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Abstract

This study aimed to discover predictors of subjective and objective difficulty in emotion per-

ception from dynamic facial expressions. We used a multidimensional emotion perception

framework, in which observers rated the perceived emotion along a number of dimensions

instead of choosing from traditionally-used discrete categories of emotions. Data were col-

lected online from 441 participants who rated facial expression stimuli in a novel paradigm

designed to separately measure subjective (self-reported) and objective (deviation from the

population consensus) difficulty. We targeted person-specific (sex and age of observers

and actors) and stimulus-specific (valence and arousal values) predictors of those difficulty

scores. Our findings suggest that increasing age of actors makes emotion perception more

difficult for observers, and that perception difficulty is underestimated by men in comparison

to women, and by younger and older adults in comparison to middle-aged adults. The

results also yielded an increase in the objective difficulty measure for female observers and

female actors. Stimulus-specific factors–valence and arousal–exhibited quadratic relation-

ships with subjective and objective difficulties: Very positive and very negative stimuli were

linked to reduced subjective and objective difficulty, whereas stimuli of very low and high

arousal were linked to decreased subjective but increased objective difficulty. Exploratory

analyses revealed low relevance of person-specific variables for the prediction of difficulty

but highlighted the importance of valence in emotion perception, in line with functional

accounts of emotions. Our findings highlight the need to complement traditional emotion

recognition paradigms with novel designs, like the one presented here, to grasp the “big pic-

ture” of human emotion perception.
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Introduction

Facial expressions are an essential part of human interaction and have been a research topic

for more than a century [1]. Facial expressions transmit information between the individual

displaying the expression (called the actor in the following) and the individual perceiving the

expression (called the observer in the following). For facial expressions to function as an effec-

tive communication channel, the actor must produce expressions that will be readily under-

stood by the observer and the observer must possess the necessary abilities to understand the

expressions appropriately. Characteristics that have an influence on this transmission process,

for example the age or sex of the actor and observer, typically have been studied with emotion

recognition paradigms [e.g., 2,3]. Recognition means matching a stimulus to some concept

recalled from memory, which, in the case of emotions, implies a distinct set of predefined emo-

tion categories and a formally correct answer to recognize. However, the validity of this

approach has been challenged by recent research.

In this paper, we first discuss the limitations of common emotion recognition paradigms:

the use of discrete basic emotion categories, low ecological validity of stimuli, and a priori
“ground truth”. Instead, we present an argument for the validity of studying emotion percep-
tion, i.e., all perceptual processes that occur when an observer views an expression. We identify

potential factors contributing to difficulties in this perceptual process and propose a novel par-

adigm in which ground truth is defined by population consensus in a dimensional space of

emotion. Using this novel paradigm, we investigate predictors of subjective and objective diffi-

culty of emotion perception in a sample of 441 participants rating dynamic emotion stimuli

(videos with actors displaying different facial expressions).

Limitations of common emotion recognition paradigms

Discrete response labels. The force-choice paradigm has been commonly used in studies

investigating recognition of facial expressions. In this paradigm, only a single discrete emotion

category is predefined as the correct answer [e.g., 4,5], most often the category the actor

intended and/or was instructed to display. The discrete categories of the stimuli as well as the

response options were commonly selected to align with one of Ekman’s basic emotions [6]: a

set of six prototypically displayed emotions; This choice for stimuli implicitly assumes that

emotions are perceived to be discrete and exclusive. However, studies [7,8] have repeatedly

shown that even affective states of opposite valence (positive and negative affect, or disgust and

amusement) can be experienced (and expressed) at the same time. Thus, an alternative

response option to discrete categories is framing the emotion space as multidimensional: This

approach assumes that the complex phenomenon of emotion can be represented by a number

of meaningful dimensions, in much the same way that the color space can be represented with

brightness, hue, and saturation (the number of such dimensions is a matter of scientific discus-

sion; [9]). Indeed, studies showed that participants readily use multiple emotions in a dimen-

sional way to describe even prototypical target emotions [10–12]. This evidence supports a

multifaceted and dimensional, rather than an exclusive and categorical, perception of emotion.

It could also be seen as supportive of the concept of blended emotions, i.e., more complex

emotions composed of basic emotions as their component parts [13].

Moreover, it is possible that the reduction of emotional perception into discrete labels

occludes true effects and produces artifacts. In a study by Hall and Matsumoto ([11], Study 2),

increased accuracy of female participants was only found when dimensional response options

instead of discrete emotion labels were provided. This indicates that some group differences

may lie in the pattern of multi-dimensional emotion judgments and thus cannot be observed

when participants’ response is limited to a single choice from a few predefined emotion labels.
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Further, in a study on the commonly used forced-choice basic emotion paradigm, Frank and

Stennett [14] found wide agreement on an incorrect label when the correct one was omitted,

and even for a nonsensical expression for which a response label was not conceivable. They

showed that they could remedy this effect by providing a “none of these terms is correct”

option. This research questions the generalizability of effects found in forced-choice

paradigms.

Ecological validity of stimuli in emotion recognition paradigms. Common basic emo-

tion stimuli sets often suffer low ecological validity. For example, they frequently include pro-

totypical and over-exaggerated facial expressions that produce ceiling effects and that lack

ecological validity [5]. In fact, some effects, such as improved emotional facial expression per-

ception among females were only detected when stimuli were used in subtle and “toned-

down” versions [3,4]. Past studies traditionally employed static stimuli in the form of photo-

graphs. However, in recent years, research has consistently reported that emotional facial

expressions have a specific dynamic time signature which is perceived as most naturalistic

[15,16] and which results in higher recognition accuracy compared to deviant time signatures

[17]. Further, dynamic facial expressions are recognized faster and with higher accuracy than

static ones [18]. Differences are also found on the neural level: Distinct neural pathways [19]

and brain responses measured with EEG [20] were found for the processing of static versus

dynamic stimuli, even when dynamics were perturbed but not removed. A review by Krumhu-

ber, Kappas and Manstead [21] concluded that dynamic information increases emotion recog-

nition accuracy, ratings of intensity and arousal, and detection rates of genuine and fake

expressions; a finding backed by automated expression analysis [22]. They argued that dynam-

ics are an important part in understanding the phenomenon of facial expressions and urged

researchers to overcome the use of static facial expression stimuli. Together, these suggest that

to be ecologically valid, research should include stimuli that are comparable to authentic real-

life expressions, specifically those showing naturalistic and dynamic representations of facial

expressions.

The question of ground truth. A “ground truth” for a given emotion can be defined as

“an emotion that is perceived by people and that is agreed upon by most of the receivers” [23].

Traditional studies tend to assume that the intention of the actor determines the meaning of

their emotional expression. Consequently, posed expression stimuli are often labeled with the

emotion that was requested from the actor [24]. In this case, accuracy in a emotion recognition

paradigms refers to the proportion of labels assigned by the participant that matches these pre-

determined stimulus labels (i.e., an a priori ground truth). However, a facial expression might

not always convey its intended meaning. For example, a person smiling at a camera might

appear awkward or uncomfortable rather than showing the intended emotion of happiness.

Thus, a potentially more appropriate ground truth for an emotional label is the consensus

among some set of observers that share cultural similarities. This raises a new question in the

context of group differences. In the traditional approach, if two groups differ systematically in

their interpretations of an expression, at least one group is considered to be incorrect. If the

ground truth reflects a cultural consensus, however, it is difficult to argue that the consensus

among, for example, male observers is more or less correct than the consensus among female

observers. Instead, these should be interpreted as reflective of different biases and therefore

different ground truths in these two groups. In this new light, traditional studies seem to

employ a notion of ground truth which is too rigid. This motivates the need for a novel

research paradigm, which would allow researchers to utilize a group’s consensus as the ground

truth and deviations from this consensus as difficulties in perception. Here we propose such a

paradigm and focus on identifying predictors of the difficulty of emotional facial expression

perception.
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Difficulty of emotion perception

Subjective and objective difficulty. It is evident that some facial expressions are generally

easier to understand than others. For example, within Ekman’s basic emotions [6], expressions

of happiness show a higher recognition accuracy across cultures than expressions of disgust or

fear [25]. However, it is unclear what features of the actor, emotion, or observer lead to diffi-

culty in perceiving an emotional facial expression. Difficulty might also take on several forms.

A traditional objective measure of difficulty focuses on how often participants are incorrect in

interpreting the expression; in continuous emotion perception, this would correspond to the

size of the deviation from the cultural consensus. On the other hand, an observer might also

report that an expression was more difficult to interpret (regardless of how close their rating

was to the cultural consensus), providing a second, potentially independent, measure of diffi-

culty. The two facets of difficulty can therefore be examined separately: subjective difficulty as

reported by the observer and objective difficulty reflecting the observer’s abilities in relation to

the rest of the population.

Although to our knowledge subjective and objective difficulty in emotion perception have

not been yet addressed systematically in research, some insights into their interplay are pro-

vided by studies correlating participants’ confidence about their responses and the actual per-

formance. For example, in a study by Kelly and Metcalfe [26], participants’ trial-by-trial

confidence in providing a correct answer in an emotion recognition task has been found to

correlate with their performance, but their self-assessments of general emotion recognition

abilities (interpersonal sensitivity, empathy, ability to read and interpret mental states and

intentions of others) did not predict task performance. Significant rank-order correlations

between trial-by-trial performance and confidence self-reports in this study were in the range

between .07 and .45, which suggests a weak to moderate effect. Higher correlations were found

in the Ekman Emotional Expression Multimorph Task [27], which features whole-face stimuli,

than in the Reading the Mind in the Eyes task [28], which features only the eye region; Correla-

tions were also higher when response options were revealed next to the stimuli. Clearly, the

amount of information given about the emotion task is a crucial factor in accurately predicting

whether a “correct” answer will be provided. Overall, these findings indicate that the subjective

and objective difficulties in emotion perception are not strongly correlated. We therefore theo-

rize that different measures of difficulty capture influences from different aspects of the

human emotion perception process and thus aimed to evaluate them separately in this study.

Predictors of subjective and objective difficulty. In this study, we quantified the diffi-

culty of emotion perception in two different ways. The subjective difficulty of evaluating a

given emotional stimulus was measured by observers’ self-reported difficulty rating. Objective

difficulty was operationalized as the deviation of an individual’s perception of a given emotion

from the cultural consensus among perceivers. For this, we estimated a consensus point in a

dimensional emotion space with the mean ratings given by a sample of observers. Importantly,

this measure was estimated from the study sample (see Methods for details on calculation) and

was therefore free from biases stemming from researchers’ decisions on stimulus labels. Here,

we briefly review potential person- and stimulus-specific factors which the literature suggests

may contribute to both subjective and objective difficulty in emotion perception.

Person-specific. Age and sex of both actors and observers have been implicated as modula-

tors of emotion perception. For example, a review by Fölster, Hess, and Werheid [29] con-

cluded that emotional expressions are more difficult to read from old faces than from young

ones. These differences might stem from decreased intentional muscle control in the elderly,

affecting posed emotions and negative implicit attitudes towards old faces. It has also been

shown that morphological changes of the face, such as folds and wrinkles, interfere with the
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emotional display in the elderly [30]. Further, women are more expressive [31,32], for example

showing more smiles and more frequent head movements than men [33–35]. In a similar vein,

a recent study used automatic facial expression recognition technology on over 2000 partici-

pants from five countries who displayed emotional expressions while watching television

advertisements and showed significant sex differences in emotional expressivity [36]. In partic-

ular, women displayed most of the investigated facial actions more frequently than men,

although men showed a greater frequency of brow furrowing compared to women.

In observers, emotion recognition capabilities have been reported to improve consistently

with age until late adolescence [37–39]. However, there is also an agreement that decoding

abilities decline with increasing age in older adulthood [40,41]. Sex of the observer also plays a

role in the perception of emotional expression. A meta-analysis concluded that women have a

small advantage over men in the recognition of non-verbal displays of emotion (mean Cohen’s

d = 0.19; [42]). Other previous studies have found sex differences in recognition abilities only

when employing subtle emotional stimuli [3,4], which again emphasizes the need for ecolog-

ically valid stimuli in experimental research.

Stimulus-specific. The well-known core affect model [43,44] describes the space of emotions

in terms of valence, which captures the level of positivity or pleasure of a stimulus, and arousal,
which describes the level of alertness or physical activation. These dimensions are widely used

as the underlying variables in dimension reduction analyses (such as factor analysis or multidi-

mensional scaling) on self-reported or ascribed affect and ordered emotional words. More-

over, they have been indicated as core factors in dimensional descriptions of emotions [9].

Hence, in this study we investigated the relationship of emotion stimuli’s valence and arousal

with the difficulty in emotion perception. It seems reasonable that both extremes of valence

(highly positive and highly negative) might be linked to particularly distinctive emotional

expressions (e.g., ecstasy or joy on the positive side, desperation or fury on the negative side)

as compared to expressions around the middle values (e.g., ease, calmness), and this might

result in reduced difficulty of emotion perception at the extremes of the valence dimension. A

similar effect may exist for arousal (e.g., easier recognition of fury or sadness than of mild

interest). To address these possible extremeness effects, we examined possible quadratic rela-

tionships of both valence and arousal with emotion perception difficulty.

Hypotheses

Based on the summarized emotion recognition literature, we formulated the following hypoth-

eses to examine person-specific (age and sex of observer and actor) and stimulus-specific

(valence and arousal of the displayed expression) variables as predictors for subjective and

objective difficulty in emotion perception:

Hypothesis 1: Age and sex of the actor have an effect on the objective and subjective difficulty

experienced by the observer. We hypothesized that observers would experience more diffi-

culty when presented with expressions from older actors (due to reduced muscle control)

as compared to younger ones, and from male actors (due to lower expressiveness) in com-

parison to female actors.

Hypothesis 2: Age and sex of the observer have an effect on the observer’s objective and sub-

jective difficulty in emotion expression perception. We expected to observe difficulty fol-

lowing a quadratic function across age because of developmental and deterioration effects

at the two ends of the age spectrum. We also expected that difficulty would be increased for

male observers compared to female observers (due to the latter’s advantage in emotion

recognition).
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Hypothesis 3: Valence and arousal of the stimuli, as subjectively perceived by a participant,

have an effect on subjective and objective difficulty in emotion perception of these stimuli.

We expected to see negative quadratic relationships for both valence and arousal in subjec-

tive and objective difficulty.

Methods

Participants

In total 658 volunteers took part in an online survey in German. The study was approved by

the Ethics Committee at the Charité –Universitätsmedizin Berlin and was conducted accord-

ing to the principles of the Declaration of Helsinki. All participants provided written informed

consent for participation. Participants were included if they were either female or male native

German speakers and not undergoing psychotherapy or taking psychoactive medication (to

exclude clinical groups with possible emotion perception deficits, e.g., in bipolar disorder,

depression, schizophrenia; [45,46]) at the time of the study. No upper age restrictions were

included in the initial inclusion criteria, but few data sets from participants older than 60 were

collected. To avoid spurious age effects due to the high leverage of data points from a small

number of the oldest participants (oldest 79) in the planned regression models, in the final

sample we included only participants who were 60 years old or younger (see S1 Fig in the S1

File for a histogram of age in the final sample). The participants were informed that their par-

ticipation (and completion of the experiment) would allow them to enter a raffle with 50-euro

prizes. After the data collection, 3 participants were randomly selected and awarded the prizes

(via bank transfers).

Exclusion criteria. A number of pre-planned steps were taken to clean the data before the

analysis due to the unsupervised nature of the study: It was administered via an online platform

and some participants could potentially rush through it without paying attention to its content.

Hence, participants were only included if they reported working video playback and if they

passed a simple test of their reliability in emotion reporting, which consisted of watching a

short video of an actor showing a prototypical expression of happiness and choosing the label

“happiness” from a set of basic emotions and an “I do not know” option. The data sets were fur-

thermore filtered based on improbable response times: on top of 4 seconds playback time of the

video clips, we estimated a minimum of 2 seconds for a response on each scale (determined by

visual inspection of the distribution of average times per page across all subjects), which resulted

in filtering out participants completing valence-arousal rating pages in an average time lower

than 10 seconds and emotion rating pages in an average time lower than 20 seconds.

Further, happiness is frequently used as a direct measure of positive affect (e.g., in the Posi-

tive And Negative Affect Schedule; [47]) and therefore happiness and valence ratings should

exhibit a high correlation. This was confirmed in our data by visual inspection of the distribu-

tion of within-participant valence–happiness correlations which showed a clear division

around 0.4. Thus, this value was used as an exclusion threshold and participants whose

responses showed lower correlation were excluded. The mean correlation between happiness

and valence was 0.87 before and 0.88 after this filtering step.

In total 217 participants were excluded and 441 remained (129 males). Mean age was 28.08

±8.17 for women and 29.82±8.88 for men. German cultural background was reported by 423

participants. Asked about ethnicity, 380 participants reported white, 23 other, and 38 chose

not to provide an answer to this question.

Justification of the sample size. The minimum sample size was set to 400 participants,

which would ensure that on average every one of the 480 video clips used in the study (see
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Materials) was rated by 10 participants (in the final sample the average number of raters was

11; min: 5, max: 18). We collected more participants initially because we had made an estimate

of having to exclude approximately 30% due to the aforementioned exclusion criteria.

Materials

The present study used a set of 480 four-second long videos with 12 actors (6 male, 6 female,

age range: 21–64, mean age: 35.92) in which an actor’s face, centrally presented on a grey back-

ground, changed from a neutral expression to display an emotion and then returned to the

neutral expression. These videos were a part of a larger set produced for research purposes at

the film studio of the Humboldt-Universität zu Berlin (for a detailed description, see [48]).

The actors were provided with the target emotion label, situations in which it is likely to occur

in real life, and physiological changes associated with it. The video clips were then validated by

independent judges and yielded high emotion recognition rates and good believability. The

emotional facial expressions in the subset used in this study spanned over 40 different emotion

categories (Supplementary Material, S1 Table in S1 File), including Ekman’s six basic emotions

and 34 complex emotions. These categories were selected in previous research based on their

frequency in everyday life and their even distribution across valence and arousal [49] and in

the present study they assured a wide range of emotional expressions across the stimuli set.

We included both basic and blended expressions in order to ensure that our results would gen-

eralize beyond the basic emotions. However, the original labels (i.e., the target emotion actors

were instructed to express) was not used in this study because we were not interested in “cor-

rectness” of emotion recognition, but rather in the difficulty of emotion perception.

Procedure

Testing was carried out in German on the soscisurvey.de platform [50]. Each participant rated

12 videos randomly chosen from the pool of 480 videos. First, participants rated valence and

arousal on scales anchored by pictures of the respective Self-Assessment-Manikins [51]. Sec-

ond, participants provided ratings on the Basic Emotions and Interest (BEI) scales: happiness,

sadness, fear, anger, surprise, disgust, interest. These scales were chosen to represent readily

understandable emotions spanning positive (e.g., happiness), negative (e.g., disgust), and neu-

tral/ambiguous (e.g., surprise) valence, higher (e.g., anger) and lower (e.g., sadness) levels of

arousal, and higher (e.g., interest) and lower (e.g., fear) complexity. Together, we judged these

scales to be good candidates for dimensions which could approximate the larger emotion

space. Finally, participants rated the subjective difficulty of making the BEI ratings. All ratings

were given on continuous visual sliding scales ranging from “not X at all” to “completely X”,

where X was the rated emotion word. Responses closer to “completely X” were reflecting

higher perceived intensity of emotion X in the rated video. For the difficulty rating the extreme

ends of the scale were “very easy” to “very difficult”. All rating responses were encoded

between 1 and 101.

Measures

The dependent variables were self-rated difficulty (SRD) and objective difficulty (OD). The

SRD measure was the subjective difficulty of making the BEI ratings provided by the partici-

pants. The OD measure was calculated as the Euclidean distance from an observer’s rating to

the consensus of the population on a given video. The population consensus was calculated as

the centroid in the seven-dimensional BEI rating space of each video. This distance therefore

reflects how similar an individual observer’s perception of a particular video was to the average

perception of that video. Because according to the literature discussed above (see 1.2.4) it
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seemed likely that demographic-based subgroups in the population have different consensus

(e.g., females and males could exhibit in-group agreement but between-group differences; see

1.1.3), we had to first test whether observer sex and age predicted significantly the BEI ratings

(we call this test a consensus check). For that, the BEI ratings served as dependent variables in

models with observer sex and age as predictors.

Data analysis

Model structure. All the models were fit with random intercepts for observers and videos.

In cases where including both random effects overly reduced power and interfered with esti-

mation of fixed effects, one or the other was omitted, as described below. Additionally, we

tested whether random slopes for videos or actors nested in observers would account for stim-

ulus-related inter-subject variance in null models (i.e., without fixed effects; see Supplementary

Material, S7 Table in S1 File). However, no full model (testing fixed effects) could be con-

verged with this large random effect structure. Thus, here we report models with random

intercepts for observers and videos. Across all models, i is an index iterating over participants,

j is an index iterating over actors and k is an index iterating over videos.

Consensus check. Prior to the hypotheses testing, we built a model for each BEI item with

the rating as the dependent variable and observer age and observer sex as independent vari-

ables to check for their potential systematic effects, which was important for the calculation of

the OD (see 2.4.). Eq 1 shows this for the happiness rating as an example. The happiness rating

for a video k rated by observer i is estimated by an intercept β0, equal to the mean happiness

rating across videos and observers, plus a term β1 for observer sex and a term β2 for observer

age. Additionally, the model contains a random effect βvideok
, which adjusts the intercept β0 for

each video k and therefore accounts for the repeated occurrence of the videos.

Happiness ratingik ¼ b0 þ bvideok
þ b1 � observer sexið Þ þ b2 � observer ageið Þ þ �ik ð1Þ

Confirmatory analyses. Hypothesis 1 was examined with two mixed-effects models (Eqs

2 and 3), one for each difficulty measure (OD and SRD) as the dependent variable. Fixed effect

variables were actor sex and actor age. A random intercept for observer was specified

βobserveri

� �
to account for the repeated measurements of each observer i. Since the variables of

interest were actor-related and each video stimulus was nested within actor, no random effect

for the multiple appearances of video stimuli was included in this model. We instead assume

that the fixed effects of actor sex and actor age already account for the common variance of a

given video.

ODij ¼ b0 þ bobserveri
þ b1 � actor sexj

� �
þ b2 � actor agej

� �
þ �ij ð2Þ

SRDij ¼ b0 þ bobserveri
þ b1 � actor sexj

� �
þ b2 � actor agej

� �
þ �ij ð3Þ

In a similar way, two mixed-effects models (Eqs 4 and 5) were specified for hypothesis 2

with observer sex, observer age and squared observer age as fixed effects, and a random inter-

cept term for the rated video bvideok

� �
. The simple and the squared observer age variables were

mean-centered to reduce collinearity of these predictors. Again, a random intercept term for

observer could not be easily specified due to fitting difficulties; however, we continue using

observer age and sex, both nested under that variable. While this way of modeling does leave
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repeated measurements of the observers in the data, their influence should be accounted for by

the fixed effects.

ODik ¼ b0 þ bvideok
þ b1 � observer sexið Þ þ b2 � observer ageið Þ þ b3 � observer age2

i

� �
þ �ik ð4Þ

SRDik ¼ b0 þ bvideok
þ b1 � observer sexið Þ þ b2 � observer ageið Þ þ b3 � observer age2

i

� �
þ �ik ð5Þ

Hypothesis 3 was examined with two mixed effects models using valence and arousal as lin-

ear and squared independent variables (Eqs 6 and 7). Random intercepts for video bvideok

� �

and observer bobserveri

� �
were included in the model to account for the repeated measurements

of observers and the repeated occurrence of rated videos. Because the squared terms (e.g.,

valence2) can be seen as interaction terms (valence x valence), all constitutive terms (e.g.,

valence) should be included in the models, but not interpreted [52]. For this reason, we first

built the models without the squared terms, and then fitted models with additional squared

terms. Valence and arousal entered the model as Z-standardized variables to reduce collinear-

ity between the linear and squared terms and to ensure comparability of estimated coefficients.

An additional multiple testing correction was applied for the subsequent inclusion and testing

of the squared term (see next section).

ODik ¼ b0 þ bobserveri
þ bvideok

þ b1 � valenceið Þ þ b2 � valence2

i

� �
þ b3 � arousalið Þ þ b4 � arousal2i

� �

þ �ik ð6Þ

SRDik ¼ b0 þ bobserveri
þ bvideok

þ b1 � valenceið Þ þ b2 � valence2

i

� �
þ b3 � arousalið Þ þ b4 � arousal2i

� �

þ �ik ð7Þ

Exploratory analyses. Additional exploratory models (Supplementary Material, Equa-

tions in S1 File) were run to investigate results from the previous models.

Multiple testing correction. Multiple testing correction was applied to ensure a consistent

alpha level of 0.05. Models built on Eq 1 were subjected to a 7-fold multiple testing correction to

account for the repeated testing (separately for each rating dimensions) of the assumption that

ratings were correlated with observer sex and/or age. Models of hypotheses 1 and 2 were sub-

jected to 2-fold multiple testing correction each to account for the common structure of OD

and SRD models and the correlation in the outcome values. Models of hypothesis 3 were sub-

jected to a 4-fold testing correction for the aforementioned reason of common structure and

because models only with linear predictors were fitted prior to full models (including linear and

squared terms). For all corrections the Bonferroni-Holm method was used.

Software. All analyses were conducted in RStudio [53] using R 3.3.3 [54] under Windows

7. Mixed effects models were built using the “lme4” package [55]. Ordinary linear regression

was conducted with the functionality of the base R package. P-values for mixed effects models

were provided by “lmerTest” package version 2.0–30 [56]. Model output was arranged in tables

using the R “stargazer” package [57].

Feature importance. Since our aim was to understand which person- and stimulus-spe-

cific factors predict subjective and objective difficulty in emotion perception, we needed a way

to compare the predictive strength of the variables of interest in the data. For this, we calcu-

lated feature importance. Feature importance estimates the relative impact of a given predictor

on the ability of a model to predict the target variable, in our case: difficulty measures. Here,

feature importance was calculated by the increase in node purity measured in Gini in a
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random forest model similar to work by Brick, Koffer, Gerstorf, & Ram [58] using the “caret”

package [59].

Results

Consensus check

For the calculation of our objective difficulty measure (OD) it was important to know if

observer sex and age significantly influenced their BEI ratings (see 2.4.).

The analysis revealed no significant effect of observer’s age. However, as expected based on

the previous literature, statistical tests revealed an influence of observer’s sex on the rating

dimensions. A significant influence of observer sex was found for all emotion dimensions

except “happy” (Supplementary Material, S2 Table in S1 File). The coefficients of the observer

sex term are negative, indicating that women rate these dimensions systematically lower than

men do. Therefore, in all the planned analyses including observer’s sex as a predictor we use

the OD measure calculated as the distance from a separate centroid for each sex (to reflect the

sex-specific consensus in the BEI ratings). In the process of this analysis, 171 video clips were

left with ratings by less than 3 male observers; These videos were excluded.

Confirmatory analyses

Table 1 shows models examining the relationship between the two difficulty measures and

actor sex and age according to hypothesis 1. For SRD a significant positive effect was found for

actor age, indicating that with actor age the perceived difficulty for observers increases. For the

OD measure a positive effect was found for actor sex and age, showing that OD increases with

increasing actor age and is higher for female actors.

Hypothesis 2 was tested with the models depicted in Table 2. A positive association of SRD

with female observer sex and a negative quadratic effect for observer age (Table 2(1)) were

Table 1. Mixed effects models for subjective and objective difficulty predicted by actor sex and age and a random effect for observer. Exact p values are shown in the

brackets next to the unstandardized estimates. 95% Confidence Intervals are shown in square brackets.

Dependent variable:

Self-rated Difficulty Unstandardized Standardized Objective Difficulty Unstandardized Standardized

Fixed effects (1) (2) (3) (4)

Actor female 0.36 (.57) 0.01 1.84 (.005)�� 0.09�

[-0.89, 1.61] [-0.03, 0.06] [0.57, 3.11] [0.03, 0.16]

Actor Age 0.06 (.016)� 0.03� 0.06 (.023)� 0.04�

[0.01, 0.11] [0.01, 0.05] [0.01, 0.11] [0.01, 0.07]

Intercept 38.03 (< .001) -0.01 49.54 (< .001) -0.04

[35.66, 40.41] [-0.07, 0.05] [47.47, 51.62] [-0.10, 0.01]

Random effects SD SD SD SD

Observer 14.37 0.54 5.95 0.30

Residual 22.33 0.84 18.73 0.95

Observations 5,292 5,292 3,537 3,537

Log Likelihood -24,338.78 -6,993.32 -15,513.14 -4,981.63

Akaike Inf. Crit. 48,687.57 13,996.65 31,036.29 9,973.25

Bayesian Inf. Crit. 48,720.44 14,029.52 31,067.14 10,004.11

Marginal R2 0.001 0.001 0.004 0.004

Conditional R2 0.294 0.294 0.095 0.095

Note: �p<0.05.

https://doi.org/10.1371/journal.pone.0269156.t001
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found. The latter indicates that the youngest and oldest observers in the sample tended to rate

items as less difficult than the middle age group. OD likewise showed a positive association

with female observer sex but no significant association with observer age (Table 2(3)).

Table 3 shows models estimating the influence of valence and arousal ratings on SRD and

OD according to hypothesis 3. For SRD (Table 3(1)) negative squared effects of valence and

arousal were observed. This means that on average stimuli rated on the low or high ends of the

valence or arousal scales are reported as easier than stimuli with ratings towards the middle on

these scales. Comparison of the coefficients for the squared valence and arousal terms indicate

a steeper slope for valence than for arousal. In the OD model (Table 3(3)) a negative coefficient

for the squared valence term was found, which indicates lower OD for extreme ratings on the

valence scale in contrast to higher OD for ratings towards the center of the scale. However, the

squared arousal predictor has a positive coefficient. This indicates a lower OD for stimuli rated

as medium-level in arousal as opposed to stimuli rated towards the extreme ends of the scale.

Exploratory analyses

Exploratory analyses were performed to complement the confirmatory results and provide fur-

ther grounds for interpretation of the data. Because of the exploratory nature no p-values are

provided.

Difficulty measures in relation to valence and arousal. The relationship of both difficulty

measures with valence and arousal was plotted for mean values for each video clip (Fig 1) which

provides a simple way of visualization that the mixed effects models do not allow for easily. We

fit simple linear models to all four relationships (Supplementary Material, Eqs 12–15). Models

including both a linear and a squared term for valence showed a good fit, indicated by adjusted

Table 2. Mixed effects models for self-rated difficulty and objective difficulty predicted by observer sex and age and a random effect for video. Exact p values are

shown in the brackets next to the unstandardized estimates. 95% Confidence Intervals are shown in square brackets.

Dependent variable:

Self-rated Difficulty Unstandardized Standardized Objective Difficulty

Unstandardized Standardized

Fixed effects (1) (2) (3) (4)

Observer female 3.51 (< .001)��� 0.13��� 3.58 (< .001)��� 0.18���

[1.96, 5.05] [0.07, 0.19] [2.33, 4.83] [0.12, 0.25]

Observer Age 0.14 (.025) 0.01 0.05 (.406) 0.002

(mean centered) [0.02, 0.27] [0.001, 0.01] [-0.06, 0.15] [-0.003, 0.01]

Observer Age2 -0.02 (< .001)��� -0.001��� 0.002 (.476) 0.0001

(mean centered) [-0.02, -0.01] [-0.001, -0.0003] [-0.004, 0.01] [-0.0002, 0.0005]

Intercept 38.94 (< .001) -0.06 49.91 (< .001) -0.13

[37.402, 40.472] [-0.11, 0.002] [48.51, 51.32] [-0.20, -0.06]

Random effects SD SD SD SD

Video 7.43 0.28 8.02 0.41

Residual 25.42 0.96 17.90 0.91

Observations 5,292 5,292 3,537 3,537

Log Likelihood -24,793.15 -7,453.49 -15,409.75 -4,883.73

Akaike Inf. Crit. 49,598.29 14,918.99 30,831.49 9,779.47

Bayesian Inf. Crit. 49,637.73 14,958.43 30,868.52 9,816.49

Marginal R2 0.01 0.006 0.01 0.01

Conditional R2 0.08 0.084 0.17 0.17

Note: ���p<0.001.

https://doi.org/10.1371/journal.pone.0269156.t002
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R2 values of 0.37 and 0.51 for dependent variables SRD and OD respectively (Fig 1A and 1B).

We also fit models containing a linear and a squared term for arousal and SRD and OD respec-

tively as the dependent variable to the data. However, the fit was poor as indicated by the very

low adjusted R2 values of 0.05 and 0.01. Graphs c and d in Fig 1 show these much less obvious

patterns in the data.

Feature importance comparisons of all variables. Feature importance scores are difficult

to interpret in raw form but can be used as an intuitive guide to the relative impact of different

predictors. Here, we present importance relative to the most important predictor (Fig 2), such

that a score of 1 indicates the most powerful predictor, and a score of .5 indicates that a given

predictor carries half the predictive power of that most powerful predictor. Feature importance

calculations show that the valence rating is the strongest predictor for SRD (Fig 2A), followed

by the happy rating with 74% of the importance of valence. Most other predictors improve

accuracy by 56% (interested rating) to 42% (disgusted rating) as much as valence does. The

exceptions are the predictors actor age (30%), observer sex (10%) and actor sex (7%), which

seem to be of rather low importance for the SRD prediction. For the OD measure the best pre-

dictor is the happy rating, followed closely by the interest rating (93% of happy rating) and the

valence rating (79% of happy rating). Most other predictors improve accuracy by about 62%

(fearful rating) to 50% (arousal rating) of the happy rating predictor. However, the predictors

of lowest importance are all person-specific variables: observer age (36%), actor age (31%),

actor sex and observer sex (6%).

Table 3. Mixed effects models for self-rated and objective difficulty predicted by valence and arousal ratings and random effects for video and observer. Exact p val-

ues are shown in the brackets next to the unstandardized estimates. 95% Confidence Intervals are shown in square brackets.

Dependent variable:

Self-rated Difficulty

Unstandardized Standardized

Objective Difficulty

Unstandardized Standardized

Fixed effects (1) (2) (3) (4)

Valence (standardized) 2.44 (< .001)��� 0.09��� -6.04 (< .001)��� -0.30���

[1.67, 3.20] [0.06, 0.12] [-6.73, -5.36] [-0.33, -0.26]

Valence (standardized)2 -9.29 (< .001)��� -0.35��� -1.48 (< .001)��� -0.07���

[-9.99, -8.58] [-0.38, -0.32] [-2.09, -0.88] [-0.10, -0.04]

Arousal (standardized) 0.36 (.271) 0.01 0.71 (.014)� 0.03

[-0.28, 1.01] [-0.01, 0.04] [0.14, 1.27] [0.01, 0.06]

Arousal (standardized)2 -2.30 (< .001)��� -0.09��� 1.14 (< .001)��� 0.06���

[-2.97, -1.62] [-0.11, -0.06] [0.57, 1.72] [0.03, 0.08]

Intercept 51.98 (< .001) 0.44 55.75 (< .001) 0.01

[50.28, 53.68] [0.37, 0.50] [54.56, 56.94] [-0.05, 0.07]

Random effects SD SD SD SD

Video 4.45 0.17 5.18 0.25

Observer 13.96 0.53 7.22 0.35

Residual 19.84 0.75 16.83 0.82

Observations 5,292 5,292 5,292 5,292

Log Likelihood -23,842.71 -6,506.34 -22,868.14 -6,913.66

Akaike Inf. Crit. 47,701.43 13,028.68 45,752.28 13,843.31

Bayesian Inf. Crit. 47,754.02 13,081.27 45,804.88 13,895.90

Marginal R2 0.13 0.13 0.12 0.12

Conditional R2 0.44 0.44 0.32 0.32

Note: ���p<0.001.

https://doi.org/10.1371/journal.pone.0269156.t003
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Fig 1. Plots visualizing the relationship of valence and arousal with both difficulty measures. Data points are

averages over videos. The ribbon depicts the 95% confidence interval. A clear negative curvilinear relationship can be

seen between valence and SRD (a). A similar relationship exists for valence and OD (b), although, the curve is less

symmetrical with the high valence region featuring the lowest OD values. For the arousal measure the data does not

exhibit such a visually clear relationship with the OD or SRD measure; this is also indicated by the low adjusted R2

values (c,d).

https://doi.org/10.1371/journal.pone.0269156.g001

Fig 2. Feature importance ranking for the prediction of SRD (a) and OD (b). The importance is expressed as a

proportion of the importance of the strongest predictor and displayed in decreasing order from top to bottom. For the

SRD measure the valence and happy ratings show a high importance, while all of the observer- and actor-specific

variables except observer age show a particular low importance. For the OD measure the happy rating is the most

important predictor with the interest and valence ratings following up close in importance.

https://doi.org/10.1371/journal.pone.0269156.g002
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Discussion

The aim of this study was to investigate which person-specific (age and sex of actors and

observers) and stimuli-specific variables (valence and arousal) constitute the subjective and

objective difficulty of the perception of emotional facial expressions.

Age and sex of actor

We predicted that both actor’s sex and age influence subjective and objective difficulty in emo-

tion perception. In line with hypothesis 1 and previous research [29], we found that emotions

displayed by older actors were rated on average as more difficult to judge (subjective difficulty)

and that ratings for older actors were more dispersed (individual ratings farther away from the

group’s consensus), which indicates more disagreement between observers (objective diffi-

culty). On the other hand, an effect for actor’s sex was only found in the model predicting

objective difficulty and, surprisingly, it yielded higher difficulty linked to female actors. While

the literature describes greater facial expressivity in women [31,32], it is unclear how this

relates to the observers’ difficulty in emotion perception. In a categorical emotions framework,

greater expressivity should result in stronger expressions of the primary emotion, and there-

fore a clearer signal that can be more easily interpreted. However, in a multidimensional emo-

tion perception framework greater expressivity may result in stronger expression of all the

emotions (primary and secondary), which could render the signal more difficult or ambiguous

to decode. Results of the additional exploratory models (Supplementary Material, Eqs 8 and 9)

are in fact consistent with this possibility; They show that on average 23.93 more rating points

(Supplementary Material, Table S3.1 in S1 File) were spent describing the expressions of

female actors and that the standard deviation across ratings was 2.23 units higher for female

actors (Supplementary Material, Table S3.2 in S1 File). This indicates that female actors were

perceived by the observers as expressing a stronger but also more complex emotional signal.

Age and sex of observer

According to hypothesis 2, the observer’s age and sex should influence both subjective and

objective difficulty. We reasoned that difficulty should follow a quadratic function to account

for developmental [37–39] and aging effects [40,41] on both sides of the age spectrum. How-

ever, we found no quadratic effect of age on the objective difficulty and a negative quadratic

effect for the subjective difficulty. Younger and older observers within the age range of our

sample rated themselves as having on average less difficulty than the middle-aged observers,

while in the objective difficulty model there was no effect for the same age coefficients.

Although a difference in significance patterns between the models does not mean a significant

difference between the results, this is consistent with the idea that younger and older people

might overestimate their perceptual abilities, which has been discussed before in metacogni-

tion literature [60].

Female observers reported having more subjective difficulty in providing the Basic Emo-

tions and Interest (BEI) ratings and also exhibited higher objective difficulty. The former falls

in line with studies showing that males exhibit overconfidence, i.e., more confidence than jus-

tified by their own abilities, in stock trading [61], test taking [62] and the usage of technology

[63]. It is therefore likely that the same effect carries over to the domain of emotion recogni-

tion, which may underlie the differences between men and women in our study. By contrast, it

is unexpected that women also scored lower on the objective difficulty measure, since based on

the literature pointing at the advantage of females in emotion recognition [42] we expected also

less difficulties in this group in emotion perception. One explanation might be that female

observers see more subtle signals in facial expressions (which have a greater role in a
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multidimensional perception framework than in recognition tasks) but that these perceived

secondary signals may not be generally agreed upon in this group, thus resulting in more devi-

ation from the general consensus (i.e., higher objective difficulty).

To further this observation, we conducted exploratory analyses (Supplementary Material,

Eqs 9 and 10), which revealed that the standard deviation across rating scales was more than

one unit higher for female than male observers (Supplementary material, Table S4.2 in S1

File). This hints at greater disagreement among females. Moreover, women assigned on aver-

age 2.57 more rating points on the BEI scales for the basic emotions (angry, happy, sad, dis-

gusted, surprised, interested, fearful), which is the only subset of our stimuli where the “target”

emotion’s label (according to the stimuli set) can be found in the rating scales (Supplementary

Material, Table S4.3 in S1 File). This is in line with the literature that suggests a subtle advan-

tage of women for emotion recognition [3,4]. Also, this rating pattern of greater mean response

to target emotions with a higher standard deviation in females has been previously reported

[11].

Therefore, our results in part reproduce previous findings (greater target emotion attribu-

tion for women) and in part introduce novel and unexpected findings (greater objective diffi-

culty for women). Since the higher objective difficulty in females was manifested thanks to the

multidimensional emotion framework introduced in this study, this should be an indicator

that the traditional emotion recognition paradigms might not be sufficient for the detection of

some of the perceptual differences between the sexes. Thus, future research should also include

novel approaches (like the multidimensional emotion framework) to address the bigger

picture.

Stimulus valence and arousal

We predicted an influence of valence and arousal ratings on both difficulty measures. For the

subjective difficulty measure as the dependent variable, both valence and arousal exhibited a

negative quadratic relationship, indicating that stimuli rated on the extreme ends of the

valence and arousal scales were also perceived as less difficult. The standardized coefficients

revealed that the influence of valence is almost four times stronger than that of arousal

(Table 3(2)). In the objective difficulty model, valence showed again a negative quadratic rela-

tionship. Arousal, on the other hand, followed a positive quadratic function, meaning that high

and low arousal expressions led to higher values on the objective difficulty measure, i.e., more

disagreement between observers (Table 3(4)). However, the magnitude of the quadratic effects

for arousal and valence are similar.

In related research, we found that arousal ratings are correlated with the displacement from

a neutral face (e.g., distance between the placement of the corners of the lips in a happy expres-

sion and in a neutral expression; [64]). It has also been shown before that facial expressions of

high-intensity emotional states are often misclassified in terms of valence (an expression aris-

ing from a positive experience perceived as one of negative valence and vice-versa) in the

absence of further information, such as body posture [65,66]. What we observe in the model

for the objective difficulty measure could be similar: There might be some level of arousal

above which discrimination of facial expressions worsens. On the other hand, too little devia-

tion of the face from a neutral expression may also result in low arousal ratings and potentially

also provide an observer with little information on the emotional meaning, thus making it dif-

ficult to recognize the displayed expression.

Further data exploration on video clip averages (Fig 1) also revealed negative quadratic rela-

tionships between valence, arousal, and both difficulty measures, except for the positive qua-

dratic relationship of arousal and objective difficulty (Fig 1D). Valence seemed to be more
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predictive in terms of explained variance of self-reported (37%) and objective difficulty (51%)

than arousal (5% and<1%, respectively). Importantly, these results show that valence is the

predominant predictor for both difficulty measures.

The asymmetry of the curves in Fig 1A and 1B shows that high valence stimuli are the least

difficult, even less than stimuli from the very low end of the valence spectrum. It is known that

within basic emotion paradigms stimuli from the happiness category show the highest recogni-

tion rates and often produce ceiling effects [3,67,68]. One could argue that this pattern might

be an artefact of the BEI dimensions, where happiness is the only definite positive emotion (in

contrast to angry, sad, fearful, and disgusted being negative, and interested and surprised

being neutral/ambiguous). In this limited set, the range of choice for positive emotions is

decreased which could be reflected in the observers’ difficulty perception (measured as self-

reported difficulty) and also in the dispersion of overall ratings (objective difficulty). We

believe, however, that the shape of the curves reflects the true relationship of valence and diffi-

culty, because it is highly stable across various subsets of the data. For example, if the data are

split into the basic emotions and the remaining “complex” emotions (thus removing pure

“happiness” from the latter), the observed effect of valence holds in both subsets. Moreover,

this effect persists even when only looking at stimuli of a single emotion category (as defined

in the used stimuli set). For example, for the “surprised” category, which is not easily classified

as either positive or negative, the individual stimuli are still distributed along the same curves.

This strongly indicates that this effect is neither driven by the influence of individual stimulus

categories, nor by the choice of dimensions in the BEI ratings, nor an interaction of those. It

seems to rather reflect an underlying phenomenon. Further research is needed to understand

the meaning and causes of this effect in more detail, but it indicates an interesting sort of non-

linearity in the detection of emotions with extreme valence.

Effect sizes and feature importance of predictors

Marginal R2 values express the variance explained by the fixed effects. The marginal R2 values

in all models testing person-specific variables for their influence on both difficulty measures

(Tables 1 and 2) were close to zero and thus represent very small effects [69]. Conversely, mar-

ginal R2 values for models with valence and arousal (Table 3) were in the range of moderate

sized effects. Together, these imply a limited influence of person-specific factors and larger

effects of stimulus-specific factors on emotion perception.

Similarly, the feature importance analyses (Fig 2) showed that the best predictors for subjec-

tive difficulty were ratings of overall valence and the scale “happy”, whereas for objective diffi-

culty, overall valence, “happy”, and “interested” dominated, emphasizing once again the

importance of a general pleasure dimension for emotion perception. For both difficulty mea-

sures, the person-specific measures showed low importance with the exception of observer age

in the subjective difficulty model. This implies that the impact of these person-specific features

may be swamped by the difficulty differences between emotions, but that observer age may

still have an important impact on how difficult emotion ratings are perceived.

The rating of interest was the third strongest predictor for subjective and second strongest

predictor for objective difficulty. The interest dimension may be selectively indicating expres-

sions of “social emotions”, i.e., emotions that are directed at another person, in contrast to

those which do not require the presence of an interaction partner. Social emotions are usually

more subtle in their display and more dependent on context, which may make them more dif-

ficult to evaluate. Future work should investigate whether social emotions are in general more

difficult and whether they can be separated by ratings of interest from non-social emotions to

confirm this. Another explanation for the high importance of the interest dimension might be
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that interest ratings also differentiate between negative and positive emotions and thus act as a

proxy for emotion valence. In fact, in our data valence and interest ratings are moderately (r =

.40) and strongly (r = .63) correlated on the individual rating and video level, respectively

(Supplementary Material, S5 and S6 Tables in S1 File).

Limitations and future directions

One potential limitation of this study is the sample size and the ratio of both sexes in relation

to the calculation of the objective difficulty measure. We calculated the ground truth for each

video clip from our sample of observers by averaging all ratings for a clip within groups of

males and females, which demonstrates how the difficulty of emotion perception can be cap-

tured in a multidimensional emotion framework and without assigning an a priori ground

truth. Nonetheless, the precision of this estimate is dependent on the sample size. Due to our

study design each individual video clip was only rated by a small group of the total observer

pool: On average 11 observers rated a video clip, which was further broken down for some

analyses into male and female observers. However, because we were only interested in effects

across videos, a low observer count on individual clips should not systematically bias our

results. In fact, the decision to have observers randomly distributed over many video clips

instead of having all observers rate the same few video clips adds to the generalizability of our

results as they were observed over a wide array of emotions and actors. Thus, we opted for

maximizing external validity of our design and results. Nevertheless, one could argue that

because each participant rated a subset of the stimuli, this could introduce inter-subject bias in

the data. While we cannot eliminate this possibility entirely, we argue that our design is suited

for maximizing the external validity of the study and that such a bias is likely limited and

accounted for in our results. Specifically, we considered maximum random effects structure in

our models (including random slopes nested within subjects). However, these models did not

converge. A likely reason for this is that, as we assume and explain for each hypothesis, the

fixed effects already account for that variance (i.e., inter-subject bias), thus rendering our mod-

els suitable for testing the stated hypotheses (for a detailed comment, see Supplementary

Material).

Further, one could argue that the concept of difficulty in our study is task-dependent due to

the limited number of rating dimensions and as such cannot be generalized beyond the stimuli

set used here. In this view, the difficulty experienced by the participants in the task is a conse-

quence of having to “deconstruct” a given (sometimes complex) emotion expression into max-

imally seven proposed dimensions (the BEI ratings).

Although we cannot rule out for certain that with the chosen dimensions we covered only a

limited part of the emotion space, it is likely that this part is rather broad as it has been previ-

ously shown that merely four dimensions (valence, dominance, arousal, unpredictability) can

explain 75% of the variance in a space of 144 categories [9]. As long as the seven BEI ratings

are not all limited to a particular niche part of the emotion space, which seems unlikely, our

results should generalize over different stimuli sets. Moreover, even if some part of the experi-

enced difficulty could be explained by the characteristics of the task, it is important to note

that it was the same across participants: All were equally likely to be exposed to potentially less

(basic) or more difficult (complex) emotions. Since the variables of interest in the study were

person- and stimulus-specific across different emotions (more and less difficult), our results

and conclusions are informative regardless of whether the task itself could add to the perceived

difficulty in emotion perception.

Another possible limitation is the use of only one positive rating dimension–happiness.

This could potentially influence the ratings of positive videos, which would all likely include
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high-intensity choices on the happiness scale. By contrast, the negative videos would be rated

higher on the remaining non-positive six dimensions. Although it is true that our BEI ratings

include more of obviously negative (sadness, anger, fear, disgust) than positive (happiness)

emotions, there are two emotions with non-obvious valence (surprise, interest). In fact, the

positive videos in this study were rated as combinations of happiness, surprise, and interest in

various intensities. Moreover, even if the unbalanced dimension set in terms of valence would

have an effect on the ratings between positive and negative videos, our analyses of the effects of

person-specific predictors on emotion perception difficulty would not be influenced by this, as

the stimuli of different valence were equally distributed across participants. Finally, the stimu-

lus-specific analyses (of perceived valence and arousal), though exposed to this potential limi-

tation, showed a largely resisting pattern of results across different subsets of the data (as

explained in 4.3.). Together, these suggest that the observed effects in this study are not sub-

stantially influenced by the limited number of positive dimensions in the ratings. Nonetheless,

future research should include more of clearly positive emotions as rating dimensions to reject

the possibility that the chosen set could considerably affect the observed results.

Conclusions

The present study employed a novel emotion perception paradigm and dynamic facial expres-

sion stimuli. This allowed the observers to rate stimuli on continuous dimensions rather than

imposing discrete choices. With this paradigm we investigated the effects of stimuli- and per-

son-specific variables on subjective and objective difficulty of emotion perception.

We believe that our study is the first to examine the influence of valence and arousal on the

difficulty of facial expression perception. We showed negative quadratic relationships of

valence and arousal with subjective difficulty, and valence with objective difficulty, as well as a

positive quadratic relationship between arousal and objective difficulty. In these models,

valence had a stronger effect than arousal on subjective difficulty. Further exploratory analyses

gave strong evidence for a higher predictive importance of valence for both difficulty measures

in contrast to arousal and person-specific predictors. The predominant role of valence for the

difficulty of emotion recognition falls in line with functional accounts of emotions.

Consistent with the literature on emotion recognition, increased actor’s age was linked to

higher subjective and objective difficulty in emotion perception. The present study also pro-

vides evidence to suggest that certain groups overestimate their emotion recognition capabili-

ties (as reflected in discrepancies between subjective and objective difficulty), in particular

men and adults of low and high age, which is consistent with the confidence, development,

and aging literature.

Taken together, these results fall in line with the functional account of emotion [70], which

describes emotions as signals that carry survival-relevant information. In this view, emotional

displays can be extreme in terms of movement and therefore might be rated high in arousal,

but if no clear value judgment can be made, an emotional expression would remain difficult to

decode. Thus, the high predictability of the difficulty of emotional perception by the valence

dimension alone might be because emotions are in essence valence signals and humans are

inherently tuned to them.

While most of our analyses reflected known effects supported by the literature, we also pre-

sented novel results. In particular, the increased objective difficulty for female actors and

observers stands in contrast to the so-far reported findings and was possible to be revealed due

to the use of multidimensional emotion framework in this study. This highlights the need to

complement traditional emotion recognition paradigms with novel designs, like the one pre-

sented here, to capture a broader view of human emotion perception.
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