
 

 

1 

 

 

 

Measuring emotion perception ability using AI-generated stimuli 

Ben Weidmann and Yixian Xu 
 

We present a new measure of emotion perception called PAGE (Perceiving AI 
Generated Emotions). The test includes 20 emotions, expressed by ethnically 
diverse faces, spanning a wide range of ages. We created stimuli with Generative 
AI, illustrating a method to build customizable assessments of emotional 
intelligence at relatively low cost. Study 1 describes the validation of the image set 
and test construction. Study 2 reports the psychometric properties of the test, 
including convergent validity and relatively strong reliability. Study 3 explores 
predictive validity using a lab experiment in which we causally identify the 
contributions managers make to teams. PAGE scores predict managers’ causal 
contributions to group success, a finding which is robust to controlling for 
personality and demographic characteristics. We discuss the potential of 
Generative AI to automate development of non-cognitive skill assessments. 
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Significance Statement 

Reading other people’s emotions is a foundational skill for social interaction, teamwork and 
management. Tests that measure this skill are used in psychology, economics and medicine. But 
existing assessments suffer from limitations, such as only testing people’s ability to perceive 
emotions on Caucasian faces. We develop a new test with diverse stimuli expressing a broad range 
of complex emotions. We believe that by providing access to a free, reliable, inclusive test, more 
researchers will be able to investigate the role emotional intelligence plays in a wide range of 
settings. We also hope that researchers will build on our approach of using generative AI to build 
better assessments of non-cognitive skills. 
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Main Text 
 
1. Introduction 
The ability to recognize the emotional states of others matters for social interaction and workplace 
success. Empirical research has shown that emotional perceptiveness predicts income, job 
performance (1, 2), leadership emergence (3), teamwork effectiveness (4–6) and successful 
negotiation outcomes (7, 8). 
 
Researchers began developing skill-based tests to measure emotional perceptiveness in the 
1970s. These tests generally ask participants to assess emotional expressions that are portrayed 
by actors in videos, images or audio recordings. The assessments have been used in a wide range 
of disciplines including psychology, economics and medicine. However, existing measures face 
four challenges that may limit their usefulness (summarized in Table 1). First, most tests use 
ethnically homogenous stimuli and often only include Caucasian faces (9–15). This can result in 
biased tests, as participants recognize emotions more quickly and accurately when the person 
expressing the emotions shares their cultural and ethnic identity (16, 17). Ethnically homogenous 
test stimuli are especially problematic when assessments are used in a diverse workforce. Second, 
many assessments lack emotional range and encompass only a handful of basic emotions – often 
including only one positive emotion (9, 11, 15, 18–20). This can lead to ceiling effects and also may 
limit the external validity of tests, as real-world contexts involve a wide range of complex emotions 
(21, 22). Third, many existing tests have practical limitations that make them difficult for researchers 
to use, including the length (9, 13–15, 23) and cost of tests (11, 18, 19), along with the lack of 
freedom to use assessments on whatever platform researchers find convenient (14). Finally, many 
existing emotion perception assessments have not yet demonstrated predictive validity in 
teamwork or workplace settings, limiting their empirical usefulness for management and teamwork 
research. 
 
To address these limitations, our paper develops a practical test that includes a wide range of 
emotions expressed by racially diverse faces, spanning ages 20 to 60. We then examine the 
predictive validity of the test in the context of managing a team. Stimuli were created with 
Generative AI, providing some initial evidence that Generative AI tools may assist researchers in 
constructing customizable assessments of emotional intelligence at relatively low cost. Models 
such as OpenAI’s DALL-E and Google’s Imagen are capable of generating photorealistic images 
using simple text prompts (24, 25). We use this tool to develop our diverse emotion recognition 
assessment called ‘Perceiving AI Generated Emotions (PAGE)’. 
 
Research Overview. The rest of the paper proceeds as follows. Study 1 describes the construction 
of the test. Studies 2a and 2b assess its psychometric properties and examine convergent validity 
by reporting on the correlation between ‘Perceiving AI Generated Emotions (PAGE)’ and ‘Reading 
the Mind in the Eyes Test (RMET)’, a widely-used measure of emotion perception and theory of 
mind (10). Study 3 explores the predictive validity of the PAGE test. Using repeated random 
assignment of managers to groups, we examine the extent to which PAGE predicts the causal 
contribution that managers make to team success. 
 
2. Study 1: Test Construction 
Study 1 reports on the methods used to generate and validate the faces used in the PAGE 
instrument. We also describe other aspects of the test design including selection of distractors for 
the multiple-choice task and the scoring method. 
 
2.1 Create Face Stimuli with Generative AI 
Face stimuli were generated using DALL-E 2, a diffusion-based model that allows users to generate 
photorealistic images from text prompts (24, 26). We selected DALL-E 2, as diffusion-based models 
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have been shown to generate higher-quality facial images compared to GANs in previous studies 
(27). 
 
Many emotion perception tasks are limited to the “basic 6 emotions” – anger, disgust, fear, 
happiness, sadness, and surprise (28). Using multiple emotion elicitation methods and prompt 
engineering techniques, we experimented with generating faces expressing 25 emotions, as recent 
research suggests that people can reliably recognize up to 28 emotions from facial-bodily 
expressions (29). We only include emotions that aren’t dependent on bodily expression and 
contextual clues. The 25 emotions are six basic emotions (Happiness, Anger, Fear, Anger, Disgust, 
Surprise), and 19 complex emotions: Disappointment (30), Amusement (31), Anxiety (32), Awe 
(33), Boredom (12, 34, 35), Concentration, Confusion, Contemplation (36), Contempt (37), 
Contentment (30), Desire, Doubt (38), Embarrassment (31), Interest (39), Pain (40), Pride (41), 
Relief, Shame (42), Sympathy (43). 
 
2.2 Validation and Selection of Stimuli 
To validate the emotional expressions generated using DALL-E 2, we recruited 500 participants 
with diverse demographic backgrounds on Prolific1 to rate the stimuli in emotion categories. We 
computed the proportion of participants selecting the target emotion of each stimuli (out of 25 
possible options) and retained those where a clear plurality of people identified the target emotion. 
From this sample, we selected a subset of 35 images, with the goal of producing a test that included 
racially diverse stimuli, gender equity, and a wide range of complex and basic emotions (see 
Appendix, Table S1 for characteristics of the images). 
 
2.3 Test Construction 
We generated a multiple-choice question for each image by selecting five distractors. These 
distractors were drawn from two main sources: first, the emotion labels chosen by participants 
during the stimuli validation task; second, other plausibly relevant emotions from the 25 emotions 
included in the test (29). Additionally, emotions which are frequent parts of social interactions such 
as confusion, doubt, and interest (36, 38) are overrepresented in the distractors, which reflects a 
desire to aid the predictive validity of the PAGE in real-world settings – especially those requiring 
teamwork. A list of face stimuli, target emotions, and distractors for each item is available in 
Appendix, Table S2. 
 
The resulting set of 35 test questions were sequenced such that consecutive items did not feature 
the same emotion. The placement of both the correct emotion and the distractors were randomized. 
Correct answers are scored as 1, incorrect as 0. All materials are freely available. We also made 
both the short and full versions of the PAGE task publicly accessible via our lab website. Detailed 
descriptions of the construction of the short PAGE, and both instruments are provided in the 
Appendix. See Figure 2 for an example item of the PAGE test. 
 
3. Study 2a: Measurement Properties of PAGE 
Results. We recruited a diverse group of 1010 participants on Prolific to complete the PAGE task. 
The mean score for PAGE is 23.7 (SD = 5.0). There was no evidence of ceiling or floor effects, and 
no statistically significant difference in task performance between men and women, as shown in 
Figure 3. There was a negative correlation between PAGE scores and age (r = - 0.14, p < 0.001), 
as shown in Figure 4. These findings are consistent with previous work showing lower accuracy at 
emotional recognition in older adults (45, 46). 
 
Item difficulty. The mean item difficulty – measured in terms of the proportion of people submitting 
correct answers – was 0.68 (SD = 0.12). Individual item difficulties ranged from 0.44 to 0.89, this 
range falls within recommended parameters for psychological assessment measures (47). Table 2 

 
1 Douglas et al. (44) compare several measures of data quality such as sample 
representativeness and find that Prolific is comparable or better than competitors such as MTurk. 
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presents the distribution of item difficulties. A full table of item difficulty across items and populations 
is available in Table S3 in Appendix. 
 
Internal consistency. Cronbach’s alpha for the PAGE test was 0.73, compared to an average 
reliability of 𝛼 = 0.60 reported for other emotion recognition ability tests (Boone & Schlegel, 2016). 
This is notable given the brevity of the test – 8 minutes on average – and the wide range of emotions 
included in the test, both of which tend to reduce internal consistency.  
 
Factor structure. Exploratory factor analysis suggests that the PAGE has a one-factor structure 
(Appendix, Figure S1). To further assess the unidimensionality of the PAGE instrument, we tested 
a one-factor confirmatory factor analysis (CFA) model. Model fit was evaluated by inspecting the 
comparative fit index (CFI), the Tucker–Lewis Index (TLI), and the root mean square error of 
approximation (RMSEA). The one-factor CFA model showed good fit (χ2 = 884, 𝑑𝑓 = 560, 𝑝 < 
0.001, CFI = 0.829, TLI = 0.818, RMSEA = 0.024). Although the CFI and TLI are slightly lower than 
common acceptability threshold (0.9), the low RMSEA and satisfactory values of Cronbach’s alpha 
overall suggest that the PAGE is a unidimensional test. The factor structure of PAGE is consistent 
with findings about the dimensionality of emotion recognition abilities, that ERA is one broad ability 
consisting of correlated valence-based skills and minor ability facets related to pairs of similar and 
highly confused emotions (48, 49). 
 
4. Study 2b: Convergent Validity of PAGE 
Results. We examined the convergent validity of PAGE by estimating the correlation of PAGE 
scores with Reading the Mind in the Eyes Test (RMET), a widely used measure of emotion 
perception. We find that the PAGE is highly correlated with RMET (raw correlation = 0.66, 
disattenuated correlation = 0.88, p < 0.001), providing evidence of convergent validity. We also 
explored the patterns of performance between PAGE and RMET by age, gender, ethnicity, shown 
in Figure 4. The PAGE test shows the same performance patterns as RMET. First, there is no 
statistically meaningful difference in task performance between women and men. Second, both 
tests show stable performance from age 18-40, then a slight decline up to age 60, where our sample 
ends. Last, mean performance of Caucasian participants is slightly better on both tests.  
 
5. Study 3: Predictive Validity of the PAGE assessment 
To assess the predictive validity of PAGE we fielded the test in a lab experiment that used a novel 
design to identify the causal contribution that individual managers make to group performance. The 
experimental design – summarized in Figure 5 – randomly assigns managers to four different teams 
of workers. Our design makes use of the repeated random assignment of managers to teams to 
identify the average impact each manager has on group performance (5). A total of 116 managers 
in the experiment completed the PAGE instrument, which allowed us to compare PAGE scores 
with causally identified manager contributions. We find that PAGE scores are predictive of manager 
contributions, and that this association is robust to controls for personality and demographic factors. 
These participants also completed the Reading the Mind in the Eyes Test (RMET), providing a 
benchmark for comparison. 
 
Results. We find that the PAGE score of each manager is positively associated with group 
performance. The correlation between manager PAGE scores and group performance = 0.189 (p 
< 0.001, df = 406). These results are consistent with findings from non-hierarchical teamwork 
settings where team members’ emotion perception ability positively predicts team success (5, 7). 
 
Next, we move from the group level to the level of individual managers. We identify and estimate 
the average causal impact each manager has by exploiting the fact managers are randomly 
assigned to multiple teams (5). We find that PAGE scores positively predict the average causal 
contribution that managers have on their groups (correlation = 0.290, p =0.002, df = 113).  
 
Table 3 contextualizes PAGE’s association with managerial causal contributions, by comparing its 
predictive validity to RMET. Overall, we find that the association between PAGE scores and 
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manager contributions is greater than that for RMET, and that the association is robust to controls 
for differences in Big 5 personality measures and demographic factors (age, gender, ethnicity and 
education). Column 1 (Table 3) presents the raw association between manager causal contribution 
and PAGE scores, which are standardized to have mean = 0 and SD = 1. We find that a 1sd 
increase in PAGE scores is associated with an increase in manager contributions of 0.290sd. 
Columns 2 and 3 add controls for Big 5 personality and demographics which reduces the 
coefficients, but they remain significant: after controlling for age, ethnicity, gender, education 
program and Big 5 measures, a 1sd change in PAGE is associated with a 0.230sd increase in 
managerial contributions (p=0.031). Columns 4 to 6 repeat this process, focusing on RMET as a 
predictor. The relationship between RMET and manager causal contributions are weaker, and not 
statistically significant. Column 7 is a full specification in which we include all variables, illustrating 
the robust association between PAGE scores and the impact that managers have on their teams. 
 
Why might PAGE be more predictive of managerial performance than RMET? One possibility is 
that the emotions in the PAGE assessment were chosen from a list of emotions that can be clearly 
expressed by faces (29). In contrast, some of the target emotions in RMET may be better 
characterized as dispositions (e.g. ‘cautious’) that are difficult to express and perceive in faces. We 
also explored the possibility that the predictive performance of PAGE was enhanced by the fact 
that Study 3’s participant sample is ethnically diverse and may have benefited from PAGE’s more 
diverse set of stimuli. To examine this empirically we split teams into two sets: ethnically 
homogenous (all group members self-identify with the same ethnicity) and ethnically diverse (at 
least two group members self-identify with different ethnicities). For each set we separately 
calculate the association between team performance and the manager’s score on RMET|PAGE. 
Among diverse groups, the PAGE test significantly predicted performance (𝜌 = 0.216, p < 0.001, 
n=342). This was not the case for homogenous groups ( 𝜌 =  − 0.002, p=0.985, n=66). The 
correlation between RMET and group performance was not statistically significant for either 
homogeneous or diverse groups. 
 
Finally, we return to the question of how a manager’s emotional perceptiveness might improve 
team performance. As noted above, one of the roles of the manager is to motivate their teammates. 
Motivation matters in Study 3’s collaborative task for two reasons. First, participants are given a 
large number of cognitively demanding puzzles that require effort to solve. Second, ‘workers’ in the 
experiment do not receive financial incentives based on performance, so they are prone to lose 
interest over the course of the task. As noted in Weidmann et al. (2024), the task involves three 
periods of intensive problem solving, divided by two dedicated breaks in which managers can take 
stock and motivate their team.  
 
To explore the role that motivation plays in the task, we separately calculate the causal contribution 
that managers make in each of the three problem-solving periods (i.e. start; middle; end). 
Weidmann et al., (2024) find that the last period matters most in terms of managerial contribution. 
We extend this finding by documenting that the PAGE test is most strongly predictive of 
performance in the final period of the task, as noted in Table 4. Column 1 in the table regresses 
each manager’s average causal contribution during the first period of the task against their PAGE 
score. Column 2 repeats the exercise, focusing on the average causal contribution managers make 
during the middle period of the task. Column 3 presents results for the final period. A one standard-
deviation increase in the PAGE test is associated with a 0.235 standard-deviation increase in 
managerial contributions in the final period (n=87, p=0.022). The association between PAGE and 
managerial contributions in the first and second periods are not statistically significant. 
 
6. Discussion and Conclusion 
This paper develops and validates a measure of emotional perceptiveness using a demographically 
diverse set of 35 faces, expressing 20 emotions. The PAGE test materials are open source. Study 
1 shows that generative AI is capable of producing standardized, realistic faces that express both 
basic and complex emotions. Studies 2a and 2b demonstrate the psychometric properties of the 
test including unidimensionality, internal validity and convergent validity. Finally, Study 3 provides 
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evidence of predictive validity, especially for researchers interested in leadership and management, 
by showing that PAGE scores are associated with the causal contribution that managers make to 
group performance in a controlled lab study. Overall, these results suggest that the PAGE may be 
useful for researchers looking for a short, skill-based test of emotional perceptiveness that is suited 
for studies of teamwork and management among demographically diverse populations.   
 
The PAGE assessment also illustrates the possibility that generative AI can help create customized 
measures of emotional intelligence by substantially reducing the cost of test creation and 
automating the test development process. There are at least two ways in which tests may be 
usefully customized. First, researchers may find it helpful to be able to vary the demographic profile 
of the stimuli. For example, researchers working with a sample of elderly adults may want a test in 
which stimuli have older faces than are found in existing assessments. Second, it may be beneficial 
to have tests that oversample specific complex emotions – many of which are absent from most 
measures. For example, an organization hiring a team leader may screen for the ability to recognize 
confusion, as this potentially enables quick clarification. In contexts where teamwork is important, 
perceiving anxiety may signal a colleague’s need for support. Of course, it is an empirical question 
whether such customized measures of emotional recognition are more predictive of positive 
outcomes in real-world contexts, but with the advent of generative AI this research agenda is much 
more practically achievable.  
 
Improvements in AI technology may further reduce the costs of creating tests of emotional 
perceptiveness. We manually created multiple-choice questions for the PAGE test. However, 
generative AI is now capable of creating multiple-choice questions across difficulty levels (50). More 
significantly, recent research suggests the possibility that large language models (LLMs) may be 
able to produce similar results to human participants in social science research (51). If this is true 
of emotional perceptivity, test developers would be able to combine human responses with a low-
cost sample of LLM respondents to assess and refine the psychometric properties of new tests. 
Overall, while existing AI technology reduced the practical barriers we faced in creating PAGE, it 
seems likely that these barriers will be progressively lowered. 
 
In closing, we believe that the PAGE test measures a general construct that is an important 
determinant of success in a wide range of social activities, from negotiation and hiring, to 
networking and working in a team. The test has strong measurement properties, is appropriate for 
diverse populations, and is open access. We hope that others will build on the approach of using 
generative AI to create and validate customized tests that allow for a better understanding of the 
role emotion plays in facilitating interaction in the workplace and beyond. 
 
7. Materials and Methods 
7.1 Study 1: Test Construction 
7.1.1 Prompt Engineering to Generate Emotional Faces 
The prompts we gave DALL-E 2 used three methods, derived from emotion elicitation strategies 
researchers use when creating emotional stimuli using human actors. The first method is simply to 
instruct expressers to express a particular emotion (as used, for example, in ‘Karolinska Directed 
Emotional Faces (KDEF)’ and NimStim (52, 53)), e.g. ‘a 22 year old Caucasian woman feeling very 
angry.’ The second method relies on the Directed Facial Action Task (54), in which expressers are 
instructed to employ specific facial actions based on the emotion prototypes identified by Ekman 
and colleagues (55). For example, to express the emotion pride we prompted DALL-E 2 by saying 
‘a 30 year old Asian man showing pride. His head is held high, jaw thrust out, he has a small smile, 
lip pressed.’ Finally, we borrow a technique from studies of cultural variation in emotional 
expressions and use a short story to elicit emotions in expressers (56). For example, to generate 
an image of surprise, the prompt includes the following text ‘a 47 year old Indian woman showing 
a surprised face when hearing a loud sound she didn’t expect.’ 
 
We experimented with a combination of these three methods to elicit emotions in AI images, 
operationalized as prompts in three formats: ‘emotion word’, ‘emotion word, and facial actions’ 
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‘emotion word, and one-sentence emotion story.’ To generate human-like images, each prompt 
begins with ‘Generate a photorealistic image of…’. We also added ‘detailed skin texture’, and 
‘proportional eyes’ into the prompt, which are found to be among the key factors in making an AI 
face look more realistic (57). An example prompt that uses all three of the techniques listed above 
is as follows: ‘A realistic photo of a 20 year old Indian woman caught embarrassed and blushing in 
a social gaffe. Her whole face and head are in the middle. Plain grey background (leave some 
blank space around). She is wearing a white t-shirt. No body language, head oriented at the front, 
and staring at the camera.’ A full list of prompts is provided for each emotion in Appendix, Table 
S4. 
 
7.1.2 Stimuli Standardization 
We generated 150 realistic faces for the initial stim set. These faces represent 25 emotions, six 
ethnicities, and ages ranging from 20 to 60. We used the same ethnicity categories as the Chicago 
Face Database: Asian, Black, Caucasian, Indian, Latino, Multi-racial (58). We then used Adobe 
Photoshop to standardize the stimuli to have consistent grey background. Images were resized so 
that each target’s face and head are in the middle. See Figure 1 for sample stimuli. 
 
7.1.3 Participant recruitment and validation of the stimulus set 
We recruited 500 participants on Prolific to rate the stimuli in emotion categories. Participants 
provided written informed consent to take part in the study with data collected solely for research 
purposes. Each participant rated between 30 and 35 images. Participants were asked to select one 
emotion that best described the face, from a list of 25 emotions. Each image was rated by at least 
100 participants. Our sample was ethnically diverse and displayed gender balanced (Female 49%, 
Mean age 34 years, White 57.8%, see Appendix, Table S5 for full demographic statistics). Each 
participant received a compensation of $2 for completion of the task. 
 
7.2 Study 2a: Measurement Properties of PAGE 
Participants and procedure. We recruited 1010 participants from Prolific. Participants provided 
written informed consent to take part in the study with data collected solely for research purposes. 
All participants were located in the United States and were ethnically diverse (Female 50%, Mean 
age 36.7 years, White 44.5%, see Appendix, Table S5 for demographic details). We oversampled 
non-Caucasian participants so that we could better assess performance on the PAGE of people 
from different ethnic backgrounds. We also focused on respondents who were full-time workers 
(91%) aged 25-55, to validate the PAGE among a sample that would be of use to labor economists 
and organizational psychologists. We administered the PAGE test on Qualtrics (Full instructions in 
Appendix) and each participant received a compensation of $2.50. To motivate participants to 
maintain attention throughout the task, we also awarded the quintile of performers a $5 bonus. The 
median participant spent 8 minutes on the test. 
 
7.3 Study 2b: Convergent Validity of PAGE 
Reading the Mind in the Eyes test (RMET). To demonstrate convergent validity, we compare 
results on the PAGE test to the Reading the Mind in the Eyes Test (RMET). The RMET is a 36-
item multiple choice test measuring emotional perceptiveness by presenting cropped images of 
faces that only include the eye region (Baron-Cohen et al., 2001). 
 
Participants and procedure. We analyze a sub-sample of 741 participants from Study 2a, who 
completed both PAGE and RMET, administered on Qualtrics. Participant demographics are 
presented in Appendix, Table S5. Both tasks included one practice question to familiarize 
participants with the task format. To limit the effect of differences in vocabulary, we provided a list 
of emotion definitions for reference. When participants put their cursor above the emotion word, 
they were provided with a definition. To reduce the impact of order effects, we had 249 participants 
complete the RMET first (then the PAGE) and 492 people complete the tests in the reverse order. 
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Question order was also randomized for both tests. On average, participants completed the PAGE 
in 8 minutes and the RMET in 10 minutes. 
 
7.4 Study 3: Predictive Validity of PAGE 
Participants. We recruited an ethnically diverse sample of graduate and undergraduate students 
at the University of Essex in the UK. Participants provided written informed consent to take part in 
the study. The median participant was 25 years old and had 2 years’ work experience (Appendix, 
Table S5). Participants were paid £29 for completing the study, with a performance bonus that 
ranged from £0 to £12. The average payment was £35. 
 
Experiment procedures. The goal of the experiment was to causally identify the contribution that 
managers made to teams, and to explore the characteristics that were predictive of management 
performance. The experiment included both individual and group assessments (see Error! 
Reference source not found.4 for experiment overview). Individual tests included a demographic 
questionnaire and a shortened version of the Big 5 inventory (59). A subsample of experimental 
participants (n=116 managers) completed the PAGE assessment as well as the Reading the Mind 
in the Eyes Test (RMET). 
 
Group testing took place at Essex Lab in England. Each team consists of a manager and two 
workers. Teams work face-to-face on a collaborative task that aims to emulate some of the core 
demands of real-world hierarchical teams by requiring managers to co-ordinate, monitor and 
motivate workers. The task is described in detail in (Weidmann et al., 2024). Briefly, teams are 
asked to simultaneously make progress on three different ‘modules’. A central responsibility of the 
managers is to make decisions about which module each member of the team – including 
themselves – should work on. Decisions about task allocations are fully dynamic and managers 
can change them at any time. The group task takes around 15 minutes in total and includes 
dedicated time for managers to introduce themselves and motivate their team. Talking is allowed 
throughout the task. After each group finished the task, managers are randomly assigned to 
another team. Over the course of the experiment each manager is randomly assigned to four 
groups. 
 
To succeed in the task managers have to assign their teammates tasks that match their skills, 
monitor their performance and maintain high levels of effort and engagement (5). We hypothesize 
that managers who are more skilled at perceiving emotions are better placed to meet these 
demands. For example, a manager skilled at detecting boredom may be faster at perceiving low 
morale and better able to respond by providing encouragement or switching the task a teammate 
is working on. Similarly, a manager who can perceive that a teammate is confused is in a better 
position to offer support and avoid their teammate submitting incorrect solutions on behalf of the 
team. 
 
Data, Materials, and Software Availability. The data and code for all studies, AI-generated 
images, and experiment materials will be publicly available through an Open Science Foundation 
repository (DOI 10.17605/OSF.IO/7A4XS). 
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Figures and Tables 
 

 
 
Fig. 1 Study 1: Example Stimuli from the PAGE test, generated using DALL-E 2. In this case, the 
emotions being represented by the four stimuli are:  a) surprise, b) contentment, c) anger, d) fear 
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Fig. 1 Study 1: Sample item from the PAGE test. For each item, participants select one answer 
from six options. Definitions of emotions are provided to participants if they click on the question 
marks. The target emotion for this item is fear. 
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Fig. 3 Study 2a: Distribution of PAGE scores by gender (N = 505 males and 505 females). Mean 
score for male is 23.4 (SD = 4.9), Mean score for female is 24.0 (SD = 5.1).  
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Fig. 4 Study 2b: Patterns of performance for PAGE/RMET by gender/age/ethnicity (N = 741). 50% 
of the participants are female, and 50.5% are White. Both tests show similar performance patterns 
across gender, age and ethnicity. 
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Fig. 5 Study 3 experiment overview. Participants were randomly assigned to the role of ‘manager’ 

or ‘worker’. Each group completed a novel collaborative problem-solving task in which managers 

assigned tasks, monitored group progress, and motivated teammates. After each task, managers 

were randomly reassigned to new groups, managing a total of four different groups. The repeated 

random assignment of managers to teams enabled the identification of each manager's 

contribution to group performance.  
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Table 1. Existing measures of emotional perception and their potential limitations. 
 

 
Table notes. DANVA: Diagnostic Assessment of Non‐Verbal Abilities; BLERT: Bell Lysaker 
Emotion Recognition Task; JACBART: Japanese and Caucasian Brief Affect Recognition Test; 
RMET: The Reading the Mind in the Eyes Test; PERT-96: Penn Emotion Recognition Task; 
MSCEIT: Mayer–Salovey–Caruso Emotional Intelligence Test; MERT: Multimodal Emotion 
Recognition Test; MiniPONS: Profile of Nonverbal Sensitivity (short version); ERI: Emotion 
Recognition Index; GERT-S: Geneva Emotion Recognition Test (short version); MRMET: 
Multiracial Reading the Mind in the Eyes Test. 
 
  

Test Emotional 
Range 

Ethnic 
Diversity 

Practical 
Challenges 

Item # 

DANVA-2 (18) 4 emotions Caucasian, 
Black 

Not freely available 48 

BLERT (9) 7 emotions Caucasian 15 – 20 minutes 21  
JACBART (19) 7 emotions  Asian, 

Caucasian 
Not freely available 56  

RMET (10) 26 mental states  Caucasian None 36  
PERT-96 (20) 5 emotions Diverse None 96  
MSCEIT Perception 
Tests (11)  

5 emotions  Caucasian Not freely available 50  

MERT (23) 10 emotions Caucasian 45 - 60 minutes 120  
MiniPONS (13)  2 affective 

situations 
Caucasian 15 – 20 minutes 64 

ERI (15) 5 emotions  Caucasian 15 - 20 minutes 
 

60  
 

GERT-S (14) 14 emotions  Caucasian 15 - 20 minutes;  
No customization 

42 

MRMET (61) 
 

18 mental states Diverse None 37 or 
10 
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Table 2. Distribution of Item Difficulty 
 

Difficulty Range  Number of Items 

0.30 ≤ p < 0.50 3 (8.6%) 

0.50 ≤ p < 0.70 18 (51.4%) 

0.70 ≤ p < 0.90 14 (40%) 

 
Table notes. ‘Difficulty range’ indicates the range of proportion of correct responses (‘p’). 
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Table 3. Associations between manager performance and emotional perceptiveness 
measured by PAGE vs. RMET  
 

 Average Causal Contributions of Managers 
 (1) (2) (3) (4) (5) (6) (7) 

PAGE 0.290** 0.244* 0.230*    0.273* 
 (0.090) (0.094) (0.105)    (0.113) 
RMET    0.149 0.074 -0.025 -0.125 
    (0.089) (0.092) (0.111) (0.116) 

Big5  X X  X X X 
Demographics   X   X X 
Observations 115 111 109 115 111 109 109 
R^2 0.084 0.172 0.223 0.024 0.124 0.184 0.233 
Adjusted R^2 0.076 0.125 0.117 0.016 0.073 0.073 0.118 

 
Table notes. *p<0.05, **p<0.01, ***p<0.001. The dependent variable is “manager’s estimated 
causal contribution” as measured by the average score across each manager’s randomly assigned 
teams. Demographic factors include age, ethnicity, education and gender. PAGE and RMET scores 
are both standardized to have mean = 0 and SD = 1. 
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Table 4. does emotional perceptiveness matter more at the start or end of the task? 
 

 First period Second period Final period 
 (1) (2) (3) 

PAGE 0.120 0.085 0.235* 
 (0.116) (0.102) (0.101) 
Constant -0.003 -0.013 0.043 
 (0.113) (0.100) (0.099) 

Observations 87 87 87 
R^2 0.013 0.008 0.060 

 
Table notes. *p<0.05, **p<0.01, ***p<0.001. The dependent variable for each regression is the 
causal contribution of managers for a specific period of the game (n=88 managers). Column (1) 
represents the first third of the game; column (2) the middle period; and column (3) the last period. 
The dependent variable and the PAGE variable are standardized to have mean=0 and sd=1. 
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Fig. S1 Study 2a: Scree plot of PAGE. The scree plot displays the eigenvalues associated with 

each factor extracted during exploratory factor analysis (EFA). The steep drop between the first 

and second factors suggests that the PAGE test has a dominant one-factor structure. 
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Table S1 PAGE image count by demographics 

Ethnicity  #  Age  #  Gender  # 

Caucasian 11  20-29 5  Female 17 

Black 8  30-39 16  Male 18 

Latino 9  40-59 13  Total 35 

Asian 4  60 1    
Indian 2  Total 35    
Multi-racial 1       
Total 35       
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Table S2 PAGE stimuli, target emotions, and distractors 

# Stimuli Target emotion Distractors in multiple-

choice test 

1 

 

Amusement Awe, Pleasure, Interest, 

Surprise, Relief 

2 

 

Anger Pride, Pain, Disgust, 

Confusion, Shame 

3 

 

Anger Pride, Pain, Confusion, 

Sadness, Disgust 

4 

 

Anger Amusement, Contempt, 

Sadness, Disappointment, 

Doubt 
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5 

 

Anxiety Contentment, 

Embarrassment, 

Contemplation, 

Confusion, Fear 

6 

 

Anxiety Contentment, 

Disappointment, Disgust, 

Relief, Boredom 

7 

 

Boredom Interest, Distress, 

Pleasure, Pain, Anger 

8 

 

Concentration Confusion, Doubt, 

Contentment, 

Disappointment, Interest 
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9 

 

Concentration Contentment, Interest, 

Contempt, Anger, 

Disappointment 

10 

 

Confusion Surprise, Interest, Anxiety, 

Doubt, Disgust 

11 

 

Contemplation Confusion, Surprise, 

Disappointment, Interest, 

Contentment 

12 

 

Contemplation Anxiety, Relief, Surprise, 

Interest, Contentment 
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13 

 

Contempt Anxiety, Disgust, 

Confusion, Interest, 

Boredom 

14 

 

Contentment Ecstasy, Pride, Desire, 

Contemplation, Contempt 

15 

 

Contentment Ecstasy, Disappointment, 

Pride, Contempt, Relief 

16 

 

Contentment Amusement, Pride, 

Desire, Joy, Contempt 
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17 

 

Disappointment Confusion, Anger, 

Disgust, Contempt, 

Boredom 

18 

 

Disgust Amusement, Pain, 

Contempt, Confusion, 

Anger 

19 

 

Disgust Contemplation, Pain, 

Contempt, Confusion, 

Anger 

20 

 

Doubt Contentment, Confusion, 

Anger, Contemplation, 

Interest 
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21 

 

Doubt Interest, Confusion, 

Boredom, Sadness, 

Anxiety 

22 

 

Embarrassment Relief, Confusion, Pride, 

Anxiety, Shame 

23 

 

Fear Awe, Confusion, Surprise, 

Anxiety, Shame 

24 

 

Fear Anger, Confusion, Awe, 

Embarrassment, Pleasure 
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25 

 

Interest Amusement, Boredom, 

Doubt, Contemplation, 

Sympathy 

26 

 

Interest Doubt, Boredom, 

Embarrassment, Surprise, 

Disappointment 

27 

 

Joy Awe, Surprise, Desire, 

Contentment, Confusion 

28 

 

Joy Surprise, Contentment, 

Desire, Confusion, Awe 
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29 

 

Pain Pride, Disappointment, 

Anger, Embarrassment, 

Shame 

30 

 

Pride Amusement, Awe, 

Interest, Joy, Contempt 

31 

 

Pride Amusement, Doubt, 

Interest, Contentment, 

Contempt 

32 

 

Sadness Contentment, Anxiety, 

Confusion, Pain, Boredom 
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33 

 

Sadness Contentment, Anxiety, 

Disappointment, Pain, 

Boredom 

34 

 

Surprise Interest, Ecstasy, 

Confusion, Anger, Fear 

35 

 

Surprise Interest, Anger, Relief, 

Confusion, Disgust 
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Table S3 Item Difficulty Table 

Item Overall 
(n=1010) 

Femal
e 

Male White Non_
White 

Sadness_30_Caucasian_Male 87.2 87.4 87.1 88.9 85.9 
Joy_45_Latino_Female_1 79.2 74.4 84.1 81.1 77.7 
Confusion_40_Black_Female 67.2 73.4 61 71.7 63.6 
Anger_30_Black_Male 84.2 83.6 84.7 86 82.7 
Surprise_47_Indian_Female 89.1 89 89.3 90 88.4 
Disgust_35_Caucasian_Male 74.1 76.7 71.4 76.6 72 
Fear_50_Asian_Female 70 71.2 68.8 73.5 67.2 
Boredom_25_ Caucasian _Female 64.9 59.2 70.6 61 67.9 
Anxiety_40_Black_Male 64.6 63.1 66 66.8 62.7 
Doubt_30_Latino_Female_1 65.7 65.1 66.4 63.3 67.7 
Disappointment_30_Asian_Female 61.4 62.7 60 62.6 60.4 
Interest_50_ Latino _Male 61.8 63.7 59.8 63.5 60.4 
Embarrassment_20_Indian_Female 44.6 48.7 40.4 48.8 41.2 
Pride_30_Asian_Male 66.6 65.7 67.6 73.3 61.3 
Contentment_55_Black_Male 54.4 61.5 47.1 58.1 51.3 
Fear_50_Caucasian_Male 71.1 71.4 70.8 75.7 67.4 
Pride_30_Caucasian_Female 66.1 70.2 62 72.4 61.1 
Contentment_35_ Latino _Male 64.8 70 59.4 69.9 60.6 
Amusement_35_Caucasian_Male 61.8 63.7 59.8 64.1 59.9 
Anxiety_34_Caucasian_Male 44.2 42.6 45.7 43.2 44.9 
Contempt_50_Black_Male 47.7 49.9 45.5 51.2 44.9 
Anger_22_Caucasian_Female 84.8 86 83.5 83.7 85.6 
Contentment_45_Caucasian_Female 64.4 70.2 58.4 67.9 61.5 
Sadness_30_Latino_Female 74.4 73.4 75.3 78.4 71.1 
Doubt_30_Latino_Female _2 65.9 66.5 65.4 68.2 64.2 
Surprise_30_Asian_Female 88.6 86.4 90.9 90.6 87 
Interest_25_Latino _Male 59.3 59.8 58.8 61.7 57.4 
Pain_30_Black_Female 61.9 63.5 60.2 62.4 61.5 
Concentration_25_Caucasian_Female 70.7 70.6 70.8 71.5 70.1 
Anger_40_Latino _Male 81.2 81.5 80.9 82.2 80.4 
Joy_45_Latino _Female_2 72.7 68.6 76.7 73.7 71.8 
Contemplation_30_Black_Male_1 50.8 53.6 47.9 50.1 51.3 
Concentration_60_Multi-racial_Male 64.3 64.1 64.4 61.2 66.7 
Disgust_45_Caucasian_Male 70.5 69.6 71.4 73.1 68.4 
Contemplation_30_Black_Male_2 68.5 70.8 66.2 69.5 67.7 

 

Note. The item labels are written in the format of ‘emotion_age_ethnicity_gender’ to indicate the 

emotion and demographic information of each face. For example, ‘Sadness_30_Caucasian_Male’ 

represents a face of 30 year old male expressing the emotion sadness. 
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Table S4 Emotion Prompts for PAGE Stimulus Generation 

Emotion 
(Sources) 

Prompt Method 

Amusement (1) “Generate a photorealistic image of a [age] [ethnicity] 
[gender] laughing with jaw dropping, head tilting 
backwards, with detailed skin texture and natural lighting, 
with highly realistic, well-proportioned eyes, with opened 
eyes. No body language, showing the face and shoulder, 
head oriented at the front, and looking at the camera. 
Plain grey background, wearing a white t-shirt.” 

facial actions  

Anger (2) “A realistic photo of a [age] [ethnicity] [gender] feeling 
very angry. Symmetric eyes. No body language, face in 
the middle, head oriented at the front, and staring at the 
camera. Plain grey background, wearing a white t-shirt” 

emotion word  

Anxiety (3) “Create a hyper-realistic image of a [age] [ethnicity] 
[gender] showing expression anxiety. Eyes looking 
sideways, frowned eyebrows, biting lips. Detailed skin 
texture and natural lighting. Wearing a white t-shirt. No 
body language, showing only the face, head oriented at 
the front, and staring at the camera. Plain grey 
background.” 

emotion word + 
facial actions  

Boredom (4–6) “Create a hyper-realistic image of a [age] [ethnicity] 
[gender] showing expression boredom. Eyelids 
dropping. Detailed skin texture and natural lighting. 
Wearing a white t-shirt. No body language, showing only 
the face, head oriented at the front, and staring at the 
camera. Plain grey background.” 

emotion word + 
facial actions  

Concentration 
(7) 

“ A realistic photo of a [age] [ethnicity] [gender] feeling 
very concentrated, clearly paying attention to something 
intently. No body language, face in the middle, head 
oriented at the front, and staring at the camera. Plain 
grey background, wearing a white t-shirt No body 
language, face in the middle, head oriented at the front, . 
Plain grey background, wearing a white t-shirt” 

emotion word + 
emotion story 

Confusion (7) “Create a hyper-realistic image of a [age] [ethnicity] 
[gender] showing a confused expression with slightly 
opened mouth. Detailed skin texture and natural lighting. 
No body language, showing only the face, head oriented 
at the front, and staring at the camera. Plain grey 
background, he is wearing a white t-shirt.” 

emotion word + 
facial actions  

Contemplation 
(7) 

“A realistic photo of a [age] [ethnicity] [gender] expressing 
the emotion contemplation, he is pondering life. No 
body language, face in the middle, head oriented at the 
front, and staring at the camera. Plain grey background, 
wearing a white t-shirt” 

emotion word + 
emotion story 
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Contempt (8) “Create a hyper-realistic photo of a [age] [ethnicity] 
[gender] expressing contempt. Detailed skin texture and 
natural lighting. No body language, showing only the 
face, head oriented at the front, and staring at the 
camera. Plain grey background, wearing a white T-shirt.” 

emotion word  

Contentment 
(9) 

“A realistic photo of a [age] [ethnicity] [gender] 
experiencing a feeling of well-being and delight. His 
whole face and head in the middle. Plain grey 
background (leave some blank space around). He is 
wearing a white t-shirt. No body language, head oriented 
at the front, and staring at the camera.” 

Synonym of 
emotion word 

Disappointment 
(9) 

“Create a hyper-realistic image of a [age] [ethnicity] 
[gender] showing expression disappointment. Eyebrows 
slightly furrowed, lips pressed, eyes looking sideways. 
Detailed skin texture and natural lighting. Wearing a 
white t-shirt. No body language, showing only the face, 
head oriented at the front, and staring at the camera. 
Plain grey background.” 

emotion word + 
facial actions  

Disgust (2) “A realistic photo of a [age] [ethnicity] [gender] feeling 
disgusted. No body language, face in the middle, head 
oriented at the front, and staring at the camera. Plain 
grey background, wearing a white t-shirt” 

emotion word 

Doubt (10) “Create a hyper-realistic image of a [age] [ethnicity] 
[gender] showing a doubtful expression with pressed 
lips. Detailed skin texture and natural lighting. No body 
language, showing only the face, head oriented at the 
front, and staring at the camera. Plain grey background, 
he is wearing a white t-shirt.” 

emotion word + 
facial actions  

Embarrassment 
(1) 

“A realistic photo of a [age] [ethnicity] [gender] caught 
embarrassed and blushing in a social gaffe. Her whole 
face and head in the middle. Plain grey background 
(leave some blank space around). She is wearing a white 
t-shirt. No body language, head oriented at the front, and 
staring at the camera.” 

emotion word + 
facial action + 
emotion story 

Fear (2) “Create a hyper-realistic image of a [age] [ethnicity] 
[gender] showing expression fear. Wearing a white t-
shirt. Detailed skin texture and natural lighting. No body 
language, showing only the face, head oriented at the 
front, and staring at the camera. Plain grey background, 

emotion word  

Interest (11) “Create a hyper-realistic image of a [age] [ethnicity] 
[gender] showing expression interest. His eyebrows 
pulled straight up, eyes open wide, he has a small smile, 
his head tilts forward,. Detailed skin texture and natural 
lighting. No body language, showing only the face, head 
oriented at the front, and staring at the camera. Plain 
grey background, he is wearing a white t-shirt.” 

emotion word + 
facial action  
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Joy (2) “A realistic photo of a [age] [ethnicity] [gender] expressing 
emotion joy, she is very happy at something unexpected. 
No body language, showing only the face, head oriented 
at the front, and staring at the camera. Plain grey 
background, wearing a white t-shirt”” 

emotion word + 
emotion story 

Pain (12) “Create a hyper-realistic image of a [age] [ethnicity] 
[gender] showing a painful expression. Her eyes closed 
tightly, her lips tighten and pressed. Detailed skin texture 
and natural lighting. No body language, showing only the 
face, head oriented at the front, and staring at the 
camera. Plain grey background, he is wearing a white t-
shirt.”” 

emotion word + 
facial action  

Pride (13) “Create a hyper-realistic image of a [age] [ethnicity] 
[gender] showing pride. His head holds high, jaw thrusts 
out, he has a small smile, lip pressed. Detailed skin 
texture and natural lighting. No body language, showing 
only the face, head oriented at the front, and staring at 
the camera. Plain grey background, wearing a white t-
shirt.” 

emotion word + 
facial action  

Sadness (2) “A realistic photo of a [age] [ethnicity] [gender] showing a 
sad face when hearing an old friend's death. her whole 
face and head in the middle. Plain grey background 
(leave some blank space around). she is wearing a white 
t-shirt. No body language, face in the middle, head 
oriented at the front, and staring at the camera.” 

emotion word + 
emotion story 

Surprise (2) “A realistic photo of a [age] [ethnicity] [gender] showing a 
surprised face when hearing something she didn't 
expect. her whole face and head in the middle. Plain grey 
background (leave some blank space around). she is 
wearing a white t-shirt. No body language, face in the 
middle, head oriented at the front, and staring at the 
camera.” 

emotion word + 
emotion story 
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Table S5 Demographics of participants  

 
Study 1 Study 2a Study 2b^ Study 3* 

Number 500 1010 741 116 

Ethnicity (%)         

White 57.8 44.5 50.5 17.0 

Black/African American 5.8 22.3 21.5 16.1 

Latino/Hispanic⁰ 3.4 15.4 13.2 - 

Asian° 20.0 17.9 14.8 56.2 

Other / not reported 0.0 0.0 0.0 10.7 

Age         

Mean (SD) 34.0 (9.4) 36.7 (9.1) 37.6 (9.1) 25.4 (4.5) 

18-29 (%) 41.8 26.4 23.6 83.6 

30-39 (%) 32.6 36.6 35.2 16.4 

40-59 (%) 25.2 36.9 41.2 - 

60-74( %) 0.4 - - - 

Female (%) 49 50 50 43 

Full-time workers (%) 46 91 100 - 

Country US US US UK 

Note. ^Study 2b is a subset of study 2a. *This is the sample of managers in Study 3. The full 

experiment contained 555 participants. °This includes ‘Asian British’; ⁰In Study 3, which was done 

in the UK, this was not an option. 
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PAGE (short and long versions), RMET, and surveys 

Construction of the short PAGE 

To construct the short version of PAGE, we ranked items by their correlation with the total test 

score, selecting higher-ranking items while ensuring facial diversity. We balanced gender (8 male, 

8 female), age (20-60 years), and ethnicity (six categories), and included both basic and complex 

emotions. The resulting 16-item version PAGE takes only 4 minutes to complete, offering a more 

practical option for time-constrained experiments. Items included in the short version are: 2, 5, 8, 

9, 10, 12, 16, 18, 20, 23, 24, 26, 27, 29, 30, 34. 

 

 

PAGE task instructions 
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PAGE items 1 – 35 

 

 

 

 

 



 

 

43 
 

 

 

 

 



 

 

44 
 

 

 

 

 



 

 

45 
 

 

 

 



 

 

46 
 

 

 

 

 



 

 

47 
 

 

 

 



 

 

48 
 

 

 

 



 

 

49 
 

 

 

 

 



 

 

50 
 

 

 

 



 

 

51 
 

 

 

 



 

 

52 
 

 

 

 

 



 

 

53 
 

 

 

 



 

 

54 
 

 

 

 



 

 

55 
 

 

 

 

 



 

 

56 
 

 

 

 

 



 

 

57 
 

 

 

 



 

 

58 
 

 

 

 

  



 

 

59 
 

RMET Task instructions 
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RMET items 1 – 36 
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Big 5 inventory in Study 3 (14) 

 

Here are a number of personality traits that may or may not apply to you. 

Please write a number next to each statement to indicate the extent to which you agree or 

disagree with that statement. You should rate the extent to which the pair of traits applies to you, 

even if one characteristic applies more strongly than the other. 

 

1 – Disagree strongly 

2 – Disagree moderately 

3 – Disagree a little 

4 – Neither agree or disagree 

5 – Agree a little 

6 – Agree moderately 

7 – Agree strongly 

 

I see myself as: 

1. Extraverted, enthusiastic. 

2. Critical, quarrelsome. 

3. Dependable, self-disciplined. 

4. Anxious, easily upset. 

5. Open to new experiences, complex. 

6. Reserved, quiet. 

7. Sympathetic, warm. 

8. Disorganized, careless. 

9. Calm, emotionally stable. 

10. Conventional, uncreative. 
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Demographic questionnaire for Study 3 

 

Note: for a full description of Study 3 materials, please see (15) 
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