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Neurophysiological markers
of emotion regulation predict
efficacy of entrepreneurship
education
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Recent evidence shows that programs targeting the socio-emotional dimensions of
entrepreneurship—e.g., resilience, personal initiative, and empathy—are more highly correlated with
success along with key business metrics, such as sales and survival, than programs with a narrow,
technical bent—e.g., accounting and finance. We argue that programs designed to foster socio-
emotional skills are effective in improving entrepreneurship outcomes because they improve the
students’ ability to regulate their emotions. They enhance the individuals’ disposition to make more
measured, rational decisions. We test this hypothesis studying a randomized controlled trial (RCT, RCT
ID: AEARCTR-0000916) of an entrepreneurship program in Chile. We combine administrative data,
surveys, and neuro-psychological data from lab-in-the-field measurements. A key methodological
contribution of this study is the use of the electroencephalogram (EEG) to quantify the impact of
emotional responses. We find that the program has a positive and significant impact on educational
outcomes and, in line with the findings of other studies in the literature, we find no impact on self-
reported measures of socio-emotional skills (e.g., grit and locus of control) and creativity. Our novel
insight comes from the finding that the program has a significant impact on neurophysiological
markers, decreasing arousal (a proxy of alertness), valence (a proxy for withdrawal from or
approachability to an event or stimuli), and neuro-psychological changes to negative stimuli.

The literature on behavioral economics claims that even minor emotional manipulations have a substantial
impact on behaviors, decision-making, and economic outcomes'~’”. Daniel Kahneman’s theory about human
thinking holds that individuals possess two main systems: System 1, which is fast, instinctive, and emotional,
and System 2, which is slow, deliberative, and logicals. In Kahneman’s view, emotion regulation drives people
to behave based more on System 2 than on System 1, thus enabling them to identify and pursue more optimal
outcomes for themselves and others. While definitions of the terms emotion regulation, responsiveness, and
emotional self-regulation, may vary, we define emotion regulation as a mixture of cognitive and emotional
processes that shape a mental state—i.e., a disposition to act by directing oneself to consciously affect one’s own
emotional and actual response to given stimuli’.

Recent evidences show that programs targeting the socio-emotional dimensions of entrepreneurship are
more highly correlated with success along key business metrics such as sales, survival, etc., than programs with
a narrow, technical bent'?. However, the literature on entrepreneurship education highlights the lack of well
identified studies outlining the mechanisms behind the observed impact and, in particular, the lack of attention
paid to the role that socio-emotional skills play in entrepreneurship education''~'% There is a vast literature in
economics supporting the notion that socio-emotional skills—e.g., self-confidence, internal locus of control,
and grit—are relevant for success in life along other dimensions such as salaries, occupational choice, etc!522,

However, there is not a strong understanding of the mechanisms by which socio-emotional skills contribute to
these measures of success. Testing for grit and locus of control, both important socio-emotional skills, has proven
inconclusive®>!7**-2 In this paper we instead test the hypothesis that the enhancement of emotion regulation
capacity is the main mechanism through which socio-emotional skills impact outcomes.
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To conduct this research, we leverage a randomized control trial implemented by the non-governmental
organization (NGO) Youth Entrepreneurship in the north of Chile, which provides exogenous variation in
participation in entrepreneurship programs. This NGO worked with a sample of eight schools, four of which
were randomly assigned to an intervention that consisted of semester-long weekly 90-min workshops during
which the students participated in different activities designed to improve their creative, entrepreneurial, and
socio-emotional skills.

To assess emotion regulation of the students in the program we used electroencephalography (EEG) record-
ings, employing methods borrowed from affective neuroscience. A major contribution of this paper is the use of
neuroscientific techniques to quantify emotional regulation in large cohort, shifting the discussion from largely
self-reported measures that form the basis of much of the literature on socio-emotional skills toward more
objective brain-based measurements.

Specifically, we find a significant correlation between emotion regulation biomarkers and educational out-
comes, which supports the fact that emotion regulation is a potential mechanism driving these findings. We also
find that the program affects not only the mean of emotion biomarkers, but also the variance of their distribution.
Overall, this evidence provides support to the claim that changes in students’ emotion regulation capabilities
partially explain the observed impact on educational outcomes.

Materials and methods

The program to foster entrepreneurship. The NGO Youth Entrepreneurship, inspired by the model
of David McClelland?, started a program in Chile to foster ten entrepreneurship and leadership skills through
didactic weekly interventions. This model embraces the principles of “learning by failing, gaming, doing and
rethinking”. McClelland®® tested more than 500 businesses, sports, religious and political leaders of the world
with the intention of understanding which of their competencies meaningfully set them apart from the majority
of people. His research postulated the presence of 30 socio-emotional skills that were relevant in this respect,
10 of which might be developed in the short term. These 10 skills are: (1) searching for opportunity and taking
the initiative; (2) being persistent (gritty); (3) working in support networks; (4) searching for information; (5)
taking calculated risks; (6) complying with work commitments; (7) systematically planning and monitoring;
(8) being persuasive; (9) demanding efficiency and quality; (10) being self-confident. The program targeted
young students, ages 16-18, in four high schools with a particular focus on self- confidence and creativity. The
annual estimated budget of the program was approximately USD$100,000 for all four schools. The fixed cost
(i.e., methodology design, experts, professionals, book design and videos) represented 64% of this figure, while
the variable cost (i.e., books, workshops, monitoring, etc.) accounted for the rest. The estimated cost of the book
was USD$24.

The program targeted young students ages 16-18 who were enrolled in the 12th grade of vocational high
school (the last year of secondary education). The program was accompanied by the development of course mate-
rials, including a high-quality student hardcover textbook and a teacher textbook, the latter of which included
class-by-class guidelines and videos for each activity to be performed. The program also included three pre-
implementation training seminars and pilot/simulated training workshops that took place before the core cur-
riculum was implemented in the teachers’ schools. Importantly, the program’s coaches worked together with
schoolteachers to ensure the intervention was homogeneous across schools, and to generate local capabilities
within each school.

The intervention was designed as follows. The classroom was transformed into a friendly game room. All
school desks were put aside, and the chairs were arranged in a semi-circle to ensure that each student would sit
the same distance from the center. The students were then taught to recognize their own strengths and weaknesses
by acting through games and reflections/deliberations, working in teams under pressure, addressing complex
tasks, and setting their own goals to be achieved through these tasks. Finally, a discussion about the learning
objectives was conducted after each session.

Sample selection. Together with the NGO that implemented the program, we invited eight Technical-
professional (TPE) schools located in the IV Region of Chile. All invited schools wanted to participate in the
program (see SI for more details).

The final sample of our neurophysiological data comprises an unbalanced panel with 296 valid EEG recordings
that we use for the difference-in-difference modeling. In particular, we have 76 (64) and 104 (52) students in the
treatment and control groups at baseline (follow-up), respectively. For the model to estimation of net effect of
entrepreneurship program on the VA space, more students’ data are used (331 total EEG recordings, 85(68) and
110(68) students in the treatment and control groups at baseline (follow-up)), because we don’t need to eliminate
students who miss personal information that is needed for the difference-in-difference model. Considering the
time and complexity involved in collecting these neurophysiological data, especially in an out-of-the-lab setting,
this was an extraordinary number of measures. Indeed, we collected more than 400 student EEG recordings.
Filtering for artifacts and data quality gave us the final sample (see details in the SI). We also obtained admin-
istrative data from the Ministry of Education (MINEDUC) and the DEMRE, which is the institution that has
the information on the SAT-like test that is a requisite to apply to universities in Chile. For MINEDUC we have
1,888 students and for DEMRE 1,296 students considering both treatment and control group. These samples
are considerable larger because comprises all students in all eight schools considered that has public records on
attendance and registration to the SAT-like test, respectively.

Treatment. We define treatment as participation in the entrepreneurship program during the March-June
academic semester in 2015. The intervention took place in the participants’ schools and consisted of weekly
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90-min workshops during that semester. This study was approved by the institutional review board at Columbia
University and written informed consent was obtained from all parents of the participants all participants and/or
their legal guardians before the main experimental sessions. We also confirmed that all research was performed
in accordance with relevant guidelines/regulations and the ethics of the project was binding with local standards
in Chile.

Randomization at the school level.  Of the eight invited schools, we randomly chose four to participate
in the program by simple random sampling without replacement. We collected baseline information from both
the treatment and control schools in February 2015. All 12th grade high school students took part in the inter-
vention in the treatment schools. We also considered 11th grade students attending both treatment and control
schools as an additional comparison group. In the presence of positive spillover effects from the treated, consid-
ering this additional comparison group would only make our results just more conservative. All students attend-
ing 12th grade in the treated schools had to participate in the program as part of regular school obligations. This
limits the concerns about selection bias due to non-random attrition. The mandatory feature also allows us to
estimate average treatment effects, instead of intent to treat estimates.

The team. The personnel for this study, excluding the administrators who helped with the internal logistics,
comprised a small research team consisting of the authors of the study and a small number of research assistants
who were trained by the authors in all the relevant areas of methodology, equipment, and theory.

Portable laboratory. We built a portable laboratory containing seven workstations, each of which con-
sisted of a portable EEG headset (Emotiv Epoc, Emotiv Co.) paired with a high-capacity laptop (Lenovo Think-
Pad). This experimental setting, which had previously been piloted at Columbia University, enabled us to obtain
a proxy measure of our students’ emotion regulation capabilities in a non-lab context (see Fig. 1 in the main
text, Figs. S2 and S5 in the SI). The circumstances of data collection were homogeneous between treatment and
control schools. Thus, it is reasonable to assume that there is no differential noise contamination to the data
between treatment and control groups (e.g., external noise, time of the day, breakfast content, room lighting). We
set up our portable labs in empty classrooms using white curtains to prevent direct external light in order to keep
the contrast level as similar as possible across schools and students. Additionally, our field experiment was not
conducted at full capacity (on average we have 6 students simultaneously doing the experiment). To mitigate any
potential impact of proximity on the quality of the EEG recording, we instructed the students to use a device and
seating area that was not close to other students who were also doing the experiment (i.e., spread the students
out in the experiment room).

Data collection. We conducted the baseline data collection in early March 2015 (see Fig. 1). We brought
the portable neuro-scientific lab to all eight schools during this time. Then, the intervention (entrepreneurship
program) started in mid-March 2015. The follow-up data collection happened when the first semester ended, or
second semester started (June or August of the same year). Thus, treatment effects correspond to participation
in the entrepreneurship program during one academic semester. We collected data on socio-emotional, creative,
and cognitive abilities, as well as neurophysiological measurements. Most of the measurements took place in the
morning during class. Since the field experiment was conducted in the same way across all schools, and the class
schedules were very similar, we can assume that the data were collected around the same time in all schools,
and thus similarly on average on the treatment and control groups. Below we explain each of these outcomes in
detail. This study was reviewed and approved by the Institutional Review Board of Columbia University (IRB-
AAAP2363) and written informed consent was obtained from all participants prior to enrollment. Permission
was sought and given by the heads of all involved schools. This randomized control trial (RCT) was registered at
the American Economic Association (AEA, RCT ID: AEARCTR-0000916).

Negative Positive

Sﬁmu}us

Mar, 2015 Jun/Aug, 2015
Baseline Field Experiment Follow-up Field Experiment
+ Battery of Tests + Battery of Tests

Feb, 2015 Mid-March, 2015
Randomization of Entrepreneurship Program
Entrepreneurship Program Starts

Figure 1. Experiment timeline and experiment paradigm. Four stages are included which are randomized
selection, baseline field experiment, entrepreneurship program, and follow-up experiment, respectively. Entire
experiment starts at February 2015 and ends in August 2015.
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Self-reported socio-emotional skills measures. We collected self-report measures of the qualitative
aspects of participants’ socio-emotional skills. We considered two main tests. First, the Grit Test, developed by
Duckworth et al.”’, measures individual’s perseverance to attain long term goals by asking to grade 12 statements
in a likert-scale. Second, the Internal Locus of Control Test, a psychometric test developed by Julian Rotter?,
that indicates the extent to which individuals believe that life events are under their control, using 20 statements
that have to be graded using a likert-scale.

Creative skills measures. In order to measure creativity, we employ an adaptation to the written version
of the 1976 Torrance Test of Creative Thinking (TTCT)*"’, originally adapted to Chile by Pablo Egana-delSol*'.
We created an instrument to measure four dimensions of creativity: fluency, flexibility, originality, and elabora-
tion (see more details of instrument on the SI).

Cognitive skills measure: Raven’s progressive matrices. We used Progressive Matrices similar to
those created by James Raven®? to measure fluid intelligence.

Neurophysiological measurements and experiments. Over the past decades, emotion-detection
research has employed a variety of physiological measurements and methods, including pupil dilation, heart
rate, and skin conductance for arousal®, and voice and facial manifestations for valence**~*’. However, many
of these measurements can be consciously modified; thus, the signals they produce are not purely objective®.
Therefore, we use EEG recordings, a more plausibly objective instrument to proxy emotion regulation abilities,
which directly affect an individual’s disposition to act’, and which have been suggested as a relevant mechanism
for other educational interventions targeting youths?. A number of authors have stated that EEG recordings can
measure brain activity and predict emotional states and physiological responsiveness, improving both accuracy
and objectiveness in respect to the aforementioned physiological measurements**363%%,

To establish a more rigorous foundation for our research in the domain of objective measurement, we employ
the James-Lange theory of valence and arousal.1*’, which relies on neurophysiological measurements, to accu-
rately capture and codify emotional data.

As illustrated by Fig. 1, our field work was primarily concerned with the collection of three sets of data: (1) a
battery of psychometric tests; (2) resting emotional state (no stimuli) from EEG recordings of field experiment;
(3) emotional responsiveness to both positive and negative stimuli from EEG recordings of field experiment.

The emotional state with no stimuli, also referred as “at resting state” measure, was constructed using EEG
scalp recordings taken while the students watched a black cross in the center of a gray screen for a period of
30 s. We transformed the electrical recordings from the scalp into frequencies (i.e., cycles per second), and then
interpreted the various frequencies, mainly alpha (8-12 Hz) and beta (12-30 Hz), and brain locations to estimate
the students’ emotional states. By only extracting the alpha and beta frequencies, the influence of much noise
is already significantly reduced, because the influence of eye movement or blinking artifacts is most dominant
below 4 Hz, while heart related movements, i.e., Electrocardiogram (ECG), artifacts around 1.2 Hz, and facial
muscle movements, i.e., electromyogram (EMG), artifacts above 30 Hz*"*? (see more detail in the SI). We estimate
emotional arousal and valence indices at resting state using models from emotion-detection theory (see more
detail in the Emotion-detection theory section of SI). As the Positive and Negative Affect Schedule (PANAS) is
self-reported, it experiences issues such as test setting bias*’ and reference bias*'. An alternative can be the use
of neurophysiological methods drawn from affective neuroscience®*!. In particular, arousal is constructed as a
beta-alpha ratio on the pre-frontal cortex, while the left, relative to right (LFA), frontal cortical activity is used
to build valence indices?**!4244-48,

After measuring emotion indices at resting state, we applied a psychometric test that includes the Grit scale,
the locus of control scale, the raven-like progressive matrices, and the creativity test. We measured the par-
ticipants’ emotional responsiveness immediately after the students had finished this test regimen. The experi-
ment consisted of showing an alternating series of five positive and negative images in order to elicit emotional
responses from each participant, which we illustrate in Fig. 1. These reactions were then converted to valence
indices. We explain the technical details in the SI. Our study incorporates an estimate of arousal and three
estimates of valence with regard to the nature or absence of stimuli (displaying stimuli within a virtual reality
environment may be better suited to capture these differences in arousal and valence® but was not a feasible
option for us during the time when we conducted our field experiment). These were: (1) No stimuli, which cap-
tures student’s emotion responsiveness at resting state; (2) Positive Stimuli, which captures the responsiveness to
positive stimuli net of the resting state measure; and (3) Negative Stimuli, which captures the response to negative
stimuli net of the resting state measure. We normalize these indices relative to the mean and standard deviation
of the control group. We then trim the indices at the 2.5 and 97.5 percentiles to avoid a substantial influence of
the outliers of EEG measurement, as is common practice in literature®”>!.

Measured main educational outcomes. (1) Dropout Rates: In order to assess how and to what extent
the program impacted the participants’ educational attainments, we assessed administrative data drawn from
Ministry of Education (MINEDUC) to determine when and whether any students had withdrawn from their
studies at any point in time. This process yielded a dichotomous variable, which took on the value “1” if a student
had dropped out, and “0” if he/she had not. This administrative data was provided by the Ministry of Education
under strict rules of privacy. We were able to collect information about all students enrolled in the eight schools
that participated in the study, which substantially enlarged the usable sample.

(2) PSU Test: The PSU is similar to the SAT in the U.S,; it is optional for students who have completed sec-
ondary education but is required for those applying to university. When combined with the cumulative average
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of secondary education grades, the PSU represents the primary selection criterion for Chilean universities.
In this regard, the PSU has a relative weight of around 70% in the final university application score. The PSU
score is normalized to an average 500 points and a standard deviation of 100 points, with a fixed status ranging
from 150 to 850 points. Apart from assessing whether or not the program would make students more or less
likely to complete their compulsory secondary studies, we also wanted to gauge whether or not it would impact
their desire to pursue further, post-secondary studies after completing high school. The willingness to consider
post-secondary education is an indicator of better aspirations for their future. We therefore consider as a binary
outcome of interest whether or not a student registered for the PSU. The data for this assessment, which were
provided by the Department of Measurements (DEMRE) at the University of Chile, indicated which students
had registered for the PSU.

Statistical modeling. (1) Educational outcomes: We expected the entrepreneurship program to affect cer-
tain educational outcomes, such as registration to the university selection test (i.e., Prueba de Seleccién Uni-
versitaria, PSU) and high school dropout. Both outcomes could be thought as proxies of positive aspirations or
motivation. Administrative data on educational outcomes are only accessible at the end of each academic year.
We estimate a simple Probit model comparing treatment and control groups at the end of the year, which can
be written as:

Y] —a]+ﬂ1><Treat,+9]xGl+ys+aj (1)

where indicates Yl{s educational outcome j of student i enrolled at school s. j represents either PSU registration or

an indicator for whether or not the student dropped out of high school, such that Yl{s = lif a student is observed
to either register for the PSU or drop out at the end of the year. Treat; is a dichotomic variable equal to 1 if the
student is enrolled in the program. G, represent the gender of the student. In the dropout model we were able to

include school fixed effects, represented by /. These control variables were chosen based on the privacy restric-
tions imposed by DEMRE, which manages the PSU information, and MINEDUC, which provides the dropout
data. Given these restrictions, we could only add gender and school information.

(2) Emotional regulation: A key contribution of this study is the use of a novel methodology, EEG recordings
paired with the James-Lange theory of valence and arousal®, to measure neurophysiological markers associated
with emotions. We use these measurements to examine whether the program induced changes in these meas-
ures, which we determine by employing the valence and arousal indices to gauge emotional reactions to stimuli,
thereby testing for emotion regulation as a mechanism for observed changes in educational outcomes. First, the
indices of resting state valence and arousal were measured as explained in data collection section. Second, we
calculated the emotional responsiveness in the 2-D Valence-Arousal (VA) space®* (see Fig. S4 in the SI) to both
positive and negative stimuli selected from the Geneva Affective Picture Database (GAPED).

We estimate a difference-in-difference model given by:

E{“ as + Bj x Treat; + yj + Post; + 8; x Treat; x Post; +0; x X; + &+ (2)

where E i+ indicates the j emotion-related variable of individual i in school s at time . The emotion-related vari-
ables indexed by j include Arousal (no stimuli), Valence (no stimuli), Valence (positive stimuli), and Valence
(negative stimuli). The variables Valence (positive stimuli) and Valence (negative stimuli) measure the differ-
ence for each individual i at time ¢ between student’s Valence (no stimuli) and the valence measured in student’s
positive and negative stimuli scenarios, respectively. These indicators capture the emotional reaction net of their
“resting state’, i.e., level of arousal and valence changes compared to no stimuli. We estimate each student “rest-
ing state” level of arousal and valence using EEG recordings taken while the students watched a black cross in
the center of a gray screen for a period of 30 s. We consider a 5-s window in the middle of that time frame for
our estimation. As before, Treat; and Post, are dichotomic variables representing treatment by the program and
survey time—i.e., baseline or follow up—respectively. Finally, X; indicates other controls at individual level, such
as gender, while «; represents the school level variables (i.e., fixed effects).

Additionally, we estimate the net effect of entrepreneurship on emotion responsiveness (i.e., valence and
arousal) by measuring the difference of changes of emotion respect to negative/positive stimuli, which can be
summarized by:

Ay = Ay — Apgg (3)
AAL = AAD — AALSY (4)
AVig=Vie = Vigg (5)
AVS,Ag‘ = AVj;l - AV;;O (6)

where A!, represents the arousal changes of stimuli type s (s=1 is positive or s =2 is negative stimuli) at time ¢
(t=01is baseline or =1 is follow- up) for different groups g (g=0 is student without program, or g=1 is student
with program), AAS’g measures the difference at time ¢ between student’s emotion response measured in student’s
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different stimuli scenarios s (either positive or negative) compared to the resting state (A;o)g, no stimuli condi-
tion). AASA,gt measures the difference between time ¢ (At = 1 — 0, i.e., follow-up subtracts baseline) of student’s

AAL . ForV{, AV} and AV, everything is the same except that V standards for the measurement of valence.
These indicators capture the emotional reaction net of their “resting state”, i.e., no stimuli (A;o)g and me)g),
between two time periods, which compares the effect of the entrepreneurship program.

With the difference-in-difference model and measurement of net effect, we can control for all time-invariant
characteristics within and between groups. By subtracting the average differences between groups before the
program started and only comparing the difference after the program, we can account for any pre-existing dif-
ferences between the groups. This methodology also helps to control for any other unobserved variables that
may affect both groups in a similar way.

(3) Socio-emotional Skills, Creativity, and Cognitive Skills: The entrepreneurship program was expected
to positively impact the socio-emotional skills of its participants. Using conventional self-reported tests, we
measured grit (perseverance) and locus of control. Additionally, the program was expected to impact creative
and innovative skills, which are a mixture of both cognitive and socio-emotional skills. Note that the literature
demonstrating best practices for measuring creativity remains scarce, particularly in the context of educational
program evaluations®'. Similar to the previous model, we control for differences before the program started—i.e.,
at baseline—between treatment and control groups.

Y{)t = a5 + Bj x Treat; + y; x Post; + 8; x Treat; X Posty +6; x Xi + €ji¢ (7)

In this specification, Y{’t indicates the test score for exam j of individual 7 at time ¢. The index j represents one
of creativity, grit, or internal locus of control. Treat; is a dichotomic variable equal to 1 if the school received
the program, and Post, is a dichotomic variable equal to 0 at baseline (pre-treatment) or equal to 1 at follow-up
(post-treatment). Finally, X; indicates school-level and 12th grade dichotomic variables.

In order to achieve the highest possible statistical power in these estimations, we used both non-treated
12th grade (N=61) and 11th grade (N=95) students in the control group in all specifications. We include grade
indicators to control for unobserved differences in cohorts that might be correlated with the entrepreneurship
intervention.

Results

Educational outcomes. Only 42% of students in Technical and Professional Education (TPE) schools in
Chile continue on to higher education, compared with 66% of the students in Scientific Humanistic High School
Education (SHE) programs®. Additionally, only 39% of those TPE students who do continue to higher edu-
cation complete their degrees. One potential reason for this discrepancy is that TPE students lack the ability
to complete higher education. This explanation is reflected in their achievements across several dimensions.
After controlling for demographics and institutional characteristics, TPE schools under-perform SHE schools in
grades, access to higher education, and degree completion rates, among others*.

We report estimates of educational outcomes (see Eq. (1)) in Table 1. Since information about registration
for the university selection test comes from administrative records, we can track this outcome for all students
in treatment and control groups, not only the ones that participated in the neuropsychological measurements.
Therefore, we estimate Eq. (1) for both the full sample of students targeted by the entrepreneurship program

(1) (2) (3)
Variables PSU? PSU* Dropout®
0.130*** 0.309*%* —0.068*
Treatment®
(0.028) (0.056) (0.037)
—-0.002
Gender
(0.010)
Sample DEMRE¢ | EEG SAMPLE | MINEDUC!
Observations 1296 294 1888
School FE¢ No No Yes

Table 1. Educational outcomes. Robust standard errors in parentheses: *** indicates p <0.01, ** indicates
Pp<0.05, * indicates p<0.1. *“PSU” is a dichotomic variable equal to 1 if a student registered for the PSU, and
0 otherwise. *“Dropout” is a dichotomic variable equal to 1 if a student dropped out of high school and 0
otherwise. Only students in their last year of secondary school are considered in the analysis. “The marginal
effects of the Probit model are reported for Column (3) only. ¢Control variables were only available for
registered students. Due to privacy concerns, DEMRE was unable to provide information on which school
each student attended. This means we were not able to include school fixed effects for the DEMRE sample.
Nevertheless, DEMRE did allow us to include an indicator for one unique school in the sample which

was public but run by a Catholic congregation rather than the local municipality. ‘DEMRE is the official
administrator of the PSU test. ‘MINEDUC is the Ministry of Education of Chile. Due to privacy restrictions,
we cannot report dropout rates just for the RCT sample.
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and for the subset for whom we have information about other outcomes. In Columns (1) and (2) of Table 1, we
show that in both samples, there is a statistically significant increase in PSU registration as a result of enrollment
in the program.

In Column (3) of Table 1 we show that the program leads to a six percentage points decline in the probabil-
ity of dropping out of high school. Here, we can only present results using the full administrative sample from
MINEDUC. The magnitude of the decline is substantial due to the fact that dropout rates are relatively high
in Chile, especially among students from vulnerable socio-economic backgrounds who are over-represented
in technical schools®. Moreover, descriptive analyses of similar programs previously implemented by Youth
Entrepreneurship show positive impacts of such programs in terms of lowering dropout rates among partici-
pants relative to historical rates®®. As this study is concerned with identifying the mechanisms through which
these outcomes occur, such as the program’s effects on emotion regulation or socio-emotional skills, any further
discussion of the impacts on these educational outcomes lies beyond its scope.

Emotion regulation. In the difference-in-difference model of emotional regulation (see Eq. (2)), we
hypothesize that §; < 0 for arousal and valence in the no stimuli condition, and for valence in the negative
stimuli scenarios, while §; = 0 for valence in the positive stimuli situations. The expected values for §; are con-
sistent with the asymmetry found in the literature where emotionally laden stimuli that are negative have a
significant effect on decision-making and behaviors, while positive stimuli seem to have no effect>*. We also
expect = y = 0. We find the effects to be consistent with our hypothesis. However, because this methodology
is novel, and there is not yet a comparable literature to which we can compare our findings.

Figure 2 shows the results of estimating Eq. (2). We find that program participants present lower resting
state arousal and valence indices than the control group. The measured impacts are of 0.13 standard deviations
(hereafter o) and 0.44 o for resting state arousal and valence, respectively. Moreover, we show in Fig. 2 that the
intervention has a significant impact on responsiveness to negative emotionally laden stimuli, of approximately
0.47 o, which is near the upper bound of similar interventions®”*%. In other words, when faced with negative
stimuli (e.g., pictures of mistreated animals or human rights violations) after treatment, the students’ neurophysi-
ological responsiveness changed significantly less compared with the emotional reactions in the control group.
This might be interpreted as an increase in the resilience trait among participants™.

For the net effect of entrepreneurship on emotion responsiveness, we hypothesize that different student group
would have different arousal and valence changes in different stimuli type due to the entrepreneurship program.

Therefore, we evaluate whether those differences in different conditions (e.g., (AVSAztl)gzo, AAsAztl’gz(,),

(A VsA:tl,g:p AAL! 1)g:1> are significantly different from the origin of valence-arousal (VA) space. Figure 3 shows
the results of these calculations based on Egs. (4) and (6) with respect to positive stimuli in the 2-D VA space.

We find that program participants present higher valence changes than the control group with positive stimuli

(/,L(A V5A=t1,g=1) > /L(A VSA:tl,gzo), see Fig. 3), although this difference is non-significant (unpaired ¢-test:

AVEY, g=1> A = g=0» P=0.1265). No significant difference in arousal indices between groups was found with
respect to positive stimuli. In Fig. 4, however, it shows that the intervention has a significant impact on respon-

siveness to negative emotionally laden stimuli (u(AVSA:’Lgﬂ) > M(AVSAztz’gz(,), unpaired t-test:

AVSA:’Z)g:1 > AVA:tz,g:O, p=0.0134), which has similar impact in order of magnitude relative to similar

57,58

interventions®”*® and it is consistent with the result reported from Eq. (2).

Socio-emotional skills, creativity, and cognitive skills. According to the hypothesis, socio-emo-
tional skills are also expected to be affected by this entrepreneurship program. Here, we present the results from
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Figure 2. Impact on Emotional Responsiveness. The result of §; for different emotion-related variables j are
shown. Bars represent the model estimation and 95% CI. Except Valence (positive), all other three variables have
¢ significantly (p <0.05) smaller than 0 and the impact on responsiveness to negative stimuli Valence (negative)
is the strongest.
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Figure 3. EEG biomarker changes in 2-D Valence-Arousal (VA) space for positive stimuli. EEG biomarker
changes are between baseline (t=0, N, =68) and follow-up (t=1, N, =68) experiment (see Egs. (4) to (6)). The
complete scatter plot, one point per student, with its original scale is shown in the upper right corner. The scatter
plot in the center is a zoomed-in version with [- 10, 10] as x/y-axis limit (x-axis: A Valance; y-axis: AArousal).
Blue dots represent students who participated in the entrepreneurship program (students with program, g=1)
and red dots represent students who do not participant the program (students without program, g=0). Colored
vectors show the average of each group in the VA space (e.g., the blue vector is determined by the value of both
(AV —lg= 1) and (AAS Lg= ) . For students with program, the mean and standard error of changes in
valence with respect to positive stimuli (i.e., A V 1 _1) is 3.51 +3.46 with a t-test showing that AV2 _1 g=118
significantly different from A Valance = 0 with a 95% confidence interval (A V2! —1g=1 > 0,p=0.0495).
However, for students w1th0ut program, the mean and standard error of changes iA valence with respect to
positive stimuli (i.e., A VS 1= _o) is 0.72+1.64 and the t-test shows that AV S 1 =0 is not significantly different
from A Valance = 0 within a 95% conﬁdence interval. For changes in arousal domain (A Arousal), there is no
significant difference between AA2 (0.47+2.52) and AA2 (0.36 £3.10) and neither are significantly
different from AArousal = 0.

s—lg 0 s—lg 1

estimating those skills (see Eq. (7)) in Fig. 5. We report the main parameter of interest, §; with their 95% confi-
dence interval. These parameters identify the average treatment effect by taking into account both the natural
evolution of the outcome across time and the selection into the treatment group. Figure 5 shows that program
participation did not impact the grit or locus of control scales in a statistically significant way, which is contrary
to the program’s expected positive impact.

Given the results in Fig. 5, we interpret that the impact noted on the grit scale was likely driven by a differ-
ence in the treatment provided to 12th-grade participants, rather than by the program itself. The locus of control
scale exhibited no significant change. However, the coefficient for this measure was negative, which indicates a
positive correlation between internal locus of control and educational and labor outcomes®. Furthermore, the
program’s estimated impact on both the creativity indices was not significant. Estimations were made using either
a simple average of the three dimensions of creativity—{flexibility, fluidity and originality—or a principal com-
ponent analysis (PCA) index of creativity exhibited similar results in terms of magnitude, sign and significance.

We report the results of the entrepreneurship program’s impact on cognitive skills, as measured by Raven’s
test of progressive matrices in the SI. As the entrepreneurship program was not designed to affect cognitive skills,
this test was only incorporated in order to rule out any change in cognitive skills as a mechanism of observed
impact on educational outcomes. We performed this test only in the follow up measurements, which is why
we only have 116 observations. The lack of significant result suggests that changes in cognitive skills is the not
channel through which the entrepreneurship program affects educational outcomes.

Discussion

Program participation impacts on emotion regulation instead of cognitive or other socio-emo-
tional skills.  In our research, we do not find strong evidence for changes in cognitive skills as a result of par-
ticipation in the entrepreneurship program. This result likely stems from the program’s focus on socio-emotional
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Figure 4. EEG biomarker changes in 2D Valence-Arousal (VA) space for negative stimuli. EEG biomarker
changes are between baseline (t=0, N, =68) and follow-up (t=1, N, =68) experiment (see Egs. (4) to (6)). Plot

is structured the same as above, except that the comparison is for negative stimuli. For students with program
(g=1), the mean and standard error of changes in valence with respect to negative stimuli (i.e., AV5A=t2,g=1) is
2.08 & 2.58 with a t-test showing that A V2! oy ¢—11s not significantly different from A Valance equals to 0 within a

95% confidence interval. However, for student without program (g=0), the mean and standard error of changes
in valence respect with respect to positive stimuli (i.e., A VSA:tz,gzo) is —1.44 & 1.37 and the t-test shows that

A VSA:’Z’g:0 is significantly different from A Valance equals to 0 within 95% confidence interval (A VSA:tz’ ¢=0 <0,
p=0.0414). With the t-test between two groups, results shows that there is significant difference between them.

For changes in arousal domain (A Arousal), there is no significant difference between AASA:tz,gzo (0.58 £2.22)

and AASA:tzy ¢=1(0.18 & 3.10) and neither of them is significantly different from AArousal = 0.
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Figure 5. Impact on Creativity and Socio-emotional Skills. The result of §; for different self-reported test j
are shown. Bars represent the model estimation and 95% CI. § of all four tests are not significantly (p <0.05)
different from 0.
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skills as well as the age of the targeted population. This result is consistent with related work, such as Almlund
et al.”® and reports from the Organisation for Economic Cooperation and Development (OECD)®, who find
that cognitive skills explain only a small fraction of the variance found in labor market outcomes. We also find
that participation in the entrepreneurship program does not impact self-reported measures of socio-emotional
skills that were specifically targeted by the program’s curriculum, such as internal locus of control and grit. This
result is also unsurprising, and commonly found in the literature!”'#21-24, These null results were expected and
documented before running the RCT®2.

Although the discussion of the role played by socio-emotional skills in the production function of entrepre-
neurs is still open, numerous researchers have highlighted these skills as a key component of entrepreneurial
activity and the need to incorporate emotional dimensions in the analysis!"1263:64,

We find that the program had a significant impact on the students’ emotional state, as indicated by a decrease
in arousal and valence indices at resting state, based on EEG recordings. We also estimate significant declines
in the participants’ emotional responsiveness to negative stimuli that we interpret as an increase in the ability
to regulate emotions among participants. Since the focus is on learning from failure or adverse outcomes, it is
unsurprising to find no significant response to positive stimuli. Considering the statistical significance of these
results, the magnitude of the impact (i.e., from 0.13 o to 0.47 o), and the methodological contribution to the
evaluation of social programs, we next offer a discussion of how to interpret our findings in light of the literature
on behavioral economics and affective neuroscience.

Feeling, fast and slow. The link between emotions and cognition has been debated and explored by schol-
ars for centuries®. Even today, prominent neuroscientists continue to explore the critical role played by emo-
tions in cognition, perception, attention, and memoryg'“’és. Furthermore, scientists who combine neuroscience,
behavioral science, and economics also support the notion that emotions have a strong influence on economic
behaviors and decision-making, as well as on labor market performance (e.g., occupational choices, salaries,
entrepreneurship, etc.)>>*7°, For example, emotions experienced while making a decision—i.e., choice-option-
elicited emotions—are at the base of traditional economic interpretations of utility as emotional carriers of value.
Positive emotions increase value and elicit approach, whereas negative emotions decrease value and result in
avoidance®. Moreover, emotions unrelated to the judgment or decision at hand, referred as incidental emotions,
have also been shown to influence choices®.

Following Kahneman’s ideas, we argue that emotion regulation drives people to behave based more on System
2 than on System 1. System 2, given its more deliberate focus, enables individuals to identify and pursue better
outcomes for themselves and others. We argue that the program studied here changes emotion regulation capa-
bilities among participants, essentially pushing them toward behavior closer to System 2, which in turn affects
their educational outcomes. In this section, we focus on how to interpret the results on neurophysiological
measures and how the program affects emotion regulation. We also discuss why the program affects students,
“disposition to act” and the economic relevance of our findings when compared to similar programs. We argue
that the program affects emotion indices via a reappraisal strategy triggered by learning by failure. This reap-
praisal strategy, in turn, helps individuals develop a sense of resilience.

The behavioral economics literature provides evidence showing that even minor mood manipulations have
a substantial impact on outcomes and behavior® Schaffer et al. suggest an “approach/withdrawal” model to
investigate left relative to right frontal cortex EEG asymmetry (LFA) regarding emotional states’’. Since then,
the literature on psychology and neurophysiology has pointed out that frontal EEG asymmetry is associated
with different emotional and psychological states in addition to valence***"2 In fact, the “approach/withdrawal”
model invites us to think of an additional interpretation of our results. A decrease in frontal EEG asymmetry
(i.e., valence index) is consistent with a relative increase in withdrawal behaviors. This is mainly due to the fact
that students would like to approach positive stimuli and avoid negative stimuli. Since the entrepreneurship
program aims at instilling a more resilient, even-tempered attitude toward failure, this is a plausible interpreta-
tion of our results.

The asymmetry in the impacts of positive and negative emotional states is consistent with other findings
in the literature. In Querengasser and Schindler’s work”, the authors referred to Randolph M. Nesse”, who
argued that “Emotional states not only motivate action, they are also goals that we seek to achieve. Most human
thought, plans, and actions are intended to induce positive emotions or to avoid negative emotions”. From this
evolutionary point of view, a successful injunction of negative emotion would be more relevant for participants’
behaviors because negative emotions suggest a situation that should be altered, while positive emotions indicate
situations that should be maintained”>”*.

At first glance, the negative impact on emotional disposition would seem counterintuitive given that the
program was designed to improve socio-emotional skills. For instance, changing the attitude toward failure
would also change education and labor market decisions, such as efforts put into tasks, occupational choices,
entrepreneurship, and the pursuit of creative and original work, among many others. This interpretation is
consistent with the impact observed on educational outcome.

A core aspect of the program’s methodology was to generate situations in which students had to face failure
and reappraise their emotions in such a context. Lerner et al.” review the recent findings for “Solutions that
Seek to Minimize the Emotional Response.” The results of these studies point to four dimensions of emotional
responses: Time delay, Suppression, Reappraisal, and the “Dual-emotion solution”. Reappraisal consists of re-
framing the meaning of those stimuli that lead to an emotional response and has consistently emerged as a
superior strategy for dissipating the emotional response”””. Specifically, reappraisal includes behaviors such
as reminding oneself that “it’s just a test” after receiving a sub-optimal grade in an exam, adopting a mindset
similar to that of a nurse or medical professional to minimize the emotional impact of viewing someone’s injury,
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or viewing a job layoff as an opportunity to pursue long-forgotten dreams’. In contrast to suppression, reap-
praisal not only reduces self-reported negative feelings in response to negative events, but there is substantial
evidence supporting the notion that reappraisal also mitigates the physiological and neural responses to those
events®7%77. Additionally, regulating emotion by means of reappraisal-focused strategies that encourage tak-
ing a different perspective has been shown to reduce loss aversion in decision-making’®. This result has been
observed both in choices and in the relative arousal responses to actual loss and gain outcomes. Finally, there is
evidence that reappraisal-focused strategies lead to higher measures of resilience among participants, which is
consistent with the hypothesis that the program impacts this skill®®. In addition, and according to Casey et al.,
the role played by positive and negative stimuli may be even more salient among adolescents”. In fact, the greater
emotional responsiveness and sensitivity typical of this time of life may play a role in the higher incidence of the
onset of affective disorders and addictive behaviors that often occurs during these years. Thus, policies aimed
at increasing an individual’s ability to regulate his/her emotions may be even more meaningful when targeted
toward adolescents.

Finally, it is hard to translate the estimated results into meaningful behavioral explanations. All emotional
indices built with the EEG recordings were standardized with respect to the mean and standard deviation of the
control group. Since Mathersul et al.®° reported that handedness does not appear to have any significant effect on
the detection of emotion signatures in EEG, we did not explicitly measure the participants’ handedness in this
experiment. However, considering the handedness and brain lateralization would be helpful to reduce statistical
sensitivity, as some fields of cognitive neuroscience may not exclude left-handers a priori but may nevertheless
do so a posteriori®'. Furthermore, given the context of our RCT, the best that we can offer here is a comparison
in terms of the effect size as a fraction of the standard deviation of the variables with respect to similar evalua-
tions found in the literature for educational settings. In this regard, the impacts of 0.13 ¢, 0.44 0, and 0.47 o on
arousal at resting state, valence at resting state, and responsiveness to negative stimuli, respectively, are near the
upper bound of similar interventions®”*®,

There are a number of papers that consider valence or left relative to right (LFA) cortical activity, to build
behavioral indices of emotions or motivation. For instance, Hughes et al. examined the relationship between
valence and effort expenditure for reward, a behavioral index of approach motivation®?. They find that students
with greater resting state valence were willing to expend greater effort in the pursuit of tasks with larger rewards,
particularly when reward delivery was less likely.

Conclusion

Our work has analyzed the impact of an entrepreneurship program implemented in vocational schools in Chile.
This entrepreneurship program was designed for individuals to learn from their failures. We find that emotion
regulation is the main channel through which the program impacts educational outcomes. A novel feature of our
study is the use of EEG recordings as a measure of socio-emotional skills, grounding our discussion of emotion
regulation in objective measurements rather than self-reported results, as in earlier studies. To be clear, we do
not claim that EEG recordings (or plotting them along arousal and valence indices) record or “read” emotions;
rather, these tools serve as useful proxies to measure changes in skills associated with emotion regulation. This
promising use of EEG recordings complements recent work that uses cortisol as a physiological measure of
psychological well-being in impact evaluations®.

We argue that training programs designed to foster socio-emotional skills affect the participants, capacity for
emotion regulation, which is a unique form of socio-emotional skill. We test our hypothesis in two ways. First, we
leverage a randomized controlled trial of an entrepreneurship program designed to foster socio-emotional skills
among youth to get exogenous variation in program participation. Second, we use emotion-detection methods
drawn from affective neuroscience to obtain unbiased measures of emotion regulation. We also document the
limitations of self-reported measures of emotional states.

We find that the program has a significant impact on educational outcomes as measured by dropout rates
and registration to the college entrance exam PSU. We do not find a significant impact on self-reported socio-
emotional skills measures, which is consistent with the findings of previous related studies*"***>%3, We do find,
however, that the program impacts participants’ emotion regulation ability, as measured by our use of EEG
recordings and plotting this data along arousal and valence indices.

On one hand, we find significant impacts on emotional state at resting state—i.e., a no stimuli condition.
Specifically, we estimate a decrease in both arousal and emotional valence indices among participants. After
analyzing the results, we establish that the impacts on emotion regulation are likely due to the reappraisal-focused
strategies espoused by the program’s rethinking and redoing methodology. Indeed, these strategies have been
identified as the most effective for avoiding emotional bias on decision-making’. On the other hand, program
participation also significantly reduces individuals’ emotionally related neuro-physiological reactions to negative
stimuli compared to students who have not taken the program. We do not find a significant difference between
the two groups in response to positive stimuli. This asymmetry in the reactions to emotionally-laden stimuli
is consistent with the asymmetric impact on emotional responsiveness found in the literature®. This might be
interpreted as an increase in the resilience trait among participants®.

As mentioned before, the magnitude of our findings are close to the upper bound of similar educational
interventions®”*®. Moreover, these results provide a quantitative support to recent suggestive evidence based
on qualitative analyses pointing out that programs targeting socio-emotional skills might affect the ability to
young people to slow down and re-think about their response to a stimulus®. Finally, the emotion regulation
indices correlate with our main educational outcome, which supports the hypothesis that emotion regulation is
the mechanism behind our findings.
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From a methodological perspective, the experimental paradigm adopted for this study provides an alterna-
tive to the approaches most frequently employed in the literature: self-reported measures, latent factor models,
and the use of revealed behaviors as proxies. The methodology proposed here enabled us to measure emotional
disposition and responsiveness by means of EEG recordings. The use of these recordings provides a solution that
overcomes the biases related to self-reporting, and the question of whether programs such as the entrepreneur-
ship one studied here impact any unobservable characteristics besides those that were initially targeted. Finally,
the use of this methodology is at the cost of having a smaller sample size given all the logistics and technicality
involved in the use of EEG devices.

Data availability

The datasets generated during and/or analyzed during the current study are available in the Harvard Dataverse
repository, https://doi.org/10.7910/DVN/KE5SYF. This dataset has been anonymized (i.e., without RUT and
names, etc.) before uploaded to the Harvard Dataverse.

Received: 8 June 2022; Accepted: 25 April 2023
Published online: 03 May 2023

References

. Loewenstein, G. F,, Weber, E. U., Hsee, C. K. & Welch, N. Risk as feelings. Psychol. Bull. 127, 267 (2001).

. DellaVigna, S. Psychology and economics: Evidence from the field. J. Econ. Lit. 47, 315-372 (2009).

. Weber, E. U. & Johnson, E. J. Mindful judgment and decision making. Annu. Rev. Psychol. 60, 53-85 (2009).

. Card, D. & Dahl, G. B. Family violence and football: The effect of unexpected emotional cues on violent behavior. Q. J. Econ. 126,

103-143 (2011).

. Lempert, K. M. & Phelps, E. A. Neuroeconomics of emotion and decision making. Neuroeconomics 219-236 (2014).

. Haushofer, J. & Fehr, E. On the psychology of poverty. Science 344, 862-867 (2014).

. Lerner, J. S., Li, Y., Valdesolo, P. & Kassam, K. S. Emotion and decision making. Annu. Rev. Psychol. 66, 799-823 (2015).

. Kahneman, D. Thinking, Fast and Slow (Macmillan, New York, 2011).

. Salzman, C. D. & Fusi, S. Emotion, cognition, and mental state representation in amygdala and prefrontal cortex. Annu. Rev.

Neurosci. 33, 173-202 (2010).

10. Campos, E. et al. Teaching personal initiative beats traditional training in boosting small business in West Africa. Science 357,
1287-1290 (2017).

11. Martin, B. C., McNally, J. J. & Kay, M. ]. Examining the formation of human capital in entrepreneurship: A meta-analysis of entre-
preneurship education outcomes. J. Bus. Ventur. 28, 211-224 (2013).

12. Marvel, M. R, Davis, J. L. & Sproul, C. R. Human capital and entrepreneurship research: A critical review and future directions.
Entrep. Theory Pract. 40, 599-626 (2016).

13. Oosterbeek, H., Van Praag, M. & Ijsselstein, A. The impact of entrepreneurship education on entrepreneurship skills and motiva-
tion. Eur. Econ. Rev. 54, 442-454 (2010).

14. Unger, J. M., Rauch, A., Frese, M. & Rosenbusch, N. Human capital and entrepreneurial success: A meta-analytical review. J. Bus.
Ventur. 26, 341-358 (2011).

15. Almlund, M., Duckworth, A. L., Heckman, J. & Kautz, T. in Handbook of the Economics of Education, Vol. 4, 1-181 (Elsevier, 2011).

16. Deming, D. J. The growing importance of social skills in the labor market. Q. J. Econ. 132, 1593-1640 (2017).

17. Gertler, P. et al. Labor market returns to an early childhood stimulation intervention in Jamaica. Science 344, 998-1001 (2014).

18. Heckman, J. ]. & Kautz, T. Hard evidence on soft skills. Labour Econ. 19, 451-464 (2012).

19. Heckman, J. J., Stixrud, J. & Urzua, S. The effects of cognitive and noncognitive abilities on labor market outcomes and social
behavior. J. Law Econ. 24, 411-482 (2006).

20. Knudsen, E. I, Heckman, J. J., Cameron, J. L. & Shonkoff, J. P. Economic, neurobiological, and behavioral perspectives on building
America’s future workforce. Proc. Natl. Acad. Sci. 103, 10155-10162 (2006).

21. West, M. R. et al. Promise and paradox: Measuring students’ non-cognitive skills and the impact of schooling. Educ. Eval. Policy
Anal. 38, 148-170 (2016).

22. Egana-delSol, P, Contreras, D. & Valenzuela, J. P. The impact of art-education on human Capital: An empirical assessment of a
youth orchestra. Int. J. Educ. Dev. 71, 102105. https://doi.org/10.1016/j.ijedudev.2019.102105 (2019).

23. Attanasio, O., Cattan, S., Fitzsimons, E., Meghir, C. & Rubio-Codina, M. Estimating the production function for human capital:
results from a randomized controlled trial in Colombia. Am. Econ. Rev. 110, 48-85 (2020).

24. Calero, C., Diez, V. G., Soares, Y. S., Kluve, J. & Corseuil, C. H. Can arts-based interventions enhance labor market outcomes
among youth? Evidence from a randomized trial in Rio de Janeiro. Labour Econ. 45, 131-142 (2017).

25. Heller, S. B. et al. Thinking, fast and slow? Some field experiments to reduce crime and dropout in Chicago. Q. J. Econ. 132, 1-54
(2017).

26. McClelland, D. C. Testing for competence rather than for “intelligence”. Am. Psychol. 28, 1 (1973).

27. Duckworth, A. L., Peterson, C., Matthews, M. D. & Kelly, D. R. Grit: Perseverance and passion for long-term goals. J. Pers. Soc.
Psychol. 92, 1087 (2007).

28. Rotter, J. B. Generalized expectancies for internal versus external control of reinforcement. Psychol. Monogr. Gen. Appl. 80, 1 (1966).

29. Kaufman, J. C. & Sternberg, R. J. The Cambridge Handbook of Creativity (Cambridge University Press, Cambridge, 2010).

30. Kim, M.-K., Kim, M., Oh, E. & Kim, S.-P. A review on the computational methods for emotional state estimation from the human
EEG. Comput. Math. Methods Med. 2013 (2013).

31. Egana del Sol, P. A. Skills for sustainable development: Essays on how creativity, entrepreneurship and emotions foster human develop-
ment. A (Columbia University, 2016). https://doi.org/10.7916/DSHM58SD

32. James, C. R. Mental tests used in genetic studies: The performance of related individuals on tests mainly educative and mainly
reproductive. Unpublished Master’s Thesis, University of London (1936).

33. Giorgi, A. et al. Wearable technologies for mental workload, stress, and emotional state assessment during working-like tasks: A
comparison with laboratory technologies. Sensors 21, 2332 (2021).

34. Ramirez, R. & Vamvakousis, Z. in International Conference on Brain Informatics 175-184 (Springer).

35. Takahashi, H. et al. Brain activation associated with evaluative processes of guilt and embarrassment: An fMRI study. Neuroimage
23, 967-974 (2004).

36. Petrantonakis, P. C. & Hadjileontiadis, L. J. Emotion recognition from EEG using higher order crossings. IEEE Trans. Inf. Technol.
Biomed. 14, 186-197 (2009).

37. Orini, M., Al-Amodi, E, Koelsch, S. & Bail6n, R. The effect of emotional valence on ventricular repolarization dynamics is medi-
ated by heart rate variability: A study of QT variability and music-induced emotions. Front. Physiol. 10, 1465 (2019).

=N

O 0NN

Scientific Reports |

(2023) 13:7206 | https://doi.org/10.1038/s41598-023-34148-1 nature portfolio


https://doi.org/10.7910/DVN/KE5SYF
https://doi.org/10.1016/j.ijedudev.2019.102105
https://doi.org/10.7916/D8HM58SD

www.nature.com/scientificreports/

43.
44,

45.
46.
47.
48.
49.

50.
51.

52.
. Bassi, M. & Urzda, S. Educacion en Chile: el desafio esta en la calidad (2010).
54.

55.
56.

57.
58.
59.

60.

74.
75.

76.
77.
78.

79.
80.

81.
82.

83.

. Ramirez, R, Planas, J., Escude, N., Mercade, J. & Farriols, C. EEG-based analysis of the emotional effect of music therapy on pal-

liative care cancer patients. Front. Psychol. 9, 254 (2018).

. Korjus, K. et al. Personality cannot be predicted from the power of resting state EEG. Front. Hum. Neurosci. 9, 63 (2015).

. Lang, P.]. The varieties of emotional experience: A meditation on James-Lange theory. Psychol. Rev. 101, 211 (1994).

. Bos, D. O. EEG-based emotion recognition. Influ. Vis. Auditory Stimuli 56, 1-17 (2006).

. Davidson, R. J., Ekman, P, Saron, C. D., Senulis, J. A. & Friesen, W. V. Approach-withdrawal and cerebral asymmetry: Emotional

expression and brain physiology: I. J. Pers. Soc. Psychol. 58, 330 (1990).

O'Neil, H. E, Perez, R. S. & Baker, E. L. Teaching and Measuring Cognitive Readiness (Springer, Berlin, 2014).

Harmon-Jones, E., Gable, P. A. & Peterson, C. K. The role of asymmetric frontal cortical activity in emotion-related phenomena:
A review and update. Biol. Psychol. 84, 451-462 (2010).

Brown, L., Grundlehner, B. & Penders, J. in 2011 Annual International Conference of the IEEE Engineering in Medicine and Biology
Society 2188-2191 (IEEE).

Friedman, D., Shapira, S., Jacobson, L. & Gruberger, M. in 2015 International Conference on Affective Computing and Intelligent
Interaction (ACII) 930-937 (IEEE).

Verma, G. K. & Tiwary, U. S. Multimodal fusion framework: A multiresolution approach for emotion classification and recognition
from physiological signals. Neuroimage 102, 162-172 (2014).

Yoon, H. J. & Chung, S. Y. EEG-based emotion estimation using Bayesian weighted-log-posterior function and perceptron con-
vergence algorithm. Comput. Biol. Med. 43, 2230-2237 (2013).

Presti, P. et al. Measuring arousal and valence generated by the dynamic experience of architectural forms in virtual environments.
Sci. Rep. 12, 13376 (2022).

Allen, M. The SAGE Encyclopedia of Communication Research Methods (SAGE Publications, Thousand Oaks, 2017).

Aguinis, H., Gottfredson, R. K. & Joo, H. Best-practice recommendations for defining, identifying, and handling outliers. Organ.
Res. Methods 16, 270-301 (2013).

Russell, J. A. A circumplex model of affect. J. Pers. Soc. Psychol. 39, 1161 (1980).

Valenzuela, Allende, C., Sevilla, A. & Egana, P. “La (ina)movilidad del desempeno educativo de los estudiantes chilenos: realidad,
oportunidades y desafios”. ISBN: 978-956-292-304-0. Santiago, Chile (2014).

Albarran, A. & Gonzalez, C. Introduciendo habilidades no cognitivas en Liceos Técnicos chilenos. Una evaluacion social (2015).
Haushofer, J. & Shapiro, J. The short-term impact of unconditional cash transfers to the poor: Experimental evidence from Kenya.
Q. J. Econ. 131, 1973-2042 (2016).

Ganimian, A. J. & Murnane, R. J. Improving education in developing countries: Lessons from rigorous impact evaluations. Rev.
Educ. Res. 86, 719-755 (2016).

Dhaliwal, I, Duflo, E., Glennerster, R. & Tulloch, C. Comparative cost-effectiveness analysis to inform policy in developing coun-
tries: A general framework with applications for education. Educ. Policy Dev. Ctries. 17, 285-338 (2013).

Troy, A. S. & Mauss, 1. B. Resilience in the face of stress: Emotion regulation as a protective factor. Resil. Ment. Health Chall. Across
Lifesp. 1,30-44 (2011).

Urzua, S. & Puentes, E. La evidencia del impacto de los programas de capacitacion en el desempefio en el mercado laboral. IDB
DP 268 (2010).

. Co-operation, O. E. E. & Development. Skills for Social Progress: The Power of Social and Emotional Skills (OECD Publishing, 2015).
. Del Bono, E., Kinsler, ]. & Pavan, R. Skill formation and the trouble with child non-cognitive skill measures. In IZA Discussion

Papers (2020).

. Lerner, J. & Malmendier, U. With a little help from my (random) friends: Success and failure in post-business school entrepreneur-

ship. Rev. Financ. Stud. 26, 2411-2452 (2013).

. Astebro, T., Herz, H., Nanda, R. & Weber, R. A. Seeking the roots of entrepreneurship: Insights from behavioral economics. J. Econ.

Perspect. 28, 49-70 (2014).

. Descartes, R. Passions of the Soul (Hackett Publishing, Indianapolis, 1989).

. Damasio, A. R. Descartes’ error: Emotion, rationality and the human brain. N. Y.: Putnam 352 (1994).

. Lakof, G. The Political Mind: Why You Can’t Understand 21st-Century Politics with an 18th-Century Brain (Penguin, 2008).

. Fuster, J. M. The Neuroscience of Freedom and Creativity: Our Predictive Brain (Cambridge University Press, Cambridge, 2013).

. Lerner, J. S., Li, Y. & Weber, E. U. The financial costs of sadness. Psychol. Sci. 24, 72-79 (2013).

. Loewenstein, G. Emotions in economic theory and economic behavior. Am. Econ. Rev. 90, 426-432 (2000).

. Schaffer, C. E., Davidson, R. ]. & Saron, C. Frontal and parietal electroencephalogram asymmetry in depressed and nondepressed

subjects. Biol. Psychiatry (1983).

. Gable, P. A. & Harmon-Jones, E. Approach-motivated positive affect reduces breadth of attention. Psychol. Sci. 19, 476-482 (2008).
. Querengisser, . & Schindler, S. Sad but true?-How induced emotional states differentially bias self-rated Big Five personality traits.

BMC Psychol. 2,1-8 (2014).

Nesse, R. M. Evolutionary explanations of emotions. Hum. Nat. 1, 261-289 (1990).

Gross, J. ]. & John, O. P. Individual differences in two emotion regulation processes: Implications for affect, relationships, and
well-being. J. Pers. Soc. Psychol. 85, 348 (2003).

Jamieson, J. P., Nock, M. K. & Mendes, W. B. Mind over matter: reappraising arousal improves cardiovascular and cognitive
responses to stress. J. Exp. Psychol. Gen. 141, 417 (2012).

Ochsner, K. N., Bunge, S. A., Gross, J. J. & Gabrieli, J. D. Rethinking feelings: An FMRI study of the cognitive regulation of emo-
tion. J. Cogn. Neurosci. 14, 1215-1229 (2002).

Sokol-Hessner, P, Camerer, C. F. & Phelps, E. A. Emotion regulation reduces loss aversion and decreases amygdala responses to
losses. Soc. Cognit. Affect. Neurosci. 8, 341-350 (2013).

Casey, B. J., Getz, S. & Galvan, A. The adolescent brain. Dev. Rev. 28, 62-77 (2008).

Mathersul, D., Williams, L. M., Hopkinson, P. . & Kemp, A. H. Investigating models of affect: Relationships among EEG alpha
asymmetry, depression, and anxiety. Emotion 8, 560 (2008).

Willems, R. M., der Haegen, L. V., Fisher, S. E. & Francks, C. On the other hand: Including left-handers in cognitive neuroscience
and neurogenetics. Nat. Rev. Neurosci. 15,193-201 (2014).

Hughes, D. M., Yates, M. J., Morton, E. E. & Smillie, L. D. Asymmetric frontal cortical activity predicts effort expenditure for
reward. Soc. Cognit. Affect. Neurosci. 10, 1015-1019 (2015).

Card, D., Kluve, J. & Weber, A. What works? A meta analysis of recent active labor market program evaluations. J. Eur. Econ. Assoc.
16, 894-931 (2018).

Acknowledgements

For comments and discussion, we would like to thank Elke Weber, Miguel Urquiola, Mark Dean, Michael Platt,
Cristian Pop-Eleches, Rosalind Picard, Pietro Ortoleva, Michael Woodford, Scott Stern, Pierre Azoulay, Mickey
Goldberg, Angela Duckworth, Joseph Stiglitz, Ricardo Hausmann, Paul Novosad, Scott Weiner, Charles Fine,
Richard Schmalensee, Esteban Puentes, Marta Kluttig, Dante Contreras, Angela Duckworth, Martin West, Hugo

Scientific Reports|  (2023) 13:7206 | https://doi.org/10.1038/s41598-023-34148-1 nature portfolio



www.nature.com/scientificreports/

Nopo, and seminar participants at the AIEA-NBER 2018, NEUDC 2016, Columbia University, Harvard Univer-
sity, University of Pennsylvania, and the University of Chile. For implementation, we thank the NGO Emprende
Joven. PE acknowledges the financial support provided by the Millennium Nucleus on The Evolution of Work
(MNEW, ANID/Millenium Science Initiative Program/NCS2021-033), the COES (ANID/FONDAP/15130009)
and Columbia University. PS acknowledges support from Vannevar Bush Faculty Fellowship from the US Depart-
ment of Defense (N00014-20-1-2027). Juan Pablo Valenzuela, director of the Institute of Advanced Studies in
Education at the University of Chile, confirmed the ethics of the project was binding with local standards for
the IRB approval. Nicole Moscowitz and Tao Tu provided invaluable research assistance on the neuroscience
paradigm. Simon Ballesteros, Macarena Gonzalez, Nicolas Fernandez, Andrew Foley, and Jose Manuel Belmar
provided outstanding research assistance in the field.

Author contributions

PE. Design study, data acquisition, analysis and interpretation of data. Drafting and critical revision of the manu-
script. Final approval of submitted manuscript. Analysis and interpretation of data. PE., X.S. and P.S. Revision
of the manuscript and final approval of submitted manuscript.

Competing interests
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https://doi.org/
10.1038/s41598-023-34148-1.

Correspondence and requests for materials should be addressed to P.E.
Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2023

Scientific Reports |

(2023) 13:7206 | https://doi.org/10.1038/s41598-023-34148-1 nature portfolio


https://doi.org/10.1038/s41598-023-34148-1
https://doi.org/10.1038/s41598-023-34148-1
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Neurophysiological markers of emotion regulation predict efficacy of entrepreneurship education
	Materials and methods
	The program to foster entrepreneurship. 
	Sample selection. 
	Treatment. 
	Randomization at the school level. 
	The team. 
	Portable laboratory. 
	Data collection. 
	Self-reported socio-emotional skills measures. 
	Creative skills measures. 
	Cognitive skills measure: Raven’s progressive matrices. 
	Neurophysiological measurements and experiments. 
	Measured main educational outcomes. 
	Statistical modeling. 

	Results
	Educational outcomes. 
	Emotion regulation. 
	Socio-emotional skills, creativity, and cognitive skills. 

	Discussion
	Program participation impacts on emotion regulation instead of cognitive or other socio-emotional skills. 
	Feeling, fast and slow. 

	Conclusion
	References
	Acknowledgements


