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Abstract
The Reading the Mind in the Eyes Test (RMET) is used to measure high-level Theory
of Mind. RMET consists of images of the regions surrounding the eyes and a glossary of
terms that defines words associated with the gazes depicted in the images. People must
identify the meaning associated with each gaze and can consult the glossary as they
respond. The results indicate that typically developed adults perform better than adults
with neurodevelopmental disorders. However, the evidence regarding the validity and
reliability of the test is contradictory. This study evaluated the effect of the glossary on
the performance, internal consistency, and temporal stability of the test. A total of 89
undergraduate students were randomly assigned to three conditions. The first group
used the original glossary (Ori-G). The second group developed a self-generated glossary
of gazes (Self-G). Finally, the third group developed a glossary that did not define gazes,
but unrelated words instead (No-G). The test was administered before and after
participants drew a randomly assigned image as a secondary task. The findings show
that the number of correct answers was similar among the three conditions before and
after the secondary task. However, the Self-G and No-G groups took less time to finish
the test. The type of glossary affected the consistency and stability of the test. In our
case, the Self-G condition made the responses faster, more consistent, and more stable.
The results are discussed in terms of levels of processing and the detection of mental
states based on gazes.

Introduction

1

Theory of Mind (ToM) is the ability of human beings, as well as some primates, to
attribute, understand and interpret our own or other people’s mental states, thoughts,
beliefs, desires, and intentions [1, 2]. The study of ToM has been important in
understanding individual differences in social adaptability, which is diminished in people
with certain developmental and psychiatric disorders [3, 4].
The ToM is fully developed in people with typical development after around 5 years
of age [5]. That means that most adults with normal development should exhibit a
well-developed ToM, especially when they do not have deficits in cognitive functions.
A way of measuring ToM in people with high-level cognitive functions is by assessing
their ability to capture the mental and emotional state of others by observing their gaze.
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Baron-Cohen and collaborators created the Reading the Mind in the Eyes Test (RMET)
due to the need for an appropriate test to detect variability in the ToM ability among
adults with typical development [2, 6]. The instrument consists of 36 photographs
showing the gaze of men and women expressing a feeling or thought. Each photograph
has four possible answers that appear on the screen. People must choose the most
appropriate one.
RMET is considered a more advanced test as it values the complex emotional
aspects that arise in social interactions, in addition to the fact that the subject must
evaluate another person’s point of view based on an aspect of their face such as the
regions that surround the eyes [2]. However, since intentions must be interpreted from
what facial expressions reflect, this test could be considered to measure emotion
recognition rather than mental state or intentionality [7].
The RMET has been able to capture differences in ToM capacity between men and
women, where women score higher [2, 6, 8–10]. This test has also been able to find
differences between clinical populations and control groups [9, 11–13]. However, the
RMET does not work well when discriminating between individuals with average
Theory of Mind skills and those with high skills, as most items have poor discrimination
capacity [14].
In some studies, the RMET seems to be reliable in its temporal stability [10, 15–17].
However, some studies have carried out reliability reviews and obtained varied results
regarding their internal consistency. The average internal consistency of the studies
reviewed is 0.64 ± 0.12. Taking into account all the calculation methods used
(Cronbach’s Alpha, Split-Half, KR20, Ordinal Cronbach’s Alpha, Ordinal Omega,
Maximal Weighted Internal Consistency Reliability for the Unidimensional Model), the
values fluctuate between a minimum of .37 and a maximum of .77 [8, 10, 14, 17–29].
Müller and Gmünder [24] point out that tests with dichotomous scores usually have
lower alpha coefficients than those using Likert scales. However, this does not explain
why there is such variability in the internal consistency reported by the prior studies.
The RMET has also reported differences in the average scores obtained by the
aforementioned studies. The variability in scores could be explained by verbal IQ level,
which contributes significantly to the performance variation in the test [30, 31].
Considering the importance of the subjects’ level of verbal processing on test variability,
we believe that the use of the glossary of terms deserves to be studied. Experimental
manipulations in which the participants carried out in-depth processing has enabled
better performance in terms of accuracy and speed, that is, better retrieval of learned
information with less material forgotten [32, 33]. We wonder whether the experimental
manipulation of this glossary leads to differences in people’s performance, internal
consistency and the temporal stability of the RMET. Therefore, we propose generating
two processing conditions that affect the participant’s performance and test reliability
(stability and internal consistency). To that end, we introduced variations in the
glossary as follows: In one condition, the participant had to generate a list of synonyms
or definitions for the words of the original glossary with their own terms that they
collected on the Internet, as a Self-Generated Glossary (Self-G). In the second condition,
the participant did not have a glossary of words related to the gazes (No-G), although
they generated a glossary of neutral words that referred to different meanings. Finally
in the third condition participants had to read and learn the definitions of the original
glossary (Ori-G). We expected people’s performance to be better and more consistent
when they had to craft their own glossary of terms than when they read the glossary of
the original test (Ori-G). Finally, we hypothesized that Self-G and Ori-G conditions
would have better performance, greater internal consistency, and more temporal
stability than the condition in which the participant had no glossary available (No-G).
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Materials and methods

63

Participants

64

A total of 89 undergraduate students (21 men and 68 women) participated, with ages
ranging from 18 to 29 years old (M = 21.34, SD = 2.01). The participants were divided
into the following groups: Ori-G (N = 30), Self-G (N = 29), and No-G (N = 30). All
participants were presented with informed consent before conducting the experiment
validated by the University of Talca’s Ethics Committee (FONDECYT 1161533).

Materials and Procedure
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We used Baron-Cohen et al. “Reading the Mind in the Eyes Test” [2] adapted to the
Spanish language by Serrano and Allegri [34]. This test contains 37 images (one for
practice and thirty-six for evaluation), which only show the regions that surround the
eyes. For each of the images, participants see four possible answer options, from which
they must choose only one. Participants also have a glossary containing the words that
appear next to the images, so that participants can consult it as many times as they
want if they have doubts regarding the meaning of the words.
The experiment was divided into four phases. The first phase varied according to
each condition and was 25 minutes long. In the Ori-G condition, participants reviewed
the list of words and definitions included in the RMET. In the Self-G condition,
participants read the original list of words; but they had to create at least one synonym
for each word and one sentence for each synonym. Both groups were allowed to revisit
the glossary during the experiment. In the No-G condition, participants read a list of
words unrelated to the terms in the test and they had to create at least one synonym for
each word and one sentence for each synonym. They were not allowed to revisit the
glossary during the experiment.
In phase two, participants answered the Reading the Mind in the Eyes Test that had
been set up on a computer with E-prime 3.0 software. This program displayed the
instructions and the sample image. The program then randomly showed the 36 images
that constitute the RMET, recording the response and the total time the person used to
respond to each image. The instructions were as follows:
“In the next task, on the computer screen, a series of images will appear which
correspond to the regions that surround the eyes of different people. For each image,
select the word that best describes what the person in the picture thinks or feels by
pressing the corresponding number on the numeric keypad. It may seem to you that
more than one word is applicable to an image, but please choose only one word, the word
that you consider as the most appropriate. Before making your choice, make sure you
have read all 4 words. You should try to perform this task as quickly as possible.” For
the Ori-G and Self-G conditions, the following statement appeared: “If you really don’t
know the meaning of a word, you can look it up in the glossary.” Thus, participants in
the Ori-G and Self-G conditions could use the glossary of words during the test. For the
No-G condition, the following statement appears: “If you really don’t know the meaning
of a word, you should try to guess which one might be right.”
In phase three, participants performed a secondary task, which consisted of drawing
a randomly assigned image (car, train, boat, plane, or bicycle). Participants had three
minutes to complete the drawing. Finally, in phase four, the Reading the Mind in the
Eyes Test was applied again, using the same method as the first application.
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Analysis

108

We calculated the internal consistency for the entire test and all three conditions using
Cronbach’s Alpha and the Kuder–Richardson 20 (KR-20) formula, which is a special
case of Cronbach’s Alpha used for calculating dichotomous items. To assess the
temporal stability of the test, we calculated the Spearman-Brown coefficient.
Additionally, we evaluated the consistency between the test and retest with the
interclass correlation coefficient using the average fixed raters (ICC3k). The ICC is a
measure that evaluates the reproducibility of repeated measurements in the same
population. Scores equal to or greater than .60 are considered acceptable for clinical use
[35]. In addition to the ICC, the distribution of score differences were analyzed with
Bland-Altman plots.
To assess whether there were differences between the three conditions and between
the test and the retest, we performed a mixed ANOVA with a 3x2 design with the
averages of correct answers and the averages of the total test time.
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Results
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Reliability

123

The internal consistency of the test was low for the three conditions (Cronbach’s α <
.70) and for the total test (Cronbach’s α test = .29, Cronbach’s α retest = .51), both in
the test and in the retest. The test under the Self-G condition obtained greater internal
consistency, while the test with the Ori-G obtained the lowest consistency in both the
test and the retest. KR-20 was also calculated, but no changes in trends were observed
when compared to Cronbach’s Alpha.
The correlation between the test and the retest using the Spearman-Brown
coefficient was significant and moderate (.60). When evaluating by condition, we found
significant and moderate correlations in the Ori-G (.62) and Self-G (.63) conditions. In
the No-G condition, the test-retest correlation was not significant. When evaluating the
consistency between test and retest responses with the intraclass correlation coefficient
(95% Confidence Interval -CI-), a moderate level of consistency was observed throughout
the entire test (ICC = .60, CI: .38-.73). The tests with the Original Glossary (ICC =
.63, CI: .22-.83) and with the Self-Generated Glossary (ICC = .61, CI: .19-.82) obtained
a moderate level of consistency. The No Glossary test obtained a low level of
consistency (ICC = .48, CI: .09-.75). Table 1 summarizes the calculated analyses.
Table 1. Internal consistency and test-retest reliability for each condition
and the total number of participants using different analyses
Cronbach’s Alpha
KR-20
SpearmanTest
Retest
Test Retest
Brown
Original Glossary (Ori-G)
.03
.38
.06
.40
.62*
Self-Generated Glossary (Self-G) .46
.60
.48
.61
.63*
No Glossary (No-G)
.23
.48
.26
.50
.48
Total
.29
.51
.30
.52
.60*
* p < 0.05 for Spearman-Brown
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ICC
.63
.61
.48
.60

Additionally, to explore the test-retest reliability, Bland-Altman plots were created
for the raw data (Fig 1, Panel A) and for the data transformed to logarithms, because
these scores did not meet a normal distribution (Fig 1, Panel B). The entire sample was
used in the analysis (n = 89). The average differences were .57 (SD = 3.74) for the raw
data and -1.79 (SD = .15) for the data transformed to logarithms. Only two of the 89
points were outside the upper limit of the confidence interval (95%), while the rest were
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within its limits. High variability in score differences was observed, but the plot with
the logarithmic transformation showed that the differences in scores tended to decrease
when the average test scores increased.
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FIG 1. APPROXIMATELY HERE
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Fig 1. Bland-Altman plot of the differences between test and retest scores.
Panel A: Raw scores Panel B: Scores transformed to base 10 logarithms.

Analysis of average correct answers and average test time

157
158

159

A 3-by-2 mixed ANOVA was implemented with the average number of correct answers.
The intra-subject factor consisted of the two times that the test was administered (test
and retest), and the inter-subject factor consisted of the three conditions (Original
Glossary, Self-Generated Glossary, and No Glossary). There were no significant
differences between the three experimental conditions, F (2, 86) = 2.28, p = .11. In
addition, there were no differences between the times the test was administered (Test:
M = 25.0, SD = 3.1, Retest: M = 24.4, SD = 3.8), F (1, 86) = 2.07, p = .15; or the
interactions between the instances when the test was administered and the experimental
condition, F (2, 86) = .13, p = .88.
The same 3-by-2 mixed ANOVA was implemented with the average time per
stimulus. Significant differences between the conditions were found, F (2, 86) = 11.93, p
< .001, ηp2 = .22. The Self-G (M = 214 s) and No-G (M = 217 s) conditions did not
differ between one another (p = .85). However, the Ori-G condition (M = 282 s) took
significantly longer than the other two conditions (ps < .001). Differences were also
found between the instances when the test was administered. Regardless of the
experimental condition, during the first application of the test, participants took longer
(M = 269 s) than in the retest (M = 207 s), F (1, 86) = 125.87, p < .001, ηp2 = .59.
Finally, there was a significant interaction between the conditions and the instances,
F (2, 86) = 5.89, p = .004, ηp2 = .12. As shown in Fig 2 (Panel B), the time difference
between the test and the retest in the Ori-G condition was much greater, F (1, 86) =
83.91, p < .001, ηp2 = .49, than in the Self-G, F (1, 86) = 34.74, p < .001, ηp2 = .29; and
the No-G conditions, F (1, 86) = 19.26, p < .001, ηp2 = .18.
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FIG 2. APPROXIMATELY HERE
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Fig 2. Averages and Standard errors for the average number of correct
answers (Panel A) and time taken to complete the test by condition and
study phase (Panel B).
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Discussion

193

The purpose of this research was to determine how the glossary of terms affected the
subject’s performance, the temporal stability, and the internal consistency of the
Reading the Mind in the Eyes Test. To corroborate this question, we used an
experimental manipulation where we generated three different glossary conditions
(Original, Self-Generated, and No Glossary). In our study, internal consistency was low,
both in the test and in the retest, for all three conditions. These results were similar to
those obtained in other studies [17, 20, 24, 28]. In our literature review, we also found
broad variability in internal consistency. Comparatively, our study presented the lowest
Cronbach’s α value of the studies reviewed. Also, even though internal consistency
increased in the retest phase, it remained low, considering that a Cronbach’s α equal to
or greater than .70 is considered adequate [36].
When exploring the internal consistency in each condition, we found that the Ori-G
condition had less internal consistency than the other two conditions in which
participants created their own glossary (Self-G) and even in the condition in which they
did not have a glossary at all (No-G). This trend was observed both the first and second
time the test was administered. As shown in Table 1, the Self-G condition was the one
that showed the greatest internal consistency.
Like other authors, we found that the test is reliable in terms of temporal stability
[10, 15–17]. In our study, the interval between the test and retest was three minutes.
Temporal stability did not change between the test administered under the Ori-G and
Self-G conditions. However, the temporal stability of the No-G condition was low.
In short, even though both the Self-G and Ori-G conditions had better levels of
temporal stability than the No-G condition, the Self-G condition had better levels of
internal consistency in both the test and the retest than the Ori-G condition. Therefore,
the reliability of the Self-G condition was better than that of the other two conditions in
this study.
Preti, Vellante, and Petretto [29] proposed that low reliability reports are due to
calculations that violate some assumptions, such as continuity. Hence, they would show
inadequate results for a scale with dichotomous responses, such as the RMET. This
statement has been refuted by Chalmers [37], who pointed out errors regarding the
calculation of reliability and the use of the Ordinal Alpha suggested by Preti, Vellante,
and Petretto [29]. Chalmers [37] stated that if the response stimuli are not ordinal, as
on a Likert scale, then the Ordinal Alpha is likely inappropriate and should not be used.
While tests with dichotomous response items usually have low reliability compared to
Likert-type response tests [24], this would not explain the high variability observed
with RMET in terms of internal consistency found in various studies, ours among them.
As for the performance of the participants in all three conditions, our average scores
were similar to those usually found in the literature. From a sample of twelve studies,
our total scores were located between the minimum (M=22.8) and maximum (M=28.4)
ranges, and close to the average (M=26.5, SD=1.8) [2, 8, 14, 19, 38–45]. In addition,
our study found no significant differences in test and retest scores between the three
experimental conditions. Considering that the type of glossary, as well as its presence or
absence, did not affect the total number of correct answers, it is apparent that the use
of the original glossary or the self-generated glossary did not improve the performance
of the participants.
However, participants took less time in the retest than in the test, which can be
considered a measure of how well they learned to respond. When exploring the
differences by experimental condition, we found that those who built their own glossary
and those who did not have a glossary took significantly less time to respond than those
in the original glossary condition, both in the test and retest. Since the number of
correct answers was similar among the three conditions, our results indicate that it
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would be better if subjects built their own glossary or didn’t use a glossary at all,
considering that participants who used the original glossary took longer to complete the
test, yet did no better at responding than the other two conditions.
Our interpretation of the findings is that the condition of creating a Self-Generated
Glossary leads to a higher level of processing in the participants [32, 33]. This higher
level does not improve participants’ performance, but it improves their velocity and the
test’s consistency and stability. This processing gives coherence and stability to the
meanings and allows them to be recalled faster. The subjects who were exposed to the
original glossary were also able to carry out a level of processing since they reviewed
and read the words and meanings in the glossary. However, their level of processing was
not very deep because the meanings were learned passively and were not self-generated.
Taking into account the overall results, we suggest the use of the self-generated
glossary as an alternative to the original glossary or the absence of a glossary because it
achieved greater internal consistency, greater temporal stability, and resulted in a
similar number of correct responses compared to the other two conditions. In addition,
participants took less time to answer the RMET than those using the original glossary.
The absence of glossary did not affect the number of correct answers, although the
participants in this condition took the same amount of time to finish the test as those
using a self-generated glossary. The problem with this alternative is that while the
responses achieved a better level of consistency than the original glossary condition, this
procedure had less temporal stability.
One question we have is why our manipulation did not affect the number of correct
answers. It is assumed that the RMET measures the ability of participants to match a
word with a certain gaze; regulated by meaning-processing mechanisms. However, we
propose that the RMET measures a group of abilities that operate independently from
each other; related to matching certain gazes with emotions and mental states that the
person has learned in the course of his or her social development. Thus, our
experimental manipulation, which focused on semantic processing, would affect the
temporal stability and consistency of responses, but would not improve the ability to
associate a word with a specific gaze.
We recommend interpreting our results of comparisons among experimental
conditions with caution, as the reliability obtained was low. While in some cases the
reliability of the test was close to satisfactory, the high variability found in different
studies remains to be explained. In this regard, we propose using our method of asking
participants to build their own glossary. We also recommend exploring the temporal
stability of the test with our method using longer time intervals.
We consider that the results obtained in our study are paradoxical. In a strict sense,
the test was not consistent even though it was stable. Since the test itself is unreliable,
it doesn’t make much sense to evaluate its validity. The scores of our participants,
which were quite close to those of adults with normal development, showed no difference
among the three experimental conditions, nor between the two instances in which the
RMET was applied. We still cannot specify what the test measures. However, we know
—based on the levels of stability and consistency— that RMET is sensitive to the
experimental manipulations that we carried out.
Finally, we believe it is important to consider that the lack of significant differences
in average scores between glossary methods may be because the instrument is not good
at detecting differences between individuals with average Theory of Mind ability and a
high level of cognitive functioning (Black, 2019).
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Conclusion

293

The Reading the Mind in the Eyes Test has shown a great ability to differentiate
between people with typical development and people with neurocognitive problems.
However, some authors have questioned the validity of the test, pointing out that it
does not necessarily measure a high ability to detect mental states, mainly because its
internal consistency has had broad variability. Our findings indicate that the test has
low levels of internal consistency and that the glossary is a potential source of
variability. In our case, the higher level of processing we generated experimentally under
the Self-Generated Glossary condition did not improve the scores, but made the
responses faster, more consistent, and stable.

Acknowledgments

295
296
297
298
299
300
301
302

303

The authors thank Karen Norambuena for her collaboration during the experiments.
This research has been funded by the Comisión Nacional de Investigación Cientı́fica y
Tecnológica (CONICYT) of the Science, Technology, Knowledge and Innovation
Ministry (ANID) under Research Grants REDES-170155 and PCI-PAI80160101 by the
Fondo Nacional de Desarrollo Cientı́fico y Tecnológico de Chile (FONDECYT) under
Research Grant # 1161533, and by the Programa de Investigación Asociativa (PIA) en
Ciencias Cognitivas de la Universidad de Talca.

References
1. Premack D, Woodruff G. Does the chimpazee have a theory of mind? Behavioral
and Brain Sciences. 1978;4:515–526. doi:10.1017/S0140525X00076512.
2. Baron-Cohen S, Wheelwright S, Hill J, Raste Y, Plumb I. The “Reading the
Mind in the Eyes” Test Revised Version: A Study with Normal Adults, and
Adults with Asperger Syndrome or High-functioning Autism. Journal of Child
Psychology and Psychiatry. 2001;42(2):241–251. doi:10.1111/1469-7610.00715.
3. Baron-Cohen S, Leslie AM, Frith U. Does the autistic child have a “theory of
mind”? Cognition. 1985;21:37–46. doi:10.1016/0010-0277(85)90022-8.
4. Corcoran R, Mercer G, Frith CD. Schizophrenia, symptomatology and social
inference: Investigating ”theory of mind” in people with schizophrenia.
Schizophrenia Research. 1995;17(1):5–13. doi:10.1016/0920-9964(95)00024-G.
5. Frith C, Frith U. Theory of mind. Current Biology. 2005;15(17):644–645.
doi:10.4324/9781315105406-3.
6. Baron-Cohen S, Jolliffe T, Mortimore C, Robertson M. Another advanced test of
theory of mind: Evidence from very high functioning adults with autism or
Asperger syndrome. Journal of Child Psychology and Psychiatry and Allied
Disciplines. 1997;38(7):813–822. doi:10.1111/j.1469-7610.1997.tb01599.x.
7. Oakley BFM, Brewer R, Bird G, Catmur C. Theory of mind is not theory of
emotion: A cautionary note on the reading the mind in the eyes test. Journal of
Abnormal Psychology. 2016;125(6):818–823. doi:10.1037/abn0000182.
8. Vellante M, Baron-Cohen S, Melis M, Marrone M, Petretto DR, Masala C, et al.
The ”reading the Mind in the Eyes” test: Systematic review of psychometric
properties and a validation study in Italy. Cognitive Neuropsychiatry.
2013;18(4):326–354. doi:10.1080/13546805.2012.721728.

March 21, 2020

294

8/11

304
305
306
307
308
309
310

bioRxiv preprint doi: https://doi.org/10.1101/2020.03.25.007575; this version posted March 25, 2020. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY 4.0 International license.

9. Baron-Cohen S, Bowen DC, Holt RJ, Allison C, Auyeung B, Lombardo MV, et al.
The ”reading the mind in the eyes” test: Complete absence of typical sex
difference in 400 men and women with autism. PLoS ONE. 2015;10(8):1–17.
doi:10.1371/journal.pone.0136521.
10. Jankowiak-Siuda K, Simon BC, Bialaszek W, Dopierala A, Kozlowska A,
Rymarczyk K. Psychometric evaluation of the ’reading the mind in the eyes’ test
with samples of different ages from a polish population. Studia Psychologica.
2016;58(1):18–31. doi:10.21909/sp.2016.01.704.
11. Havet-Thomassin V, Allain P, Etcharry-Bouyx F, Le Gall D. What about theory
of mind after severe brain injury? Brain Injury. 2006;20(1):83–91.
doi:10.1080/02699050500340655.
12. guang Wang Y, qiang Wang Y, lin Chen S, yan Zhu C, Wang K. Theory of mind
disability in major depression with or without psychotic symptoms: A
componential view. Psychiatry Research. 2008;161(2):153–161.
doi:10.1016/j.psychres.2007.07.018.
13. Holt RJ, Chura LR, Lai MC, Suckling J, Von Dem Hagen E, Calder AJ, et al.
’Reading the Mind in the Eyes’: An fMRI study of adolescents with autism and
their siblings. Psychological Medicine. 2014;44(15):3215–3227.
doi:10.1017/S0033291714000233.
14. Black JE. An IRT Analysis of the Reading the Mind in the Eyes Test. Journal of
Personality Assessment. 2019;101(4):425–433.
doi:10.1080/00223891.2018.1447946.
15. Fernández-Abascal EG, Cabello R, Fernández-Berrocal P, Baron-Cohen S.
Test-retest reliability of the ’Reading the Mind in the Eyes’ test: A one-year
follow-up study. Molecular Autism. 2013;4(1). doi:10.1186/2040-2392-4-33.
16. Pfaltz MC, Mcaleese S, Saladin A, Meyer AH, Stoecklin M, Opwis K, et al. The
Reading the Mind in the Eyes Test: Test- retest Reliability and Preliminary
Rsychometric Rroperties of the German Version. International Journal of
Advances in Psychology. 2013;2(1).
17. Khorashad BS, Baron-Cohen S, Roshan GM, Kazemian M, Khazai L, Aghili Z,
et al. The “Reading the Mind in the Eyes” Test: Investigation of Psychometric
Properties and Test–Retest Reliability of the Persian Version. Journal of Autism
and Developmental Disorders. 2015;45(9):2651–2666.
doi:10.1007/s10803-015-2427-4.
18. Serafin M, Surian L. Il Test degli Occhi: uno strumento per valutare la ”teoria
della mente”. Giornale italiano di psicologia. 2004;31(4):839–862.
doi:10.1421/18849.
19. Voracek M, Dressler SG. Lack of correlation between digit ratio (2D:4D) and
Baron-Cohen’s ”Reading the Mind in the Eyes” test, empathy, systemising, and
autism-spectrum quotients in a general population sample. Personality and
Individual Differences. 2006;41(8):1481–1491. doi:10.1016/j.paid.2006.06.009.
20. Harkness KL, Jacobson JA, Duong D, Sabbagh MA. Mental state decoding in
past major depression: Effect of sad versus happy mood induction. Cognition and
Emotion. 2010;24(3):497–513. doi:10.1080/02699930902750249.

March 21, 2020

9/11

bioRxiv preprint doi: https://doi.org/10.1101/2020.03.25.007575; this version posted March 25, 2020. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY 4.0 International license.

21. Dehning S, Girma E, Gasperi S, Meyer S, Tesfaye M, Siebeck M. Comparative
cross-sectional study of empathy among first year and final year medical students
in Jimma University, Ethiopia: Steady state of the heart and opening of the eyes.
BMC Medical Education. 2012;12(1). doi:10.1186/1472-6920-12-34.
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