in 

the areas of education, work, and public health (see Table S1), which are usually 

interventions rather than experiments, and thus do not fit our study inclusion criteria. 

Moreover, the term “social reinforcement,” unlike other terms, was commonly used in the 

period between 1958 and 1990 (see Figure S2), and the representativeness of these studies 

for the field today may be questioned (see a later point in Limitations). Conversely, the term 
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“social reward” has a higher representation of animal experimental studies (see keywords for 

the cluster “nucleus-accumbens” in Table S1), brain imaging (see clusters “behavior” and 

“nucleus-accumbens”), and less representation of applied studies (only cluster 

“performance”) than other search terms. We conclude that the term “social reward” is the 

most relevant for translational science and experimental studies, both central to this review. 

Nevertheless, future search strategies could be extended even further to include specific 

stimulus names (like “face” or “social closeness”) or other keywords (“social value” or “social 

utility”) to gain a more detailed overview of the field. 

With regards to the limitations of the underlying evidence from the studies we review, 

we found that most studies in humans were performed on WEIRD samples (Western, 

Educated, Industrialized, Rich, and Democratic; (Henrich et al., 2010), therefore not 

generalizable to the entire human population (see S8 and Figure S4). Such bias might have 

affected how operational definitions of social reward have been developed. We further point 

out that we reviewed only articles written in English, which introduced the mono-language 

bias (Johnson, 2021). This might have limited the representation of social reward definitions 

specific to some countries and cultures. 

As our review focuses on current uses of the term in the academic community, we 

decided to focus on published literature and preprints. Future reviews may include 

unpublished records to test whether our conclusions generalize to “gray” literature and to 

potentially increase representation of overlooked (e.g., non-WEIRD) populations. 

Furthermore, this review includes no methodological quality assessments of coded studies. 

As this review includes no synthesis of study results, and as we aimed to chart a wide array 

of social reward definitions (irrespective of study quality), we argue that this decision was 

appropriate for the present study. However, future reviews could consider adding this step 

as a way to further strengthen generalizability.  

When comparing operationalizations of social reward between animals and humans 

in our sample, it is important to point out that we averaged across many studies and many 

species. Had we focused on a comparison between humans and a specific species (e.g., 
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primates) or on a more specific topic (e.g., anticipation measures), it would have been 

possible to provide a nuanced view on specific translational and comparative research 

topics. For example, we may have missed small groups of studies in animals and in humans 

that have very good comparability regarding measures or stimuli, or niche paradigms that 

match very well between humans and a species may have been underrepresented in our 

sample. Therefore, we encourage any reader who is interested in more fine-grained 

comparisons to access our open data (https://osf.io/cnhf4; see “README.txt” for guidance). 

Furthermore, we found that the term “social reward” was used differently in human 

and in rodent studies—in rodents, it was often used as a synonym for conditioned 

preference or learned behaviors shaped by social interactions, and in humans, it always 

referred to a stimulus. One outcome of this is that we might have missed some rodent 

studies that measured social reward-related brain activity but had no reference to “social 

reward” in text. There is indeed a large body of rodent studies in which the activity of reward-

related circuits during social interaction was measured and these studies are crucial for 

translational research on social reward (see Grimm et al., 2021 for review). It is worth noting 

that this limitation primarily affected our discussion on measures rather than on stimuli, as 

the stimuli used in animal studies on social reward were highly consistent across tasks, 

irrespective of whether they met our inclusion criteria. 

Finally, we did not consider publication year or the influence that articles had in their 

respective fields (e.g., as measured by citation counts), instead focusing solely on 

frequencies of appearance. It is possible that social reward paradigms that were used more 

than fifty years ago have less relevance for researchers today. Moreover, some stimuli may 

have been represented in more studies because specific labs and authors have higher 

research outputs.  

Conclusions 

The concept of reward is key to understanding the motivational basis of our behavior, 

and social rewards, such as approval in humans or play in animals, have been shown to be 

essential for overall well-being (Matthews & Tye, 2019). Yet, there is no explicit consensus 

https://osf.io/cnhf4
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on the precise definition of social reward, leading to tremendous variability in its 

operationalizations. This disparity is observed not only within human research but also 

between human and animal studies. Although this variability may hinder the comparability of 

findings, there has been little discussion regarding the defining dimensions of social rewards, 

especially in the context of translational research. In this first systematic review on the topic, 

we charted existing measures of social rewards, social reward stimuli and their 

characteristics, compared them between animal and human research, and extracted higher-

order categories and dimensions relevant for conceptualizing social reward across species. 

The greatest cross-species similarities in behavioral measures of social reward were 

observed during reward anticipation and learning, whereas measures observed during 

reward delivery were the least comparable. In animal studies, social reward stimuli typically 

included two-way social interactions and encompassed all sensory modalities. In human 

studies they predominantly revolved around visual cues only and consisted of feedback 

related to participants’ performance or self-relevance. 

Considering the differences in stimuli and building on previous literature, we identified 

several key points of divergence between social reward stimuli in animals and humans. 

These distinctions should be taken into consideration when translating findings from animal 

studies to humans. Factors such as observation vs. interaction, symbolic vs. experiential 

aspects, transient vs. long-lasting effects, primary vs. secondary rewards, and the degree of 

involvement of higher-order social cognition all contribute to these differences. To enhance 

the comparability to animal social rewards and improve ecological validity, we advise that 

human studies should include experiential, transient, and primary rewards, and incorporate 

social interaction and/or sensory-rich contexts. We argue that two main aspects account for 

most of these points, namely, (a) engagement in social interaction (i.e., synchronous 

observation) and action between at least two individuals (immediacy); and (b) presence of a 

conspecific and sensory richness (intimacy). By drawing insights from research employing 

second-person neuroscience approaches (Redcay & Schilbach, 2019), as well as theoretical 

models in the field of human-computer interaction (Cummings & Wertz, 2023), we propose 
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that both human and animal research can greatly benefit from considering these emerging 

properties, which can also be adapted and integrated into the existing methodologies used 

to study social rewards.  

 

  



SOCIAL REWARD IN HUMAN AND ANIMAL STUDIES 59 
 

 
 

REFERENCES 

References marked with an asterisk were included in the systematic review. 

*A. Richey, J., Ghane, M., Valdespino, A., Coffman, M. C., Strege, M. V., White, S. W., & 

Ollendick, T. H. (2017). Spatiotemporal dissociation of brain activity underlying threat 

and reward in social anxiety disorder. Social Cognitive and Affective Neuroscience, 

12(1), 81–94. https://doi.org/10.1093/scan/nsw149 

*Achterberg, E. J. M., Trezza, V., & Vanderschuren, L. J. M. J. (2012). β-Adrenoreceptor 

Stimulation Mediates Reconsolidation of Social Reward-Related Memories. PLoS 

ONE, 7(6), e39639. https://doi.org/10.1371/journal.pone.0039639 

*Achterberg, E. J. M., Trezza, V., & Vanderschuren, L. J. M. J. (2014). Glucocorticoid 

receptor antagonism disrupts the reconsolidation of social reward-related memories 

in rats. Behavioural Pharmacology, 25(3), 216–225. 

https://doi.org/10.1097/FBP.0000000000000039 

Aharon, I., Etcoff, N., Ariely, D., Chabris, C. F., O’Connor, E., & Breiter, H. C. (2001). 

Beautiful Faces Have Variable Reward Value: fMRI and Behavioral Evidence. 15. 

*Ait Oumeziane, B., Jones, O., & Foti, D. (2019). Neural Sensitivity to Social and Monetary 

Reward in Depression: Clarifying General and Domain-Specific Deficits. Frontiers in 

Behavioral Neuroscience, 13, 199. https://doi.org/10.3389/fnbeh.2019.00199 

*Ait Oumeziane, B., Schryer-Praga, J., & Foti, D. (2017). “Why don’t they ‘like’ me more?”: 

Comparing the time courses of social and monetary reward processing. 

Neuropsychologia, 107, 48–59. 

https://doi.org/10.1016/j.neuropsychologia.2017.11.001 

*Alarcón, G., Morgan, J. K., Allen, N. B., Sheeber, L., Silk, J. S., & Forbes, E. E. (2020). 

Adolescent gender differences in neural reactivity to a friend’s positive affect and 

real-world positive experiences in social contexts. Developmental Cognitive 

Neuroscience, 43, 100779. https://doi.org/10.1016/j.dcn.2020.100779 



SOCIAL REWARD IN HUMAN AND ANIMAL STUDIES 60 
 

 
 

Alkire, D., Levitas, D., Warnell, K. R., & Redcay, E. (2018). Social interaction recruits 

mentalizing and reward systems in middle childhood. Human Brain Mapping, 39(10), 

3928–3942. https://doi.org/10.1002/hbm.24221 

*Anderson, B. A. (2016). Social reward shapes attentional biases. Cognitive Neuroscience, 

7(1–4), 30–36. https://doi.org/10.1080/17588928.2015.1047823 

*Andreoni, J., & Serra-Garcia, M. (2021). Time inconsistent charitable giving. Journal of 

Public Economics, 198, 104391. https://doi.org/10.1016/j.jpubeco.2021.104391 

Argyle, M., & Dean, J. (1965). Eye-Contact, Distance and Affiliation. Sociometry, 28(3), 289–

304. https://doi.org/10.2307/2786027 

Arseneau-Robar, T. J. M., Müller, E., Taucher, A. L., van Schaik, C. P., Bshary, R., & 

Willems, E. P. (2018). Male monkeys use punishment and coercion to de-escalate 

costly intergroup fights. Proceedings of the Royal Society B: Biological Sciences, 

285(1880), 20172323. https://doi.org/10.1098/rspb.2017.2323 

Arseneau-Robar, T. J. M., Taucher, A. L., Müller, E., van Schaik, C., Bshary, R., & Willems, 

E. P. (2016). Female monkeys use both the carrot and the stick to promote male 

participation in intergroup fights. Proceedings of the Royal Society B: Biological 

Sciences, 283(1843), 20161817. https://doi.org/10.1098/rspb.2016.1817 

Atzil, S., Gao, W., Fradkin, I., & Barrett, L. F. (2018). Growing a social brain. Nature Human 

Behaviour, 2(9), Article 9. https://doi.org/10.1038/s41562-018-0384-6 

Báez-Mendoza, R., & Schultz, W. (2013). The role of the striatum in social behavior. 

Frontiers in Neuroscience, 7. https://doi.org/10.3389/fnins.2013.00233 

*Bai, Y., Belin, D., Zheng, X., Liu, Z., & Zhang, Y. (2017). Acute stress worsens the deficits 

in appetitive behaviors for social and sexual stimuli displayed by rats after long-term 

withdrawal from morphine. Psychopharmacology, 234(11), 1693–1702. 

https://doi.org/10.1007/s00213-017-4571-3 

*Bai, Y., Li, Y., Lv, Y., Liu, Z., & Zheng, X. (2014). Complex motivated behaviors for natural 

rewards following a binge-like regimen of morphine administration: Mixed phenotypes 



SOCIAL REWARD IN HUMAN AND ANIMAL STUDIES 61 
 

 
 

of anhedonia and craving after short-term withdrawal. Frontiers in Behavioral 

Neuroscience, 8. https://doi.org/10.3389/fnbeh.2014.00023 

*Baker, E., Veytsman, E., Choy, T., Blacher, J., & Stavropoulos, K. K. M. (2021). 

Investigating Changes in Reward-Related Neural Correlates After PEERS 

Intervention in Adolescents With ASD: Preliminary Evidence of a “Precision 

Medicine” Approach. Frontiers in Psychiatry, 12, 742280. 

https://doi.org/10.3389/fpsyt.2021.742280 

Balconi, M., Gatti, L., & Vanutelli, M. E. (2018). EEG functional connectivity and brain-to-

brain coupling in failing cognitive strategies. Consciousness and Cognition, 60, 86–

97. https://doi.org/10.1016/j.concog.2018.03.001 

Balconi, M., & Vanutelli, M. E. (2017). Interbrains cooperation: Hyperscanning and self-

perception in joint actions. Journal of Clinical and Experimental Neuropsychology, 

39(6), 607–620. https://doi.org/10.1080/13803395.2016.1253666 

*Barbour, T., Pruitt, P., & Diwadkar, V. A. (2012). fMRI responses to emotional faces in 

children and adolescents at genetic risk for psychiatric illness share some of the 

features of depression. Journal of Affective Disorders, 136(3), 276–285. 

https://doi.org/10.1016/j.jad.2011.11.036 

*Barman, A., Richter, S., Soch, J., Deibele, A., Richter, A., Assmann, A., Wüstenberg, T., 

Walter, H., Seidenbecher, C. I., & Schott, B. H. (2015). Gender-specific modulation of 

neural mechanisms underlying social reward processing by Autism Quotient. Social 

Cognitive and Affective Neuroscience, 10(11), 1537–1547. 

https://doi.org/10.1093/scan/nsv044 

*Bar-Tal, D., Raviv, A., & Goldberg, M. (1982). Helping Behavior among Preschool Children: 

An Observational Study. Child Development, 53(2), 396. 

https://doi.org/10.2307/1128982 

Bartels, A., & Zeki, S. (2004). The neural correlates of maternal and romantic love. 

NeuroImage, 21(3), 1155–1166. https://doi.org/10.1016/j.neuroimage.2003.11.003 



SOCIAL REWARD IN HUMAN AND ANIMAL STUDIES 62 
 

 
 

*Bastle, R. M., Peartree, N. A., Goenaga, J., Hatch, K. N., Henricks, A., Scott, S., Hood, L. 

E., & Neisewander, J. L. (2016). Immediate early gene expression reveals 

interactions between social and nicotine rewards on brain activity in adolescent male 

rats. Behavioural Brain Research, 313, 244–254. 

https://doi.org/10.1016/j.bbr.2016.07.024 

*Baumeister, S., Moessnang, C., Bast, N., Hohmann, S., Tillmann, J., Goyard, D., Charman, 

T., Ambrosino, S., Baron-Cohen, S., Beckmann, C., Bölte, S., Bourgeron, T., 

Rausch, A., Crawley, D., Dell’Acqua, F., Dumas, G., Durston, S., Ecker, C., Floris, D. 

L., … the AIMS-2-TRIALS group. (2020). Attenuated Anticipation of Social and 

Monetary Rewards in Autism Spectrum Disorders. 

https://doi.org/10.1101/2020.07.06.186650 

*Becker, J. A., Clesse, D., Spiegelhalter, C., Schwab, Y., Le Merrer, J., & Kieffer, B. L. 

(2014). Autistic-Like Syndrome in Mu Opioid Receptor Null Mice is Relieved by 

Facilitated mGluR4 Activity. Neuropsychopharmacology, 39(9), 2049–2060. 

https://doi.org/10.1038/npp.2014.59 

*Becker, J. A. J., Pellissier, L. P., Corde, Y., Laboute, T., Léauté, A., Gandía, J., & Le 

Merrer, J. (2021). Facilitating mGluR4 activity reverses the long-term deleterious 

consequences of chronic morphine exposure in male mice. 

Neuropsychopharmacology, 46(7), 1373–1385. https://doi.org/10.1038/s41386-020-

00927-x 

*Bedi, G., Hao, X., Van Dam, N. T., Cooper, Z. D., Rubin, E., Vadhan, N. P., Marino, L., & 

Haney, M. (2019). Social motivational processing and interpersonal function in aging 

cocaine smokers. Addiction Biology, 24(5), 1044–1055. 

https://doi.org/10.1111/adb.12669 

*Bedi, G., Phan, K. L., Angstadt, M., & De Wit, H. (2009). Effects of MDMA on sociability and 

neural response to social threat and social reward. Psychopharmacology, 207(1), 

73–83. https://doi.org/10.1007/s00213-009-1635-z 



SOCIAL REWARD IN HUMAN AND ANIMAL STUDIES 63 
 

 
 

*Beery, A. K., Lopez, S. A., Blandino, K. L., Lee, N. S., & Bourdon, N. S. (2021). Social 

selectivity and social motivation in voles. eLife, 10, e72684. 

https://doi.org/10.7554/eLife.72684 

*Bell, M. R., De Lorme, K. C., Figueira, R. J., Kashy, D. A., & Sisk, C. L. (2013). Adolescent 

gain in positive valence of a socially relevant stimulus: Engagement of the 

mesocorticolimbic reward circuitry. European Journal of Neuroscience, 37(3), 457–

468. https://doi.org/10.1111/ejn.12058 

*Bell, M. R., & Sisk, C. L. (2013). Dopamine mediates testosterone-induced social reward in 

male Syrian hamsters. Endocrinology, 154(3), 1225–1234. 

https://doi.org/10.1210/en.2012-2042 

*Beltzer, M. L., Adams, S., Beling, P. A., & Teachman, B. A. (2019). Social Anxiety and 

Dynamic Social Reinforcement Learning in a Volatile Environment. Clinical 

Psychological Science, 7(6), 1372–1388. https://doi.org/10.1177/2167702619858425 

*Bernard, J. L., & Eisenman, R. (1967). Verbal conditioning in sociopaths with social and 

monetary reinforcement. Journal of Personality and Social Psychology, 6(2), 203–

206. https://doi.org/10.1037/h0024673 

*Besch, N. F., Morris, H., & Levine, S. (1963). A comparison between correction and 

noncorrection methods in drive discrimination. Journal of Experimental Psychology, 

65(4), 414–419. https://doi.org/10.1037/h0046619 

*Bhandari, R., Van Der Veen, R., Parsons, C. E., Young, K. S., Voorthuis, A., Bakermans-

Kranenburg, M. J., Stein, A., Kringelbach, M. L., & Van IJzendoorn, M. H. (2014). 

Effects of intranasal oxytocin administration on memory for infant cues: Moderation 

by childhood emotional maltreatment. Social Neuroscience, 9(5), 536–547. 

https://doi.org/10.1080/17470919.2014.932307 

Bhanji, J. P., & Delgado, M. R. (2014). The social brain and reward: Social information 

processing in the human striatum. WIREs Cognitive Science, 5(1), Article 1. 

https://doi.org/10.1002/wcs.1266 



SOCIAL REWARD IN HUMAN AND ANIMAL STUDIES 64 
 

 
 

*Bhattacharjee, D., Sau, S., Das, J., & Bhadra, A. (2017). Free-ranging dogs prefer petting 

over food in repeated interactions with unfamiliar humans. Journal of Experimental 

Biology, jeb.166371. https://doi.org/10.1242/jeb.166371 

*Bialy, M., Strefnel, M., Nikolaev-Diak, A., Socha, A., Nikolaev, E., & Boguszewski, P. M. 

(2014). Sexual performance and precontact 50-kHz ultrasonic vocalizations in 

WAG/Rij rats: Effects of opioid receptor treatment. Epilepsy & Behavior, 39, 66–72. 

https://doi.org/10.1016/j.yebeh.2014.08.003 

Boch, M., Wagner, I., Karl, S., Huber, L., & Lamm, C. (2021). Similarities and differences of 

face and body perception in the dog ( Canis familiaris ) and human brain. 

https://doi.org/10.1101/2021.08.17.456623 

*Bomyea, J., Choi, S.-H., Sweet, A., Stein, M., Paulus, M., & Taylor, C. (2022). Neural 

changes in reward processing following approach-avoidance training for depression. 

Social Cognitive and Affective Neuroscience, 17(3), 336–349. 

https://doi.org/10.1093/scan/nsab107 

*Borland, J. M., Aiani, L. M., Norvelle, A., Grantham, K. N., O’Laughlin, K., Terranova, J. I., 

Frantz, K. J., & Albers, H. E. (2019). Sex-dependent regulation of social reward by 

oxytocin receptors in the ventral tegmental area. Neuropsychopharmacology, 44(4), 

785–792. https://doi.org/10.1038/s41386-018-0262-y 

*Borland, J. M., Frantz, K. J., Aiani, L. M., Grantham, K. N., Song, Z., & Albers, H. E. (2017). 

A novel operant task to assess social reward and motivation in rodents. Journal of 

Neuroscience Methods, 287, 80–88. https://doi.org/10.1016/j.jneumeth.2017.06.003 

*Borland, J. M., Grantham, K. N., Aiani, L. M., Frantz, K. J., & Albers, H. E. (2018). Role of 

oxytocin in the ventral tegmental area in social reinforcement. 

Psychoneuroendocrinology, 95, 128–137. 

https://doi.org/10.1016/j.psyneuen.2018.05.028 

*Bos, D. J., Barnes, E. D., Silver, B. M., Ajodan, E. L., Clark-Whitney, E., Scult, M. A., 

Power, J. D., & Jones, R. M. (2021). An effort-based social feedback paradigm 

reveals aversion to popularity in socially anxious participants and increased 



SOCIAL REWARD IN HUMAN AND ANIMAL STUDIES 65 
 

 
 

motivation in adolescents. PLOS ONE, 16(4), e0249326. 

https://doi.org/10.1371/journal.pone.0249326 

*Bradley, E. R., Brustkern, J., De Coster, L., Van Den Bos, W., McClure, S. M., Seitz, A., & 

Woolley, J. D. (2020). Victory is its own reward: Oxytocin increases costly 

competitive behavior in schizophrenia. Psychological Medicine, 50(4), 674–682. 

https://doi.org/10.1017/S0033291719000552 

Bramer, W. M., Giustini, D., de Jonge, G. B., Holland, L., & Bekhuis, T. (2016). De-

duplication of database search results for systematic reviews in EndNote. Journal of 

the Medical Library Association : JMLA, 104(3), 240–243. 

https://doi.org/10.3163/1536-5050.104.3.014 

*Bredewold, R., Nascimento, N. F., Ro, G. S., Cieslewski, S. E., Reppucci, C. J., & 

Veenema, A. H. (2018). Involvement of dopamine, but not norepinephrine, in the sex-

specific regulation of juvenile socially rewarding behavior by vasopressin. 

Neuropsychopharmacology, 43(10), 2109–2117. https://doi.org/10.1038/s41386-018-

0100-2 

*Brinkmann, K., & Franzen, J. (2017). Blunted cardiovascular reactivity during social reward 

anticipation in subclinical depression. International Journal of Psychophysiology, 119, 

119–126. https://doi.org/10.1016/j.ijpsycho.2017.01.010 

*Brinkmann, K., Franzen, J., Rossier, C., & Gendolla, G. H. E. (2014). I don’t care about 

others’ approval: Dysphoric individuals show reduced effort mobilization for obtaining 

a social reward. Motivation and Emotion, 38(6), 790–801. 

https://doi.org/10.1007/s11031-014-9437-y 

*Brüne, M., Von Hein, S. M., Claassen, C., Hoffmann, R., & Saft, C. (2021). Altered third‐

party punishment in Huntington’s disease: A study using neuroeconomic games. 

Brain and Behavior, 11(1), e01908. https://doi.org/10.1002/brb3.1908 

*Burke, C. J., Modlinska, K., Mauro, M. H., Aleksandrova, L. R., Pellis, S. M., Phillips, A. G., 

& Euston, D. R. (2021). A naturalistic method to test depression: Anticipation of play. 

Behavioural Brain Research, 398, 112975. https://doi.org/10.1016/j.bbr.2020.112975 



SOCIAL REWARD IN HUMAN AND ANIMAL STUDIES 66 
 

 
 

*Burum, B., Nowak, M. A., & Hoffman, M. (2020). An evolutionary explanation for ineffective 

altruism. Nature Human Behaviour, 4(12), 1245–1257. 

https://doi.org/10.1038/s41562-020-00950-4 

*Camerini, A.-L., Marciano, L., Annoni, A. M., Ort, A., & Petrocchi, S. (2022). Exploring the 

Emotional Experience During Instant Messaging Among Young Adults: An 

Experimental Study Incorporating Physiological Correlates of Arousal. Frontiers in 

Psychology, 13, 840845. https://doi.org/10.3389/fpsyg.2022.840845 

*Cancelli, A. A. (1979). Immediate and sustaining effects of extrinsic rewards on specific 

exploratory behavior. Motivation and Emotion, 3(4), 341–353. 

https://doi.org/10.1007/BF00994049 

Cañigueral, R., Ward, J. A., & Hamilton, A. F. de C. (2021). Effects of being watched on eye 

gaze and facial displays of typical and autistic individuals during conversation. 

Autism, 25(1), 210–226. https://doi.org/10.1177/1362361320951691 

*Cann, C., Venniro, M., Hope, B. T., & Ramsey, L. A. (2020). Parametric investigation of 

social place preference in adolescent mice. Behavioral Neuroscience, 134(5), 435–

443. https://doi.org/10.1037/bne0000406 

*Cardi, V., Matteo, R. D., Corfield, F., & Treasure, J. (2013). Social reward and rejection 

sensitivity in eating disorders: An investigation of attentional bias and early 

experiences. The World Journal of Biological Psychiatry, 14(8), 622–633. 

https://doi.org/10.3109/15622975.2012.665479 

*Carter, J. S., Kearns, A. M., Vollmer, K. M., Garcia-Keller, C., Weber, R. A., Baker, N. L., 

Kalivas, P. W., & Reichel, C. M. (2020). Long-term impact of acute restraint stress on 

heroin self-administration, reinstatement, and stress reactivity. Psychopharmacology, 

237(6), 1709–1721. https://doi.org/10.1007/s00213-020-05486-z 

*Catalano, L. T., Heerey, E. A., & Gold, J. M. (2018). The valuation of social rewards in 

schizophrenia. Journal of Abnormal Psychology, 127(6), 602–611. 

https://doi.org/10.1037/abn0000366 



SOCIAL REWARD IN HUMAN AND ANIMAL STUDIES 67 
 

 
 

*Chabout, J., Cressant, A., Hu, X., Edeline, J.-M., & Granon, S. (2013). Making choice 

between competing rewards in uncertain vs. safe social environment: Role of 

neuronal nicotinic receptors of acetylcholine. Frontiers in Human Neuroscience, 7. 

https://doi.org/10.3389/fnhum.2013.00468 

Chakrabarti, B. (2013). Parameterising ecological validity and integrating individual 

differences within second-person neuroscience. Behavioral and Brain Sciences, 

36(4), 414–415. https://doi.org/10.1017/S0140525X12002099 

*Chakrabarti, B., & Baron-Cohen, S. (2011). Variation in the human cannabinoid receptor 

CNR1 gene modulates gaze duration for happy faces. Molecular Autism, 2(1), 10. 

https://doi.org/10.1186/2040-2392-2-10 

*Chakrabarti, B., Haffey, A., Canzano, L., Taylor, C. P., & McSorley, E. (2017). Individual 

differences in responsivity to social rewards: Insights from two eye-tracking tasks. 

PLOS ONE, 12(10), e0185146. https://doi.org/10.1371/journal.pone.0185146 

*Chakrabarti, B., Kent, L., Suckling, J., Bullmore, E., & Baron‐Cohen, S. (2006). Variations in 

the human cannabinoid receptor ( CNR1 ) gene modulate striatal responses to happy 

faces. European Journal of Neuroscience, 23(7), 1944–1948. 

https://doi.org/10.1111/j.1460-9568.2006.04697.x 

*Chan, R. C. K., Li, Z., Li, K., Zeng, Y., Xie, W., Yan, C., Cheung, E. F. C., & Jin, Z. (2016). 

Distinct processing of social and monetary rewards in late adolescents with trait 

anhedonia. Neuropsychology, 30(3), 274–280. https://doi.org/10.1037/neu0000233 

*Chan, Y.-C., Hsu, W.-C., & Chou, T.-L. (2018). Dissociation between the processing of 

humorous and monetary rewards in the ‘motivation’ and ‘hedonic’ brains. Scientific 

Reports, 8(1), 15425. https://doi.org/10.1038/s41598-018-33623-4 

*Chen, F., Gao, J., Zhu, C., Zhang, L., Zhang, L., Wang, A., Shi, B., Wang, K., & Yu, F. 

(2021). Abnormal negative feedback processing in individuals with autistic traits in 

the Iowa gambling task: Evidence from behavior and event-related potentials. 

International Journal of Psychophysiology, 165, 36–46. 

https://doi.org/10.1016/j.ijpsycho.2021.02.018 



SOCIAL REWARD IN HUMAN AND ANIMAL STUDIES 68 
 

 
 

*Chevallier, C., Tonge, N., Safra, L., Kahn, D., Kohls, G., Miller, J., & Schultz, R. T. (2016). 

Measuring Social Motivation Using Signal Detection and Reward Responsiveness. 

PLOS ONE, 11(12), e0167024. https://doi.org/10.1371/journal.pone.0167024 

*Choi, U.-S., Kim, S.-Y., Sim, H. J., Lee, S.-Y., Park, S.-Y., Jeong, J.-S., Seol, K. I., Yoon, 

H.-W., Jhung, K., Park, J.-I., & Cheon, K.-A. (2015). Abnormal Brain Activity in Social 

Reward Learning in Children with Autism Spectrum Disorder: An fMRI Study. Yonsei 

Medical Journal, 56(3), 705. https://doi.org/10.3349/ymj.2015.56.3.705 

*Choi, W.-H., Son, J.-W., Kim, Y.-R., Oh, J.-H., Lee, S.-I., Shin, C.-J., Kim, S.-K., Ju, G., 

Lee, S., Jo, S., & Ha, T. H. (2013). An fMRI Study Investigating Adolescent Brain 

Activation by Rewards and Feedback. Psychiatry Investigation, 10(1), 47. 

https://doi.org/10.4306/pi.2013.10.1.47 

*Chow, J. J., Beacher, N. J., Chabot, J. M., Oke, M., Venniro, M., Lin, D.-T., & Shaham, Y. 

(2022). Characterization of operant social interaction in rats: Effects of access 

duration, effort, peer familiarity, housing conditions, and choice between social 

interaction vs. food or remifentanil. Psychopharmacology, 239(7), 2093–2108. 

https://doi.org/10.1007/s00213-022-06064-1 

*Cinque, C., Pondiki, S., Oddi, D., Di Certo, M. G., Marinelli, S., Troisi, A., Moles, A., & 

D’Amato, F. R. (2012). Modeling socially anhedonic syndromes: Genetic and 

pharmacological manipulation of opioid neurotransmission in mice. Translational 

Psychiatry, 2(8), e155–e155. https://doi.org/10.1038/tp.2012.83 

*Clarke, A. M., Viney, L. I., & Manton, M. (1974). A Comparative Study of Instrumental 

Learning by Preschool Children in Papua New Guinea and Australia. International 

Journal of Psychology, 9(4), 269–279. https://doi.org/10.1080/00207597408247110 

*Clarke, A. M., Viney, L. L., Waterhouse, I. K., & Lord, J. (1974). Instrumental learning in 

preschool children as a function of type of task, type of reward, and some organismic 

variables. Journal of Experimental Child Psychology, 17(1), 1–17. 

https://doi.org/10.1016/0022-0965(74)90002-2 



SOCIAL REWARD IN HUMAN AND ANIMAL STUDIES 69 
 

 
 

*Clingman, J. M., Auerbach, S. M., Bowman, P. C., & Parrish, J. M. (1977). Differential 

effects of candy, social, and token rewards on the IQ scores of children of above 

average intelligence. Psychology in the Schools, 14(1), 95–98. 

https://doi.org/10.1002/1520-6807(197701)14:1<95::AID-

PITS2310140119>3.0.CO;2-7 

Clithero, J. A., Smith, D. V., Carter, R. M., & Huettel, S. A. (2011). Within- and cross-

participant classifiers reveal different neural coding of information. NeuroImage, 

56(2), 699–708. https://doi.org/10.1016/j.neuroimage.2010.03.057 

*Cogan, D. C., Jones, J. F., & Irons, T. (1979). Spontaneous alternation in chicks using 

social reward. Developmental Psychobiology, 12(4), 285–290. 

https://doi.org/10.1002/dev.420120403 

*Cook, P. F., Prichard, A., Spivak, M., & Berns, G. S. (2016). Awake canine fMRI predicts 

dogs’ preference for praise vs food. Social Cognitive and Affective Neuroscience, 

nsw102. https://doi.org/10.1093/scan/nsw102 

*Cox, A., Kohls, G., Naples, A. J., Mukerji, C. E., Coffman, M. C., Rutherford, H. J. V., 

Mayes, L. C., & McPartland, J. C. (2015). Diminished social reward anticipation in the 

broad autism phenotype as revealed by event-related brain potentials. Social 

Cognitive and Affective Neuroscience, 10(10), 1357–1364. 

https://doi.org/10.1093/scan/nsv024 

*Cox, S. S., Kearns, A. M., Woods, S. K., Brown, B. J., Brown, S. J., & Reichel, C. M. (2022). 

The role of the anterior insula during targeted helping behavior in male rats. Scientific 

Reports, 12(1), 3315. https://doi.org/10.1038/s41598-022-07365-3 

*Cox, S. S., & Reichel, C. M. (2020). Rats display empathic behavior independent of the 

opportunity for social interaction. Neuropsychopharmacology, 45(7), 1097–1104. 

https://doi.org/10.1038/s41386-019-0572-8 

*Crawford, B., Muhlert, N., MacDonald, G., & Lawrence, A. D. (2020). Individual differences 

in social reward and threat expectancies linked to grey matter volumes in key regions 

of the social brain. https://doi.org/10.1101/2020.02.03.916999 



SOCIAL REWARD IN HUMAN AND ANIMAL STUDIES 70 
 

 
 

*Crawford, J. L., Yee, D. M., Hallenbeck, H. W., Naumann, A., Shapiro, K., Thompson, R. J., 

& Braver, T. S. (2020). Dissociable Effects of Monetary, Liquid, and Social Incentives 

on Motivation and Cognitive Control. Frontiers in Psychology, 11, 2212. 

https://doi.org/10.3389/fpsyg.2020.02212 

*Cremers, H. R., Veer, I. M., Spinhoven, P., Rombouts, S. A. R. B., & Roelofs, K. (2015). 

Neural sensitivity to social reward and punishment anticipation in social anxiety 

disorder. Frontiers in Behavioral Neuroscience, 8. 

https://doi.org/10.3389/fnbeh.2014.00439 

Creswell, J. D., Pacilio, L. E., Denson, T. F., & Satyshur, M. (2013). The effect of a primary 

sexual reward manipulation on cortisol responses to psychosocial stress in men. 

Psychosomatic Medicine, 75(4), 397–403. 

https://doi.org/10.1097/PSY.0b013e31828c4524 

Cummings, J. J., & Wertz, E. E. (2023). Capturing social presence: Concept explication 

through an empirical analysis of social presence measures. Journal of Computer-

Mediated Communication, 28(1), zmac027. https://doi.org/10.1093/jcmc/zmac027 

*D’Alessio, G. R. (1964). Effects of a positive social reward upon a verbal avoidance 

response. The Journal of Abnormal and Social Psychology, 68(2), 226–232. 

https://doi.org/10.1037/h0041935 

*Daniels, S., Lemaire, D., Lapointe, T., Limebeer, C., Parker, L., & Leri, F. (2021). Effects of 

inescapable stress on responses to social incentive stimuli and modulation by 

escitalopram. Psychopharmacology, 238(11), 3239–3247. 

https://doi.org/10.1007/s00213-021-05940-6 

*De Lorme, K. C., Bell, M. R., & Sisk, C. L. (2012). Maturation of social reward in adult male 

Syrian hamsters does not depend on organizational effects of pubertal testosterone. 

Hormones and Behavior, 62(2), 180–185. 

https://doi.org/10.1016/j.yhbeh.2012.07.002 



SOCIAL REWARD IN HUMAN AND ANIMAL STUDIES 71 
 

 
 

Deaner, R. O., Khera, A. V., & Platt, M. L. (2005). Monkeys pay per view: Adaptive valuation 

of social images by rhesus macaques. Current Biology: CB, 15(6), 543–548. 

https://doi.org/10.1016/j.cub.2005.01.044 

*Decety, J., Jackson, P. L., Sommerville, J. A., Chaminade, T., & Meltzoff, A. N. (2004). The 

neural bases of cooperation and competition: An fMRI investigation. Neuroimage, 

23(2), 744–751. https://doi.org/10.1016/j.neuroimage.2004.05.025 

Della Longa, L., Dragovic, D., & Farroni, T. (2021). In Touch with the Heartbeat: Newborns’ 

Cardiac Sensitivity to Affective and Non-Affective Touch. International Journal of 

Environmental Research and Public Health, 18(5), Article 5. 

https://doi.org/10.3390/ijerph18052212 

*Delmonte, S., Balsters, J. H., McGrath, J., Fitzgerald, J., Brennan, S., Fagan, A. J., & 

Gallagher, L. (2012). Social and monetary reward processing in autism spectrum 

disorders. Molecular Autism, 3(1), 7. https://doi.org/10.1186/2040-2392-3-7 

*Demurie, E., Roeyers, H., Baeyens, D., & Sonuga-Barke, E. (2011). Common alterations in 

sensitivity to type but not amount of reward in ADHD and autism spectrum disorders: 

Reward sensitivity in ADHD and ASD. Journal of Child Psychology and Psychiatry, 

52(11), 1164–1173. https://doi.org/10.1111/j.1469-7610.2010.02374.x 

*Demurie, E., Roeyers, H., Baeyens, D., & Sonuga‐Barke, E. (2012). The effects of 

monetary and social rewards on task performance in children and adolescents: Liking 

is not enough. International Journal of Methods in Psychiatric Research, 21(4), 301–

310. https://doi.org/10.1002/mpr.1370 

*Demurie, E., Roeyers, H., Baeyens, D., & Sonuga-Barke, E. (2013). Domain-general and 

domain-specific aspects of temporal discounting in children with ADHD and autism 

spectrum disorders (ASD): A proof of concept study. Research in Developmental 

Disabilities, 34(6), 1870–1880. https://doi.org/10.1016/j.ridd.2013.03.011 

*Demurie, E., Roeyers, H., Wiersema, J. R., & Sonuga-Barke, E. (2016). No Evidence for 

Inhibitory Deficits or Altered Reward Processing in ADHD: Data From a New 



SOCIAL REWARD IN HUMAN AND ANIMAL STUDIES 72 
 

 
 

Integrated Monetary Incentive Delay Go/No-Go Task. Journal of Attention Disorders, 

20(4), 353–367. https://doi.org/10.1177/1087054712473179 

*Deng, X., Gao, Q., Hu, L., Zhang, L., Li, Y., & Bu, X. (2021). Differences in Reward 

Sensitivity between High and Low Problematic Smartphone Use Adolescents: An 

ERP Study. International Journal of Environmental Research and Public Health, 

18(18), 9603. https://doi.org/10.3390/ijerph18189603 

Der-Avakian, A., Barnes, S. A., Markou, A., & Pizzagalli, D. A. (2015). Translational 

Assessment of Reward and Motivational Deficits in Psychiatric Disorders. In T. W. 

Robbins & B. J. Sahakian (Eds.), Translational Neuropsychopharmacology (Vol. 28, 

pp. 231–262). Springer International Publishing. 

https://doi.org/10.1007/7854_2015_5004 

*Dichter, G. S., Richey, J. A., Rittenberg, A. M., Sabatino, A., & Bodfish, J. W. (2012). 

Reward Circuitry Function in Autism During Face Anticipation and Outcomes. Journal 

of Autism and Developmental Disorders, 42(2), 147–160. 

https://doi.org/10.1007/s10803-011-1221-1 

*Dillon, D. G., Lazarov, A., Dolan, S., Bar-Haim, Y., Pizzagalli, D. A., & Schneier, F. R. 

(2022). Fast evidence accumulation in social anxiety disorder enhances decision 

making in a probabilistic reward task. Emotion, 22(1), 1–18. 

https://doi.org/10.1037/emo0001053 

*Distefano, A., Jackson, F., Levinson, A. R., Infantolino, Z. P., Jarcho, J. M., & Nelson, B. D. 

(2018). A comparison of the electrocortical response to monetary and social reward. 

Social Cognitive and Affective Neuroscience, 13(3), 247–255. 

https://doi.org/10.1093/scan/nsy006 

*Dölen, G., Darvishzadeh, A., Huang, K. W., & Malenka, R. C. (2013). Social reward 

requires coordinated activity of nucleus accumbens oxytocin and serotonin. Nature, 

501(7466), 179–184. https://doi.org/10.1038/nature12518 

*Domschke, K., Dannlowski, U., Ohrmann, P., Lawford, B., Bauer, J., Kugel, H., Heindel, W., 

Young, R., Morris, P., Arolt, V., Deckert, J., Suslow, T., & Baune, B. T. (2008). 



SOCIAL REWARD IN HUMAN AND ANIMAL STUDIES 73 
 

 
 

Cannabinoid receptor 1 (CNR1) gene: Impact on antidepressant treatment response 

and emotion processing in Major Depression. European Neuropsychopharmacology, 

18(10), 751–759. https://doi.org/10.1016/j.euroneuro.2008.05.003 

*Doppler, C. E. J., Meyer, L., Dovern, A., Stühmer-Beckh, J., Weiss, P. H., & Fink, G. R. 

(2019). Differential Impact of Social and Monetary Reward on Procedural Learning 

and Consolidation in Aging and Its Structural Correlates. Frontiers in Aging 

Neuroscience, 11, 188. https://doi.org/10.3389/fnagi.2019.00188 

*Dubey, I., Georgescu, A. L., Hommelsen, M., Vogeley, K., Ropar, D., & Hamilton, A. F. D. 

C. (2020). Distinct neural correlates of social and object reward seeking motivation. 

European Journal of Neuroscience, 52(9), 4214–4229. 

https://doi.org/10.1111/ejn.14888 

Dunbar, R. I. M. (2016). The Social Brain Hypothesis and Human Evolution (Vol. 1). Oxford 

University Press. https://doi.org/10.1093/acrefore/9780190236557.013.44 

*Dutcher, J. M., Boyle, C. C., Eisenberger, N. I., Cole, S. W., & Bower, J. E. (2021). Neural 

responses to threat and reward and changes in inflammation following a mindfulness 

intervention. Psychoneuroendocrinology, 125, 105114. 

https://doi.org/10.1016/j.psyneuen.2020.105114 

*Dutra, S. J., Cunningham, W. A., Kober, H., & Gruber, J. (2015). Elevated striatal reactivity 

across monetary and social rewards in bipolar I disorder. Journal of Abnormal 

Psychology, 124(4), 890–904. https://doi.org/10.1037/abn0000092 

*Eckstrand, K. L., Choukas-Bradley, S., Mohanty, A., Cross, M., Allen, N. B., Silk, J. S., 

Jones, N. P., & Forbes, E. E. (2017). Heightened activity in social reward networks is 

associated with adolescents’ risky sexual behaviors. Developmental Cognitive 

Neuroscience, 27, 1–9. https://doi.org/10.1016/j.dcn.2017.07.004 

*Eckstrand, K. L., Flores Jr., L. E., Cross, M., Silk, J. S., Allen, N. B., Healey, K. L., Marshal, 

M. P., & Forbes, E. E. (2019). Social and Non-social Reward Processing and 

Depressive Symptoms Among Sexual Minority Adolescents. Frontiers in Behavioral 

Neuroscience, 13, 209. https://doi.org/10.3389/fnbeh.2019.00209 



SOCIAL REWARD IN HUMAN AND ANIMAL STUDIES 74 
 

 
 

*Eisenreich, B. R., Greene, S., & Szalda-Petree, A. (2017). Of fish and mirrors: Fluoxetine 

disrupts aggression and learning for social rewards. Physiology & Behavior, 173, 

258–262. https://doi.org/10.1016/j.physbeh.2017.02.021 

*Engelhardt, K.-A., Schwarting, R. K. W., & Wöhr, M. (2018). Mapping trait-like socio-

affective phenotypes in rats through 50-kHz ultrasonic vocalizations. 

Psychopharmacology, 235(1), 83–98. https://doi.org/10.1007/s00213-017-4746-y 

*Ethridge, P., Kujawa, A., Dirks, M. A., Arfer, K. B., Kessel, E. M., Klein, D. N., & Weinberg, 

A. (2017). Neural responses to social and monetary reward in early adolescence and 

emerging adulthood. Psychophysiology, 54(12), 1786–1799. 

https://doi.org/10.1111/psyp.12957 

*Ethridge, P., & Weinberg, A. (2018). Psychometric properties of neural responses to 

monetary and social rewards across development. International Journal of 

Psychophysiology, 132, 311–322. https://doi.org/10.1016/j.ijpsycho.2018.01.011 

*Evans, T. C., & Britton, J. C. (2020). Social avoidance behaviour modulates automatic 

avoidance actions to social reward-threat conflict. Cognition and Emotion, 34(8), 

1711–1720. https://doi.org/10.1080/02699931.2020.1787353 

*Fairbairn, C. E., Sayette, M. A., Aalen, O. O., & Frigessi, A. (2015). Alcohol and Emotional 

Contagion: An Examination of the Spreading of Smiles in Male and Female Drinking 

Groups. Clin Psychol Sci, 3(5), 686–701. https://doi.org/10.1177/2167702614548892 

*Fairbairn, C. E., Sayette, M. A., Amole, M. C., Dimoff, J. D., Cohn, J. F., & Girard, J. M. 

(2015). Speech Volume Indexes Sex Differences in the Social-Emotional Effects of 

Alcohol. Experimental and Clinical Psychopharmacology, 23(4), 255–264. 

https://doi.org/10.1037/pha0000021 

*Fandakova, Y., Johnson, E. G., & Ghetti, S. (2021). Distinct neural mechanisms underlie 

subjective and objective recollection and guide memory-based decision making. 

eLife, 10, e62520. https://doi.org/10.7554/eLife.62520 



SOCIAL REWARD IN HUMAN AND ANIMAL STUDIES 75 
 

 
 

Farroni, T., Menon, E., Rigato, S., & Johnson, M. H. (2007). The perception of facial 

expressions in newborns. European Journal of Developmental Psychology, 4(1), 2–

13. https://doi.org/10.1080/17405620601046832 

Feldman, R. (2016). The neurobiology of mammalian parenting and the biosocial context of 

human caregiving. Hormones and Behavior, 77, 3–17. 

https://doi.org/10.1016/j.yhbeh.2015.10.001 

*Ferguson, A. M., Cameron, C. D., & Inzlicht, M. (2020). Motivational effects on empathic 

choices. Journal of Experimental Social Psychology, 90, 104010. 

https://doi.org/10.1016/j.jesp.2020.104010 

*Fett, A.-K. J., Mouchlianitis, E., Gromann, P. M., Vanes, L., Shergill, S. S., & Krabbendam, 

L. (2019). The neural mechanisms of social reward in early psychosis. Social 

Cognitive and Affective Neuroscience, 14(8), 861–870. 

https://doi.org/10.1093/scan/nsz058 

*Fishman, I., & Ng, R. (2013). Error-related brain activity in extraverts: Evidence for altered 

response monitoring in social context. Biological Psychology, 93(1), 225–230. 

https://doi.org/10.1016/j.biopsycho.2013.02.010 

*Fitzpatrick, C. J., & Morrow, J. D. (2020). Individual variation in the attribution of incentive 

salience to social cues. Scientific Reports, 10(1), 2583. 

https://doi.org/10.1038/s41598-020-59378-5 

*Flores, A., Münte, T. F., & Doñamayor, N. (2015). Event-related EEG responses to 

anticipation and delivery of monetary and social reward. Biological Psychology, 109, 

10–19. https://doi.org/10.1016/j.biopsycho.2015.04.005 

*Flores, L. E., Eckstrand, K. L., Silk, J. S., Allen, N. B., Ambrosia, M., Healey, K. L., & 

Forbes, E. E. (2018). Adolescents’ neural response to social reward and real-world 

emotional closeness and positive affect. Cognitive, Affective, & Behavioral 

Neuroscience, 18(4), 705–717. https://doi.org/10.3758/s13415-018-0598-0 



SOCIAL REWARD IN HUMAN AND ANIMAL STUDIES 76 
 

 
 

*Fonberg, E. (1992). Chlorpromazine exerts stronger suppressive action on the instrumental 

responses motivated by social than by alimentary reward. Acta Neurobiol Exp 

(Wars), 52(2), 57–69. 

*Fonberg, E., & Jele, P. (1993). The alimentary and social instrumental performance in dogs 

is suppressed by various doses of amphetamine. Acta Neurobiol Exp (Wars), 53(1), 

237–242. 

*Fonberg, E., & Korczyński, R. (1993). The suppressing effect of chlorpromazine treatment 

on alimentary-social differentiation in amygdala dogs. Integrative Physiological and 

Behavioral Science, 28(2), 118–129. https://doi.org/10.1007/BF02691214 

*Fonberg, E., Kostarczyk, E., & Prechtl, J. (1981). Training of instrumental responses in 

dogs socially reinforced by humans. The Pavlovian Journal of Biological Science, 

16(4), 183–193. https://doi.org/10.1007/BF03003358 

*Foo, J. C., Nagase, K., Naramura-Ohno, S., Yoshiuchi, K., Yamamoto, Y., & Morita, K. 

(2017). Rank among Peers during Game Competition Affects the Tendency to Make 

Risky Choices in Adolescent Males. Frontiers in Psychology, 08. 

https://doi.org/10.3389/fpsyg.2017.00016 

*Foulkes, L., McCrory, E. J., Neumann, C. S., & Viding, E. (2014). Inverted Social Reward: 

Associations between Psychopathic Traits and Self-Report and Experimental 

Measures of Social Reward. PLoS ONE, 9(8), e106000. 

https://doi.org/10.1371/journal.pone.0106000 

*Freeman, C., Ethridge, P., Banica, I., Sandre, A., Dirks, M. A., Kujawa, A., & Weinberg, A. 

(2022). Neural response to rewarding social feedback in never-depressed adolescent 

girls and their mothers with remitted depression: Associations with multiple risk 

indices. Journal of Psychopathology and Clinical Science, 131(2), 141–151. 

https://doi.org/10.1037/abn0000728 

*Freeman, S. M., Rebout, N., & Bales, K. L. (2018). Effect of reward type on object 

discrimination learning in socially monogamous coppery titi monkeys ( Callicebus 



SOCIAL REWARD IN HUMAN AND ANIMAL STUDIES 77 
 

 
 

cupreus ). American Journal of Primatology, 80(6), e22868. 

https://doi.org/10.1002/ajp.22868 

*Frey, A.-L., & McCabe, C. (2020a). Effects of serotonin and dopamine depletion on neural 

prediction computations during social learning. Neuropsychopharmacology, 45(9), 

1431–1437. https://doi.org/10.1038/s41386-020-0678-z 

*Frey, A.-L., & McCabe, C. (2020b). Impaired social learning predicts reduced real-life 

motivation in individuals with depression: A computational fMRI study. Journal of 

Affective Disorders, 263, 698–706. https://doi.org/10.1016/j.jad.2019.11.049 

*Fulford, D., Treadway, M., & Woolley, J. (2018). Social motivation in schizophrenia: The 

impact of oxytocin on vigor in the context of social and nonsocial reinforcement. 

Journal of Abnormal Psychology, 127(1), 116–128. 

https://doi.org/10.1037/abn0000320 

*Funkhouser, C. J., Auerbach, R. P., Kujawa, A., Morelli, S. A., Phan, K. L., & Shankman, S. 

A. (2020). Social Feedback Valence Differentially Modulates the Reward Positivity, 

P300, and Late Positive Potential. Journal of Psychophysiology, 34(4), 255–267. 

https://doi.org/10.1027/0269-8803/a000253 

*Fussner, L. M., Luebbe, A. M., & Smith, A. R. (2018). Social reward and social punishment 

sensitivity in relation to dietary restraint and binge/purge symptoms. Appetite, 127, 

386–392. https://doi.org/10.1016/j.appet.2018.05.133 

*Fussner, L. M., Mancini, K. J., & Luebbe, A. M. (2018). Depression and Approach 

Motivation: Differential Relations to Monetary, Social, and Food Reward. Journal of 

Psychopathology and Behavioral Assessment, 40(1), 117–129. 

https://doi.org/10.1007/s10862-017-9620-z 

*Gabay, A. S., Carhart-Harris, R. L., Mazibuko, N., Kempton, M. J., Morrison, P. D., Nutt, D. 

J., & Mehta, M. A. (2018). Psilocybin and MDMA reduce costly punishment in the 

Ultimatum Game. Scientific Reports, 8(1), 8236. https://doi.org/10.1038/s41598-018-

26656-2 



SOCIAL REWARD IN HUMAN AND ANIMAL STUDIES 78 
 

 
 

*Gächter, S., & Fehr, E. (1999). Collective action as a social exchange. Journal of Economic 

Behavior & Organization, 39(4), 341–369. https://doi.org/10.1016/S0167-

2681(99)00045-1 

*Gao, Y., Mendez, K., Li, X., & Wang, M. (2018). Autonomic conditioning to monetary and 

social stimuli and aggression in children. Aggressive Behavior, 44(2), 147–155. 

https://doi.org/10.1002/ab.21738 

Garcia, B., Lebreton, M., Bourgeois-Gironde, S., & Palminteri, S. (2023). Experiential values 

are underweighted in decisions involving symbolic options. Nature Human Behaviour, 

1–16. https://doi.org/10.1038/s41562-022-01496-3 

*Gere, J., MacDonald, G., Joel, S., Spielmann, S. S., & Impett, E. A. (2013). The 

independent contributions of social reward and threat perceptions to romantic 

commitment. Journal of Personality and Social Psychology, 105(6), 961–977. 

https://doi.org/10.1037/a0033874 

*Gil, M., Nguyen, N., McDonald, M., & Albers, H. E. (2013). Social reward: Interactions with 

social status, social communication, aggression, and associated neural activation in 

the ventral tegmental area. European Journal of Neuroscience, 38(2), 2308–2318. 

https://doi.org/10.1111/ejn.12216 

*Goerlich, K. S., Votinov, M., Lammertz, S. E., Winkler, L., Spreckelmeyer, K. N., Habel, U., 

Gründer, G., & Gossen, A. (2017). Effects of alexithymia and empathy on the neural 

processing of social and monetary rewards. Brain Structure and Function, 222(5), 

2235–2250. https://doi.org/10.1007/s00429-016-1339-1 

*Goldman, A. R. (1965). Differential effects of social reward and punishment on dependent 

and dependency-anxious schizophrenics. Journal of Abnormal Psychology, 70(6), 

412–418. https://doi.org/10.1037/h0022778 

*Goldstein-Piekarski, A. N., Korgaonkar, M. S., Green, E., Suppes, T., Schatzberg, A. F., 

Hastie, T., Nemeroff, C. B., & Williams, L. M. (2016). Human amygdala engagement 

moderated by early life stress exposure is a biobehavioral target for predicting 



SOCIAL REWARD IN HUMAN AND ANIMAL STUDIES 79 
 

 
 

recovery on antidepressants. Proceedings of the National Academy of Sciences, 

113(42), 11955–11960. https://doi.org/10.1073/pnas.1606671113 

*Gonzalez-Gadea, M. L., Sigman, M., Rattazzi, A., Lavin, C., Rivera-Rei, A., Marino, J., 

Manes, F., & Ibanez, A. (2016). Neural markers of social and monetary rewards in 

children with Attention-Deficit/Hyperactivity Disorder and Autism Spectrum Disorder. 

Scientific Reports, 6(1), 30588. https://doi.org/10.1038/srep30588 

*Goodwin, N. L., Lopez, S. A., Lee, N. S., & Beery, A. K. (2019). Comparative role of reward 

in long-term peer and mate relationships in voles. Hormones and Behavior, 111, 70–

77. https://doi.org/10.1016/j.yhbeh.2018.10.012 

Gordon, I., Eilbott, J. A., Feldman, R., Pelphrey, K. A., & Vander Wyk, B. C. (2013). Social, 

reward, and attention brain networks are involved when online bids for joint attention 

are met with congruent versus incongruent responses. Social Neuroscience, 8(6), 

544–554. https://doi.org/10.1080/17470919.2013.832374 

*Gossen, A., Groppe, S. E., Winkler, L., Kohls, G., Herrington, J., Schultz, R. T., Gründer, 

G., & Spreckelmeyer, K. N. (2014). Neural evidence for an association between 

social proficiency and sensitivity to social reward. Social Cognitive and Affective 

Neuroscience, 9(5), 661–670. https://doi.org/10.1093/scan/nst033 

*Gray, K. L. H., Haffey, A., Mihaylova, H. L., & Chakrabarti, B. (2018). Lack of Privileged 

Access to Awareness for Rewarding Social Scenes in Autism Spectrum Disorder. 

Journal of Autism and Developmental Disorders, 48(10), 3311–3318. 

https://doi.org/10.1007/s10803-018-3595-9 

*Greene, R. K., Spanos, M., Alderman, C., Walsh, E., Bizzell, J., Mosner, M. G., Kinard, J. 

L., Stuber, G. D., Chandrasekhar, T., Politte, L. C., Sikich, L., & Dichter, G. S. (2018). 

The effects of intranasal oxytocin on reward circuitry responses in children with 

autism spectrum disorder. Journal of Neurodevelopmental Disorders, 10(1), 12. 

https://doi.org/10.1186/s11689-018-9228-y 

*Grieb, Z. A., Cross, E. A., & Albers, H. E. (2022). Alpha-melanocyte-stimulating hormone 

(αMSH) modulates the rewarding properties of social interactions in an oxytocin 



SOCIAL REWARD IN HUMAN AND ANIMAL STUDIES 80 
 

 
 

receptor-dependent manner in Syrian hamsters (Mesocricetus Auratus). Physiology 

& Behavior, 252, 113828. https://doi.org/10.1016/j.physbeh.2022.113828 

Grimm, C., Balsters, J., & Zerbi, V. (2021). Shedding Light on Social Reward Circuitry: 

(Un)common Blueprints in Humans and Rodents. NEUROSCIENTIST, 27(2), 159–

183. https://doi.org/10.1177/1073858420923552 

*Gromann, P. M., Heslenfeld, D. J., Fett, A.-K., Joyce, D. W., Shergill, S. S., & Krabbendam, 

L. (2013). Trust versus paranoia: Abnormal response to social reward in psychotic 

illness. Brain, 136(6), 1968–1975. https://doi.org/10.1093/brain/awt076 

*Gromann, P. M., Shergill, S. S., De Haan, L., Meewis, D. G. J., Fett, A.-K. J., Korver-

Nieberg, N., & Krabbendam, L. (2014). Reduced brain reward response during 

cooperation in first-degree relatives of patients with psychosis: An fMRI study. 

Psychological Medicine, 44(16), 3445–3454. 

https://doi.org/10.1017/S0033291714000737 

Grondin, F., Lomanowska, A. M., & Jackson, P. L. (2019). Empathy in computer-mediated 

interactions: A conceptual framework for research and clinical practice. Clinical 

Psychology: Science and Practice, 26(4), 17–17. https://doi.org/10.1111/cpsp.12298 

*Groppe, S. E., Gossen, A., Rademacher, L., Hahn, A., Westphal, L., Gründer, G., & 

Spreckelmeyer, K. N. (2013). Oxytocin Influences Processing of Socially Relevant 

Cues in the Ventral Tegmental Area of the Human Brain. Biological Psychiatry, 74(3), 

172–179. https://doi.org/10.1016/j.biopsych.2012.12.023 

*Guo, J., Li, N., Wu, Y., & Cui, T. (2020). Examining help requests on social networking 

sites: Integrating privacy perception and privacy calculus perspectives. Electronic 

Commerce Research and Applications, 39, 100828. 

https://doi.org/10.1016/j.elerap.2019.100828 

Gusenbauer, M., & Haddaway, N. R. (2020). Which academic search systems are suitable 

for systematic reviews or meta-analyses? Evaluating retrieval qualities of Google 

Scholar, PubMed, and 26 other resources. Research Synthesis Methods, 11(2), 181–

217. https://doi.org/10.1002/jrsm.1378 



SOCIAL REWARD IN HUMAN AND ANIMAL STUDIES 81 
 

 
 

*Guttmann, J., Bar‐Tal, D., & Leiser, P. (1985). The Effect of Various Reward Situations on 

Children’s Helping Behaviour. Educational Psychology, 5(1), 65–71. 

https://doi.org/10.1080/0144341850050107 

*Guyer, A. E., Benson, B., Choate, V. R., Bar-Haim, Y., Perez-Edgar, K., Jarcho, J. M., Pine, 

D. S., Ernst, M., Fox, N. A., & Nelson, E. E. (2014). Lasting associations between 

early-childhood temperament and late-adolescent reward-circuitry response to peer 

feedback. Development and Psychopathology, 26(1), 229–243. 

https://doi.org/10.1017/S0954579413000941 

*Guyer, A. E., Choate, V. R., Pine, D. S., & Nelson, E. E. (2012). Neural circuitry underlying 

affective response to peer feedback in adolescence. Social Cognitive and Affective 

Neuroscience, 7(1), 81–92. https://doi.org/10.1093/scan/nsr043 

Habel, U., Regenbogen, C., Kammann, C., Stickel, S., & Chechko, N. (2021). Male brain 

processing of the body odor of ovulating women compared to that of pregnant 

women. NeuroImage, 229, 117733. 

https://doi.org/10.1016/j.neuroimage.2021.117733 

*Haddad, A. D. M., Lissek, S., Pine, D. S., & Lau, J. Y. F. (2011). How do social fears in 

adolescence develop? Fear conditioning shapes attention orienting to social threat 

cues. Cognition & Emotion, 25(6), 1139–1147. 

https://doi.org/10.1080/02699931.2010.524193 

*Haffey, A., Press, C., O’Connell, G., & Chakrabarti, B. (2013). Autistic Traits Modulate 

Mimicry of Social but not Nonsocial Rewards. Autism Research, 6(6), 614–620. 

https://doi.org/10.1002/aur.1323 

*Hanssen, E., Van Buuren, M., Van Atteveldt, N., Lemmers-Jansen, I. L., & Fett, A.-K. J. 

(2022). Neural, behavioural and real-life correlates of social context sensitivity and 

social reward learning during interpersonal interactions in the schizophrenia 

spectrum. Australian & New Zealand Journal of Psychiatry, 56(1), 59–70. 

https://doi.org/10.1177/00048674211010327 



SOCIAL REWARD IN HUMAN AND ANIMAL STUDIES 82 
 

 
 

*Harda, Z., Chrószcz, M., Misiołek, K., Klimczak, M., Szumiec, Ł., Kaczmarczyk-Jarosz, M., 

& Parkitna, J. R. (2022). Establishment of a social conditioned place preference 

paradigm for the study of social reward in female mice. 

https://doi.org/10.1101/2022.03.31.486566 

Häusler, A. N., Becker, B., Bartling, M., & Weber, B. (2015). Goal or Gold: Overlapping 

Reward Processes in Soccer Players upon Scoring and Winning Money. PLOS ONE, 

10(4), e0122798. https://doi.org/10.1371/journal.pone.0122798 

*Hayward, D. A., Pereira, E. J., Otto, A. R., & Ristic, J. (2018). Smile! Social reward drives 

attention. Journal of Experimental Psychology: Human Perception and Performance, 

44(2), 206–214. https://doi.org/10.1037/xhp0000459 

*Healey, K. L., Morgan, J., Musselman, S. C., Olino, T. M., & Forbes, E. E. (2014). Social 

anhedonia and medial prefrontal response to mutual liking in late adolescents. Brain 

and Cognition, 89, 39–50. https://doi.org/10.1016/j.bandc.2013.12.004 

*Heerey, E. A. (2014). Learning from social rewards predicts individual differences in self-

reported social ability. Journal of Experimental Psychology: General, 143(1), 332–

339. https://doi.org/10.1037/a0031511 

*Heerey, E. A., & Crossley, H. M. (2013). Predictive and Reactive Mechanisms in Smile 

Reciprocity. Psychological Science, 24(8), 1446–1455. 

https://doi.org/10.1177/0956797612472203 

Henrich, J., Heine, S. J., & Norenzayan, A. (2010). The weirdest people in the world? 

Behavioral and Brain Sciences, 33(2–3), 61–83. 

https://doi.org/10.1017/S0140525X0999152X 

Henry, A., Raucher-Chéné, D., Obert, A., Gobin, P., Vucurovic, K., Barrière, S., Sacré, S., 

Portefaix, C., Gierski, F., Caillies, S., & Kaladjian, A. (2021). Investigation of the 

neural correlates of mentalizing through the Dynamic Inference Task, a new 

naturalistic task of social cognition. NeuroImage, 243, 118499. 

https://doi.org/10.1016/j.neuroimage.2021.118499 



SOCIAL REWARD IN HUMAN AND ANIMAL STUDIES 83 
 

 
 

*Hertz, U., Tyropoulou, E., Traberg, C., & Bahrami, B. (2020). Self-competence increases 

the willingness to pay for social influence. Scientific Reports, 10(1), 17813. 

https://doi.org/10.1038/s41598-020-74857-5 

*Hinz, F. I., Aizenberg, M., Tushev, G., & Schuman, E. M. (2013). Protein Synthesis-

Dependent Associative Long-Term Memory in Larval Zebrafish. The Journal of 

Neuroscience, 33(39), 15382–15387. https://doi.org/10.1523/JNEUROSCI.0560-

13.2013 

*Hodges, T. E., Baumbach, J. L., Marcolin, M. L., Bredewold, R., Veenema, A. H., & 

McCormick, C. M. (2017). Social instability stress in adolescent male rats reduces 

social interaction and social recognition performance and increases oxytocin receptor 

binding. Neuroscience, 359, 172–182. 

https://doi.org/10.1016/j.neuroscience.2017.07.032 

Hornstein, E. A., Fanselow, M. S., & Eisenberger, N. I. (2016). A safe haven: Investigating 

social-support figures as prepared safety stimuli. Psychological Science, 27, 1051–

1060. https://doi.org/10.1177/0956797616646580 

*Hostetler, C. M., & Bales, K. L. (2012). DeltaFosB is increased in the nucleus accumbens 

by amphetamine but not social housing or isolation in the prairie vole. Neuroscience, 

210, 266–274. https://doi.org/10.1016/j.neuroscience.2012.03.019 

Hsu, C.-T., Sato, W., Kochiyama, T., Nakai, R., Asano, K., Abe, N., & Yoshikawa, S. (2022). 

Enhanced mirror neuron network activity and effective connectivity during live 

interaction among female subjects. NeuroImage, 263, 119655. 

https://doi.org/10.1016/j.neuroimage.2022.119655 

*Hu, R. K., Zuo, Y., Ly, T., Wang, J., Meera, P., Wu, Y. E., & Hong, W. (2021). An amygdala-

to-hypothalamus circuit for social reward. Nature Neuroscience, 24(6), 831–842. 

https://doi.org/10.1038/s41593-021-00828-2 

*Hudd, T., & Moscovitch, D. A. (2020). Coping with social wounds: How social pain and 

social anxiety influence access to social rewards. Journal of Behavior Therapy and 

Experimental Psychiatry, 68, 101572. https://doi.org/10.1016/j.jbtep.2020.101572 



SOCIAL REWARD IN HUMAN AND ANIMAL STUDIES 84 
 

 
 

*Hudd, T., & Moscovitch, D. A. (2022). Reconnecting in the Face of Exclusion: Individuals 

with High Social Anxiety May Feel the Push of Social Pain, but not the Pull of Social 

Rewards. Cognitive Therapy and Research, 46(2), 420–435. 

https://doi.org/10.1007/s10608-021-10263-z 

Hughes, B. L., Leong, J. K., Shiv, B., & Zaki, J. (2018). Wanting to like: Motivation influences 

behavioral and neural responses to social feedback. https://doi.org/10.1101/300657 

Hung, L. W., Neuner, S., Polepalli, J. S., Beier, K. T., Wright, M., Walsh, J. J., Lewis, E. M., 

Luo, L., Deisseroth, K., Dölen, G., & Malenka, R. C. (2017). Gating of social reward 

by oxytocin in the ventral tegmental area. Science, 357(6358), 1406–1411. 

https://doi.org/10.1126/science.aan4994 

*Hutchinson, E. A., Sequeira, S. L., Silk, J. S., Jones, N. P., Oppenheimer, C., Scott, L., & 

Ladouceur, C. D. (2021). Peer Connectedness and Pre‐Existing Social Reward 

Processing Predicts U.S. Adolescent Girls’ Suicidal Ideation During COVID‐19. 

Journal of Research on Adolescence, 31(3), 703–716. 

https://doi.org/10.1111/jora.12652 

*Hwang, S., Meffert, H., VanTieghem, M. R., Sinclair, S., Bookheimer, S. Y., Vaughan, B., & 

Blair, R. J. R. (2018). Dysfunctional Social Reinforcement Processing in Disruptive 

Behavior Disorders: An Functional Magnetic Resonance Imaging Study. Clinical 

Psychopharmacology and Neuroscience, 16(4), 449–460. 

https://doi.org/10.9758/cpn.2018.16.4.449 

*Hwang, S., Meffert, H., VanTieghem, M. R., White, S. F., Sinclair, S., Bookheimer, S. Y., & 

Blair, J. (2017). Neurodevelopmental Changes in Social Reinforcement Processing: 

A Functional Magnetic Resonance Imaging Study. Clinical Psychopharmacology and 

Neuroscience, 15(4), 369–381. https://doi.org/10.9758/cpn.2017.15.4.369 

*Hysom, S. J. (2009). Status Valued Goal Objects and Performance Expectations. Social 

Forces, 87(3), 1623–1648. https://doi.org/10.1353/sof.0.0160 



SOCIAL REWARD IN HUMAN AND ANIMAL STUDIES 85 
 

 
 

*Inagaki, T. K., Bryne Haltom, K. E., Suzuki, S., Jevtic, I., Hornstein, E., Bower, J. E., & 

Eisenberger, N. I. (2016). The Neurobiology of Giving Versus Receiving Support: The 

Role of Stress-Related and Social Reward–Related Neural Activity. Psychosomatic 

Medicine, 78(4), 443–453. https://doi.org/10.1097/PSY.0000000000000302 

Inagaki, T. K., Hazlett, L. I., & Andreescu, C. (2020). Opioids and Social Bonding: Effect of 

Naltrexone on Feelings of Social Connection and Ventral Striatum Activity to Close 

Others. Journal of Experimental Psychology-General, 149(4), 732–745. 

https://doi.org/10.1037/xge0000674 

*Inagaki, T. K., Ray, L. A., Irwin, M. R., Way, B. M., & Eisenberger, N. I. (2016). Opioids and 

social bonding: Naltrexone reduces feelings of social connection. Social Cognitive 

and Affective Neuroscience, 11(5), 728–735. https://doi.org/10.1093/scan/nsw006 

Izuma, K. (2015). Social Reward. In Brain Mapping (pp. 21–23). Elsevier. 

https://doi.org/10.1016/B978-0-12-397025-1.00145-7 

*Izuma, K., Saito, D. N., & Sadato, N. (2008). Processing of social and monetary rewards in 

the human striatum. Neuron, 58(2), 284–294. 

https://doi.org/10.1016/j.neuron.2008.03.020 

*Izuma, K., Saito, D. N., & Sadato, N. (2010a). Processing of the Incentive for Social 

Approval in the Ventral Striatum during Charitable Donation. Journal of Cognitive 

Neuroscience, 22(4), 621–631. https://doi.org/10.1162/jocn.2009.21228 

*Izuma, K., Saito, D. N., & Sadato, N. (2010b). The roles of the medial prefrontal cortex and 

striatum in reputation processing. Social Neuroscience, 5(2), 133–147. 

https://doi.org/10.1080/17470910903202559 

*Jarcho, J. M., Wyngaarden, J. B., Johnston, C. R., Quarmley, M., Smith, D. V., & Cassidy, 

C. M. (2022). Substance Abuse in Emerging Adults: The Role of Neuromelanin and 

Ventral Striatal Response to Social and Monetary Rewards. Brain Sciences, 12(3), 

352. https://doi.org/10.3390/brainsci12030352 



SOCIAL REWARD IN HUMAN AND ANIMAL STUDIES 86 
 

 
 

*Johannes, N., Dora, J., & Rusz, D. (2019). Social Smartphone Apps Do Not Capture 

Attention Despite Their Perceived High Reward Value. Collabra: Psychology, 5(1), 

14. https://doi.org/10.1525/collabra.207 

*Johns, J. H., & Quay, H. C. (1962). The effect of social reward on verbal conditioning in 

psychopathic and neurotic military offenders. Journal of Consulting Psychology, 

26(3), 217–220. https://doi.org/10.1037/h0048399 

*Kajs, B. L., Van Roessel, P. J., Davis, G. L., Williams, L. M., Rodriguez, C. I., & Gunaydin, 

L. A. (2021). Parallel valence processing alterations associated with compulsive 

behavior in SAPAP3 knockout mice and human OCD. 

https://doi.org/10.1101/2021.06.04.447162 

Kawamichi, H., Sugawara, S. K., Hamano, Y. H., Makita, K., Kochiyama, T., Kikuchi, Y., 

Ogino, Y., Saito, S., & Sadato, N. (2019). Prosocial behavior toward estranged 

persons modulates the interaction between midline cortical structures and the reward 

system. Soc Neurosci, 14(5), 618–630. 

https://doi.org/10.1080/17470919.2018.1553797 

*Kawamichi, H., Sugawara, S. K., Hamano, Y. H., Makita, K., Kochiyama, T., & Sadato, N. 

(2016). Increased frequency of social interaction is associated with enjoyment 

enhancement and reward system activation. Scientific Reports, 6(1), 24561. 

https://doi.org/10.1038/srep24561 

*Kennedy, B. C., Panksepp, J. B., Wong, J. C., Krause, E. J., & Lahvis, G. P. (2011). Age-

dependent and strain-dependent influences of morphine on mouse social 

investigation behavior. Behavioural Pharmacology, 22(2), 147–159. 

https://doi.org/10.1097/FBP.0b013e328343d7dd 

*Kieffer, D. A., & Goh, D. S. (1981). The effect of individually contracted incentives on 

intelligence test performance of middle- and low-ses children. Journal of Clinical 

Psychology, 37(1), 175–179. https://doi.org/10.1002/1097-

4679(198101)37:1<175::AID-JCLP2270370135>3.0.CO;2-1 



SOCIAL REWARD IN HUMAN AND ANIMAL STUDIES 87 
 

 
 

*Kim, A. J., & Anderson, B. A. (2020). Neural correlates of attentional capture by stimuli 

previously associated with social reward. Cognitive Neuroscience, 11(1–2), 5–15. 

https://doi.org/10.1080/17588928.2019.1585338 

*Kim, J., Son, J., Choi, W., Kim, Y., Oh, J., Lee, S., & Kim, J. (2014). Neural responses to 

various rewards and feedback in the brains of adolescent Internet addicts detected 

by functional magnetic resonance imaging. Psychiatry and Clinical Neurosciences, 

68(6), 463–470. https://doi.org/10.1111/pcn.12154 

*Kinard, J. L., Mosner, M. G., Greene, R. K., Addicott, M., Bizzell, J., Petty, C., Cernasov, P., 

Walsh, E., Eisenlohr‐Moul, T., Carter, R. M., McLamb, M., Hopper, A., Sukhu, R., & 

Dichter, G. S. (2020). Neural Mechanisms of Social and Nonsocial Reward Prediction 

Errors in Adolescents with Autism Spectrum Disorder. Autism Research, 13(5), 715–

728. https://doi.org/10.1002/aur.2273 

*Kohls, G., Antezana, L., Mosner, M. G., Schultz, R. T., & Yerys, B. E. (2018). Altered 

reward system reactivity for personalized circumscribed interests in autism. 

Molecular Autism, 9(1), 9. https://doi.org/10.1186/s13229-018-0195-7 

*Kohls, G., Herpertz-Dahlmann, B., & Konrad, K. (2009). Hyperresponsiveness to social 

rewards in children and adolescents with attention-deficit/hyperactivity disorder 

(ADHD). Behavioral and Brain Functions, 5(1), 20. https://doi.org/10.1186/1744-

9081-5-20 

*Kohls, G., Peltzer, J., Herpertz‐Dahlmann, B., & Konrad, K. (2009). Differential effects of 

social and non‐social reward on response inhibition in children and adolescents. 

Developmental Science, 12(4), 614–625. https://doi.org/10.1111/j.1467-

7687.2009.00816.x 

*Kohls, G., Peltzer, J., Schulte-Rüther, M., Kamp-Becker, I., Remschmidt, H., Herpertz-

Dahlmann, B., & Konrad, K. (2011). Atypical Brain Responses to Reward Cues in 

Autism as Revealed by Event-Related Potentials. Journal of Autism and 



SOCIAL REWARD IN HUMAN AND ANIMAL STUDIES 88 
 

 
 

Developmental Disorders, 41(11), 1523–1533. https://doi.org/10.1007/s10803-011-

1177-1 

*Kohls, G., Perino, M. T., Taylor, J. M., Madva, E. N., Cayless, S. J., Troiani, V., Price, E., 

Faja, S., Herrington, J. D., & Schultz, R. T. (2013). The nucleus accumbens is 

involved in both the pursuit of social reward and the avoidance of social punishment. 

Neuropsychologia, 51(11), 2062–2069. 

https://doi.org/10.1016/j.neuropsychologia.2013.07.020 

*Kohls, G., Schulte-Rüther, M., Nehrkorn, B., Müller, K., Fink, G. R., Kamp-Becker, I., 

Herpertz-Dahlmann, B., Schultz, R. T., & Konrad, K. (2013). Reward system 

dysfunction in autism spectrum disorders. Social Cognitive and Affective 

Neuroscience, 8(5), 565–572. https://doi.org/10.1093/scan/nss033 

*Kohls, G., Thönessen, H., Bartley, G. K., Grossheinrich, N., Fink, G. R., Herpertz-

Dahlmann, B., & Konrad, K. (2014). Differentiating neural reward responsiveness in 

autism versus ADHD. Developmental Cognitive Neuroscience, 10, 104–116. 

https://doi.org/10.1016/j.dcn.2014.08.003 

*Korb, S., Götzendorfer, S. J., Massaccesi, C., Sezen, P., Graf, I., Willeit, M., Eisenegger, 

C., & Silani, G. (2020). Dopaminergic and opioidergic regulation during anticipation 

and consumption of social and nonsocial rewards. eLife, 9, e55797. 

https://doi.org/10.7554/eLife.55797 

*Korb, S., Massaccesi, C., Gartus, A., Lundström, J. N., Rumiati, R., Eisenegger, C., & 

Silani, G. (2020). Facial responses of adult humans during the anticipation and 

consumption of touch and food rewards. Cognition, 194, 104044. 

https://doi.org/10.1016/j.cognition.2019.104044 

*Kostarczyk, E., & Fonberg, E. (1988). Amphetamine effects on unconditional and 

conditional instrumental responses with alimentary and social rewards in dogs. The 

Pavlovian Journal of Biological Science, 23(1), 10–14. 

https://doi.org/10.1007/BF02910539 



SOCIAL REWARD IN HUMAN AND ANIMAL STUDIES 89 
 

 
 

*Kotaman, H., & Aslan, M. (2020). Student preferences for motivation type after successful 

completion of a mathematics task. Educational Psychology, 40(6), 695–712. 

https://doi.org/10.1080/01443410.2019.1691717 

Krach, S., Paulus, F. M., Bodden, M., & Kircher, T. (2010). The rewarding nature of social 

interactions. Frontiers in Behavioral Neuroscience, 4. 

https://doi.org/10.3389/fnbeh.2010.00022 

Krupenye, C., Kano, F., Hirata, S., Call, J., & Tomasello, M. (2016). Great apes anticipate 

that other individuals will act according to false beliefs. Science, 354(6308), 110–114. 

https://doi.org/10.1126/science.aaf8110 

*Kumakawa, T. (2013). Social rewards and sanctions: A voluntary contribution mechanism 

experiment. Journal of Neuroscience, Psychology, and Economics, 6(3), 189–200. 

https://doi.org/10.1037/npe0000011 

*Kwon, S.-J., Ivory, S. L., McCormick, E. M., & Telzer, E. H. (2019). Behavioral and Neural 

Dysregulation to Social Rewards and Links to Internalizing Symptoms in 

Adolescents. Frontiers in Behavioral Neuroscience, 13, 158. 

https://doi.org/10.3389/fnbeh.2019.00158 

*Lahvis, G. P., Panksepp, J. B., Kennedy, B. C., Wilson, C. R., & Merriman, D. K. (2015). 

Social conditioned place preference in the captive ground squirrel (Ictidomys 

tridecemlineatus): Social reward as a natural phenotype. Journal of Comparative 

Psychology, 129(3), 291–303. https://doi.org/10.1037/a0039435 

*Lawrence, K. E., Hernandez, L. M., Eilbott, J., Jack, A., Aylward, E., Gaab, N., Van Horn, J. 

D., Bernier, R. A., Geschwind, D. H., McPartland, J. C., Nelson, C. A., Webb, S. J., 

Pelphrey, K. A., Bookheimer, S. Y., Dapretto, M., on behalf of the GENDAAR 

Consortium, Aylward, E., Bernier, R. A., Bookheimer, S. Y., … Wolf, J. (2020). Neural 

responsivity to social rewards in autistic female youth. Translational Psychiatry, 

10(1), 178. https://doi.org/10.1038/s41398-020-0824-8 

*Layne, C., & Wallace, L. T. (1982). Impaired preferences for praise in schizophrenic 

adolescents. Journal of Clinical Psychology, 38(1), 51–55. 



SOCIAL REWARD IN HUMAN AND ANIMAL STUDIES 90 
 

 
 

https://doi.org/10.1002/1097-4679(198201)38:1<51::AID-

JCLP2270380106>3.0.CO;2-X 

*Lee, H., Jang, M., Kim, W., & Noh, J. (2017). Differential effects of pair housing on voluntary 

nicotine consumption: A comparison between male and female adolescent rats. 

Psychopharmacology, 234(16), 2463–2473. https://doi.org/10.1007/s00213-017-

4636-3 

*Lee, J., Jimenez, A. M., Reavis, E. A., Horan, W. P., Wynn, J. K., & Green, M. F. (2019). 

Reduced Neural Sensitivity to Social vs Nonsocial Reward in Schizophrenia. 

Schizophrenia Bulletin, 45(3), 620–628. https://doi.org/10.1093/schbul/sby109 

*Lehner, R., Balsters, J. H., Herger, A., Hare, T. A., & Wenderoth, N. (2017). Monetary, 

Food, and Social Rewards Induce Similar Pavlovian-to-Instrumental Transfer Effects. 

Frontiers in Behavioral Neuroscience, 10. https://doi.org/10.3389/fnbeh.2016.00247 

*Lei, B., Kang, B., Lin, W., Chen, H., Hao, Y., Ma, J., Shi, S., & Zhong, Y. (2020). Adult 

newborn granule cells confer emotional-state-dependent plasticity in memory 

retrieval. https://doi.org/10.1101/2020.07.14.202481 

*Lei, B., Lv, L., Hu, S., Tang, Y., & Zhong, Y. (2022). Social experiences switch states of 

memory engrams through regulating hippocampal Rac1 activity. Proceedings of the 

National Academy of Sciences, 119(15), e2116844119. 

https://doi.org/10.1073/pnas.2116844119 

*Lenaert, B., Jansen, R., & van Heugten, C. M. (2018). You make me tired: An experimental 

test of the role of interpersonal operant conditioning in fatigue. Behaviour Research 

and Therapy, 103, 12–17. https://doi.org/10.1016/j.brat.2018.01.006 

*Lertladaluck, K., Chutabhakdikul, N., Chevalier, N., & Moriguchi, Y. (2020). Effects of social 

and nonsocial reward on executive function in preschoolers. Brain Behav, 10(9), 

e01763. https://doi.org/10.1002/brb3.1763 

*Leung, R. C., Pang, E. W., Cassel, D., Brian, J. A., Smith, M. L., & Taylor, M. J. (2015). 

Early neural activation during facial affect processing in adolescents with Autism 



SOCIAL REWARD IN HUMAN AND ANIMAL STUDIES 91 
 

 
 

Spectrum Disorder. NeuroImage: Clinical, 7, 203–212. 

https://doi.org/10.1016/j.nicl.2014.11.009 

*Lewis, E. M., Stein-O’Brien, G. L., Patino, A. V., Nardou, R., Grossman, C. D., Brown, M., 

Bangamwabo, B., Ndiaye, N., Giovinazzo, D., Dardani, I., Jiang, C., Goff, L. A., & 

Dölen, G. (2020). Parallel Social Information Processing Circuits Are Differentially 

Impacted in Autism. Neuron, 108(4), 659-675.e6. 

https://doi.org/10.1016/j.neuron.2020.10.002 

*Lewis, G., Kounali, D. ‐Z., Button, K. S., Duffy, L., Wiles, N. J., Munafò, M. R., Harmer, C. 

J., & Lewis, G. (2017). Variation in the recall of socially rewarding information and 

depressive symptom severity: A prospective cohort study. Acta Psychiatrica 

Scandinavica, 135(5), 489–498. https://doi.org/10.1111/acps.12729 

*Lewis, M., & Richman, S. (1964). Social encounters and their effect on subsequent 

reinforcement. The Journal of Abnormal and Social Psychology, 69(3), 253–257. 

https://doi.org/10.1037/h0040438 

*Li, J., Liu, L., Sun, Y., Fan, W., Li, M., & Zhong, Y. (2020). Exposure to money modulates 

neural responses to outcome evaluations involving social reward. Social Cognitive 

and Affective Neuroscience, 15(1), 111–121. https://doi.org/10.1093/scan/nsaa019 

*Libedinsky, C., Smith, D. V., Teng, C. S., Namburi, P., Chen, V. W., Huettel, S. A., & Chee, 

M. W. L. (2011). Sleep Deprivation Alters Valuation Signals in the Ventromedial 

Prefrontal Cortex. Frontiers in Behavioral Neuroscience, 5. 

https://doi.org/10.3389/fnbeh.2011.00070 

*Lin, A., Adolphs, R., & Rangel, A. (2012). Social and monetary reward learning engage 

overlapping neural substrates. Social Cognitive and Affective Neuroscience, 7(3), 

274–281. https://doi.org/10.1093/scan/nsr006 

*Lin, A., Rangel, A., & Adolphs, R. (2012). Impaired Learning of Social Compared to 

Monetary Rewards in Autism. Frontiers in Neuroscience, 6. 

https://doi.org/10.3389/fnins.2012.00143 



SOCIAL REWARD IN HUMAN AND ANIMAL STUDIES 92 
 

 
 

*Lipina, T. V., Fletcher, P. J., Lee, F. H., Wong, A. H., & Roder, J. C. (2013). Disrupted-In-

Schizophrenia-1 Gln31Leu Polymorphism Results in Social Anhedonia Associated 

with Monoaminergic Imbalance and Reduction of CREB and β-arrestin-1,2 in the 

Nucleus Accumbens in a Mouse Model of Depression. Neuropsychopharmacology, 

38(3), 423–436. https://doi.org/10.1038/npp.2012.197 

*Liu, C., Wang, J., Zhan, B., & Cheng, G. (2016). Neuronal activity and the expression of 

hypothalamic oxytocin and vasopressin in social versus cocaine conditioning. 

Behavioural Brain Research, 310, 84–92. https://doi.org/10.1016/j.bbr.2016.05.010 

*Løseth, G. E., Eikemo, M., Isager, P., Holmgren, J., Laeng, B., Vindenes, V., Hjørnevik, T., 

& Leknes, S. (2018). Morphine reduced perceived anger from neutral and implicit 

emotional expressions. Psychoneuroendocrinology, 91, 123–131. 

https://doi.org/10.1016/j.psyneuen.2018.02.035 

Loseth, G. E., Ellingsen, D.-M., & Leknes, S. (2014). State-dependent mu-opioid modulation 

of social motivation. Frontiers in Behavioral Neuroscience, 8. 

https://doi.org/10.3389/fnbeh.2014.00430 

*Lucon-Xiccato, T., Gatto, E., & Bisazza, A. (2017). Fish perform like mammals and birds in 

inhibitory motor control tasks. Scientific Reports, 7(1), 13144. 

https://doi.org/10.1038/s41598-017-13447-4 

*Lunn, J., Wilcockson, T., Donovan, T., Dondelinger, F., Perez Algorta, G., & Monaghan, P. 

(2021). The role of chronotype and reward processing in understanding social 

hierarchies in adolescence. Brain and Behavior, 11(5), e02090. 

https://doi.org/10.1002/brb3.2090 

*Ma, X., Zhao, W., Luo, R., Zhou, F., Geng, Y., Xu, L., Gao, Z., Zheng, X., Becker, B., & 

Kendrick, K. M. (2018). Sex- and context-dependent effects of oxytocin on social 

sharing. NeuroImage, 183, 62–72. https://doi.org/10.1016/j.neuroimage.2018.08.004 

*Makowski, C. S., Lepage, M., & Harvey, P.-O. (2016). Functional neural correlates of social 

approval in schizophrenia. Social Cognitive and Affective Neuroscience, 11(3), 445–

457. https://doi.org/10.1093/scan/nsv125 



SOCIAL REWARD IN HUMAN AND ANIMAL STUDIES 93 
 

 
 

*Martin, L. A., Iceberg, E., & Allaf, G. (2018). Consistent hypersocial behavior in mice 

carrying a deletion of Gtf2i but no evidence of hyposocial behavior with Gtf2i 

duplication: Implications for Williams–Beuren syndrome and autism spectrum 

disorder. Brain and Behavior, 8(1), e00895. https://doi.org/10.1002/brb3.895 

*Martin, L., Sample, H., Gregg, M., & Wood, C. (2014). Validation of operant social 

motivation paradigms using BTBR T+tf/J and C57 BL /6J inbred mouse strains. Brain 

and Behavior, 4(5), 754–764. https://doi.org/10.1002/brb3.273 

*Mason, W. A., Saxon, S. V., & Sharpe, L. G. (1963). Preferential responses of young 

chimpanzees to food and social rewards. The Psychological Record, 13(3), 341–345. 

https://doi.org/10.1007/BF03393535 

*Massaccesi, C., Korb, S., Skoluda, N., Nater, U. M., & Silani, G. (2021). Effects of 

Appetitive and Aversive Motivational States on Wanting and Liking of Interpersonal 

Touch. Neuroscience, 464, 12–25. 

https://doi.org/10.1016/j.neuroscience.2020.09.025 

*Massaccesi, C., Willeit, M., Quednow, B. B., Nater, U. M., Lamm, C., Müller, D., & Silani, G. 

(2022). Opioid-blunted cortisol response to stress is associated with increased 

negative mood and wanting of social reward. Neuropsychopharmacology, 47(10), 

1798–1807. https://doi.org/10.1038/s41386-022-01283-8 

*Mathiak, K. A., Alawi, E. M., Koush, Y., Dyck, M., Cordes, J. S., Gaber, T. J., Zepf, F. D., 

Palomero-Gallagher, N., Sarkheil, P., Bergert, S., Zvyagintsev, M., & Mathiak, K. 

(2015). Social reward improves the voluntary control over localized brain activity in 

fMRI-based neurofeedback training. Frontiers in Behavioral Neuroscience, 9. 

https://doi.org/10.3389/fnbeh.2015.00136 

*Mathiak, K. A., Koush, Y., Dyck, M., Gaber, T. J., Alawi, E., Zepf, F. D., Zvyagintsev, M., & 

Mathiak, K. (2010). Social reinforcement can regulate localized brain activity. 

European Archives of Psychiatry and Clinical Neuroscience, 260(S2), 132–136. 

https://doi.org/10.1007/s00406-010-0135-9 



SOCIAL REWARD IN HUMAN AND ANIMAL STUDIES 94 
 

 
 

*Matias, J., Quinton, J.-C., Colomb, M., Normand, A., Izaute, M., & Silvert, L. (2021). Fear of 

Missing Out Predicts Distraction by Social Reward Signals Displayed on a 

Smartphone in Difficult Driving Situations. Frontiers in Psychology, 12, 688157. 

https://doi.org/10.3389/fpsyg.2021.688157 

Matthews, G. A., & Tye, K. M. (2019). Neural mechanisms of social homeostasis. Annals of 

the New York Academy of Sciences, 1457(1), 5–25. 

https://doi.org/10.1111/nyas.14016 

*Matyjek, M., Bayer, M., & Dziobek, I. (2020). Autistic Traits Affect Reward Anticipation but 

not Reception. Scientific Reports, 10(1), 8396. https://doi.org/10.1038/s41598-020-

65345-x 

*Matyjek, M., Bayer, M., & Dziobek, I. (2021). Pupillary Responses to Faces Are Modulated 

by Familiarity and Rewarding Context. Brain Sciences, 11(6), 794. 

https://doi.org/10.3390/brainsci11060794 

Matyjek, M., Meliss, S., Dziobek, I., & Murayama, K. (2020). A Multidimensional View on 

Social and Non-Social Rewards. Frontiers in Psychiatry, 11, 818. 

https://doi.org/10.3389/fpsyt.2020.00818 

*McAllister, H. A. (1980). Self-disclosure and liking: Effects for senders and receivers. 

Journal of Personality, 48(4), 409–418. https://doi.org/10.1111/j.1467-

6494.1980.tb02376.x 

*McDermott, J. M., & Egwuatu, A. C. (2019). More than a face: Neural markers of motivated 

attention toward social and non-social reward-related images in children. Biological 

Psychology, 140, 1–8. https://doi.org/10.1016/j.biopsycho.2018.08.012 

*Meier, I. M., Bos, P. A., Hamilton, K., Stein, D. J., Van Honk, J., & Malcolm-Smith, S. 

(2016). Naltrexone increases negatively-valenced facial responses to happy faces in 

female participants. Psychoneuroendocrinology, 74, 65–68. 

https://doi.org/10.1016/j.psyneuen.2016.08.022 



SOCIAL REWARD IN HUMAN AND ANIMAL STUDIES 95 
 

 
 

*Mercadante, E. J., & Tracy, J. L. (2022). A paradox of pride: Hubristic pride predicts 

strategic dishonesty in response to status threats. Journal of Experimental 

Psychology: General, 151(7), 1681–1706. https://doi.org/10.1037/xge0001158 

*Meshi, D., Morawetz, C., & Heekeren, H. R. (2013). Nucleus accumbens response to gains 

in reputation for the self relative to gains for others predicts social media use. 

Frontiers in Human Neuroscience, 7. https://doi.org/10.3389/fnhum.2013.00439 

*Minakova, E., Mikati, M. O., Madasu, M. K., Conway, S. M., Baldwin, J. W., Swift, R. G., 

McCullough, K. B., Dougherty, J. D., Maloney, S. E., & Al-Hasani, R. (2022). 

Perinatal Oxycodone Exposure Causes Long Term Sex-Dependent Changes in 

Sensory and Reward Processing in Adult Mice. 

https://doi.org/10.1101/2022.02.15.480568 

*Mitchell, W. S. (1978). Contingency learning in chronic schizophrenia and its relevance to 

social motivation deficit. British Journal of Medical Psychology, 51(4), 357–362. 

https://doi.org/10.1111/j.2044-8341.1978.tb02481.x 

Moher, D., Shamseer, L., Clarke, M., Ghersi, D., Liberati, A., Petticrew, M., Shekelle, P., 

Stewart, L. A., & PRISMA-P Group. (2015). Preferred reporting items for systematic 

review and meta-analysis protocols (PRISMA-P) 2015 statement. Systematic 

Reviews, 4(1), 1. https://doi.org/10.1186/2046-4053-4-1 

*Moreau, M. M., Pietropaolo, S., Ezan, J., Robert, B. J. A., Miraux, S., Maître, M., Cho, Y., 

Crusio, W. E., Montcouquiol, M., & Sans, N. (2020). Scribble controls social 

behaviors through the regulation of the ERK/Mnk1 pathway. 

https://doi.org/10.1101/2020.09.10.289397 

*Morelli, S. A., Torre, J. B., & Eisenberger, N. I. (2014). The neural bases of feeling 

understood and not understood. Social Cognitive and Affective Neuroscience, 9(12), 

1890–1896. https://doi.org/10.1093/scan/nst191 

*Morgan, J. K., Silk, J. S., Woods, B. K., & Forbes, E. E. (2019). Differential neural 

responding to affective stimuli in 6- to 8-year old children at high familial risk for 



SOCIAL REWARD IN HUMAN AND ANIMAL STUDIES 96 
 

 
 

depression: Associations with behavioral reward seeking. Journal of Affective 

Disorders, 257, 445–453. https://doi.org/10.1016/j.jad.2019.06.058 

Mühlhoff, N., Stevens, J. R., & Reader, S. M. (2011). Spatial Discounting of Food and Social 

Rewards in Guppies (Poecilia Reticulata). Frontiers in Psychology, 2. 

https://doi.org/10.3389/fpsyg.2011.00068 

*Mulholland, M. M., Neal Webb, S. J., Mareno, M. C., Schweller, K. G., Schapiro, S. J., & 

Hopkins, W. D. (2021). Are conspecific social videos rewarding to chimpanzees (Pan 

troglodytes)? A test of the social motivation theory. PLOS ONE, 16(11), e0259941. 

https://doi.org/10.1371/journal.pone.0259941 

Munuera, J., Rigotti, M., & Salzman, C. D. (2018). Shared neural coding for social hierarchy 

and reward value in primate amygdala. Nature Neuroscience, 21(3), Article 3. 

https://doi.org/10.1038/s41593-018-0082-8 

*Nardou, R., Lewis, E. M., Rothhaas, R., Xu, R., Yang, A., Boyden, E., & Dölen, G. (2019). 

Oxytocin-dependent reopening of a social reward learning critical period with MDMA. 

Nature, 569(7754), 116–120. https://doi.org/10.1038/s41586-019-1075-9 

*Nawijn, L., Van Zuiden, M., Koch, S. B. J., Frijling, J. L., Veltman, D. J., & Olff, M. (2017). 

Intranasal oxytocin increases neural responses to social reward in post-traumatic 

stress disorder. Social Cognitive and Affective Neuroscience, 12(2), 212–223. 

https://doi.org/10.1093/scan/nsw123 

*Netser, S., Meyer, A., Magalnik, H., Zylbertal, A., De La Zerda, S. H., Briller, M., Bizer, A., 

Grinevich, V., & Wagner, S. (2020). Distinct dynamics of social motivation drive 

differential social behavior in laboratory rat and mouse strains. Nature 

Communications, 11(1), 5908. https://doi.org/10.1038/s41467-020-19569-0 

*Neuhaus, E., Bernier, R. A., & Beauchaine, T. P. (2015). Electrodermal Response to 

Reward and Non‐Reward Among Children With Autism. Autism Research, 8(4), 357–

370. https://doi.org/10.1002/aur.1451 



SOCIAL REWARD IN HUMAN AND ANIMAL STUDIES 97 
 

 
 

*Niedeggen, M., Sarauli, N., Cacciola, S., & Weschke, S. (2014). Are there benefits of social 

overinclusion? Behavioral and ERP effects in the Cyberball paradigm. Frontiers in 

Human Neuroscience, 8. https://doi.org/10.3389/fnhum.2014.00935 

*Norris, C., Szkudlarek, H. J., Pereira, B., Rushlow, W., & Laviolette, S. R. (2019). The 

Bivalent Rewarding and Aversive properties of Δ9-tetrahydrocannabinol are 

Mediated Through Dissociable Opioid Receptor Substrates and Neuronal Modulation 

Mechanisms in Distinct Striatal Sub-Regions. Scientific Reports, 9(1), 9760. 

https://doi.org/10.1038/s41598-019-46215-7 

*Ogoshi, Y., Ogoshi, S., Takezawa, T., & Mitsuhashi, Y. (2016). Impact of the Facial 

Attractiveness of a Social Reward on Event-Related Potential Activities and Task 

Performance. Sensors and Materials, 28(4), 321–327. 

*Oikawa, H., Sugiura, M., Sekiguchi, A., Tsukiura, T., Miyauchi, C. M., Hashimoto, T., 

Takano-Yamamoto, T., & Kawashima, R. (2012). Self-face evaluation and self-

esteem in young females: An fMRI study using contrast effect. Neuroimage, 59(4), 

3668–3676. https://doi.org/10.1016/j.neuroimage.2011.10.098 

*Okabe, S., Takayanagi, Y., Yoshida, M., & Onaka, T. (2022). Rats emit unique distress calls 

in social inequality conditions. https://doi.org/10.1101/2022.02.22.481162 

Olausson, H., Wessberg, J., Morrison, I., McGlone, F., & Vallbo, Å. (2010). The 

neurophysiology of unmyelinated tactile afferents. Neuroscience & Biobehavioral 

Reviews, 34(2), 185–191. https://doi.org/10.1016/j.neubiorev.2008.09.011 

Orben, A., & Przybylski, A. K. (2019). Screens, Teens, and Psychological Well-Being: 

Evidence From Three Time-Use-Diary Studies. Psychological Science, 30(5), 682–

696. https://doi.org/10.1177/0956797619830329 

*Paden, W., Barko, K., Puralewski, R., Cahill, K. M., Huo, Z., Shelton, M. A., Tseng, G. C., 

Logan, R. W., & Seney, M. L. (2020). Sex differences in adult mood and in stress-

induced transcriptional coherence across mesocorticolimbic circuitry. Translational 

Psychiatry, 10(1), 59. https://doi.org/10.1038/s41398-020-0742-9 



SOCIAL REWARD IN HUMAN AND ANIMAL STUDIES 98 
 

 
 

Page, M. J., McKenzie, J. E., Bossuyt, P. M., Boutron, I., Hoffmann, T. C., Mulrow, C. D., 

Shamseer, L., Tetzlaff, J. M., Akl, E. A., Brennan, S. E., Chou, R., Glanville, J., 

Grimshaw, J. M., Hróbjartsson, A., Lalu, M. M., Li, T., Loder, E. W., Mayo-Wilson, E., 

McDonald, S., … Moher, D. (2021). The PRISMA 2020 statement: An updated 

guideline for reporting systematic reviews. BMJ, 372, n71. 

https://doi.org/10.1136/bmj.n71 

*Pankert, A., Pankert, K., Herpertz-Dahlmann, B., Konrad, K., & Kohls, G. (2014). 

Responsivity to familiar versus unfamiliar social reward in children with autism. 

Journal of Neural Transmission, 121(9), 1199–1210. https://doi.org/10.1007/s00702-

014-1210-6 

*Panksepp, J. B., Jochman, K. A., Kim, J. U., Koy, J. J., Wilson, E. D., Chen, Q., Wilson, C. 

R., & Lahvis, G. P. (2007). Affiliative Behavior, Ultrasonic Communication and Social 

Reward Are Influenced by Genetic Variation in Adolescent Mice. PLoS ONE, 2(4), 

e351. https://doi.org/10.1371/journal.pone.0000351 

*Panksepp, J. B., & Lahvis, G. P. (2007). Social reward among juvenile mice. Genes, Brain 

and Behavior, 6(7), 661–671. https://doi.org/10.1111/j.1601-183X.2006.00295.x 

*Parois, S. P., Van Der Zande, L. E., Knol, E. F., Kemp, B., Rodenburg, T. B., & Bolhuis, J. 

E. (2022). Effects of a Multi-Suckling System Combined With Enriched Housing Post-

Weaning on Response and Cognitive Resilience to Isolation. Frontiers in Veterinary 

Science, 9, 868149. https://doi.org/10.3389/fvets.2022.868149 

*Parr, L. A. (2014). Intranasal oxytocin enhances socially-reinforced learning in rhesus 

monkeys. Frontiers in Behavioral Neuroscience, 8. 

https://doi.org/10.3389/fnbeh.2014.00278 

*Pascual-Ezama, D., Prelec, D., & Dunfield, D. (2013). Motivation, money, prestige and 

cheats. Journal of Economic Behavior & Organization, 93, 367–373. 

https://doi.org/10.1016/j.jebo.2013.03.015 

*Peartree, N. A., Hood, L. E., Thiel, K. J., Sanabria, F., Pentkowski, N. S., Chandler, K. N., & 

Neisewander, J. L. (2012). Limited physical contact through a mesh barrier is 



SOCIAL REWARD IN HUMAN AND ANIMAL STUDIES 99 
 

 
 

sufficient for social reward-conditioned place preference in adolescent male rats. 

Physiology & Behavior, 105(3), 749–756. 

https://doi.org/10.1016/j.physbeh.2011.10.001 

*Pegg, S., Arfer, K. B., & Kujawa, A. (2021). Altered reward responsiveness and depressive 

symptoms: An examination of social and monetary reward domains and interactions 

with rejection sensitivity. Journal of Affective Disorders, 282, 717–725. 

https://doi.org/10.1016/j.jad.2020.12.093 

*Pegg, S., Ethridge, P., Shields, G. S., Slavich, G. M., Weinberg, A., & Kujawa, A. (2019). 

Blunted Social Reward Responsiveness Moderates the Effect of Lifetime Social 

Stress Exposure on Depressive Symptoms. Frontiers in Behavioral Neuroscience, 

13, 178. https://doi.org/10.3389/fnbeh.2019.00178 

*Pelletier-Baldelli, A., Orr, J. M., Bernard, J. A., & Mittal, V. A. (2020). Social reward 

processing: A biomarker for predicting psychosis risk? Schizophrenia Research, 226, 

129–137. https://doi.org/10.1016/j.schres.2018.07.042 

*Pentkowski, N. S., Painter, M. R., Thiel, K. J., Peartree, N. A., Cheung, T. H. C., Deviche, 

P., Adams, M., Alba, J., & Neisewander, J. L. (2011). Nicotine-induced plasma 

corticosterone is attenuated by social interactions in male and female adolescent 

rats. Pharmacology Biochemistry and Behavior, 100(1), 1–7. 

https://doi.org/10.1016/j.pbb.2011.07.005 

*Peris, J., Totten, K., Montgomery, D., Lester, H., Weatherington, A., Piotrowski, B., Sowell, 

S., Doyle, K., Scott, K., Tan, Y., MacFadyen, K. A., Engle, H., De Kloet, A. D., & 

Krause, E. G. (2022). Conditioned social preference and reward value of activating 

oxytocin‐receptor‐expressing ventral tegmental area neurons following repeated daily 

binge ethanol intake. Alcoholism: Clinical and Experimental Research, 46(2), 194–

206. https://doi.org/10.1111/acer.14769 

*Perry, D. C., Sturm, V. E., Wood, K. A., Miller, B. L., & Kramer, J. H. (2015). Divergent 

Processing of Monetary and Social Reward in Behavioral Variant Frontotemporal 



SOCIAL REWARD IN HUMAN AND ANIMAL STUDIES 100 
 

 
 

Dementia and Alzheimer Disease. Alzheimer Disease & Associated Disorders, 29(2), 

161–164. https://doi.org/10.1097/WAD.0000000000000012 

Petereit, P., Weiblen, R., Perry, A., & Krämer, U. M. (2022). Effects of social presence on 

behavioural, neural and physiological aspects of empathy for pain [Preprint]. 

Neuroscience. https://doi.org/10.1101/2022.09.14.507943 

Pfabigan, D. M., & Han, S. (2019). Converging electrophysiological evidence for a 

processing advantage of social over nonsocial feedback. Cognitive, Affective, & 

Behavioral Neuroscience, 19(5), 1170–1183. https://doi.org/10.3758/s13415-019-

00737-9 

Pfeiffer, U. J., Schilbach, L., Timmermans, B., Kuzmanovic, B., Georgescu, A. L., Bente, G., 

& Vogeley, K. (2014). Why we interact: On the functional role of the striatum in the 

subjective experience of social interaction. NeuroImage, 101, 124–137. 

https://doi.org/10.1016/j.neuroimage.2014.06.061 

*Philipp-Muller, A., & MacDonald, G. (2017). Avoidant individuals may have muted 

responses to social warmth after all: An attempted replication of MacDonald and 

Borsook (2010). Journal of Experimental Social Psychology, 70, 272–280. 

https://doi.org/10.1016/j.jesp.2016.11.010 

*Pincus, M., LaViers, L., Prietula, M. J., & Berns, G. (2014). The Conforming Brain and 

Deontological Resolve. PLoS ONE, 9(8), e106061. 

https://doi.org/10.1371/journal.pone.0106061 

Pool, E., Brosch, T., Delplanque, S., & Sander, D. (2015). Stress increases cue-triggered 

“wanting” for sweet reward in humans. Journal of Experimental Psychology: Animal 

Learning and Cognition, 41, 128–136. https://doi.org/10.1037/xan0000052 

Pool, E., Sennwald, V., Delplanque, S., Brosch, T., & Sander, D. (2016). Measuring wanting 

and liking from animals to humans: A systematic review. Neuroscience & 

Biobehavioral Reviews, 63, 124–142. https://doi.org/10.1016/j.neubiorev.2016.01.006 

*Poore, J. C., Pfeifer, J. H., Berkman, E. T., Inagaki, T. K., Welborn, B. L., & Lieberman, M. 

D. (2012). Prediction-error in the context of real social relationships modulates 



SOCIAL REWARD IN HUMAN AND ANIMAL STUDIES 101 
 

 
 

reward system activity. Frontiers in Human Neuroscience, 6. 

https://doi.org/10.3389/fnhum.2012.00218 

*Preller, K. H., Herdener, M., Schilbach, L., Stämpfli, P., Hulka, L. M., Vonmoos, M., Ingold, 

N., Vogeley, K., Tobler, P. N., Seifritz, E., & Quednow, B. B. (2014). Functional 

changes of the reward system underlie blunted response to social gaze in cocaine 

users. Proceedings of the National Academy of Sciences, 111(7), 2842–2847. 

https://doi.org/10.1073/pnas.1317090111 

Prounis, G. S., & Ophir, A. G. (2020). One cranium, two brains not yet introduced: Distinct 

but complementary views of the social brain. Neuroscience & Biobehavioral Reviews, 

108, 231–245. https://doi.org/10.1016/j.neubiorev.2019.11.011 

*Quarmley, M. E., Nelson, B. D., Clarkson, T., White, L. K., & Jarcho, J. M. (2019). I Knew 

You Weren’t Going to Like Me! Neural Response to Accurately Predicting Rejection 

Is Associated With Anxiety and Depression. Frontiers in Behavioral Neuroscience, 

13, 219. https://doi.org/10.3389/fnbeh.2019.00219 

R Core Team. (2023). R: A Language and Environment for Statistical Computing [Computer 

software]. R Foundation for Statistical Computing. https://www.R-project.org/ 

*Rademacher, L., Krach, S., Kohls, G., Irmak, A., Gründer, G., & Spreckelmeyer, K. N. 

(2010). Dissociation of neural networks for anticipation and consumption of monetary 

and social rewards. NeuroImage, 49(4), 3276–3285. 

https://doi.org/10.1016/j.neuroimage.2009.10.089 

*Rademacher, L., Salama, A., Gründer, G., & Spreckelmeyer, K. N. (2014). Differential 

patterns of nucleus accumbens activation during anticipation of monetary and social 

reward in young and older adults. Social Cognitive and Affective Neuroscience, 9(6), 

825–831. https://doi.org/10.1093/scan/nst047 

*Radke, S., Seidel, E.-M., Eickhoff, S. B., Gur, R. C., Schneider, F., Habel, U., & Derntl, B. 

(2016). When opportunity meets motivation: Neural engagement during social 

approach is linked to high approach motivation. Neuroimage, 127, 267–276. 

https://doi.org/10.1016/j.neuroimage.2015.12.014 



SOCIAL REWARD IN HUMAN AND ANIMAL STUDIES 102 
 

 
 

*Ramirez-Marin, J. Y., & Shafa, S. (2018). Social rewards: The basis for collaboration in 

honor cultures. Cross Cultural & Strategic Management, 25(1), 53–69. 

https://doi.org/10.1108/CCSM-10-2016-0180 

*Ramos, L., Hicks, C., Caminer, A., Goodwin, J., & McGregor, I. S. (2015). Oxytocin and 

MDMA ('Ecstasy’) enhance social reward in rats. Psychopharmacology, 232(14), 

2631–2641. https://doi.org/10.1007/s00213-015-3899-9 

*Ramsey, L. A., Holloman, F. M., Hope, B. T., Shaham, Y., & Venniro, M. (2022). Waving 

Through the Window: A Model of Volitional Social Interaction in Female Mice. 

Biological Psychiatry, 91(11), 988–997. 

https://doi.org/10.1016/j.biopsych.2021.10.023 

*Rappaport, B. I., Hennefield, L., Kujawa, A., Arfer, K. B., Kelly, D., Kappenman, E. S., Luby, 

J. L., & Barch, D. M. (2019). Peer Victimization and Dysfunctional Reward 

Processing: ERP and Behavioral Responses to Social and Monetary Rewards. 

Frontiers in Behavioral Neuroscience, 13, 120. 

https://doi.org/10.3389/fnbeh.2019.00120 

*Ratliff, R. G., Morganstern, K. P., & Ratliff, A. R. (1976). Patterns of Learning in Verbal 

Discrimination as an Interaction of Social Reinforcement and Sex Combinations. The 

Journal of Genetic Psychology, 129(2), 195–205. 

https://doi.org/10.1080/00221325.1976.10534030 

Ravreby, I., Snitz, K., & Sobel, N. (2022). There is chemistry in social chemistry. Science 

Advances, 8(25), eabn0154. https://doi.org/10.1126/sciadv.abn0154 

Redcay, E., Dodell-Feder, D., Pearrow, M. J., Mavros, P. L., Kleiner, M., Gabrieli, J. D. E., & 

Saxe, R. (2010). Live face-to-face interaction during fMRI: A new tool for social 

cognitive neuroscience. NeuroImage, 50(4), 1639–1647. 

https://doi.org/10.1016/j.neuroimage.2010.01.052 

Redcay, E., & Schilbach, L. (2019). Using second-person neuroscience to elucidate the 

mechanisms of social interaction. Nature Reviews Neuroscience, 20(8), Article 8. 

https://doi.org/10.1038/s41583-019-0179-4 



SOCIAL REWARD IN HUMAN AND ANIMAL STUDIES 103 
 

 
 

Reid, V. M., Dunn, K., Young, R. J., Amu, J., Donovan, T., & Reissland, N. (2017). The 

Human Fetus Preferentially Engages with Face-like Visual Stimuli. Current Biology: 

CB, 27(12), 1825-1828.e3. https://doi.org/10.1016/j.cub.2017.05.044 

*Rein, B., Yan, Z., & Wang, Z. (2020). Diminished social interaction incentive contributes to 

social deficits in mouse models of autism spectrum disorder. Genes, Brain and 

Behavior, 19(1), e12610. https://doi.org/10.1111/gbb.12610 

*Reyna, N. C., Madden, J. T., Thiel, K. J., & Pentkowski, N. S. (2021). Methamphetamine 

and social rewards interact to produce enhanced conditioned place preference in 

male adolescent rats. Pharmacology Biochemistry and Behavior, 201, 173091. 

https://doi.org/10.1016/j.pbb.2020.173091 

*Richey, J. A., Rittenberg, A., Hughes, L., Damiano, C. R., Sabatino, A., Miller, S., Hanna, 

E., Bodfish, J. W., & Dichter, G. S. (2014). Common and distinct neural features of 

social and non-social reward processing in autism and social anxiety disorder. Social 

Cognitive and Affective Neuroscience, 9(3), 367–377. 

https://doi.org/10.1093/scan/nss146 

Roberts, J. W., Bennett, S. J., & Hayes, S. J. (2016). Top-down social modulation of 

interpersonal observation–execution. Psychological Research, 80(4), 487–495. 

https://doi.org/10.1007/s00426-015-0666-9 

Roberts, J. W., Bennett, S. J., & Hayes, S. J. (2018). Impression or expression? The 

influence of self-monitoring on the social modulation of motor contagion. Quarterly 

Journal of Experimental Psychology (2006), 71(4), 850–858. 

https://doi.org/10.1080/17470218.2017.1307430 

*Rogers-Carter, M. M., Djerdjaj, A., Gribbons, K. B., Varela, J. A., & Christianson, J. P. 

(2019). Insular Cortex Projections to Nucleus Accumbens Core Mediate Social 

Approach to Stressed Juvenile Rats. The Journal of Neuroscience, 39(44), 8717–

8729. https://doi.org/10.1523/JNEUROSCI.0316-19.2019 

*Rosenthal-von der Puetten, A. M., Hastall, M. R., Koecher, S., Meske, C., Heinrich, T., 

Labrenz, F., & Ocklenburg, S. (2019). “Likes” as social rewards: Their role in online 



SOCIAL REWARD IN HUMAN AND ANIMAL STUDIES 104 
 

 
 

social comparison and decisions to like other People’s selfies. Computers in Human 

Behavior, 92, 76–86. https://doi.org/10.1016/j.chb.2018.10.017 

*Ross, V., Jongen, E. M. M., Brijs, K., Brijs, T., & Wets, G. (2016). Investigating risky, 

distracting, and protective peer passenger effects in a dual process framework. 

Accident Analysis & Prevention, 93, 217–225. 

https://doi.org/10.1016/j.aap.2016.05.007 

*Rudolph, K. D., Davis, M. M., Skymba, H. V., Modi, H. H., & Telzer, E. H. (2021). Social 

experience calibrates neural sensitivity to social feedback during adolescence: A 

functional connectivity approach. Developmental Cognitive Neuroscience, 47, 

100903. https://doi.org/10.1016/j.dcn.2020.100903 

*Ruta, L., Famà, F. I., Bernava, G. M., Leonardi, E., Tartarisco, G., Falzone, A., Pioggia, G., 

& Chakrabarti, B. (2017). Reduced preference for social rewards in a novel tablet 

based task in young children with Autism Spectrum Disorders. Scientific Reports, 

7(1), 3329. https://doi.org/10.1038/s41598-017-03615-x 

Sabu, H., Morita, T., Takahashi, H., Naito, E., & Asada, M. (2019). Being a leader in a 

rhythmic interaction activates reward-related brain regions. Neurosci Res, 145(NA), 

39–45. https://doi.org/10.1016/j.neures.2018.08.009 

*Sakaki, K., Nozawa, T., Ikeda, S., & Kawashima, R. (2020). Neural correlates of cognitive 

bias modification for interpretation. Social Cognitive and Affective Neuroscience, 

15(2), 247–260. https://doi.org/10.1093/scan/nsaa026 

*Sánchez-Hernández, M. D., Herrera, M. C., & Expósito, F. (2022). Does the Number of 

Likes Affect Adolescents’ Emotions? The Moderating Role of Social Comparison and 

Feedback-Seeking on Instagram. The Journal of Psychology, 156(3), 200–223. 

https://doi.org/10.1080/00223980.2021.2024120 

*Sazhin, D., Frazier, A., Haynes, C. R., Johnston, C., Chat, I. K.-Y., Dennison, J. B., Bart, C., 

McCloskey, M., Chein, J., Fareri, D. S., Alloy, L. B., Jarcho, J., & Smith, D. V. (2020). 

The Role of Social Reward and Corticostriatal Connectivity in Substance Use. NA, 

NA(NA). https://osf.io/su7vg 



SOCIAL REWARD IN HUMAN AND ANIMAL STUDIES 105 
 

 
 

Schatz, K. C., Martin, C. D., Ishiwari, K., George, A. M., Richards, J. B., & Paul, M. J. (2019). 

Mutation in the vasopressin gene eliminates the sex difference in social 

reinforcement in adolescent rats. Physiology & Behavior, 206, 125–133. 

https://doi.org/10.1016/j.physbeh.2019.04.004 

*Scheggi, S., Guzzi, F., Braccagni, G., De Montis, M. G., Parenti, M., & Gambarana, C. 

(2020). Targeting PPARα in the rat valproic acid model of autism: Focus on social 

motivational impairment and sex-related differences. Molecular Autism, 11(1), 62. 

https://doi.org/10.1186/s13229-020-00358-x 

Scheller, M., & Sui, J. (2022). Social relevance modulates multisensory integration. Journal 

of Experimental Psychology: Human Perception and Performance, 48(9), 1022–

1038. https://doi.org/10.1037/xhp0001013 

*Schiavi, S., Iezzi, D., Manduca, A., Leone, S., Melancia, F., Carbone, C., Petrella, M., 

Mannaioni, G., Masi, A., & Trezza, V. (2019). Reward-Related Behavioral, 

Neurochemical and Electrophysiological Changes in a Rat Model of Autism Based on 

Prenatal Exposure to Valproic Acid. Frontiers in Cellular Neuroscience, 13, 479. 

https://doi.org/10.3389/fncel.2019.00479 

*Schienle, A., Gremsl, A., & Zorjan, S. (2022). Social reward from giving food to others 

affects food craving and brain potentials: An imagery-based event-related potential 

study. Appetite, 168, 105722. https://doi.org/10.1016/j.appet.2021.105722 

Schilbach, L. (2016). Towards a second-person neuropsychiatry. Philosophical Transactions 

of the Royal Society B: Biological Sciences, 371(1686), 20150081. 

https://doi.org/10.1098/rstb.2015.0081 

Schilbach, L., Timmermans, B., Reddy, V., Costall, A., Bente, G., Schlicht, T., & Vogeley, K. 

(2013). Toward a second-person neuroscience. The Behavioral and Brain Sciences, 

36(4), 393–414. https://doi.org/10.1017/S0140525X12000660 

Schultz, W. (2015). Reward. In A. W. Toga (Ed.), Brain Mapping (pp. 643–651). Academic 

Press. https://doi.org/10.1016/B978-0-12-397025-1.00059-2 



SOCIAL REWARD IN HUMAN AND ANIMAL STUDIES 106 
 

 
 

*Schwartz, K. T. G., Kryza-Lacombe, M., Liuzzi, M. T., Weersing, V. R., & Wiggins, J. L. 

(2019). Social and Non-social Reward: A Preliminary Examination of Clinical 

Improvement and Neural Reactivity in Adolescents Treated With Behavioral Therapy 

for Anxiety and Depression. Frontiers in Behavioral Neuroscience, 13, 177. 

https://doi.org/10.3389/fnbeh.2019.00177 

Sciutti, A., & Sandini, G. (2017). Interacting With Robots to Investigate the Bases of Social 

Interaction. IEEE Transactions on Neural Systems and Rehabilitation Engineering, 

25(12), 2295–2304. https://doi.org/10.1109/TNSRE.2017.2753879 

*Scott‐Van Zeeland, A. A., Dapretto, M., Ghahremani, D. G., Poldrack, R. A., & Bookheimer, 

S. Y. (2010). Reward processing in autism. Autism Research, 3(2), 53–67. 

https://doi.org/10.1002/aur.122 

*Seaman, K. L., Juarez, E. J., Troutman, A., Salerno, J. M., Samanez-Larkin, S. P., & 

Samanez-Larkin, G. R. (2023). Decision Making across Adulthood during Physical 

Distancing. Aging, Neuropsychology, and Cognition, 30(1), 53–65. 

https://doi.org/10.1080/13825585.2021.1962793 

*Seaman, K. L., Juarez, E., Troutman, A., Salerno, J., Samanez-Larkin, S., & Samanez-

Larkin, G. (2020). Decision making across adulthood during physical distancing. 

PsyArXiv. https://doi.org/10.31234/osf.io/dr798 

*Seidisarouei, M., Van Gurp, S., Pranic, N. M., Calabus, I. N., Van Wingerden, M., & 

Kalenscher, T. (2021). Distinct Profiles of 50 kHz Vocalizations Differentiate Between 

Social Versus Non-social Reward Approach and Consumption. Frontiers in 

Behavioral Neuroscience, 15, 693698. https://doi.org/10.3389/fnbeh.2021.693698 

*Seidisarouei, M., Van Wingerden, M., Schäble, S., Trossbach, S. V., Korth, C., & 

Kalenscher, T. (2021). Reduced motivation for social contact in Disrupted-in-

schizophrenia transgenic rats. https://doi.org/10.1101/2021.09.29.462172 

*Sepeta, L., Tsuchiya, N., Davies, M. S., Sigman, M., Bookheimer, S. Y., & Dapretto, M. 

(2012). Abnormal social reward processing in autism as indexed by pupillary 



SOCIAL REWARD IN HUMAN AND ANIMAL STUDIES 107 
 

 
 

responses to happy faces. Journal of Neurodevelopmental Disorders, 4(1), 17. 

https://doi.org/10.1186/1866-1955-4-17 

*Sequeira, S. L., Butterfield, R. D., Silk, J. S., Forbes, E. E., & Ladouceur, C. D. (2019). 

Neural Activation to Parental Praise Interacts With Social Context to Predict 

Adolescent Depressive Symptoms. Frontiers in Behavioral Neuroscience, 13, 222. 

https://doi.org/10.3389/fnbeh.2019.00222 

*Sequeira, S. L., Silk, J. S., Hutchinson, E., Jones, N. P., & Ladouceur, C. D. (2021). Neural 

Responses to Social Reward Predict Depressive Symptoms in Adolescent Girls 

During the COVID-19 Pandemic. Journal of Pediatric Psychology, 46(8), 915–926. 

https://doi.org/10.1093/jpepsy/jsab037 

Sescousse, G., Caldú, X., Segura, B., & Dreher, J.-C. (2013). Processing of primary and 

secondary rewards: A quantitative meta-analysis and review of human functional 

neuroimaging studies. Neuroscience and Biobehavioral Reviews, 37(4), 681–696. 

https://doi.org/10.1016/j.neubiorev.2013.02.002 

*Sewell, T. E., & Walker, R. H. (1982). The Effects of Material and Symbolic Incentives on 

the Learning Ability of Low Ses Black Children. The Journal of General Psychology, 

106(1), 93–99. https://doi.org/10.1080/00221309.1982.9710977 

Shamay-Tsoory, S. G., Saporta, N., Marton-Alper, I. Z., & Gvirts, H. Z. (2019). Herding 

Brains: A Core Neural Mechanism for Social Alignment. Trends in Cognitive 

Sciences, 23(3), 174–186. https://doi.org/10.1016/j.tics.2019.01.002 

*Shapiro, M. S., & Jensen, A. L. (2009). Parameters of rewards on choice behavior in 

Siamese fighting fish (Betta splendens). Behavioural Processes, 82(1), 30–38. 

https://doi.org/10.1016/j.beproc.2009.03.007 

*Sharma, A., Satterthwaite, T. D., Vandekar, L., Katchmar, N., Daldal, A., Ruparel, K., Elliott, 

M. A., Baldassano, C., Thase, M. E., Gur, R. E., Kable, J. W., & Wolf, D. H. (2016). 

Divergent relationship of depression severity to social reward responses among 

patients with bipolar versus unipolar depression. Psychiatry Research: 

Neuroimaging, 254, 18–25. https://doi.org/10.1016/j.pscychresns.2016.06.003 



SOCIAL REWARD IN HUMAN AND ANIMAL STUDIES 108 
 

 
 

*Sherman, L. E., Hernandez, L. M., Greenfield, P. M., & Dapretto, M. (2018). What the brain 

‘Likes’: Neural correlates of providing feedback on social media. Social Cognitive and 

Affective Neuroscience, 13(7), 699–707. https://doi.org/10.1093/scan/nsy051 

*Shiomi, M., Tamura, Y., Kimoto, M., Iio, T., Akahane-Yamada, R., & Shimohara, K. (2021). 

Two is better than one: Verification of the effect of praise from two robots on pre-

school children’s learning time. Advanced Robotics, 35(19), 1132–1144. 

https://doi.org/10.1080/01691864.2021.1970019 

*Silva, C., Da Fonseca, D., Esteves, F., & Deruelle, C. (2017). Seeing the funny side of 

things: Humour processing in Autism Spectrum Disorders. Research in Autism 

Spectrum Disorders, 43–44, 8–17. https://doi.org/10.1016/j.rasd.2017.09.001 

*Sims, T. B., Van Reekum, C. M., Johnstone, T., & Chakrabarti, B. (2012). How reward 

modulates mimicry: EMG evidence of greater facial mimicry of more rewarding happy 

faces. Psychophysiology, 49(7), 998–1004. https://doi.org/10.1111/j.1469-

8986.2012.01377.x 

*Smith, D. V., Clithero, J. A., Boltuck, S. E., & Huettel, S. A. (2014). Functional connectivity 

with ventromedial prefrontal cortex reflects subjective value for social rewards. Social 

Cognitive and Affective Neuroscience, 9(12), 2017–2025. 

https://doi.org/10.1093/scan/nsu005 

*Song, Z., Borland, J. M., Larkin, T. E., O’Malley, M., & Albers, H. E. (2016). Activation of 

oxytocin receptors, but not arginine-vasopressin V1a receptors, in the ventral 

tegmental area of male Syrian hamsters is essential for the reward-like properties of 

social interactions. Psychoneuroendocrinology, 74, 164–172. 

https://doi.org/10.1016/j.psyneuen.2016.09.001 

*Soussignan, R., Schaal, B., & Jiang, T. (2019). Watching happy faces potentiates incentive 

salience but not hedonic reactions to palatable food cues in overweight/obese adults. 

Appetite, 133, 83–92. https://doi.org/10.1016/j.appet.2018.10.024 

*Soutschek, A., Burke, C. J., Beharelle, A. R., Schreiber, R., Weber, S. C., Karipidis, I. I., ten 

Velden, J., Weber, B., Haker, H., Kalenscher, T., & Tobler, P. N. (2017). The 



SOCIAL REWARD IN HUMAN AND ANIMAL STUDIES 109 
 

 
 

dopaminergic reward system underpins gender differences in social preferences. 

Nature Human Behaviour, 1(11), 819–827. https://doi.org/10.1038/s41562-017-0226-

y 

*Soutschek, A., Ruff, C. C., Strombach, T., Kalenscher, T., & Tobler, P. N. (2016). Brain 

stimulation reveals crucial role of overcoming self-centeredness in self-control. 

Science Advances, 2(10), e1600992. https://doi.org/10.1126/sciadv.1600992 

*Sparrow, E. P., Leung, R., Statucka, M., Spaniol, J., & Cohn, M. (2021). Altruism in 

Parkinson’s disease. Neuropsychology, 35(5), 547–555. 

https://doi.org/10.1037/neu0000740 

*Spreckelmeyer, K. N., Krach, S., Kohls, G., Rademacher, L., Irmak, A., Konrad, K., Kircher, 

T., & Gründer, G. (2009). Anticipation of monetary and social reward differently 

activates mesolimbic brain structures in men and women. Social Cognitive and 

Affective Neuroscience, 4(2), 158–165. https://doi.org/10.1093/scan/nsn051 

*Spreckelmeyer, K. N., Rademacher, L., Paulus, F. M., & Gründer, G. (2013). Neural 

activation during anticipation of opposite-sex and same-sex faces in heterosexual 

men and women. NeuroImage, 66, 223–231. 

https://doi.org/10.1016/j.neuroimage.2012.10.068 

*Stark, E. A., Cabral, J., Riem, M. M. E., Van IJzendoorn, M. H., Stein, A., & Kringelbach, M. 

L. (2020). The Power of Smiling: The Adult Brain Networks Underlying Learned Infant 

Emotionality. Cerebral Cortex, 30(4), 2019–2029. 

https://doi.org/10.1093/cercor/bhz219 

*Stavropoulos, K. K. M., & Carver, L. J. (2014). Reward sensitivity to faces versus objects in 

children: An ERP study. Social Cognitive and Affective Neuroscience, 9(10), 1569–

1575. https://doi.org/10.1093/scan/nst149 

*Stavropoulos, K. K.-M., & Carver, L. J. (2018). Oscillatory rhythm of reward: Anticipation 

and processing of rewards in children with and without autism. Molecular Autism, 

9(1), 4. https://doi.org/10.1186/s13229-018-0189-5 



SOCIAL REWARD IN HUMAN AND ANIMAL STUDIES 110 
 

 
 

*Stinson, D. A., Cameron, J. J., & Robinson, K. J. (2015). The good, the bad, and the risky: 

Self-esteem, rewards and costs, and interpersonal risk regulation during relationship 

initiation. Journal of Social and Personal Relationships, 32(8), 1109–1136. 

https://doi.org/10.1177/0265407514558961 

*Stroebe, W., & Diehl, M. (1981). Conformity and counterattitudinal behavior: The effect of 

social support on attitude change. Journal of Personality and Social Psychology, 

41(5), 876–889. https://doi.org/10.1037/0022-3514.41.5.876 

*Sugawara, S. K., Tanaka, S., Okazaki, S., Watanabe, K., & Sadato, N. (2012). Social 

Rewards Enhance Offline Improvements in Motor Skill. PLoS ONE, 7(11), e48174. 

https://doi.org/10.1371/journal.pone.0048174 

*Sugimoto, H., Dolcos, F., & Tsukiura, T. (2021). Memory of my victory and your defeat: 

Contributions of reward- and memory-related regions to the encoding of winning 

events in competitions with others. Neuropsychologia, 152, 107733. 

https://doi.org/10.1016/j.neuropsychologia.2020.107733 

*Sumiya, M., Okamoto, Y., Koike, T., Tanigawa, T., Okazawa, H., Kosaka, H., & Sadato, N. 

(2020). Attenuated activation of the anterior rostral medial prefrontal cortex on self-

relevant social reward processing in individuals with autism spectrum disorder. 

NeuroImage: Clinical, 26, 102249. https://doi.org/10.1016/j.nicl.2020.102249 

*Sutcubasi, B., Metin, B., Tas, C., Krzan, F. K., Sarı, B. A., Ozcimen, B., & Tarhan, N. 

(2018). The relationship between responsiveness to social and monetary rewards 

and ADHD symptoms. Cognitive, Affective, & Behavioral Neuroscience, 18(5), 857–

868. https://doi.org/10.3758/s13415-018-0609-1 

*Sutherland, J. E., Hassein, U., Day, D. M., & Easa, S. M. (2022). Modeling social rejection, 

physiological arousal, and peer influence on risky driving among adolescents and 

young adults. Transportation Research Part F: Traffic Psychology and Behaviour, 84, 

114–138. https://doi.org/10.1016/j.trf.2021.11.010 

*Sweitzer, M. M., Watson, K. K., Erwin, S. R., Winecoff, A. A., Datta, N., Huettel, S., Platt, M. 

L., & Zucker, N. L. (2018). Neurobiology of social reward valuation in adults with a 



SOCIAL REWARD IN HUMAN AND ANIMAL STUDIES 111 
 

 
 

history of anorexia nervosa. PLOS ONE, 13(12), e0205085. 

https://doi.org/10.1371/journal.pone.0205085 

*Syal, S., Ipser, J., Terburg, D., Solms, M., Panksepp, J., Malcolm-Smith, S., Bos, P. A., 

Montoya, E. R., Stein, D. J., & Van Honk, J. (2015). Improved memory for reward 

cues following acute buprenorphine administration in humans. 

Psychoneuroendocrinology, 53, 10–15. 

https://doi.org/10.1016/j.psyneuen.2014.11.009 

Tamir, D. I., & Hughes, B. L. (2018). Social Rewards: From Basic Social Building Blocks to 

Complex Social Behavior. Perspectives on Psychological Science, 13(6), 700–717. 

https://doi.org/10.1177/1745691618776263 

Tamir, D. I., & Mitchell, J. P. (2012). Disclosing information about the self is intrinsically 

rewarding. Proceedings of the National Academy of Sciences, 109(21), 8038–8043. 

https://doi.org/10.1073/pnas.1202129109 

*Tan, P. Z., Lee, K. H., Dahl, R. E., Nelson, E. E., Stroud, L. J., Siegle, G. J., Morgan, J. K., 

& Silk, J. S. (2014). Associations between maternal negative affect and adolescent’s 

neural response to peer evaluation. Developmental Cognitive Neuroscience, 8, 28–

39. https://doi.org/10.1016/j.dcn.2014.01.006 

Taneja, P., Olausson, H., Trulsson, M., Svensson, P., & Baad-Hansen, L. (2019). Defining 

pleasant touch stimuli: A systematic review and meta-analysis. Psychological 

Research. https://doi.org/10.1007/s00426-019-01253-8 

Tarr, B., Launay, J., & Dunbar, R. I. M. (2016). Silent disco: Dancing in synchrony leads to 

elevated pain thresholds and social closeness. Evolution and Human Behavior: 

Official Journal of the Human Behavior and Evolution Society, 37(5), 343–349. 

https://doi.org/10.1016/j.evolhumbehav.2016.02.004 

*Tchalova, K., & MacDonald, G. (2020). Opioid receptor blockade inhibits self-disclosure 

during a closeness-building social interaction. Psychoneuroendocrinology, 113, 

104559. https://doi.org/10.1016/j.psyneuen.2019.104559 



SOCIAL REWARD IN HUMAN AND ANIMAL STUDIES 112 
 

 
 

*Teichmann, K. (2021). Loyal customers’ tipping points of spending for services: A 

reciprocity perspective. European Journal of Marketing, 55(13), 202–229. 

https://doi.org/10.1108/EJM-10-2019-0781 

*Telzer, E. H., Fuligni, A. J., Lieberman, M. D., & Galván, A. (2013). Ventral striatum 

activation to prosocial rewards predicts longitudinal declines in adolescent risk taking. 

Developmental Cognitive Neuroscience, 3, 45–52. 

https://doi.org/10.1016/j.dcn.2012.08.004 

*Telzer, E. H., Jorgensen, N. A., Prinstein, M. J., & Lindquist, K. A. (2021). Neurobiological 

Sensitivity to Social Rewards and Punishments Moderates Link Between Peer Norms 

and Adolescent Risk Taking. Child Development, 92(2), 731–745. 

https://doi.org/10.1111/cdev.13466 

*Teubner, T., Adam, M., Camacho, S., & Hassanein, K. (2022). What You See is What You 

G(u)e(s)t: How Profile Photos and Profile Information Drive Providers’ Expectations 

of Social Reward in Co-usage Sharing. Information Systems Management, 39(1), 

64–81. https://doi.org/10.1080/10580530.2020.1871533 

*Tham, Y. J., Hashimoto, T., & Karasawa, K. (2022). Social rewards in the volunteer’s 

dilemma in everyday life. Asian Journal of Social Psychology, 25(1), 117–125. 

https://doi.org/10.1111/ajsp.12472 

*Thiel, K. J., Okun, A. C., & Neisewander, J. L. (2008). Social reward-conditioned place 

preference: A model revealing an interaction between cocaine and social context 

rewards in rats. Drug and Alcohol Dependence, 96(3), 202–212. 

https://doi.org/10.1016/j.drugalcdep.2008.02.013 

*Thiel, K. J., Sanabria, F., & Neisewander, J. L. (2009). Synergistic interaction between 

nicotine and social rewards in adolescent male rats. Psychopharmacology, 204(3), 

391–402. https://doi.org/10.1007/s00213-009-1470-2 

*Thompson, J. C., & Westwater, M. L. (2017). Alpha EEG power reflects the suppression of 

Pavlovian bias during social reinforcement learning. bioRxiv, NA(NA). 

https://doi.org/10.1101/153668 



SOCIAL REWARD IN HUMAN AND ANIMAL STUDIES 113 
 

 
 

*Tobler, P. N., Preller, K. H., Campbell-Meiklejohn, D. K., Kirschner, M., Kraehenmann, R., 

Stämpfli, P., Herdener, M., Seifritz, E., & Quednow, B. B. (2016). Shared neural basis 

of social and non-social reward deficits in chronic cocaine users. Social Cognitive 

and Affective Neuroscience, 11(6), 1017–1025. https://doi.org/10.1093/scan/nsw030 

Trezza, V., Baarendse, P. J. J., & Vanderschuren, L. J. M. J. (2010). The pleasures of play: 

Pharmacological insights into social reward mechanisms. Trends in Pharmacological 

Sciences, 31(10), 463–469. https://doi.org/10.1016/j.tips.2010.06.008 

*Trezza, V., Campolongo, P., & Vanderschuren, L. J. M. J. (2011). Evaluating the rewarding 

nature of social interactions in laboratory animals. Developmental Cognitive 

Neuroscience, 1(4), 444–458. https://doi.org/10.1016/j.dcn.2011.05.007 

Trezza, V., Damsteegt, R., Achterberg, E. J. M., & Vanderschuren, L. J. M. J. (2011). 

Nucleus Accumbens μ-Opioid Receptors Mediate Social Reward. The Journal of 

Neuroscience, 31(17), 6362–6370. https://doi.org/10.1523/JNEUROSCI.5492-

10.2011 

*Turpyn, C. C., Jorgensen, N. A., Prinstein, M. J., Lindquist, K. A., & Telzer, E. H. (2021). 

Social neural sensitivity as a susceptibility marker to family context in predicting 

adolescent externalizing behavior. Developmental Cognitive Neuroscience, 51, 

100993. https://doi.org/10.1016/j.dcn.2021.100993 

*Unikel, I. P., Strain, G. S., & Adams, H. E. (1969). Learning of lower socioeconomic status 

children as a function of social and tangible reward. Developmental Psychology, 1(5), 

553–555. https://doi.org/10.1037/h0027975 

*Utevsky, A. V., Smith, D. V., Young, J. S., & Huettel, S. A. (2017). Large-Scale Network 

Coupling with the Fusiform Cortex Facilitates Future Social Motivation. Eneuro, 4(5), 

ENEURO.0084-17.2017. https://doi.org/10.1523/ENEURO.0084-17.2017 

*Vahaba, D. M., Halstead, E. R., Donaldson, Z. R., Ahern, T. H., & Beery, A. K. (2022). Sex 

differences in the reward value of familiar mates in prairie voles. Genes, Brain and 

Behavior, 21(3), e12790. https://doi.org/10.1111/gbb.12790 



SOCIAL REWARD IN HUMAN AND ANIMAL STUDIES 114 
 

 
 

*Van Dooren, M. M. M., Visch, V. T., & Spijkerman, R. (2019). The Design and Application of 

Game Rewards in Youth Addiction Care. Information, 10(4), 126. 

https://doi.org/10.3390/info10040126 

*Van Staden, C., De Brouwer, G., Botha, T. L., Finger-Baier, K., Brand, S. J., & Wolmarans, 

D. (2020). Dopaminergic and serotonergic modulation of social reward appraisal in 

zebrafish (Danio rerio) under circumstances of motivational conflict: Towards a 

screening test for anti-compulsive drug action. Behavioural Brain Research, 379, 

112393. https://doi.org/10.1016/j.bbr.2019.112393 

*Vandeweghe, L., Verbeken, S., Braet, C., Loeys, T., De Henauw, S., & Moens, E. (2018). 

Strategies to increase preschoolers’ vegetable liking and consumption: The role of 

reward sensitivity. Food Quality and Preference, 66, 153–159. 

https://doi.org/10.1016/j.foodqual.2018.01.009 

*Venniro, M., Panlilio, L. V., Epstein, D. H., & Shaham, Y. (2021). The protective effect of 

operant social reward on cocaine self-administration, choice, and relapse is 

dependent on delay and effort for the social reward. Neuropsychopharmacology, 

46(13), 2350–2357. https://doi.org/10.1038/s41386-021-01148-6 

*Venniro, M., Russell, T. I., Ramsey, L. A., Richie, C. T., Lesscher, H. M. B., Giovanetti, S. 

M., Messing, R. O., & Shaham, Y. (2020). Abstinence-dependent dissociable central 

amygdala microcircuits control drug craving. Proceedings of the National Academy of 

Sciences, 117(14), 8126–8134. https://doi.org/10.1073/pnas.2001615117 

*Venniro, M., Russell, T. I., Zhang, M., & Shaham, Y. (2019). Operant Social Reward 

Decreases Incubation of Heroin Craving in Male and Female Rats. Biological 

Psychiatry, 86(11), 848–856. https://doi.org/10.1016/j.biopsych.2019.05.018 

*Venniro, M., Zhang, M., Caprioli, D., Hoots, J. K., Golden, S. A., Heins, C., Morales, M., 

Epstein, D. H., & Shaham, Y. (2018). Volitional social interaction prevents drug 

addiction in rat models. Nat Neurosci, 21(11), 1520–1529. 

https://doi.org/10.1038/s41593-018-0246-6 



SOCIAL REWARD IN HUMAN AND ANIMAL STUDIES 115 
 

 
 

*Via, E., Soriano-Mas, C., Sánchez, I., Forcano, L., Harrison, B. J., Davey, C. G., Pujol, J., 

Martínez-Zalacaín, I., Menchón, J. M., Fernández-Aranda, F., & Cardoner, N. (2015). 

Abnormal Social Reward Responses in Anorexia Nervosa: An fMRI Study. PLOS 

ONE, 10(7), e0133539. https://doi.org/10.1371/journal.pone.0133539 

*Vrtička, P., Andersson, F., Grandjean, D., Sander, D., & Vuilleumier, P. (2008). Individual 

Attachment Style Modulates Human Amygdala and Striatum Activation during Social 

Appraisal. PLoS ONE, 3(8), e2868. https://doi.org/10.1371/journal.pone.0002868 

*Wake, S. J., & Izuma, K. (2017). A common neural code for social and monetary rewards in 

the human striatum. Social Cognitive and Affective Neuroscience, 12(10), 1558–

1564. https://doi.org/10.1093/scan/nsx092 

*Wan, H., Kirkman, C., Jensen, G., & Hackenberg, T. D. (2021). Failure to Find Altruistic 

Food Sharing in Rats. Frontiers in Psychology, 12, 696025. 

https://doi.org/10.3389/fpsyg.2021.696025 

*Wang, C., Fu, W., Jin, J., Shang, Q., Luo, X., & Zhang, X. (2020). Differential Effects of 

Monetary and Social Rewards on Product Online Rating Decisions in E-Commerce in 

China. Frontiers in Psychology, 11, 1440. https://doi.org/10.3389/fpsyg.2020.01440 

*Wang, D., Liu, T., & Shi, J. (2017). Development of Monetary and Social Reward 

Processes. Scientific Reports, 7(1), 11128. https://doi.org/10.1038/s41598-017-

11558-6 

*Wang, D., Liu, T., & Shi, J. (2020). Neural Dynamic Responses of Monetary and Social 

Reward Processes in Adolescents. Frontiers in Human Neuroscience, 14, 141. 

https://doi.org/10.3389/fnhum.2020.00141 

*Wang, J., Fang, Q., Song, S., & Tai, F. (2015). Primary investigation on the conditioned 

place preference to parents and cocaine in pre-weanling mandarin vole pups. Acta 

Theriologica Sinica, 35(2), 157–163. 

*Wang, Z., Li, Q., Nie, L., & Zheng, Y. (2020). Neural dynamics of monetary and social 

reward processing in social anhedonia. Social Cognitive and Affective Neuroscience, 

15(9), 991–1003. https://doi.org/10.1093/scan/nsaa128 



SOCIAL REWARD IN HUMAN AND ANIMAL STUDIES 116 
 

 
 

*Warnell, K. R., Sadikova, E., & Redcay, E. (2018). Let’s chat: Developmental neural bases 

of social motivation during real‐time peer interaction. Developmental Science, 21(3), 

e12581. https://doi.org/10.1111/desc.12581 

Watanabe, S. (2015). Common experience modifies the reinforcing properties of 

methamphetamine-injected cage mates but not morphine-injected cage mates in C57 

mice. Behavioural Pharmacology, 26(7 Special Issue Pharmacological Approaches 

To The Study Of Social Behaviour-Part 2: Social Modulat), 636. 

https://doi.org/10.1097/FBP.0000000000000137 

*Watson, K. K. (2010). Altered social reward and attention in anorexia nervosa. Frontiers in 

Psychology, 1. https://doi.org/10.3389/fpsyg.2010.00036 

*Watson, K. K., Ghodasra, J. H., & Platt, M. L. (2009). Serotonin Transporter Genotype 

Modulates Social Reward and Punishment in Rhesus Macaques. PLoS ONE, 4(1), 

e4156. https://doi.org/10.1371/journal.pone.0004156 

*Watson, K. K., Werling, D. M., Zucker, N. L., & Platt, M. L. (2010). Altered social reward and 

attention in anorexia nervosa. Frontiers in Psychology, 1. 

https://doi.org/10.3389/fpsyg.2010.00036 

*Watson, P. (1969). Partial reward and double alternation learning in children. Journal of 

Experimental Child Psychology, 8(1), 92–105. https://doi.org/10.1016/0022-

0965(69)90031-9 

*Wei, D., Lee, D., Cox, C. D., Karsten, C. A., Peñagarikano, O., Geschwind, D. H., Gall, C. 

M., & Piomelli, D. (2015). Endocannabinoid signaling mediates oxytocin-driven social 

reward. Proceedings of the National Academy of Sciences, 112(45), 14084–14089. 

https://doi.org/10.1073/pnas.1509795112 

*Wei, D., Lee, D., Li, D., Daglian, J., Jung, K.-M., & Piomelli, D. (2016). A role for the 

endocannabinoid 2-arachidonoyl-sn-glycerol for social and high-fat food reward in 

male mice. Psychopharmacology, 233(10), 1911–1919. 

https://doi.org/10.1007/s00213-016-4222-0 



SOCIAL REWARD IN HUMAN AND ANIMAL STUDIES 117 
 

 
 

Weibel, D., Wissmath, B., Habegger, S., Steiner, Y., & Groner, R. (2008). Playing online 

games against computer- vs. human-controlled opponents: Effects on presence, 

flow, and enjoyment. Computers in Human Behavior, 24(5), 2274–2291. 

https://doi.org/10.1016/j.chb.2007.11.002 

*Weinberg, A., Ethridge, P., Pegg, S., Freeman, C., Kujawa, A., & Dirks, M. A. (2021). 

Neural responses to social acceptance predict behavioral adjustments following peer 

feedback in the context of a real‐time social interaction task. Psychophysiology, 

58(3), e13748. https://doi.org/10.1111/psyp.13748 

*Weiss, V. G., Hofford, R. S., Yates, J. R., Jennings, F. C., & Bardo, M. T. (2015). Sex 

differences in monoamines following amphetamine and social reward in adolescent 

rats. Experimental and Clinical Psychopharmacology, 23(4), 197–205. 

https://doi.org/10.1037/pha0000026 

*Weschke, S., & Niedeggen, M. (2013). The Effect of the Physical Presence of Co-Players 

on Perceived Ostracism and Event-Related Brain Potentials in the Cyberball 

Paradigm. PLoS ONE, 8(8), e71928. https://doi.org/10.1371/journal.pone.0071928 

Wiener, M., & Mehrabian, A. (1968). Language Within Language: Immediacy, a Channel in 

Verbal Communication. Ardent Media. 

*Williams, E. H., Bilbao-Broch, L., Downing, P. E., & Cross, E. S. (2020). Examining the 

value of body gestures in social reward contexts. NeuroImage, 222, 117276. 

https://doi.org/10.1016/j.neuroimage.2020.117276 

Williams, E. H., Cristino, F., & Cross, E. S. (2019). Human body motion captures visual 

attention and elicits pupillary dilation. Cognition, 193, 104029. 

https://doi.org/10.1016/j.cognition.2019.104029 

*Williams, E. H., & Cross, E. S. (2018). Decreased reward value of biological motion among 

individuals with autistic traits. Cognition, 171, 1–9. 

https://doi.org/10.1016/j.cognition.2017.10.017 

*Wu, S.-H., Li, X., Qin, D.-D., Zhang, L.-H., Cheng, T.-L., Chen, Z.-F., Nie, B.-B., Ren, X.-F., 

Wu, J., Wang, W.-C., Hu, Y.-Z., Gu, Y.-L., Lv, L.-B., Yin, Y., Hu, X.-T., & Qiu, Z.-L. 



SOCIAL REWARD IN HUMAN AND ANIMAL STUDIES 118 
 

 
 

(2021). Induction of core symptoms of autism spectrum disorder by in vivo 

CRISPR/Cas9-based gene editing in the brain of adolescent rhesus monkeys. 

Science Bulletin, 66(9), 937–946. https://doi.org/10.1016/j.scib.2020.12.017 

*Wu, X., Feng, C., Zhang, S., Liang, Z., Dong, W., Qin, S., Luo, Y.-J., & Liu, C. (2020). The 

selfish nature in interpersonal exchange among adolescents: Imposing the kind and 

submitting to the exploitative. https://doi.org/10.1101/2020.10.26.354704 

*Xiao, Y., Alkire, D., Moraczewski, D., & Redcay, E. (2022). Developmental differences in 

brain functional connectivity during social interaction in middle childhood. 

Developmental Cognitive Neuroscience, 54, 101079. 

https://doi.org/10.1016/j.dcn.2022.101079 

*Xu, M., Zhang, J., & Li, Z. (2022). Social exclusion modulates neural dynamics of monetary 

and social reward processing in young adult females. Biological Psychology, 171, 

108344. https://doi.org/10.1016/j.biopsycho.2022.108344 

*Xue, Y., Gu, C., Wu, J., Dai, D. Y., Mu, X., & Zhou, Z. (2020). The Effects of Extrinsic 

Motivation on Scientific and Artistic Creativity among Middle School Students. The 

Journal of Creative Behavior, 54(1), 37–50. https://doi.org/10.1002/jocb.239 

*Yang, L., Zhang, Y., Zhang, J., Li, N., & Chen, Z. (2022). Altered neural processing of social 

reward in male heroin abstainers. International Journal of Psychophysiology, 176, 

142–148. https://doi.org/10.1016/j.ijpsycho.2022.04.005 

Yarosh, S., Wang, X., & Yao, Y. (2022). Perceptions of visual and multimodal symbolic 

mediated social touch: Role of technology modality, relationship, and task emotional 

salience. International Journal of Human-Computer Studies, 159, 102757. 

https://doi.org/10.1016/j.ijhcs.2021.102757 

*Yates, J. R., Beckmann, J. S., Meyer, A. C., & Bardo, M. T. (2013). Concurrent choice for 

social interaction and amphetamine using conditioned place preference in rats: 

Effects of age and housing condition. Drug and Alcohol Dependence, 129(3), 240–

246. https://doi.org/10.1016/j.drugalcdep.2013.02.024 



SOCIAL REWARD IN HUMAN AND ANIMAL STUDIES 119 
 

 
 

*Zhang, D., Shen, J., Li, S., Gao, K., & Gu, R. (2021). I, robot: Depression plays different 

roles in human–human and human–robot interactions. Translational Psychiatry, 

11(1), 438. https://doi.org/10.1038/s41398-021-01567-5 

*Zhang, D., Wang, J., Zhao, J., Chen, S., Huang, Y., & Gao, Q. (2020). Impact of depression 

on cooperation: An fNIRS hyperscanning study. Acta Psychologica Sinica, 52(5), 

609–622. https://doi.org/10.3724/SP.J.1041.2020.00609 

*Zhang, T.-Y., Shahrokh, D., Hellstrom, I. C., Wen, X., Diorio, J., Breuillaud, L., Caldji, C., & 

Meaney, M. J. (2020). Brain-Derived Neurotrophic Factor in the Nucleus Accumbens 

Mediates Individual Differences in Behavioral Responses to a Natural, Social 

Reward. Molecular Neurobiology, 57(1), 290–301. https://doi.org/10.1007/s12035-

019-01699-2 

*Zhao, C., & Gammie, S. C. (2018). The circadian gene Nr1d1 in the mouse nucleus 

accumbens modulates sociability and anxiety‐related behaviour. European Journal of 

Neuroscience, 48(3), 1924–1943. https://doi.org/10.1111/ejn.14066 

*Zhu, J., & Zhan, Y. (2019). Distraction Modulates Self-Referential Effects in the Processing 

of Monetary and Social Rewards. Frontiers in Psychology, 9, 2723. 

https://doi.org/10.3389/fpsyg.2018.02723 

*Zimmermann, K., Kendrick, K. M., Scheele, D., Dau, W., Banger, M., Maier, W., Weber, B., 

Ma, Y., Hurlemann, R., & Becker, B. (2019). Altered striatal reward processing in 

abstinent dependent cannabis users: Social context matters. European 

Neuropsychopharmacology, 29(3), 356–364. 

https://doi.org/10.1016/j.euroneuro.2019.01.106 

*Zupan, M., Buskas, J., Altimiras, J., & Keeling, L. J. (2016). Assessing positive emotional 

states in dogs using heart rate and heart rate variability. Physiology & Behavior, 155, 

102–111. https://doi.org/10.1016/j.physbeh.2015.11.027 

 


	cover.pdf
	Research Repository

	Social_reward_review_accepted_version.pdf
	Abstract
	Public Significance Statement
	Challenges for Translational Research on Social Reward
	Existing Conceptual Definitions of Social Reward
	Present Study

	Method
	Transparency and Openness
	Eligibility Criteria
	Information Sources and Search Strategy
	Study Selection and Data Collection Process
	Data Items and Transformations
	Study and Population Characteristics
	Measures of Social Reward
	Social Reward Stimuli

	Risk of Bias Assessment

	Results
	Study Selection
	Study and Population Characteristics
	Operationalization of Social Rewards in Animals and Humans
	Measures of Social Reward
	Social Reward Stimuli

	Higher-Order Grouping of Social Reward Stimuli
	Animal Studies
	Human Studies: No Social Exchange (Passive Observation)
	Human Studies: Received One-way Social Exchange
	Human Studies: Given One-way Social Exchange
	Human Studies: Two-Way Social Exchange

	Social Reward Stimuli in Humans Across Study Types and Measurement Techniques

	Discussion
	Comparison of Social Reward Measures and Stimuli in Animal and Human Studies
	Measures of Social Reward
	Social Reward Stimuli

	Defining Dimensions of Social Reward
	Social Reward Stimuli Seen Through Methodological Constraints
	Limitations and Future Directions
	Conclusions



