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A B S T R A C T

Emotion recognition ability (ERA) – the capacity to accurately infer emotions from nonverbal facial, vocal, and 
bodily expressions – is a fundamental socio-emotional skill linked to improved social functioning, clinical 
counseling efficacy, workplace performance, and interpersonal relationships. While numerous ERA training 
programs for healthy adults have demonstrated improvements in ERA as measured through standardized tests, 
evidence of transfer effects to real-world socio-emotional processes remains limited. This study investigates 
whether a short multimodal ERA training (Training of Emotion Recognition Ability, TERA) impacts visual 
attention to emotional stimuli and emotional reactivity compared to a control attention and memory training in a 
randomized controlled trial (RCT). Participants (planned sample of N = 230) will be randomly assigned to either 
the TERA or control group. Visual attention will be assessed using eye-tracking while participants view videos of 
autobiographical emotional accounts. Emotional reactivity will be measured through self-reported emotional 
congruence (alignment of participants' emotions with those of video protagonists) and sympathy for pro
tagonists. We expect that the TERA group will exhibit longer dwell time on protagonists' eye regions, greater 
emotional congruence and sympathy, and more accurate judgments of protagonists' displayed emotions 
compared to controls. Additionally, mediation analyses will investigate whether heightened attention to the eyes 
explains the training's effects on emotion recognition accuracy, emotional congruence, and sympathy. This study 
addresses critical gaps in the literature by examining the transfer effects of ERA training on attentional and 
emotional processes using ecologically valid stimuli. Findings could inform the development of targeted in
terventions to enhance socio-emotional functioning in diverse populations.

1. Introduction

Emotion recognition ability (ERA) – the ability to accurately infer 
emotions in others from nonverbal expressions in their face, voice, and 
body (Bänziger, 2016) – is a crucial skill for various social and emotional 
outcomes and is measured with standardized performance tests such as 
the Diagnostic Analysis of Nonverbal Accuracy (DANVA; Nowicki and 
Duke, 1994) or the Geneva Emotion Recognition Test (GERT; Schlegel 
et al., 2014). Higher ERA is associated with better social functioning 
(Hall et al., 2009a; Schmid Mast and Hall, 2018), greater effectiveness in 
clinical counseling (Abargil and Tishby, 2022; Hall et al., 2015; Hall 
et al., 2009b) and workplace success (Kranefeld and Blickle, 2021; 
Momm et al., 2015). Furthermore, higher ERA is linked to better 

negotiation outcomes (Elfenbein et al., 2007; Schlegel et al., 2018), 
teacher-student interactions and learning (Bernieri, 1991; Kurkul, 
2007), as well as friendship quality and peer status in children (Wang 
et al., 2019). Given these positive links, researchers often advocate 
ERA training to boost social functioning and job performance in healthy 
individuals (Abargil and Tishby, 2022; Blanch-Hartigan et al., 2012; 
Ruben et al., 2020; Schmid Mast and Hall, 2018).

Over the past fifteen years, numerous ERA training programs for 
healthy adults have been developed and evaluated (Blanch-Hartigan, 
2012; Chege et al., 2025; Döllinger et al., 2021, 2023; Hurley, 2012; 
Matsumoto and Hwang, 2011; Ruben et al., 2015; Schlegel et al., 2017). 
However, their effectiveness has primarily been assessed using stan
dardized ERA tests, often with stimuli similar to those used in training. 
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For instance, Blanch-Hartigan (2012) found that students performed 
best on multimodal ERA tests when trained on analogous items. Simi
larly, Döllinger et al. (2021, 2023) observed that students and psycho
therapists improved most on ERA tests using the same stimulus category 
as in training (e.g., multimodal stimuli vs. facial micro-expressions). 
While such improvements in ERA test performance in healthy adults 
are well documented (e.g., Döllinger et al., 2021; Schlegel et al., 2017), 
they may reflect test-specific learning rather than a genuine enhance
ment of the underlying socio-emotional ability.

To our knowledge, only two studies in healthy adults have examined 
transfer effects of ERA training on real-life ERA-related outcomes: 
Matsumoto and Hwang (2011) reported that training in recognizing 
micro-expressions improved third-party ratings of participants' social 
and communicative job skills. Schlegel (2021) found that multimodal 
ERA training led to more egalitarian economic outcomes and higher self- 
and other-ratings of collaboration and positive affect during negotia
tions. While these findings are promising, the mechanisms underlying 
these effects remain unclear, and empirical evidence of transfer remains 
limited. For instance, the positive outcomes reported by Matsumoto and 
Hwang (2011) and Schlegel (2021) may be explained through enhanced 
attention to others' emotional expressions, but these and other possible 
explanations have yet to be tested empirically.

This randomized controlled trial (RCT) will investigate the effects of 
ERA training on emotional attention and reactivity. Using eye-tracking, 
we will measure visual attention to emotional autobiographical videos 
(Wieck et al., 2022) and compare participants receiving a short multi
modal ERA training with those undergoing a control attention and 
memory training. Additionally, we will assess and compare self-reported 
emotional reactivity – specifically, emotional congruence (the extent to 
which participants adopt the emotions expressed by video protagonists) 
and sympathy (the degree to which participants feel moved by and 
sympathetic toward the protagonists' accounts) – between the two 
groups. This study is the first to explore the transfer effects of ERA 
training on visual attention to emotional stimuli, as well as on emotional 
congruence and sympathy.

1.1. ERA and emotional attention

Theoretical frameworks suggest that ERA is closely linked to 
emotional attention. Fiori et al. (2022, 2023) argue that high emotional 
intelligence (EI), with ERA as a core component, involves both greater 
emotion knowledge (crystallized ability, measured by EI/ERA tests) and 
more effective emotion processing (fluid ability, assessed via tasks tar
geting selective attention and inhibition for emotional stimuli). Empir
ical support comes from behavioral experiments showing that 
individuals with high EI exhibit heightened attention to emotional 
stimuli, as demonstrated in emotional Stroop, Go/NoGo, and dot-probe 
tasks (Elfenbein et al., 2017; Fiori et al., 2022; Nicolet-dit-Félix et al., 
2023).

Eye-tracking research indicates that longer fixations on others' eyes 
in emotional contexts are related to more accurate perception of emo
tions. The eye region is considered a “diagnostic area” for recognizing 
emotions like anger, sadness, and fear (Beaudry et al., 2014; Blais et al., 
2017; Eisenbarth and Alpers, 2011; Schurgin et al., 2014; Smith et al., 
2005). However, previous studies have not consistently linked individ
ual differences in ERA test performance to specific gaze patterns in 
neurotypical populations (e.g., Yitzhak et al., 2021, 2022). For instance, 
Yitzhak et al. (2022) found no correspondence between gaze patterns 
and ERA using static and dynamic facial expressions. Nevertheless, 
Soker-Elimaliah et al. (2024) associated higher ERA with increased 
dwell time on the eyes of emotional facial expressions in a free viewing 
task. In another study, Vaidya et al. (2014) showed that fixation patterns 
did not predict accuracy for high-intensity posed expressions, but for 
subtle, daily-life-like expressions, eye fixations strongly predicted 
recognition accuracy across all emotions.

The study by Vaidya et al. (2014) suggests that inconsistent findings 

on gaze allocation to the eyes in ERA tasks may stem from the low 
ecological validity of commonly used stimuli. Most prior research has 
relied on static images (Beaudry et al., 2014; Eisenbarth and Alpers, 
2011; Pollux et al., 2014; Smith et al., 2005), brief stimulus pre
sentations (Blais et al., 2017), or a limited range of easily recognizable 
posed emotions (Beaudry et al., 2014; Yitzhak et al., 2022). As a result, 
such tasks often provide limited discrimination between individuals 
with higher versus lower underlying ERA due to ceiling effects (e.g., 
Yitzhak et al., 2022).

Another indicator for the role of eye-focused visual attention in 
emotion recognition comes from atypical gaze patterns in individuals 
with autism spectrum disorder (ASD). Compared to neurotypical con
trols, those with ASD often exhibit reduced attention to the eyes when 
viewing faces and emotional expressions (Riddiford et al., 2022). 
Concurrently, individuals with ASD – or neurotypical individuals with 
high ASD-like traits – tend to perform worse on ERA tests, though 
findings are mixed (Yeung, 2022). In healthy adults, further evidence 
suggests that the ERA advantage often found in women (Hall et al., 
2025) might be due to more eye-focused gaze patterns (Hall et al., 
2010).

Taken together, the above literature suggests that individuals with 
higher ERA may be more likely to focus on others' eyes when processing 
ecologically valid stimuli, such as longer, naturalistic videos of 
emotional expressions. This implies that ERA training could increase 
attention to the eyes. In trainings that use ecologically valid and 
multimodal stimuli such as the TERA (Schlegel et al., 2017), participants 
learn to pay attention to and accurately interpret the most important 
cues for various emotional expressions. Many of the learned cues appear 
around the eye region, such as the typical wrinkles around the eyes 
when expressing joy or amusement or the wide-open eyes in surprise or 
fear. The only previous ERA training study that investigated visual 
attention supports this: Pollux et al. (2014) found that both children and 
adults increased their fixation on the eyes after ERA training, with adults 
focusing more on the eyes in sadness stimuli and children doing so across 
all emotions. However, this study was limited by a small sample, lack of 
a randomized control group, and reliance on static facial expressions of 
only four emotions.

1.2. ERA and emotional reactivity

ERA has also been linked to stronger reactions to emotional stimuli. 
Multiple reviews discuss that ERA inherently integrates both cognitive 
decoding and emotional contagion processes (Elfenbein, 2014; 
Niedenthal and Brauer, 2012; Schurz et al., 2021; Zaki and Ochsner, 
2011). Emotion simulation theories suggest that perceiving emotional 
expressions triggers unconscious mimicry (mimicking nonverbal be
haviors of others) and emotional contagion/ experience sharing (taking 
over and experiencing emotions of others; e.g., Gallese and Goldman, 
1998; for an overview, see Niedenthal and Brauer, 2012). In the EI 
field, it is hypothesized that EI, with ERA as a core component, is linked 
to a “hypersensitivity” to emotions (Davis and Nichols, 2016; Fiori et al., 
2023; Fiori and Ortony, 2021; Schlegel, 2020). These authors argue that 
high ERA may increase awareness and attunement to emotions in one's 
surroundings, which would amplify emotion contagion and one's own 
emotional reactions. This emotional reactivity may have both positive 
and potentially negative intrapersonal consequences for individuals 
with higher ERA.

Research shows that ERA is linked to both subjectively experienced 
and physiological reactivity to positive and negative emotions. In
dividuals with higher ERA rate happy stimuli as more positive (Fiori 
et al., 2024), exhibit greater facial mimicry, perceive emotional stim
uli as more intense, and report higher empathic concern (Drimalla et al., 
2019). However, higher ERA is also linked to increased stress suscepti
bility and stronger physiological stress reactions (Bechtoldt and 
Schneider, 2016), more negative attributions of adverse events 
(Scherer, 2020), higher intensity of participants' own negative emotions 
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and empathic concern for a video protagonist's negative emotions 
(Katzorreck and Kunzmann, 2018), greater avoidance coping (Sommer 
et al., 2025), heightened arousal in response to anger (Fiori et al., 
2024), and stronger reactions to anger induction (Fiori and Ortony, 
2016) in high ERA individuals. Thus, higher ERA may amplify 
emotional reactivity to both positive and negative emotions in one's 
surroundings.

Accordingly, it can be assumed that ERA training may also heighten 
subjective emotional reactivity. Increased attention to emotions and the 
relevant cues, as described earlier, may intensify emotional responses, 
including emotional congruence (i.e., “the vicarious experience of 
another person's emotional state”; Wieck et al., 2022, p. 76) and sym
pathy (feeling moved by another person). However, to our knowledge, 
the effects of ERA training on emotional reactivity remain unexplored. 
We note that, because previous evidence linking ERA to emotional 
reactivity is largely correlational, increased emotional reactivity may 
occur without a corresponding increase in decoding accuracy, and vice 
versa. This is consistent with theoretical models that distinguish mental 
state attribution, which is more closely related to accuracy, from expe
rience sharing, which is more closely related to reactivity, as partially 
dissociable processes (see Zaki and Ochsner, 2011). At the same time, 
theory suggests that the increased perceptual readiness for, and 
heightened attention to, emotional stimuli fostered by ERA training may 
promote both more accurate decoding and stronger emotional reactivity 
(e.g., Fiori et al., 2023).

1.3. The present study

This randomized controlled trial (RCT) examines how emotion 
recognition ability (ERA) training influences visual attention and 
emotional reactivity to ecologically valid emotional expressions, with 
the aim of clarifying attentional processes involved in everyday emotion 
recognition. Participants will be randomly assigned to either a multi
modal ERA training, the TERA (Schlegel et al., 2017), which teaches the 
recognition of 14 emotions using multimodal stimuli (i.e., videos with 
sound), or to a control attention and memory training that uses the same 
stimuli but focuses on the target actors' appearance. This control con
dition was chosen to rule out possible effects on fixation patterns that 
might arise merely from repeated exposure to videos of emotional ex
pressions during training.

After training, participants will watch videos of autobiographical 
accounts of positive and negative emotional experiences (Wieck et al., 
2022). After each video, they will rate both the perceived emotions of 
the protagonist and their own felt emotions using the 21 emotion items 
from Wieck et al. (2022), and they will additionally complete three 
sympathy items. Visual attention will be measured using eye tracking 
with an EyeLink Portable Duo (SR Research Ltd., 2024) and analyzed 
both in terms of dwell time on regions of interest (ROIs) and with a more 
data-driven fixation-mapping approach using iMap4 software (Lao et al., 
2017). Emotional reactivity will be assessed following the standard 
procedure of Wieck et al. (2022), namely through emotional congru
ence, defined as the intraclass correlation between participants' own 
emotion ratings and the protagonists' reported emotions, and sympathy, 
assessed with the additional sympathy items. Emotion recognition ac
curacy in the autobiographical videos task will likewise be indexed by an 
intraclass correlation between the protagonists' reported emotions and 
participants' judgments of the protagonists' emotions.

Because the present study aims to examine transfer to a more natu
ralistic task and to assess multiple consequences of ERA training, 
including gaze behavior and emotional reactivity, we deliberately did 
not choose an outcome measure that fully mirrors the TERA in stimulus 
type and emotion labels. Instead, we expect that the enhanced percep
tual readiness for, and knowledge about, diagnostic nonverbal cues 
fostered by the TERA will provide complementary information that 
contributes measurably to participants' understanding of the autobio
graphical videos, and thereby to their emotion recognition accuracy, 

affective reactivity, and gaze behavior, despite the videos' rich verbal 
content. This is consistent with the notion that in naturalistic settings, 
the two aspects of communication (verbal and nonverbal) are strongly 
interlocked (e.g., Hall et al., 2009a, 2009b; Jones & LeBaron, 2002). The 
two tasks were therefore selected to overlap substantially in their main 
primary emotion categories, without matching completely in all trained 
and rated emotions. This partial overlap allows us to test whether 
training effects generalize beyond highly similar laboratory tasks.

It is expected that participants in the ERA-training group show 
higher emotion recognition accuracy in the autobiographical videos task 
(H1) and higher dwell time on the eye region of the protagonists of the 
videos, measured with ROI (H2), compared to the control group. The 
ROI results will be complemented using fixation mapping analysis. 
Although the TERA trains multiple expressive cues across modalities 
rather than explicitly directing attention to the eyes, the eye region 
appears to be especially diagnostic for emotion recognition (e.g., Blais 
et al., 2017; Schurgin et al., 2014; Vaidya et al., 2014), and adults 
viewing spoken faces continue to devote substantial gaze to the eyes (Võ 
et al., 2012; Hessels, 2020). We therefore expect increased eye looking 
as one plausible and measurable transfer mechanism, while acknowl
edging that transfer may also occur through improved use of vocal and 
contextual cues.

Further, it is expected that participants in the ERA-training group 
show higher emotional congruence (H3) with and sympathy (H4) to
ward the protagonists of the autobiographical videos, compared to the 
control group. Furthermore, in a secondary set of hypotheses, mediation 
effects of higher dwell time on the eyes measured with ROI are expected, 
potentially explaining the effect of the ERA training on emotion recog
nition accuracy (H5), emotional congruence (H6) and sympathy (H7).

2. Methods

2.1. Procedure

At the beginning of the session, participants will be briefed, provide 
informed consent, and complete a demographics questionnaire on 
Qualtrics (https://www.qualtrics.com), followed by baseline state affect 
and ERA measures (for explorative purposes). Participants will be 
randomly assigned to either ERA training or control attention and 
memory training, stratified by gender (male, female, other) using 
Qualtrics randomization, with the experimenter blind to condition 
assignment. After completing the assigned 40-min training, participants 
will complete a post-training state affect measure. Following eye-tracker 
introduction, calibration, and validation, participants will watch eight 
autobiographical videos (Wieck et al., 2022) in random order using 
PsychoPy (v2025.1.1; Peirce et al., 2019), while gaze behavior is 
recorded. After each video, participants will complete brief question
naires measuring perceived and felt emotions. A two-minute break oc
curs after the first four videos, with repeated eye-tracking calibration 
and validation. Drift checks precede each video, with recalibration if 
needed. After the last video and questionnaire, participants will com
plete a brief post-training ERA test (outcome-neutral manipulation 
check), then receive a debriefing. Additional questionnaires on self- 
reported response confidence for the baseline ERA test and the auto
biographical videos task will also be administered but will not be used in 
the present analyses. The session duration is approximately 1 h and 45 
min. An overview of the timeline and procedure is shown in Fig. 1.

The study was approved by the ethics committee of the Faculty of 
Human Sciences at the University of Bern (reference number 2025-07- 
06) in accordance with the Declaration of Helsinki. Data collection is 
expected to take approximately 6 to 9 months following Stage 1 
approval, and the completed manuscript will be resubmitted within 12 
months.
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2.2. Sample

The sample will include psychology students recruited through the 
first author's department participant pool (receiving course credit) and 
young adults recruited by masters students writing their thesis in the 
project, with a planned minimum of 210 participants (for a-priori power 
analyses see Section 2.5.5). Inclusion criteria are: age 18–35 years, 
German native language, and contact lens use (not glasses) for vision 
correction if myopic or hyperopic. In a first step, 240 participants will be 
recruited. If after exclusions (either due to tracking loss or due to eye- 
tracking calibration failure, see Section 2.5.2) less than 210 partici
pants remain in the data, another 30 participants are recruited. No 
analysis except the calculation of tracking loss will be conducted before 
this decision is made; exclusions due to failed calibration will be 
continually recorded in the experiment protocol.

2.3. Materials

2.3.1. Emotion recognition training
As the ERA training, we selected the self-administered 40-minute 

Training of Emotion Recognition Ability (TERA; Schlegel et al., 2017), 
as it encompasses a wide range of positive and negative emotions and 
integrates multiple sensory modalities (facial, vocal, and bodily ex
pressions). The TERA has demonstrated improvements in ERA in both 
healthy adults and clinical populations, including patients with 
depression (Preis et al., 2025) and anorexia nervosa (Preis et al., 2020), 
and increased egalitarian economic outcomes and cooperative ratings in 
negotiations (Schlegel, 2021). It consists of two parts: an instruction part 
and a practice part.

In the instruction part, participants view an AI-generated instructor 
video describing the training procedure. For the original TERA (Schlegel 
et al., 2017) a real human experimenter provided instructions, but here 
an AI-avatar created using HeyGen (https://www.heygen.com/) ensures 
comparability with the control training. For each of 14 emotions, par
ticipants view the AI-instructor explaining the emotion's meaning (e.g., 
“People typically experience pride after a personal success or accom
plishment...”) and describing typical facial, postural, gestural, and vocal 
cues (e.g., “You may recognize pride through the head tilted back; 
expansive posture...”), followed by a written cue list. Participants then 
observe these cues in two example videos from the Geneva Multimodal 
Emotion Portrayals database (GEMEP; Bänziger et al., 2012). The 
GEMEP items are short videos (1–3 s) of 10 different actors (varying 
gender and age) displaying emotions through facial, postural, gestural, 
and vocal cues (pseudo-language), corresponding to the respective in
structions (e.g., pride). Participants can replay videos up to three times 
while rereading cues below each video. This procedure covers 14 
emotions: six positive (amusement, interest, joy, pleasure, pride, relief), 
seven negative (anger, anxiety, despair, disgust, fear, irritation, 
sadness), and one neutral (surprise).

In the practice part, participants watch 42 additional GEMEP clips 
and identify which of the 14 emotions was displayed after each clip. 
Feedback (correct/incorrect) is provided after each choice, with one 
opportunity to re-watch and correct. After a second incorrect answer, 
the correct emotion is displayed before proceeding. The training 
(including instruction and practice) takes approximately 40 min. 
Detailed TERA descriptions and materials, including example videos, are 
available on OSF (https://osf.io/x3pj9/overview?view_only=656b9 
0cfe8be4a17baace019c7c795c9).

2.3.2. Control attention and memory training
The control condition consists of an attention and memory training 

using the same GEMEP video stimuli as the TERA, created specifically to 
rule out viewing behavior changes due to repeated exposure to 
emotional expression videos. Instead of identifying emotions, partici
pants memorize actor appearance details and answer multiple-choice 
questions after each clip (adapted from the familiarity control 

Fig. 1. Overview of the experimental procedure.
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condition described in Schlegel et al., 2017). Participants are told this 
training increases attention to detail and short-term memory skills, 
which appeared plausible during piloting.

Participants sequentially complete three modes of these video and 
question pair items: 1) a direct mode, where questions are asked right 
after the clip (total of 30 items in one block), 2) a “1-back” mode, where 
the questions are asked only after the next clip (i.e., the questions need 
to be answered about the previous clip, and not the clip right before the 
question; total of 40 items in 8 blocks) and 3) a “2-back” mode, where 
the respective questions are asked only after the next two clips (total of 
30 items in 6 blocks). Each mode is explained in an instruction video 
(using the same AI avatar as in the TERA) and participants complete 
practice items to get used to the procedure. Feedback (correct vs. 
incorrect with the correct choice displayed) is provided after each 
question. The training (including instruction and practice) takes 
approximately 40 min.

2.3.3. Autobiographical videos task
During the eye-tracking section, participants will watch eight videos 

from Wieck et al. (2022) showing German-speaking protagonists 
recounting real positive or negative workplace experiences (e.g., a 
teacher witnessing severe bullying). Videos range from 1:30 to 2:00 min 
and were selected to balance protagonist gender (male/female) and 
story valence (positive/negative), elicit moderate emotional reactivity, 
and ensure high verbal comprehensibility based on Wieck et al.'s (2022)
validation statistics.

After each video, participants complete the ratings described by 
Wieck et al. (2022): (1) the perceived intensity of the protagonist's 
emotions and (2) the intensity of their own emotions while watching the 
video, using 21 adjectives rated on a scale from 1 (not at all) to 5 
(extremely). These adjectives represent four negative primary emotion 
categories (anger, disgust, fear, and sadness) and three positive primary 
emotion categories (happiness, pride, and relaxation), with three ad
jectives per category: angry, mad, furious; sad, downhearted, grieved; 
afraid, alarmed, worried; disgusted, nauseated, sickened; happy, glad, 
delighted; proud, productive, satisfied; and relaxed, calm, easygoing. In 
addition, participants rate three sympathy adjectives (sympathetic, 
moved, and compassionate) using the same response format.

Based on the protagonists' and participants' ratings, the following 
scores are calculated for each participant and video: emotional 
congruence (intraclass correlation coefficient [ICC] between pro
tagonists' and participants' own emotion intensity ratings), sympathy 
(mean of participants' ratings on the three sympathy adjectives), and 
emotion recognition accuracy (ICC between protagonists' own emotion 
intensity ratings and participants' ratings of the protagonists' emotion 
intensity). Following Wieck et al. (2022), emotional congruence and 
emotion recognition accuracy are calculated using two-way random, 
consistency, single-rating ICCs. In the psych package in R, this corre
sponds to the Shrout and Fleiss ICC(3,1) coefficient and will be 
computed using the ICC function (Revelle, 2026). For inferential ana
lyses, ICC values will be Fisher z-transformed to approximate normality 
(Fisher, 1954). For descriptive reporting, back-transformed ICC values 
will be used to facilitate interpretation.

2.3.4. Baseline and post-training emotion recognition ability
The Perceiving AI Generated Emotions test (Weidmann and Xu, 

2025) will be used to assess baseline ERA for exploratory purposes 
and to characterize the sample. In this brief test, participants are pre
sented with 35 images of facial expressions, each corresponding to one 
of 20 emotion words shown in random order, and are asked to select the 
matching emotion from six response options. The target and distractor 
emotions span a broad range of positive and negative as well as basic 
and complex emotional states (for a complete list and all stimuli, see the 
materials on OSF: https://osf.io/x3pj9/overview?view_only=656b9 
0cfe8be4a17baace019c7c795c9). Responses are scored dichotomously 
(0 = incorrect, 1 = correct), and a mean accuracy score across all items is 

computed for each participant.
Post-training ERA will be assessed with a brief 20-item version of the 

short Geneva Emotion Recognition Test (GERT-S; Schlegel and Scherer, 
2016). The GERT-S is a performance-based emotion recognition test in 
which participants view short video clips of actors expressing 14 
different emotions. These clips are drawn from the same GEMEP stim
ulus database (Bänziger et al., 2012) as the materials used in the TERA 
and the control attention and memory training. After each clip, partic
ipants select which of the 14 emotions, corresponding to the emotions 
trained in the TERA, was expressed by the actor. Responses are scored 
dichotomously (0 = incorrect, 1 = correct), and a mean accuracy score is 
computed across all items for each participant. The brief 20-item version 
was developed for and has been used in a large randomized controlled 
trial with young adults (ECoWeB; Watkins et al., 2024a, 2024b).

2.3.5. Affect
Participant's affect before and after training (baseline and post- 

training affect, respectively) is assessed with the 10-item short form of 
the Daniels five-factor measure of affective well-being (D-FAW-S; 
Russell and Daniels, 2018) for exploratory purposes. The D-FAW-S 
represents the two dimensions of valence and activation of affect as 
proposed by Russell (2003). The positive and negative activated affect 
scoring method (Russell and Daniels, 2018) combines adjectives 
“anxious,” “at ease” (reversed), “annoyed,” and “calm” (reversed) into 
negative affect, and “happy,” “gloomy” (reversed), “active,” “tired” 
(reversed), “motivated,” and “bored” (reversed) into positive affect. 
Participants rate each adjective on a six-point Likert scale from 1 (not at 
all) to 6 (very much) indicating how they feel right now. The D-FAW-S 
demonstrates convergent validity, with Russell and Daniels (2018)
finding high correlations between D-FAW-S subscales and the Positive 
and Negative Affect Scale (PANAS; Watson et al., 1988).

2.4. Apparatus

An SR-Research Eyelink Portable Duo (SR Research Ltd., 2024) col
lects eye-tracking data. Participants will sit at a table with a height- 
adjustable chair and with head movements restricted by a chin rest. 
The distance from the monitor to the eyes is 950 mm, the distance from 
the Eyelink camera to the eyes is 550 mm. The autobiographical videos 
are displayed on a 520 × 325 mm, 1920 × 1200 pixel monitor (16:10 
aspect ratio), which corresponds to a 32.18◦ horizontal and 20.16◦

vertical visual angle of the full screen. The videos will be displayed at the 
center of the screen in a resolution of 1708 × 960 pixel(27.87◦ hori
zontal, 15.35◦ vertical visual angle) using PsychoPy (v2025.1.1; Peirce 
et al., 2019) with a gray background. Nine-point calibration and vali
dation procedures will be used. Both eyes will be tracked if possible; if 
one eye shows low accuracy, only the high-accuracy eye is tracked 
(determined by calibration and validation). Drift checks will precede 
each video, and recalibration and validation will be performed if devi
ation from the drift check target is excessive. The eye-tracker samples at 
500 Hz.

2.5. Data analysis

All data preparation and analyses will be performed in R version 
4.4.2 (R Core Team, 2024), except for the preprocessing of eye-tracking 
data and the complementary fixation duration maps analysis, which will 
be performed in Matlab (version 9.13.0; The MathWorks Inc., 2022) and 
iMap4 (Lao et al., 2017).

2.5.1. Eye-tracking data preprocessing
In a preparatory step, all frames of the eight autobiographical videos 

were manually annotated with pixel coordinates (vertical and horizon
tal) of the protagonist's left eye, right eye, and mouth centers relative to 
the presentation screen. This step was necessary due to the dynamic 
format of the stimuli, and the coordinates of these points are later used 
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for the creation of ROI and for the alignment procedure across videos. 
ROIs around left and right eye regions were created with 100-pixel radii 
around the annotated eye points for each frame (see Fig. 2). This pre
paratory step has already been completed to test preprocessing and 
analysis procedures using eye-tracking data from five pilot participants.

After data collection, sample reports will be exported from partici
pants' eye-tracking recordings using Eyelink Data Viewer software (SR 
Research Ltd., 2025), including gaze locations (vertical and horizontal 
pixel coordinates relative to the presentation screen), sample allocation 
to specific frames (averaging 16–17 samples per video frame; 30 fps 
video, 500 Hz tracker), and automatic fixation detection (using Data 
Viewer's built-in algorithm). Next, fixations across all videos will be 
aligned to the first frame of one reference video using the three manually 
annotated reference points (left eye, right eye, mouth) and Matlab's 
built-in transformation functions fitgeotrans and transformPointsForward 
to ensure comparable gaze locations across all eight videos. fitgeotrans 
computes geometric transformations based on corresponding points 
across frames, while transformPointsForward applies this transformation 
to fixation coordinates, mapping them into the reference video's first 
frame coordinate system.

In a last step, fixation duration within the specified left and right eye 
ROIs for each participant and video is calculated and divided by total 
fixation duration during the respective video, representing relative 
dwell time on the eyes (ROI). For iMap4 analyses (Lao et al., 2017), the 
gaze positions aligned to the reference video will be used. For each 
fixation detected by Data Viewer, positions will be averaged between 
both eyes and durations are summed across all samples.

2.5.2. Data quality checks
Due to forced response settings in Qualtrics and Psychopy, no 

missing questionnaire or test data are expected. To ensure data quality 
and exclude careless responders, participants performing at or below 
16.7% guessing probability on the baseline ERA test (PAGE; Weidmann 
and Xu, 2025) will be excluded from further analysis. Internal consis
tency of baseline ERA, baseline and post-training affect, emotion 
recognition accuracy, emotional congruence, and sympathy in the 
autobiographical videos task, as well as relative fixation duration to the 
eyes will be assessed using Cronbach's alpha, with values >0.70 
considered acceptable. Lower values will be discussed as limitations.

Eye-tracking data quality is ensured by applying a nine-point cali
bration and validation procedure twice during the eye-tracking section 
of the laboratory session, once before the first video, and once after a 
two-minute break after the first 4 videos. The Eyelink-validation pro
cedure is only accepted if the average deviation from the validation 

points (i.e., accuracy) is below 1◦, and maximum error below 1.5◦ visual 
angle. Additionally, before each trial, an Eyelink drift-check procedure 
is performed: Participants fixate a central target, and the system only 
proceeds to the video if gaze falls within 2◦ of the target. In the case of a 
higher deviation, a new nine-point calibration and validation procedure 
are performed. If for a participant the calibration and validation pro
cedure fails three times, and if that is not due to short-term inattention 
(which typically can be alleviated by re-instruction and re-calibration), 
participants are given a dummy-version of the autobiographical videos 
task, in which they follow the same procedure but their gaze is not 
tracked. These data will still be used for the analyses to test H1, H3, and 
H4, but not the ones for H2, H5, H6, and H7. Furthermore, trials with 
more that 50% tracking loss and participants with more than 50% 
average tracking loss across videos will be excluded from all analyses on 
eye-tracking data. Sensitivity analyses will be conducted excluding trials 
and participants with more than 20% tracking loss and will be reported 
in supplementary materials. These thresholds were chosen based on 
common practice (e.g., Povedano-Montero et al., 2025) and suggestions 
by Nyström et al. (2025).

2.5.3. Descriptive statistics
Basic descriptive analyses (mean values, standard deviations, skew

ness and kurtosis) and bivariate intercorrelations will be reported for all 
variables.

2.5.4. Manipulation check
As a manipulation check, performance in the post-training GERT-S is 

compared between the two conditions using a robust Welch's t-test. If the 
TERA group shows significantly higher scores than the control group, 
the manipulation will be considered successful.

2.5.5. Hypothesis tests

2.5.5.1. Primary hypotheses H1, H2, H3, and H4. To test whether par
ticipants in the TERA condition show higher emotion recognition ac
curacy (H1), higher dwell time on the eyes (ROI; H2), higher emotional 
congruence (H3), and higher sympathy (H4) compared to the control 
condition, simple linear mixed analyses will be conducted. Condition 
(TERA vs. control training) will be dummy-coded and included with 
control variables gender and age, as level-2 predictors. No level-1 pre
dictors will be specified, and participant identity is added as a random 
intercept to account for variability within participant. These analyses 
will be conducted with the R-package lme4 (Bates et al., 2015). Two- 
sided t-tests will assess whether the regression coefficient of condition 
differs significantly from zero using the package lmerTest (Kuznetsova 
et al., 2026). As measures of effect size, marginal R-squared will be 
computed for each model, as well as standardized regression coefficients 
and partial eta-squared for each predictor. Results will be reported with 
and without control variables. The p-values of the regression coefficients 
of condition will be corrected for multiple testing using the Hochberg 
method (Hochberg, 1988). Linearity, homoscedasticity, normality and 
independence of residuals, normality of random effects, and influential 
outliers will be assessed visually for all linear mixed models with the 
check_model function from the performance package in R (Lüdecke et al., 
2026). Visually determined deviations from the assumptions will be 
discussed as limitations. To enhance transparency, sensitivity analyses 
will be conducted by estimating all models using robust linear mixed 
models from the R package robustlmm (Koller, 2026). These sensitivity 
analyses, as well as plots for visual assumption checks will be reported in 
the supplementary materials.

A-priori power analyses were calculated with the package mlmpower 
(Enders et al., 2025). The following effect sizes from previous individual 
studies were taken into account, as there are no meta-analytic effect 
sizes available: For H1, Schlegel et al. (2017) found effect sizes of r =
0.22–0.59 (calculated from the originally stated d and η2) for the effect 

Fig. 2. ROI of the left and right eyes. 
Note. ROI for the left and right eyes are created with a radius of 100 pixels (in 
red) around the centers of the eyes (annotated in each frame of the video). This 
frame of one of the autobiographical videos is depicted with permission of the 
video protagonist and the original authors (Wieck et al., 2022). (For interpre
tation of the references to color in this figure legend, the reader is referred to 
the web version of this article.)
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of the TERA on multimodal and facial ERA test performance across 
multiple studies. For H2, Pollux et al. (2014) found an effect size of ERA 
training on dwell time on the eye region of r ~ 0.32 (calculated from the 
originally stated η2 = 0.1–0.13). For H3 and H4, the effects of ERA- 
training on self- and other-rated social skills (r ~ 0.28; Matsumoto 
and Hwang, 2011) and competitiveness and positive emotions (r ~ 
0.20–0.23; Schlegel, 2021) were relied upon. The lowest of these effect 
sizes, r ~ 0.20 (recalculated to R2 = 0.04; Schlegel, 2021), an assumed 
intra-class-correlation for repeated measures of ICC = 0.5 (see Arend 
and Schäfer, 2019) and eight measurements per participant (the eight 
videos in the autobiographical videos task) were entered. The simulation 
analysis with 1000 replications indicated a required sample size of at 
least 150 participants to reliably reach a power of 1-β = 0.90 with a 
significance level of α = 0.05.

2.5.5.2. Complementary analysis for H2. As a complementary analysis to 
study whether participants in the TERA condition show higher dwell 
time on the eyes compared to the control condition, the procedure for 
comparative statistical fixation duration maps using iMap4 as described 
in Lao et al. (2017) will be applied. Fixation durations (coordinates 
aligned across all eight videos) are smoothed with a two-dimensional 
Gaussian kernel function at 1◦ of visual angle, using the estimated op
tion in iMap4. Maps are then normalized by each video's sum duration. 
iMap4 conducts pixel-wise linear mixed models on smoothed and 
normalized fixation maps with fixation duration as the dependent var
iable, training condition as the independent variable, and participant 
identity as the random effects structure. Multiple comparisons correc
tion uses a bootstrap spatial clustering method (cluster size option in 
iMap).

Fig. 3 shows an example fixation duration map based on eye-tracking 
data across all videos of five pilot participants (research assistants; four 
female, one male; age range 24–28), of which three completed the TERA 
and two the control attention and memory training. In this example, 
control training participants looked significantly longer at the nose area 
(indicated by black-edged area). This example uses no multiple com
parisons correction to illustrate the test; with correction, no significant 
difference would be found with only five participants. Results from this 
analysis will be used to complement and visually interpret the results 
from H2, but not as a formal hypothesis test.

2.5.5.3. Secondary hypotheses H5, H6, and H7. To test mediation effects 
of dwell time on the eye region in explaining the effects of training 
condition on emotion recognition accuracy (H5), emotional congruence 
(H6), and sympathy (H7), linear mixed mediation analyses will be 
conducted using the R-package mediation (Tingley et al., 2014). The 
function mediate in this package requires two models as its input: one 
model to predict the mediator (age, gender, and condition as level-2 
predictors, a random intercept for participant identity, and dwell time 
on the eyes as the dependent variable) and one model to predict the 
outcome (age, gender, and condition as level-2 predictors, dwell time on 

the eyes as a level-1 predictor, a random intercept for participant 
identity, and either emotion recognition accuracy [H5], emotional 
congruence [H6], and sympathy [H7] as the dependent variable). The 
function then computes the indirect effect, direct effect, and total effect 
for the combined models using the Monte Carlo method with 1000 
draws to determine the p-value and 95% confidence intervals. Results 
will again be reported with and without control variables. It is 
acknowledged that with the present study design, it will not be possible 
to interpret the mediation effect as strictly causal, as the mediator and 
dependent variables are both measured during the autobiographical 
videos task.

Current software does not support A-priori power analyses specific 
for the linear mixed mediations proposed here. The following approxi
mations for the secondary hypotheses were conducted instead: First, 
Monte Carlo simulations with the Shiny app by Schoemann et al. (2017)
were conducted using ordinary linear regression, with the same effect 
sizes as for H1-H4. Additionally, the effect size of the mediator pre
dicting the dependent variables was drawn from Vaidya et al. (2014), 
who found r = 0.24–0.40 associations between dwell time on the eyes 
and ERA. This analysis suggested a minimum required sample size of 
210 participants to reach a power of 1-β = 0.90 with a significance level 
of α = 0.05. We would expect this number to be significantly lower if 
multiple measurements could be integrated into the calculation (due to 
enhanced precision and thereby power; see, e.g. Vickers, 2003), which is 
not possible in the shiny app to date. Second, we ran power analyses 
(using the mlmpower package Keller, 2026) on the two separate linear 
mixed models that form the input for the mediate function in R. Similar 
to the power analyses for hypotheses H1-H4, using the lowest expected 
effect size of r = 0.20, the simulation analysis with 1000 replications 
indicated a required sample size of at least 150 participants to reliably 
reach a power of 1-β = 0.90 with a significance level of α = 0.05. Taken 
together, we decided to use the conservative approach and plan to re
cruit a sample of at least 210 participants.
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Currás, C., Martínez-Florentín, G., Cedrún-Sánchez, J.E., 2025. Integrating eye- 
tracking and artificial intelligence for quantitative assessment of visuocognitive 
performance in sports and education. Photonics 12 (12). https://doi.org/10.3390/ 
photonics12121167.

Preis, M.A., Schlegel, K., Stoll, L., Blomberg, M., Schmidt, H., Wünsch-Leiteritz, W., 
Leiteritz, A., Brockmeyer, T., 2020. Improving emotion recognition in anorexia 
nervosa: an experimental proof-of-concept study. Int. J. Eat. Disord. 53 (6), 945–953. 
https://doi.org/10.1002/eat.23276.

Preis, M.A., Schlegel, K., Rehbein, S., Lorenz, K., Brockmeyer, T., 2025. Training emotion 
recognition in depression—an experimental study. Br. J. Clin. Psychol. 64 (3), 
817–828. https://doi.org/10.1111/bjc.12540.

R Core Team, 2024. R: a language and environment for statistical computing (version 
4.4.2). R Foundation for Statistical Computing. https://www.r-project.org/
(computer software). 

Revelle, W., 2026. psych: procedures for psychological, psychometric, and personality 
research (version 2.6.1). https://cran.r-project.org/web/packages/psych/index. 
html (computer software). 

Riddiford, J.A., Enticott, P.G., Lavale, A., Gurvich, C., 2022. Gaze and social functioning 
associations in autism spectrum disorder: a systematic review and meta-analysis. 
Autism Res. 15 (8), 1380–1446. https://doi.org/10.1002/aur.2729.

Ruben, M.A., Hall, J.A., Curtin, E.M., Blanch-Hartigan, D., Ship, A.N., 2015. Discussion 
increases efficacy when training accurate perception of patients’ affect. J. Appl. Soc. 
Psychol. 45 (6), 355–362. https://doi.org/10.1111/jasp.12301.

Ruben, M.A., Blanch-Hartigan, D., Hall, J.A., 2020. Communication skills to engage 
patients in treatment. In: Hadler, A., Sutton, S., Osterberg, L. (Eds.), The Wiley 
Handbook of Healthcare Treatment Engagement. John Wiley & Sons, Ltd, 
pp. 274–296. https://doi.org/10.1002/9781119129530.ch15.

Russell, J.A., 2003. Core affect and the psychological construction of emotion. Psychol. 
Rev. 110 (1), 145–172. https://doi.org/10.1037/0033-295X.110.1.145.

Russell, E., Daniels, K., 2018. Measuring affective well-being at work using short-form 
scales: implications for affective structures and participant instructions. Hum. Relat. 
71 (11), 1478–1507. https://doi.org/10.1177/0018726717751034.

Scherer, K.R., 2020. Evidence for the existence of emotion dispositions and the effects of 
appraisal bias. Emotion 21, 1224–1238. https://doi.org/10.1037/emo0000861.

Schlegel, K., 2020. Inter- and intrapersonal downsides of accurately perceiving others’ 
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