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Abstract
Social behaviors are guided in part by motivational and emotional responses to affective facial expressions. In daily life, facial 
expressions communicate varying degrees social reward signals (happiness), social threat signals (anger), or social reward-
threat conflict signals (co-occurring happiness and anger). Thus, motivational and emotional responses must be sensitive 
to variations in social signal intensity to effectively guide social behavior. We recently developed a novel social approach-
avoidance paradigm (SAAP), which uses morphed facial expressions to assess sensitivity to linear increases in social reward 
and/or social threat intensity. Prior to large-scale studies validating the test quality of the SAAP, however, it is necessary 
to first establish the psychometric properties and generalizability of these sensitivity metrics. In Study 1, we independently 
replicated SAAP task effects and demonstrated that motivational and emotional sensitivity measures exhibit strong psycho-
metric properties and robust individual variability. In Study 2, we demonstrated that more complex social judgements (e.g., 
trustworthiness) are also sensitive to linear increases in social signal intensity, which differs across judgements. Although 
future research in larger samples will be needed to establish the test quality of the SAAP, these preliminary findings suggest 
that the SAAP exhibits adequate psychometric properties to justify this type of large-scale individual differences research.
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General introduction

Social behaviors are influenced by affective facial expres-
sions that can signal opportunities for social affiliation and 
social rejection (Ambadar et al., 2005; Barrett et al., 2019; 
Frith, 2009; Rilling & Sanfey, 2011). Specifically, happy 
facial expressions are typically perceived as social reward 
signals that communicate an opportunity for social affili-
ation, whereas angry facial expressions are typically per-
ceived as social threat signals that communicate an oppor-
tunity for social rejection (Chen & Jack, 2017; Nikitin & 
Freund, 2019; Roelofs et  al., 2010; Seidel et  al., 2010; 
Strack & Deutsch, 2004; Tamir & Hughes, 2018). As a 
result, happy facial expressions typically elicit approach 
motivational responses that facilitate social interactions, 
whereas angry facial expressions typically elicit avoidance 
motivational responses that disrupt or prevent social interac-
tions (Marsh et al., 2005; Radke et al., 2018; Renard et al., 
2017; Seidel et al., 2010; Stins et al., 2011; Vrana & Gross, 
2004). In this manner, social behavior is strongly influenced 
by motivational and emotional responses to affective facial 
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expressions, which are typically measured using experimen-
tal paradigms.

To date, experimental paradigms have largely examined 
motivational and emotional responses to affective facial 
expressions that display highly intense social reward sig-
nals (100%Happy) or social threat signals (e.g., 100%Angry). 
However, intense facial expressions rarely occur in daily 
life or in social contexts (Carroll & Russell, 1997). Instead, 
spontaneous facial expressions of emotion in commonly 
exhibit more subtle emotional signals or blends of multi-
ple emotional signals (Scherer & Ceschi, 2000; Scherer & 
Ellgring, 2007). For example, affective facial expressions 
in social interactions tend to be more ambiguous due com-
municating varying intensities of social reward signals (e.g., 
50%Happy) or social threat signals (e.g., 50%Angry; Barrett 
et al., 2019; Beevers et al., 2009; Matsumoto & Hwang, 
2014). Additionally, facial expressions also exhibit co-occur-
ring social reward signals and social threat signals, which 
is facilitated by the strong independence of facial muscula-
ture along the vertical face axis (i.e., eyes and mouth) and 
frequently occurs within spontaneous facial expressions of 
emotion (Du & Martinez, 2015; Du et al., 2014; Ross et al., 
2016). Importantly, individuals are also most accurate in rec-
ognizing emotions conveyed by blended facial expressions, 
which is presumably due to greater familiarity with blended 
facial expressions in daily life (Calvo et al., 2014; LaPlante 
& Ambady, 2000). Therefore, traditional experimental para-
digms fail to capture motivational and emotional responses 
to subtle degrees of social reward signals and social threat 
signals that are more characteristic of facial expression dur-
ing social interactions, which is necessary to capture ecolog-
ically valid measures that map on to social behavior (Carroll 
& Russell, 1997; Matsumoto & Hwang, 2014).

In addition to lacking ecological validity, measuring 
motivational and emotional responses to intense affective 
facial expressions may obfuscate individual differences due 
to ceiling effects in these responses. Consistent with this 
view, previous research demonstrates that individual dif-
ferences may be greatest when facial expressions are 
ambiguous due to varying degrees of social reward and/or 
social threat signals (Evans et al., 2022; Gutiérrez-García 
& Calvo, 2014, 2016; Staugaard, 2010). Among ambigu-
ous facial expressions, interindividual variability may 
be greatest when social reward signals and social threat 
signals simultaneously co-occur to communicate social 
reward-threat conflict signals, which activates compet-
ing motivations to approach and avoid another individual 
(Evans et al., 2022; Gutiérrez-García & Calvo, 2014, 2016). 
Along with the need to improve ecological validity, these 
findings underscore the importance of developing experi-
mental paradigms that reliably measure the sensitivity of 
motivational and emotional sensitivity to subtle variations 
in social signal intensity.

To address this issue, we recently developed a novel social 
approach-avoidance paradigm (SAAP), which measures the 
sensitivity of approach-avoidance motivation and perceived 
emotion as a function of linear increases in social signal 
intensity (Evans & Britton, 2020; Evans et al., 2022). In the 
SAAP, affective facial expressions are linearly interpolated 
in 25% increments to create morphed facial expressions that 
parametrically modulate the signal intensity of social reward, 
social threat, or social reward-threat conflict (see Fig. 1). 
Our previous research using the SAAP demonstrates linear 
increases in both approach motivation and perceived happi-
ness as a function of social reward intensity, whereas indi-
viduals exhibit linear increases in both avoidance motivation 
and perceived anger as a function of social threat intensity 
(Evans & Britton, 2020; Evans et al., 2022). As social reward 
increases along with co-occurring decreases in social threat 
(i.e., social reward-threat conflict), individuals exhibit linear 
increases in approach motivation and perceived happiness 
that co-occur with linear decreases in avoidance motivation 
and perceived anger (Evans & Britton, 2020; Evans et al., 
2022). Importantly, our previous research using the SAAP 
demonstrates that social avoidance behavior is associated 
with dysregulated sensitivity of approach-avoidance motiva-
tion to more ambiguous social reward/social threat, but not in 
response to intense social reward or social threat (Evans et al., 
2022). Demonstrating the utility of studying social reward-
threat conflict in particular, social avoidance behavior was 
most strongly associated with weaker approach motivation 
sensitivity and stronger avoidance motivation sensitivity to co-
occurring changes in social reward and social threat intensity, 
but not varying degrees of social reward intensity or social 
threat intensity in isolation (Evans et al., 2022). Together, 
these initial results suggest that the SAAP effectively meas-
ures motivational sensitivity to linear changes in social signal 
intensity, which demonstrates associations with maladaptive 
social behavior that are highly relevant to  psychopathology.

Prior to establishing if the SAAP is suitable for large-
scale individual differences research, however, it is first 
necessary to ascertain if the SAAP produces replicable task 
effects with adequate psychometric properties (Cooper et al., 
2017; Fröhner et al., 2019; Hayden, 2022; Parsons et al., 
2019). First, to reduce the risk of false positive findings, 
motivational and emotional sensitivity in the SAAP should 
exhibit robust effect sizes that replicate across independent 
samples (Miller & Ulrich, 2013; Nosek et al., 2022). Second, 
to reliably and economically detect associations with other 
measures of interest, SAAP task measures should demon-
strate adequate internal consistency with relatively few task 
trials (Evans & Britton, 2018; Evans et al., 2018; Goodhew 
& Edwards, 2019; Infantolino et al., 2018; Nunnally, 1967). 
Third, to characterize more trait-like individual differences 
and reliably quantify the effects of experimental manipula-
tions, SAAP task measures should demonstrate test–retest 
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reliability across time (McCrae et al., 2011; Polit, 2014). 
Fourth, to facilitate analyses of covariance in individual 
differences research, SAAP task measures should robustly 
differ between individuals (Goodwin & Leech, 2006; Hedge 
et al., 2018; Martinez et al., 2020). Addressing these criteria 
is an important precursor to conducting more large-scale 
individual differences research that can assess convergent 
and discriminant validity and establishing normative test 
values for the SAAP. Thus, prior to conducting large-scale 
individual differences research using the SAAP, it is nec-
essary to first establish that SAAP task measures exhibit 
reliability and replicability, internal consistency, test–retest 
reliability, and between-subject variability.

In addition to preliminarily characterizing the psycho-
metric properties of SAAP task measures, it is also impor-
tant to assess the generalizability of the SAAP beyond basic 
motivation and emotion perception. Specifically, social sig-
nals within facial expressions are used to generate a vari-
ety of complex interpersonal judgements, which contribute 
to social behavior across a wide variety of contexts (for a 
review, see Todorov et al., 2015). For example, individu-
als utilize varying degrees of happiness and/or anger within 
facial expressions to generate more complex interpersonal 

judgements about another person’s trustworthiness or poten-
tial for aggression (for a review, see Todorov, 2008). Thus, 
it is important to determine if SAAP task effects general-
ize beyond basic motivational and emotion perceptual pro-
cesses to more complex interpersonal judgements that also 
play an important role in social behavior.

Objectives of the current studies

To address these issues, we conducted two experiments that 
respectively aimed to characterize the psychometric proper-
ties (Study 1) and generalizability (Study 2) of sensitivity 
to linear changes in social reward and/or social threat in the 
SAAP. In Study 1, we administered the SAAP to two inde-
pendent samples of adults who completed the task either in 
the laboratory or online. Using these samples, we character-
ized the psychometric properties of SAAP task measures as 
well as if SAAP task measures differed between laboratory 
task administration and online task administration. In Study 
2, we administered the SAAP using a variety of more com-
plex interpersonal judgements in addition to basic motiva-
tion and emotion perception ratings. Thus, the primary aim 

Fig. 1   The Social Approach-Avoidance Paradigm. Legend: A) Mor-
phed facial expressions were created by visually blending neutral, 
happy, and angry facial expressions to parametrically modulate 
social reward signals (Top: 0%Happy, 25%Happy, 50%Happy, 75%Happy, 
or 100%Happy), social threat signals (Middle: 0%Angry, 25%Angry, 
50%Angry, 75%Angry, or 100%), and social reward-threat conflict (Bot-
tom: 100%Happy + 0%Angry, 75%Happy + 25%Angry, 50%Happy + 50%Angry, 

25%Happy + 75%Angry, or 0%Happy + 100%Angry). (B) In the version of 
the Social Approach-Avoidance Paradigm (SAAP) used in the cur-
rent study, a facial expression is presented along with a visual rating 
scale ranging from 0 (Not at All) to 100 (Extremely). Using this visual 
rating scale, participants rated the degree to which they would feel 
motivated to approach or avoid the individual as well as how happy or 
angry they perceived the facial expression
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of Study 2 was to determine if more complex interpersonal 
judgements also exhibit sensitivity to linear changes in social 
reward/social threat in the SAAP as well as the degree to 
which sensitivity differed among interpersonal judgements.

Study 1

Transparency and openness

Study 1 was not preregistered prior to data collection and 
analysis. De-identified data for the online sample for Study 
1 and all analysis syntax for Study 1 is available in an 
open-access data repository (https://​osf.​io/​yh42j/ bb2c5b-
f777144b39a75c8a6ed158007d). At the time of laboratory 
data collection, our IRB protocol did not include a provision 
for making those data publicly available. Morphed facial 
expression stimuli can be made freely available to research-
ers who receive written permission to access the NimStim 
set (Tottenham et al., 2009). 

We report how we determined our sample size, all data 
exclusions, all manipulations, and all measures in Study 
1. All participants provided written informed consent 
and study procedures were conducted in accordance with 
local IRB guidelines at the University of Miami (Protocol: 
#20‐120‐901). All study procedures complied with the Hel-
sinki Declaration as revised in 2008.

Methods

Participants

Laboratory sample

As reported in our previous work (Evans & Britton, 2020), 
the laboratory sample was comprised of 57 adults (64.90% 
Female; Age: M = 20.59 years, SD = 3.66 years; 54.40% Cau-
casian, 15.80% Black, 21.10% Asian, 3.50% Pacific Islander, 
and 5.30% multi-racial) recruited from the University of 
Miami and surrounding Miami community. Sample size 
for the laboratory sample was determined based on effect 
sizes reported in a previous study on automatic approach-
avoidance actions (Kuckertz et al., 2017). In exchange for 
participation, participants received either monetary payment 
($10 per hour) and/or course credit.

Online sample

The online sample was comprised of 60 undergraduate stu-
dents (53.30% Female; Age: M = 19.37 years, SD = 1.48 years; 
68.30% Caucasian, 10.00% Black, 16.70% Asian, 1.70% 
Pacific Islander, and 3.30% multi-racial) recruited from the 

University of Miami. From this larger sample, 31 participants 
(54.80% Female; Age: M = 19.45, SD = 1.52 years; 64.50% 
Caucasian, 9.70% Black, and 25.80% Asian) completed the 
SAAP at a second online session approximately 2 weeks 
later (M = 12.50 days, SD = 6.78 days). Sample size for the 
online sample was selected to match our laboratory sample. 
Participants who completed both online sessions did not sig-
nificantly differ in demographic characteristics or SAAP task 
effects compared to participants who only completed the first 
online session (all ps > 0.16). In exchange for participation, 
participants received course credit.

Stimuli and task

Morphed facial expressions

Morphed facial expressions were created using Morpheus 
software, which served to parametrically modulate social sig-
nals in 25% increments of intensity (e.g., 0%Happy, 25%Happy, 
50%Happy, 75%Happy, and 100%Happy). Specifically, we linearly 
interpolated stereotypic happy, angry, and neutral facial 
expressions (i.e., 100%Happy, 100%Angry, and 100%Neutral) 
from the same actor to parametrically modulate social reward, 
social threat, and social reward-threat conflict signals. For 
example, we linearly interpolated 100%Neutral and 100%Happy 
facial expressions from the same actor in 25% increments to 
parametrically modulate social reward signals (i.e., 0%Happy, 
25%Happy, 50%Happy, 75%Happy, and 100%Happy). Using this 
method, we created morphed facial expressions that paramet-
rically varied in either social reward signals (e.g., 50%Happy), 
social threat signals (e.g., 50%Angry), or social reward-threat 
conflict signals (e.g., 50%Happy + 50%Angry; see Fig. 1A). Mor-
phed facial expressions were generated using six male actors 
and six female actors from the NimStim stimulus set (Tot-
tenham et al., 2009).

Social Approach‑Avoidance Paradigm (SAAP)

In the SAAP, participants provide subjective ratings in response 
to each facial expression using 101‐point visual scales (0 = Not 
at all; 100 = Extremely), which dynamically updated based on 
slider movement in 1% increments (see Fig. 1B). In response 
to each randomly presented facial expression, participants 
rated their motivation to approach and avoid the individual 
(approach-avoidance motivation) as well as perceived happi-
ness and anger (emotional perception). After completing rat-
ings for a facial expression, participants advanced to the next 
randomly presented facial expression in a self-paced manner. 
Facial expressions were presented in a fully randomized order 
across participants. For both the lab sample and the online 
sample, the SAAP was programmed and administered using 
Qualtrics software (Qualtrics, Provo, UT).

https://osf.io/yh42j/
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In the SAAP, morphed facial expressions were created using 
faces from six male actors and six female actors. Including the 
unmorphed facial expressions (100%Neutral, 100%Happy, and 
100%Angry), there are a total of 12 facial expressions for each 
actor (see Fig. 1A). To economize task administration, par-
ticipants rated morphed facial expressions from a randomized 
selection of three male actors and three female actors. For 
these six randomly selected actors, participants completed all 
ratings for each of the 12 facial expressions (e.g., 50%Happy). 
For example, participants provided one approach rating for the 
50%Happy facial expression of each actor, which resulted in 6 
separate approach ratings for the 50%Happy facial expression. In 
this manner, participants completed all ratings for each of the 
12 facial expressions across 6 randomly selected actors, which 
resulted in 72 ratings (e.g., 12 facial expressions * 6 face identi-
ties = 72 approach ratings). In total, participants completed 288 
ratings during the SAAP (i.e., 72 approach ratings, 72 avoid 
ratings, 72 happiness ratings, and 72 angry ratings).

Data analytic strategy

All analyses were conducted using either SPSS software 
ver. 24.0 (IBM SPSS Statistics for Windows, Version 24.0. 
Armonk, NY: IBM) or R software (R Core Team, 2021). For 
GLMM analyses, we utilized R library packages including 
lme4 and sjPlot (Bates et al., 2015; Lüdecke, 2018).

Replication of SAAP sensitivity measures

As described previously, the SAAP presents morphed facial 
expressions that linearly vary in degree of social reward, 
social threat, or co-occurring social reward and social threat. 
Therefore, we primarily characterized SAAP task effects 
using Repeated Measures ANOVA (RM-ANOVA) models 
that assessed linear increases or decreases in subjective rat-
ings as a function of social signal intensity. In line with our 
previous research, we submitted subjective ratings to polyno-
mial RM-ANOVA models that tested a 2 (Rating) × Morph 
(Linear Contrast) interaction effect.1 However, this analytic 
approach is potentially limited because it assumes a linear 
response pattern, which will fail to characterize any non-
linear response patterns. Thus, we also conducted secondary 
analyses with a RM-ANOVA model that characterizes SAAP 

task effects without assuming a linear response pattern (i.e., 
2 (Rating) × Morph (0% vs. 25% vs. 50% vs. 75% vs. 100%).

Comparison of SAAP sensitivity measures 
between samples

Even in the case of a successful independent replication, 
it nevertheless remains possible that SAAP task effects 
systematically differ between laboratory and online task 
administration, which is an important consideration for 
study design. Therefore, we also directly compared SAAP 
task measures between the laboratory sample and online 
sample by testing for 2 (Sample: Lab vs. Online) × 2 (Rat-
ing) × Morph interaction effects.

Internal consistency of SAAP sensitivity measures

To characterize the internal consistency of SAAP task effects, 
we computed SAAP task effects using several computation 
methods aligned with the previously described group-
level analyses. First, we computed linear slope estimates 
by multiplying subjective ratings with the same linear 
polynomial contrast vector used in our primary RM-ANOVA 
models (-2, -1, 0 , 1, 2), which is identical to conducting 
a linear regression to estimate the best fitting linear slope. 
Following this computation, scalar values were summed to 
create a single continuous score that indexes the strength (i.e., 
slope magnitude) and direction (i.e., positive or negative) of 
rating slopes as a function of social reward, social threat, or 
social reward-threat conflict. Additionally, we also computed 
the internal consistency for the difference in slopes for 
approach-avoidance motivation sensitivity (i.e., Approach 
slope – Avoid slope) and emotion perceptual sensitivity (i.e., 
Happiness slope – Anger slope). These differences scores 
were used to characterize the internal consistency of the 2 
(Rating) × Linear (Morph) interaction effects in the SAAP.

However, it is important to note that linear slope 
estimates will not capture non-linear response patterns in 
the SAAP due to employing polynomial linear contrasts 
that mathematically exclude responses to the 50% morphed 
stimuli (e.g., ([0%Happy

]

∗ −2
)

+
([

25%Happy

]

∗ −1
)

+
([

50%Happy

]

∗ 0
)

+
([

75%Happy

]

∗ 1
)

+
([

100%Happy

]

∗ 2
) ). Therefore, we also 

quantified internal consistency estimates using adjacent 
contrast scores (i.e., 0% vs. 25% vs. 50% vs. 75% vs. 100%), 
which equally weights all stimuli in alignment with our 
secondary RM-ANOVA models. Finally, we also computed 
internal consistency estimates for each morphed facial 
expression separately to ascertain the degree to which these 
measures may support other, more complex computational 
approaches.

Given limitations inherent to Cronbach’s alpha (Cho 
& Kim, 2015; Revelle & Zinbarg, 2009), we computed 
Mcdonald’s omega to characterize the internal consistency 

1  Overall, we observed that a linear slope term provided a strong 
fit to participant response patterns in the SAAP (Adjusted Linear 
R2 = 0.47), whereas including a non-linear slope term did not substan-
tively increase the variance explained for participant response pat-
terns (Adjusted Quadratic R2 = 0.50). Together, these results suggest 
that 1) Participant response patterns in the SAAP are predominantly 
linear in trajectory and 2). Responses to intermediate stimulus values 
(e.g., 50%Happy) do not substantively deviate from these largely linear 
response patterns.
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estimates for the slope values, contrast scores, and indi-
vidual morph ratings. Although Mcdonald’s omega can be 
interpreted in a manner similar to Cronbach’s alpha, we also 
report estimates obtained using Cronbach’s alpha to be com-
prehensive (see Supplemental Information).

Test–Retest reliability of SAAP sensitivity measures

To characterize test–retest reliability, we computed intraclass 
correlation coefficients (ICCs) between average slope estimates 
measured at Time 1 and average slope estimates measured at 
Time 2. We also characterized test–retest reliability for the 
aforementioned adjacent contrast scores in which each morphed 
facial expression is equally weighted. Finally, we also charac-
terized test–retest reliability for each morphed intensity value 
separately. For all estimates, we calculated ICCs using a 2-way 
random effects model to account for potential heterogeneity in 
temporal stability across participants. To be conservative, we 
interpreted ICC values in a manner similar to internal consist-
ency estimates (for a review, see Polit, 2014).

Individual differences in SAAP sensitivity measures

To characterize individual differences in SAAP task meas-
ures, we utilized generalized linear mixed models (GLMMs) 
that formally tested the degree of between-subject variability 
(Kliegl et al., 2011; Magezi, 2015). In the current study, ran-
dom intercept terms modeled between-subject variability in the 
magnitude of subjective ratings, whereas random slope terms 
modeled between-subject variability in the sensitivity of sub-
jective ratings to varying social signal intensity. To quantify 
between-subject variability in these GLMMs, we used likeli-
hood-ratio tests to separately compare model fit between a null 
distribution model that constrained between-subject variability 
(i.e., no random effects terms) against a random intercept model 
and a random slope model (Bolker et al., 2009; Dingemanse & 
Dochtermann, 2013; Kliegl et al., 2011). To facilitate model 
convergence, we utilized bound optimization by quadratic 
approximation (BOBYQA) with a set maximum of 200,000 
iterations. To compute GLMM p-values and degrees of free-
dom, we used maximum likelihood estimates in conjunction 
with the Satterthwaite approximation (Luke, 2017).

Results

Replication of SAAP sensitivity measures

In brief, we observed robust modulation of both approach-
avoidance motivational sensitivity and emotion perceptual 
sensitivity (see  statistical models  below and Fig.  2). 
Approach and happiness ratings robustly increased as a 
function of social reward, whereas avoidance and anger 

ratings increased as a function of social threat. As a function 
of co-occurring social reward and social threat (social 
reward-threat conflict), both samples exhibited robust 
changes in approach and happiness ratings that co-occurred 
with opposing changes in avoidance and anger ratings, 
respectively.

For approach-avoidance motivation, we observed sig-
nificant Rating × Morph (Linear) interaction effects for 
the social reward model (Lab: F(1, 56) = 152.45, p < 0.001; 
Online: F(1, 59) = 191.09, p < 0.001), social threat model (Lab: 
F(1, 56) = 110.83, p < 0.001; Online: F(1, 59) = 201.75, p < 0.001), 
and social reward-threat conflict model (Lab: F(1, 56) = 215.89, 
p < 0.001; Online: F(1, 59) = 275.85, p < 0.001). For all 
approach-avoidance models, we also observed robust and sig-
nificant SAAP task effects when using RM-ANOVA models 
that equally weight all facial expressions without assumine a 
linear response pattern (all Fs > 86.06, all ps < 0.001).

For emotion perception, we similarly observed signifi-
cant Rating × Morph (Linear) interaction effects for the 
social reward model (Lab: F(1, 56) = 564.81, p < 0.001; 
Online: F(1, 59) = 590.64, p < 0.001), social threat model 
(Lab: F(1, 56) = 331.71, p < 0.001; Online: F(1, 59) = 502.27, 
p < 0.001), and social reward-threat conflict model (Lab: 
F(1, 56) = 808.61, p < 0.001; Online: F(1, 59) = 826.08, 
p < 0.001). For all emotion perception models, we also 
observed significant, robust SAAP task effects when using 
RM-ANOVA models that equally weight all facial expres-
sions and do not assume a linear response pattern (all 
Fs > 229.42, all ps < 0.001).

Comparison of SAAP sensitivity measures 
between samples

As quantified by Sample × Rating × Morph (Linear) 
interaction effects, the lab and online samples did not exhibit 
statistically significant differences in either approach-
avoidance motivational sensitivity or emotional perception 
sensitivity (see Fig. 1C). Specifically, the lab sample and 
online sample did not exhibit statistically significant 
differences in approach-avoidance motivation sensitivity in 
the social reward model (F(1, 115) = 0.01, p = 0.93), social 
threat model (F(1, 115) = 0.06, p = 0.80), or social reward-
threat conflict model (F(1, 115) = 0.13, p = 0.72; see Fig. 1). 
Similarly, the lab sample and online sample did not exhibit 
statistically significant differences in emotion perception 
sensitivity in the social reward model (F(1, 115) = 1.22, 
p = 0.27), social threat model (F(1, 115) = 0.49, p = 0.49), 
or social reward-threat conflict model (F(1, 115) = 1.54, 
p = 0.22). For all models, we also did not observe statistically 
significant differences in SAAP task effects between samples 
when using RM-ANOVA models that equally weighted all 
morphed facial expressions (all Fs < 1.61, all ps > 0.21).
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Internal consistency of SAAP sensitivity 
measures

For approach-avoidance motivational sensitivity, we gen-
erally observed overall strong internal consistency in both 
samples, which required relatively few slope estimates to 
reach acceptable levels (see Figure S1). For approach moti-
vational sensitivity, internal consistency estimates ranged 
from acceptable to excellent for the social reward model 
(Lab: ω = 0.82, Online: ω = 0.74), social threat model (Lab: 
ω = 0.83, Online: ω = 0.81), and social reward-threat conflict 
model (Lab: ω = 0.92, Online: ω = 0.88). For avoidance moti-
vational sensitivity, internal consistency estimates ranged 
from questionable to excellent for the social reward model 
(Lab: ω = 0.73, Online: ω = 0.58), social threat model (Lab: 
ω = 0.85, Online: ω = 0.69), and social reward-threat conflict 
model (Lab: ω = 0.90, Online: ω = 0.82). For the difference 
in approach motivational sensitivity and avoidance moti-
vational sensitivity (i.e., Rating × Morph interaction term), 

internal consistency estimates ranged from acceptable to 
excellent for the social reward model (Lab: ω = 0.80, Online: 
ω = 0.70), social threat model (Lab: ω = 0.86, Online: 
ω = 0.72), and social reward-threat conflict model (Lab: 
ω = 0.93, Online: ω = 0.88).

For emotion perceptual sensitivity, we also generally 
observed strong internal consistency estimates in the lab 
sample and online sample, which required relatively few 
slope estimates to reach acceptable levels (see Figure S1). 
For happiness perceptual sensitivity, internal consistency 
estimates ranged from acceptable to good for the social 
reward model (Lab: ω = 0.87, Online: ω = 0.76), social threat 
model (Lab: ω = 0.83, Online: ω = 0.86), and social reward-
threat conflict model (Lab: ω = 0.87, Online: ω = 0.83). For 
anger perceptual sensitivity, internal consistency estimates 
ranged from questionable to good for the social reward 
model (Lab: ω = 0.82, Online: ω = 0.76), social threat model 
(Lab: ω = 0.80, Online: ω = 0.68), and social reward-threat 
conflict model (Lab: ω = 0.82, Online: ω = 0.76). For the 

Fig. 2   Replicating and Comparing Task Effects in the Social 
Approach-Avoidance Paradigm Legend: Two independent samples 
of participants completed the same social approach-avoidance para-
digm (SAAP) administered either in the laboratory (solid lines and 
square markers) or online (dotted lines and triangle markers). As 

described in the main text, we observed robust SAAP task effects 
(all ps < 0.001), which did not significantly differ between the labo-
ratory sample and online sample (all ps > 0.22). Note: *** p < 0.001. 
Ap = Approach, Av = Avoid, Hap = Happiness, Ang = Anger
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difference in happiness perceptual sensitivity and anger per-
ceptual sensitivity (i.e., Rating × Morph interaction), internal 
consistency estimates ranged from questionable to good for 
the social reward model (Lab: ω = 0.83, Online: ω = 0.76), 
social threat model (Lab: ω = 0.78, Online: ω = 0.65), and 
social reward-threat conflict model (Lab: ω = 0.88, Online: 
ω = 0.85).

On average, approach-avoidance motivational and emo-
tional perceptual sensitivity metrics computed using adja-
cent contrast scores also exhibited similarly strong levels 
of internal consistency (Lab: ω = 0.82, Online: ω = 0.72). 
Similarly, ratings in response to each morphed facial expres-
sion exhibited internal consistency estimates ranging from 
acceptable to good on average (Lab: ω = 0.84; Online: 
ω = 0.78). Importantly, ratings for unmorphed stimuli (e.g., 
100%Happy) exhibited highly similar internal consistency 
estimates (Lab: ω = 0.86; Online: ω = 0.79) compared to rat-
ings for morphed stimuli on average (e.g., 50%Happy; Lab: 
ω = 0.83; Online: ω = 0.79).

Test–retest reliability of SAAP sensitivity 
measures

Prior to conducting test–retest analyses, we first tested if 
participants who completed both online sessions (n = 31) 
exhibited statistically significant differences in SAAP sen-
sitivity measures compared to participants who only com-
pleted the first online session (n = 29). We did not observe 
statistically significant differences between these two groups 
of participants in either approach-avoidance motivational 
sensitivity (all ps > 0.57) or emotion perceptual sensitivity 
(all ps > 0.83).

For approach-avoidance motivational sensitivity, we 
observed uniformly strong test–retest reliability (see Fig-
ure S2). Approach motivational sensitivity and avoidance 
motivational sensitivity both exhibited acceptable/good 
test–retest reliability across the social reward model, social 
threat model, and social reward-threat conflict model (all 
ICCs > 0.74; see Supplemental Information for details). 
Similarly, the difference between approach and avoidance 
motivational sensitivity (i.e., the Rating × Morph interac-
tion), also exhibited good test–retest reliability across the 
social reward model, social threat model, and social reward-
threat conflict model (all ICCs > 0.83; for detailed results, 
see Supplemental Information).

For emotion perceptual sensitivity, we observed uni-
formly strong test–retest reliability (see Figure S2). Happi-
ness perceptual sensitivity and anger perceptual sensitivity 
both exhibited good test–retest reliability across the social 
reward model, social threat model, and social reward-threat 
conflict model (all ICCs > 0.77; see Supplemental Informa-
tion for details). Similarly, the difference between happiness 

and anger perceptual sensitivity (i.e., the Rating × Morph 
interaction) also exhibited good test–retest reliability across 
the social reward model, social threat model, and social 
reward-threat conflict model (all ICCs > 0.80; for detailed 
results, see Supplemental Information).

On average, approach-avoidance motivational and emo-
tional perceptual sensitivity metrics computed using adja-
cent contrast scores also exhibited similarly strong test–retest 
reliability (ICC = 0.81). Similarly, ratings in response to each 
morphed facial expression exhibited strong test–retest reli-
ability on average (ICC = 0.81). Moreover, unmorphed stim-
uli (e.g., 100%Happy) exhibited similar test–retest reliability 
(ICC = 0.80) compared to morphed stimuli on average (e.g., 
50%Happy; ICC = 0.81).

Individual differences in SAAP sensitivity 
measures

For both the lab and online samples, we observed substantial 
individual differences in the both the magnitude of motivational 
and perceptual ratings (i.e., random intercepts) and the sensitiv-
ity of motivational and perceptual ratings (i.e., random slopes; 
see Fig. 3). Across all models, both the inclusion of random 
intercepts (relative to no random effects) and the inclusion of 
random slopes (relative to random intercepts only) robustly 
improved model fit indices (all χ2 > 70.46, all ps < 0.001; see 
Supplemental Information for details). Notably, individual dif-
ferences in SAAP sensitivity measures were generally normally 
distributed with minor exceptions (see Figure S3).

Discussion

Overall, Study 1 demonstrated that the SAAP reliably 
measures sensitivity to linear changes in social reward and/
or social threat signal intensity. Moreover, using multiple 
computation methods, sensitivity measures in the SAAP 
exhibited sufficiently strong psychometric properties to 
justify future individual differences research in larger 
samples. To briefly summarize, approach-avoidance moti-
vational sensitivity and emotion perceptual sensitivity in 
the SAAP: 1) exhibited robust effects that independently 
replicated across samples, 2) did not exhibit statistically 
significant differences between laboratory and online 
administration, 3) generally exhibited strong internal con-
sistency, 4) uniformly exhibited strong test–retest reli-
ability, and 5) exhibited substantial individual differences. 
Taken together, these results demonstrate that the SAAP 
exhibits the necessary psychometric properties for large-
scale individual differences research that can assess the 
overall quality of the SAAP as an assessment tool.



286	 Motivation and Emotion (2024) 48:278–294

Study 2

Introduction

Overall, Study 1 established that morphed facial expressions 
in the SAAP reliably modulate approach-avoidance motiva-
tion and emotion perception, which are directly influenced 
by varying degrees of happiness and/or anger. However, it 
remains unclear if the SAAP can also be used to measure the 
sensitivity of more complex interpersonal judgements that are 
more indirectly influenced by varying degrees of happiness 

and/or anger. Specifically, previous research demonstrates that 
subtle signals of happiness and/or anger within facial expres-
sions are also used to make more elaborative interpersonal 
judgements about other individuals (Todorov, 2008). For 
example, subtle signals of happiness and/or anger are used to 
generate inferences about another individual’s trustworthiness 
and/or potential for aggression, which influences a variety of 
social outcomes and social behaviors (Todorov et al., 2015). 
Therefore, it is important to determine if the SAAP general-
izes to other social judgements that are more indirectly sensi-
tive to subtle signals of happiness and/or anger. To address 

Fig. 3   Individual Differences in Sensitivity Scores.Legend: Within 
the lab sample and online sample, random slope plots illustrate 
between-subject variability in approach motivational sensitivity (blue 
lines), avoidance motivational sensitivity (dark red lines), happiness 

perceptual sensitivity (green lines), and anger perceptual sensitiv-
ity (light red lines). Note: Lines represent the linear slope of best fit 
for individual participants and dots represent average ratings of each 
morphed facial expression for individual participants
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this issue in Study 2, we used the SAAP to characterize and 
compare the sensitivity of multiple social judgements in addi-
tion to basic motivation and emotion perception.

Based on the emotion overgeneralization hypothesis of face 
processing, interpersonal inferences about other individuals 
are based on the degree to which structural facial features 
resemble expressions of happiness and/or anger (Knutson, 
1996; Montepare & Dobish, 2003; Todorov, 2011; Zebrow-
itz, 2018). Importantly, these more complex social judgments 
are reliably generated in response to affectively neutral faces, 
which do not contain overt emotional expression information 
(Todorov et al., 2015). For example, the degree to which a 
person is evaluated as trustworthy is strongly correlated with 
the degree to which that person’s neutral facial expression is 
perceived as happy (Todorov, 2008). Similarly, evaluations 
of aggressiveness are robustly correlated with the degree to 
which that person’s neutral facial expression is perceived as 
angry (Todorov, 2008). Moreover, even seemingly invariant 
evaluations of the same person such as physical attractive-
ness are surprisingly sensitive to subtle differences in facial 
expressions from the same individual (Jenkins et al., 2011). 
Thus, more complex interpersonal judgements can be rapidly 
generated by relying on subtle signals of happiness and/or 
anger, albeit in a manner that is often inaccurate in regards 
to the individual's personality traits (Todorov et al., 2015).

Although interpersonal judgements are sensitive to sub-
tle signals of happiness and/or anger, there are nevertheless 
comparative differences in sensitivity among these more 
complex dimensions of face evaluation. For example, facial 
expressions that are perceived as happy are also evaluated 
as more trustworthy, and to a lesser extent, more attractive 
(Todorov, 2011). Similarly, facial expressions perceived 
as angry are evaluated as more aggressive, and to a lesser 
extent, more dominant (Todorov, 2011). Notably, evalua-
tions of attractiveness and aggressiveness are non-selectively 
associated with both signals of happiness and/or anger as 
well as characteristics such as facial symmetry and/or matu-
rity (Todorov et al., 2015). Despite these comparative dif-
ferences in sensitivity, however, individual differences in 
interpersonal judgements tend to be intercorrelated across 
face evaluation dimensions, which suggests some overlap-
ping influence by subtle social signals (Todorov, 2011).

Based on this literature, we aimed to replicate and 
extend the results of Study 1 by assessing if the SAAP 
generalized to more complex interpersonal judgements that 
are more indirectly influenced by subtle signals of hap-
piness and/or anger. In the SAAP, we hypothesized that 
these more complex interpersonal judgements would also 
exhibit sensitivity to varying interpersonal reward, social 
threat, and social reward-threat conflict. Given the more 
indirect influence by social signals, we also hypothesized 
that more complex interpersonal judgements would exhibit 
comparatively weaker sensitivity than approach-avoidance 

motivation and emotion perception ratings. Additionally, 
based on previous research, we hypothesized that ratings 
of physical attractiveness and dominance would exhibit the 
lowest degree of sensitivity among these more complex 
interpersonal judgements.

Transparency and openness

Study 2 was not preregistered prior to data collection and 
analysis. De-identified data and all analysis syntax for Study 
2 is available in an open-access data repository (https://​osf.​
io/​yh42j/ bb2c5bf777144b39a75c8a6ed158007d). Mor-
phed facial expression stimuli can be made freely available 
to researchers who receive written permission to access the 
NimStim set (Tottenham et al., 2009).

We report how we determined our sample size, all data 
exclusions, and all manipulations in Study 2. All participants 
provided written informed consent and study procedures were 
conducted in accordance with local IRB guidelines for Harvard 
Medical School (Protocol: #16–0624). All study procedures 
complied with the Helsinki Declaration as revised in 2008.

Methods

Participants

Sample size for Study 2 was determined based on a pilot 
study of 67 undergraduate students from the University of 
Miami. In this pilot study, the smallest multivariate dif-
ference in sensitivity among face evaluation dimensions 
exhibited a medium effect size (f = 0.25). Based on this 
effect size, a sample size of 84 participants would provide 
95% power to detect multivariate differences in sensitivity 
across face evaluation dimensions.

Based on these power analyses, we recruited an online 
sample of 93 healthy adults via Prolific Academic from the 
Boston community (74.20% Female; Age: M = 41.39 years, 
SD = 11.86 years; 81.70% Caucasian, 3.20% Black, 5.40% 
Asian, 8.60% Multi-Racial/Other, 1.10% Did Not Report). 
Participants were recruited as part of a healthy control sample 
within larger research protocol on Developmental Prosopag-
nosia. Thus, participants in Study 2 denied any current or 
history of psychiatric disorders and successfully completed all 
effort checks throughout the online testing session. Addition-
ally, all participants were required to exhibit intact face recog-
nition as defined by performance greater than 70% accuracy 
on the famous faces task (Duchaine & Nakayama, 2006) and 
a score less than 65 on the Prosopagnosia Index questionnaire 
(Shah et al., 2015). Participants were provided with monetary 
payment ($10 per hour) in exchange for participation.

https://osf.io/yh42j/
https://osf.io/yh42j/
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Stimuli and task

Social Approach‑Avoidance Paradigm

In Study 2, we used the same morphed facial expressions 
as Study 1, which participants evaluated using a 10-point 
dynamic visual scale (0 = Not at all; 10 = Extremely). In 
addition to approach-avoidance motivation and perceived 
happiness/anger, participants also rated facial expressions 
based on trustworthiness, physical attractiveness, aggres-
siveness, and dominance. To minimize fatigue, participants 
completed all eight rating dimensions for two male faces 
and two female faces, rather than four male faces and four 
female faces as in Study 1. To minimize task switching and 
order effects, rating evaluations were blocked and the order 
of blocks was randomized across participants. In total, par-
ticipants completed 384 ratings (i.e., 48 approach, 48 avoid, 
48 happiness, 48 anger, 48 trustworthiness, 48 attractive-
ness, 48 aggressiveness, and 48 dominance).

Data analytic strategy

All analyses were conducted using SPSS software ver. 24.0 (IBM 
SPSS Statistics for Windows, Version 24.0. Armonk, NY: IBM).

Characterizing the sensitivity of face evaluation 
dimensions

First, we aimed to confirm if each evaluation dimension 
was sensitive to parametrically varying social signals. Spe-
cifically, we tested if subjective ratings for each evalua-
tion dimension exhibited linear modulation as a function 
of social reward, social threat, or social reward-threat con-
flict. To this end, we used RM-ANOVA models with linear 
polynomial contrasts to separately test if subjective ratings 
for each dimension exhibited reliable linear modulation as 
a function of social signals. Thus, significant sensitivity in 
the SAAP was defined as a linear slope value that signifi-
cantly differed from 0. Additionally, on an exploratory basis, 
we characterized the intercorrelation of sensitivity measures 
across face evaluation dimensions to determine the degree 
to which social signals exert overlapping influences on these 
processes (see Supplemental Information). 

Comparing the sensitivity of face evaluation 
dimensions

Second, we directly compared the sensitivity of face evaluation 
dimensions as a function of varying social signals. To this end, 
we submitted subjective ratings to an 8 (Dimension: [Approach, 
Avoidance, Happiness, Anger, Trustworthiness, Attractiveness, 

Aggression, and Dominance]) × Morph (Linear: -2, -1, 0, 1, 2) 
RM-ANOVA model. To decompose significant omnibus inter-
actions, we separately compared the magnitude of sensitivity to 
social signals for positive valence evaluations (i.e., approach, 
happiness, trustworthiness, and attractiveness) and negative 
valence evaluations (i.e., avoidance, anger, aggressiveness, and 
dominance). Within these positive valence models and negative 
valence models, we conducted post-hoc pairwise comparisons 
between face evaluation dimensions with Bonferroni correction 
to account for multiple comparisons.

Results

Characterizing the sensitivity of face evaluation 
dimensions

We observed significant task-related effects across all dimen-
sions of face evaluation. Specifically, all face evaluation 
dimensions exhibited significant sensitivity within the social 
reward model, social threat model, and social reward-threat 
conflict model with large effect sizes (all ps < 0.001, all 
ηp

2 > 0.36; see Table S1). Overall, sensitivity to social sig-
nals generally exhibited a moderate degree of intercorrelation 
across face evaluation dimensions, which varied across evalu-
ation dimensions and models (see Supplemental Information).

Comparing the sensitivity of face evaluation 
dimensions

Social reward model

Within the omnibus model testing an 8 (Dimension) × Morph 
(Linear) interaction, face evaluation dimensions significantly 
differed in sensitivity to varying degrees of social reward 
(F(7, 89) = 282.91, p < 0.001, ηp

2 = 0.75; see Figure S4). 
Follow-up analyses demonstrated that both positive valence 
dimensions (F(3, 93) = 171.47, p < 0.001, ηp

2 = 0.64; see 
Fig. 4) and negative valence dimensions (F(3, 93) = 6.85, 
p < 0.001, ηp

2 = 0.07; see Fig. 4) significantly differed in 
sensitivity to varying degrees of social reward.

For positive valence dimensions, post-hoc comparisons 
revealed significant pairwise differences in sensitivity (i.e., 
happiness > approach > trustworthiness > attractiveness; 
see Fig.  4). As social reward increased, happiness rat-
ings increased to a greater degree compared to approach, 
trustworthiness, and attractiveness ratings (all Fs > 17.51, 
all ps < 0.001, corrected). Additionally, approach ratings 
increased to a greater degree compared to both trustwor-
thiness and attractiveness ratings (both Fs > 141.15, both 
ps < 0.001, corrected). Finally, trustworthiness ratings 
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increased to a greater degree than attractiveness ratings 
(F(1, 95) = 43.64, p < 0.001, corrected).

For negative valence dimensions, post-hoc comparisons 
revealed significant pairwise differences in sensitivity (i.e., 
anger = avoidance > aggressiveness = dominance; see Fig. 4). 
As social reward increased, anger ratings decreased to a greater 
degree compared to both aggressiveness and dominance rat-
ings (both Fs > 11.54, both ps < 0.006, corrected), but did not 
significant differ in sensitivity relative to avoidance ratings 
(F(1, 95) = 0.32, p = 1.00, corrected). Additionally, avoidance 
ratings decreased to a greater degree compared to dominance 
ratings (F(1, 95) = 8.69, p = 0.02, corrected), whereas the com-
parison to aggressiveness ratings did not survive multiple com-
parison correction (F(1, 95) = 6.80, p = 0.06, corrected).

Social threat model

Within the omnibus model testing an 8 (Dimension) × Morph 
(Linear) interaction, face evaluation dimensions signifi-
cantly differed in sensitivity to varying degrees of social 
threat (F(7, 89) = 437.35, p < 0.001, ηp

2 = 0.82; see Figure S4). 
Follow-up analyses demonstrated that both positive valence 
dimensions (F(3, 93) = 25.12, p < 0.001, ηp

2 = 0.21; see Fig. 4) 
and negative valence dimensions (F(3, 93) = 41.96, p < 0.001, 
ηp

2 = 0.31; see Fig. 4) significantly differed in sensitivity to 
varying degrees of social threat.

For positive valence dimensions, post-hoc comparisons 
revealed significant pairwise differences in sensitivity (i.e., 
approach > trustworthiness = attractiveness > happiness; 

Fig. 4   Generalization and Comparison of Social Sensitivity across 
Face Evaluation Dimensions. Legend: All face evaluation dimensions 
exhibited significant sensitivity to varying social signals in the social 
approach-avoidance paradigm (SAAP; all ps < 0.001). Additionally, 
face evaluation dimensions significantly differed in the degree of 

sensitivity (all ps < 0.001). Post-hoc pairwise comparisons with Bon-
ferroni correction were used to compare sensitivity between positive 
valence dimensions (left column) and negative valence dimensions 
(right column). Note: *** p ≤ 0.001, ** p ≤ 0.01, * p ≤ 0.05, Bonfer-
roni corrected
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see Fig. 4). As social threat increased, approach ratings 
decreased to a greater extent relative to happiness, trust-
worthiness, and attractiveness ratings (all Fs > 25.60, all 
ps < 0.001, corrected). Additionally, trustworthiness and 
attractiveness ratings both decreased to a greater extent 
relative to happiness ratings (both Fs > 8.85, both ps < 0.02, 
corrected). However, trustworthiness did not significantly 
differ in sensitivity compared to attractiveness ratings 
(F(1, 95) = 0.17, p = 1.00, corrected).

For negative valence dimensions, post-hoc comparisons 
revealed significant pairwise differences in sensitivity (i.e., 
anger > avoidance > aggressiveness = dominance; see Fig. 4). 
As social threat increased, anger ratings increased to a greater 
extent relative to avoidance, aggressiveness, and dominance 
ratings (all Fs > 11.80, all ps < 0.005, corrected). Addition-
ally, avoidance and aggressiveness ratings both increased to a 
greater extent relative to dominance ratings (both Fs > 32.67, 
both ps < 0.001, corrected). In contrast, avoidance ratings did 
not significantly differ in sensitivity compared to aggressive-
ness ratings F(1, 95) = 0.41, p = 1.00, corrected).

Social reward‑threat conflict model

Within the omnibus model testing an 8 (Dimension) × Morph 
(Linear) interaction, face evaluation dimensions significantly 
differed in sensitivity to varying degrees of co-occurring 
social reward and social threat (F(7, 89) = 746.07, p < 0.001, 
ηp

2 = 0.96; see Fig. 4G). Follow-up analyses demonstrated 
that both positive valence dimensions (F(3, 93) = 127.68, 
p < 0.001, ηp

2 = 0.57; see Fig. 4H) and negative valence 
dimensions (F(3, 93) = 62.32, p < 0.001, ηp

2 = 0.40; see 
Figure S4) significantly differed in sensitivity to varying 
degrees of co-occurring social reward and social threat.

For positive valence dimensions, post-hoc comparisons 
revealed significant pairwise differences in sensitivity (i.e., 
happiness > approach > trustworthiness > attractiveness; see 
Fig. 4). As social reward decreased and co-occurring social 
threat increased, happiness ratings decreased to a greater 
extent relative to approach, trustworthiness, and attrac-
tiveness ratings (all Fs > 28.59, all ps < 0.001, corrected). 
Additionally, approach ratings decreased to a greater extent 
compared to both trustworthiness and attractiveness ratings 
(both Fs > 65.56, both ps < 0.001, corrected). Finally, trust-
worthiness ratings decreased to a greater extent compared to 
attractiveness ratings (F(1, 95) = 26.86, p < 0.001, corrected).

For negative valence dimensions, post-hoc comparisons 
revealed significant pairwise differences in sensitivity (i.e., 
anger > avoidance > aggressiveness > dominance; see Fig. 4). 
As social reward decreased relative to co-occurring social 
threat, anger ratings increased to a greater extent relative 
to avoidance, aggressiveness, and dominance ratings (all 
Fs > 7.39, all ps < 0.05, corrected). Additionally, avoidance 

and aggressiveness ratings both increased to a greater 
extent relative to dominance ratings (both Fs > 103.42, both 
ps < 0.001, corrected). However, avoidance ratings did not 
significantly differ in sensitivity compared to aggressiveness 
ratings (F(1, 95) = 3.62, p = 0.36, corrected).

Discussion

In Study 2, we replicated and extended Study 1 by general-
izing the SAAP to more complex interpersonal judgments that 
are indirectly modulated by signals of happiness and/or anger. 
Consistent with our hypotheses, more complex interpersonal 
judgements (trustworthiness, physical attractiveness, aggres-
siveness, and dominance) were each sensitive to parametric 
changes in social signals. Also consistent with our hypotheses, 
these more complex emotional judgements were generally less 
sensitive to varying social signals than approach-avoidance 
motivation and emotion perception. Finally, sensitivity to 
social signals generally exhibited a moderate degree of inter-
correlation across face evaluation dimensions, which suggests 
that these dimensions capture both overlapping and unique 
influences by social signals. Taken together, these results 
demonstrate that in addition to basic motivation and emotion 
perception processes, more complex interpersonal judgements 
are also sensitive to linear changes in social reward and/or 
social threat intensity, albeit to varying degrees.

General discussion

Across two studies and three independent samples, we dem-
onstrated that approach-avoidance motivation, emotion per-
ception, and more complex interpersonal judgements are 
sensitive to linear changes in social signal intensity. Study 
1 demonstrated that sensitivity to linear changes in social 
signal intensity exhibited strong psychometric properties as 
evidenced by 1) robust effect sizes and replication across 
samples, 2) strong internal consistency and test–retest reli-
ability within participants, and 3) robust individual dif-
ferences between participants. Study 2 demonstrated that 
more complex interpersonal judgements, which are more 
indirectly influenced by subtle signals of happiness and/or 
anger, are also sensitive to linear changes in social signal 
intensity to varying degrees. Together, these studies dem-
onstrate that the SAAP reliably assays the sensitivity of 
multiple social processes with the necessary psychometric 
properties to justify conducting more large-scale individual 
differences research on the quality of the SAAP as an assess-
ment tool for better understanding social behavior.

Given the replication crisis in psychology, it is impera-
tive to develop experimental paradigms that produce rep-
licable measures with strong psychometric properties to 
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facilitate more rigorous mechanistic and individual differ-
ences research (Parsons et al., 2019). Addressing this issue, 
we demonstrated that SAAP sensitivity measures are inter-
nally consistent and temporally stable within participants, 
while also exhibiting sufficient between-participant vari-
ability required to detect associations with other measures. 
Moreover, the strong temporal stability of SAAP sensitivity 
measures provides clinical researchers with the ability to 
reliably measure intervention-related changes in sensitiv-
ity to varying social signals. Finally, although we did not 
observe statistically significant differences in SAAP task 
effects between laboratory and online task administration, 
more trials may be required in online protocols to ensure 
uniformly strong internal consistency across measures. 
Together, these results suggest that the SAAP can be used 
to reliably assay motivational and emotional sensitivity to 
linear changes in social signal intensity with the necessary 
psychometric properties to justify conducting individual 
differences research at a larger scale.

However, it is also important to acknowledge that these 
results do not provide a comprehensive examination of the 
overall quality of the SAAP as a measure of social cognition. 
To address this issue, additional work will be required in much 
larger samples that directly test the convergent validity and 
discriminant validity of SAAP task measures. For example, 
it will be important for future research to assess the degree 
to which SAAP task measures exhibit meaningful associa-
tions with other, more established measures of social cogni-
tion (e.g., Reading the Mind in the Eyes; Baron-Cohen et al., 
2001). Similarly, additional measures and methodologies will 
be necessary to test discriminant validity using multitrait-mul-
timethod (MTMM) matrices in line with current assessment 
standards (Rönkkö & Cho, 2022). Finally, to fully validate 
the SAAP as a social cognition measure, it will be necessary 
to establish norm values in much larger, representative sam-
ples. Therefore, the current study only provides a necessary, 
but not sufficient, first step towards empirically validating the 
SAAP as a rigorous measure of social cognition.

In addition to approach-avoidance motivation and emotion 
perception, Study 2 demonstrated that SAAP can be used to 
measure the sensitivity of more complex interpersonal judge-
ments that also contribute to social behavior. Specifically, 
interpersonal judgements of trustworthiness, attractiveness, 
aggressiveness, and dominance all exhibited robust sensitiv-
ity to varying social signals in the SAAP. Notably, we also 
observed comparative differences in sensitivity among face 
evaluation dimensions. Specifically, approach-avoidance 
motivation and emotion perception generally exhibited the 
greatest degree of sensitivity to linear changes in social sig-
nal intensity, trustworthiness and aggressiveness generally 
exhibited an intermediate degree of sensitivity, and physical 
attractiveness and dominance exhibited the smallest degree 
of sensitivity. These comparative differences in sensitivity to 

subtle signals of happiness and/or anger align with previous 
research using neutral facial expressions (Todorov, 2015). 
Specifically, previous studies demonstrate that evaluations of 
trustworthiness and aggressiveness are predominantly influ-
enced by affective signals such as happiness and/or anger, 
whereas evaluations of physical attractiveness and dominance 
are jointly influenced by both affective signals and non-
affective signals such as facial symmetry and facial maturity 
(DeBruine, 2005; Golle et al., 2014; Morrison et al., 2013). 
Thus, Study 2 demonstrates that these more complex inter-
personal judgements are also sensitive to linear changes in 
social signal intensity in the SAAP, albeit to varying degrees.

Despite these important strengths, it is also important to 
highlight several limitations of the current studies. First, to 
minimize the confounding influence of racial identity on 
face evaluation (Paulus & Wentura, 2014), we exclusively 
utilized Caucasian faces in Study 1 and Study 2. To address 
this limitation, we recently developed morphed facial expres-
sions using a more racially representative set of faces, which 
we are currently working to validate with the SAAP. Second, 
given the extremely large number of potential face judgements 
(e.g., competence, intelligence, etc.), it was not possible to 
exhaustively assess if the SAAP generalizes to all possible 
face judgements. Therefore, we recommended that research-
ers first validate that the SAAP generalizes to untested face 
judgements prior characterizing mechanisms and/or indi-
vidual differences in these face judgements. Third, there is a 
smaller body of empirical research supporting the ecological 
validity of using linearly interpolated morphs to approximate 
facial expressions commonly observed in daily life. On one 
hand, previous research has established that linearly interpo-
lated morphed facial expressions adequately capture course 
changes in facial action units (AUs) underlying emotional 
facial expressions, which directly corresponds to perceived 
emotional intensity of linearly interpolated morphs rated by 
human observers (Calvo et al., 2018). Additionally, linearly 
interpolated morphs used in the current study (Neutral-Happy, 
Neutral-Angry, and Happy-Angry) exhibit similar changes in 
facial landmarks that do not differ compared to dynamic spon-
taneous expressions of emotion (Korolkova, 2018). On the 
other hand, research also demonstrates that linear interpola-
tion of facial expressions does not fully capture more com-
plex, non-linear spatiotemporal shifts in facial action units 
that dynamically unfold during spontaneous emotion expres-
sion (Cosker et al., 2010; Dobs et al., 2014; Krumhuber et al., 
2023). Therefore, it will be important for future research to 
examine the sensitivity of motivation and emotion perception 
in response to non-linear changes in social signal intensity.

Despite these limitations, however, the replication crisis 
in psychology has underscored the importance of developing 
experimental paradigms that produce replicable measures 
with strong psychometric properties. Taken together, these 
findings demonstrate that the sensitivity of motivational 
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and social processes to linear changes in social signal inten-
sity can be rigorously and reliably assayed with the SAAP. 
Although future research with larger samples is needed to 
establish convergent validity, discriminant validity, and 
norm values of the SAAP as a measure of social cognition, 
the results of the current study suggest that measuring the 
sensitivity of motivational and emotional processes may pro-
vide insights into social behavior.
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