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The impacts of a high-school art-based program on
academic achievements, creativity, and creative behaviors
Pablo Egana-delSol 1,2✉

This article evaluates the impact of an Art-based program, which consisted in bringing artist to do workshops in public schools, on
academic achievements, creativity (i.e., the skill) and the external manifestation of creativity in action (i.e., creative behaviors). The
main contribution with respect to previous literature is a quasi-experimental design—propensity score matching—that makes the
causal link between these aspects more plausible, and which had a sample of 297 children between 14 and 16 years old. Four main
findings are derived from the empirical investigation. First, substantial practice is crucial. Participation in at least two semester-
length workshops is a necessary condition to observe significant impacts. Second, participation has a significant impact on
academic achievements. Grades increased by 0.61 standard deviations (sd) for language, by 0.36 sd for math, and by 0.33 sd for art.
Overall GPA increased by 0.55 sd. The program also increased participant willingness to consider postsecondary education. Third,
the impact of the art-based program on various innovative graphical psychometric measures of creativity was positive and
significant. Fourth, related to creative behaviors, the program had a positive impact on certain cultural activities, such as time spent
watching films at home and creating cultural goods (e.g., handicrafts, poetry, music). In conclusion, our study presents substantial
evidence on the effective enhancement of creativity, the fostering of creative activities, and the improvement of academic
performance through the deployment of art-based programs.
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INTRODUCTION
Creativity, as a multifaceted process that encompasses cognitive
and socioemotional abilities, is the ability to generate and
implement innovative and useful ideas. Given the current
challenges, it should be a central aspect of modern educational
practices1–7. Research indicates that education plays a significant
role in shaping how children store concepts in semantic memory,
and that different educational experiences can influence higher
cognitive functions, including creative thinking2. With this under-
standing, while efforts are made to implement changes in public
schooling systems8, there is a lack of bottom-up evidence-based
studies on creativity, creative behavior, and academic achieve-
ment, such as this one. The goal is to improve creativity and, by
impacting creativity, academic achievements. However, the design
of the appropriate set of policies and programs to foster creativity
in educational settings is still a debate9. In this paper, we aim to
contribute to this debate by studying a high-school art-based
program on academic achievements, creativity, and creative
behaviors.
We study the Acciona Program (AP henceforth), a Chilean arts

initiative created in 2007 by the Chilean National Council for
Culture and the Arts, in collaboration with the Ministry of
Education and the Balmaceda Youth Art Foundation (BYAF, the
implementer partner) on participating students. The AP was
designed to improve the effectiveness of formal education by
improving the quality of artistic and cultural education and aimed
to improve the creative skills of students through art. The AP
workshops cover various artistic disciplines, such as painting,
dance, music, etc. The curricula for the workshops were developed
by professional artists with relevant expertise who are paid
competitively and are selected through an open competition
under the guidance of the implementer partner, BYAF, which is
the main institution that promotes out-of-school art education in

Chile. The high reputation of BYAF and the attractive salary explain
the capacity of the AP to attract excellent artists to the program.
The selected artists, with the support of a schoolteacher, teach the
90-min weekly workshops over an entire semester with a single
group of students between 14 and 16 years old. Compared to
traditional art education in public schools, the novelty of the AP
lies in its use of working artists as opposed to art teachers.
Numerous studies have presented evidence that participation in

artistic initiatives is correlated with better grades, higher creativity
levels, and richer peer relationships1,3,5,7,10–15. Other research has
focused on the impact of participation in art programs on school
performance and academic achievements10,11,15–17 (for a detailed
literature review, please see the Supplementary Information).
These studies generally show correlations between participation
in art-based programs (as an individual or in a class) and various
outcomes of interest. But many do not consider the potential
selection bias in their estimations12,13,18. That is to say, causal
evidence demonstrating the efficacy of art-based programs is
scarce and, if available, tends to rely on purely correlational
studies that do not distinguish between the real outcomes
stemming from program impact and those potentially produced
by biases in the data or sampling methods12,15,18–23. One main
contribution of the present study is an improvement in the
methodology that makes the claim for the causal link between art-
based programs and greater academic achievement, creativity,
and creative behavior more plausible.
Given the restrictions of the program implementation and data

collection, the best available methodology was to rely on
propensity score matching (PSM). PSM is used to create a suitable
control group and to conduct doubly robust reweighted regres-
sion analyses that are at the frontier of the impact evaluation
literature.
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The sample considers four different high schools in which the
AP was implemented. These schools were selected using a
school’s allocation rule that did not bias the results. In other
words, we consider schools, the allocation of students to the AP
workshops was undertaken by the school principal with no
particular allocation rule (i.e., did not choose the group of the best
students, the most disadvantage students, the well-behaved
students, and so forth) and therefore randomly. Indeed, we
selected a school where the principal chooses entire academic
courses (i.e., course B was chosen among A, B, C courses in 12th
grade). In Chile, each grade has several academic courses
containing between 30 and 40 students. These courses have
letters to identify them, i.e., A, B, C, D, etc. Thus, this type of
allocation of students reduces the risk of selection bias in our
empirical estimations. Given the fact that we did not participate in
the design of the implementation of the program (e.g., we could
not suggest to randomize assignment to the program), together
with the restrictions of the program implementation and data
availability, the best available methodology was to rely on
propensity score matching (PSM). PSM is used to create a suitable
control group to compare the average impacts of the program.
We complement this analysis by doing doubly robust reweighted
regression analyses that uses the propensity score to improve the
accuracy, unbiasedness and efficiency of the point estimates. This
method is at the frontier of impact evaluation literature when
facing the limitations exposed before.
We focus on three subsets of outcomes: creative behavior,

creativity, and academic achievement. Creative behavior, in its
simplest form, is a subcategory of play behavior24. From a
biological viewpoint, play is seen as a means of exploration and
adaptation. Similarly, creative behavior is also a form of
exploration and adaptation, but it is aimed at producing new
and useful results. Creative behavior allows us to experiment with
ways to combine elements of an experience into something that is
meaningful and unique25. Although creative behavior and
creativity are closely related, there is a difference; while creativity
is often defined as the generation of new and useful ideas
(outcome-focused), creative behavior refers to the actions we take
to achieve those ideas (attitude/behavior-focused)26. In this study,
we consider creative behaviors as those behaviors related to the
creation or contemplation of creative and cultural products (e.g.,
time spent watching films at home and creating cultural goods,
handicrafts, poetry, and music). In terms of creativity, we use the
Torrance’s Test of Creative Thinking (TTCT) in its graphical and
written forms. These tests, and their variations, are among the
most widely recognized and employed test of creativity and, more
specifically, of divergent thinking27–30. Finally, we consider GPA
and willingness to pursue higher education after secondary school
as proxies of academic achievement31–35.
The central hypothesis that underlies this study infers that

students’ involvement in intensive artistic and cultural activities
have a positive impact on their creativity as well as on academic
achievement. The analysis is based on subjects engaged in the
intensive practice of artistic and cultural activities over the
medium-term (i.e., a semester) in different artistic disciplines,
and the impacts are expected because we are studying a program
that was designed to be high quality (proven implementer,
competitive selection process and salaries for artists, etc.). The
literature shows that only initiatives that meet certain minimum
quality standards make plausible to find significant effects36,37. In
other words, if standard art or music classes offered in schools
were to be included, identifying impacts would be more difficult
given the high level of heterogeneity in the quality and design of
teaching and class structure12.
In this study, we focus on three subsets of outcomes of the

program: creative behavior, creativity, and academic achievement.
Creative behavior, in its simplest form, is a subcategory of play
behavior24. From a biological viewpoint, play is seen as a means of

exploration and adaptation. Similarly, creative behavior is also a
form of exploration and adaptation, but it is aimed at producing
new and useful results. Creative behavior allows us to experiment
with ways to combine elements of an experience into something
that is meaningful and unique25. Although creative behavior and
creativity are closely related, there is a difference; while creativity
is often defined as the generation of new and useful ideas
(outcome-focused), creative behavior refers to the actions we take
to achieve those ideas (attitude/behavior-focused)26. In this study,
we consider creative behaviors as those behaviors related to the
creation or contemplation of creative and cultural products (e.g.,
time spent watching films at home and creating cultural goods,
handicrafts, poetry, music). In terms of creativity, we use the
Torrance’s Test of Creative Thinking (TTCT) in its graphical and
written forms. These tests, and their variations, are among the
most widely recognized and employed test of creativity and, more
specifically, of divergent thinking27–29. Finally, we consider GPA
and willingness to pursue higher education after secondary school
as proxies of academic achievement34,35.
As stated, studies that have sought to demonstrate the impact

on students of participating in artistic activities are of interest to
this investigation because of the skills that researchers have found
to be impacted by artistic activities. Such studies have examined
how intensive participation in art-based initiatives may influence
various dimensions of an individual’s human development,
including creativity, self-concept, and academic performance.
Indeed, it is postulated that the flexible use of language among
students of artistic disciplines fosters socioemotional skills, and
promotes awareness, experimentation, and creativity, and simul-
taneously encourages communication and expression12. In turn,
the improvements in these areas impact the quality of the
relationships of participating students. A number of researchers
specialized in this area argue that the aim of educational arts
programs should not be to create budding artists per se but rather
to create artistic communities that encourage group learning and
social integration38. Put differently, the primary objective of art-
based programs should be to boost creativity and develop skills
that help the students to understand their environment, to think
critically and creatively, and to form better relationships with their
peers. Artistic development should only be a secondary
objective11,12,20.
Given our definition of creativity, individuals exposed to

situations in which they are continuously prompted to propose
novel ideas with minimal constraints—as is often required in art-
based programs—will demonstrate higher levels of comfort in
activities demanding this skill. This leads to four hypotheses, the
first of which is

Hypothesis 1: Art-based programs have a positive impact on
the ability and inclination of participants to think creatively.

A fundamental concept in arts education is the notion of
generating expressive objectives (Eisner, 2005). Broadly speaking,
this notion of expressivity is composed of two elements. The first
element is that participants must be able to generate sufficient
awareness of their own preferences and creative impulses in order
to generate meaningful, or at least cohesive, artistic ideas. Here, it
is instructive to note that the associative mechanism by which
creativity links one idea to another would have no basis without a
reflective component—namely, the bodies or “schemas” of
knowledge that one has access to during the creative process,
and the ability to retrieve ideas, which is predicated on an
individual’s ability to reflect upon these ideas13,39. The second
element is that participants must be able to communicate the
ideas they generate through their creative faculties. This ability
may be verbal, translational, or aided by a medium, such as the
plastic arts, and so on.
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We posit therefore that by increasing an awareness of one’s
own internal schema and developing more adequate methods
through which to express this schema an individual’s ability to
communicate meaningfully with others is enhanced by this
greater sense of self-awareness and ability to exchange ideas,
and that deeper peer relationships can be formed as a result. This
proposition is supported by the findings of other impact studies,
which show a positive relationship between participation in
artistic programs and the richness of personal relationships. This
leads to the following hypothesis:

Hypothesis 2: Art-based programs positively impact the
socioemotional skills of their participants.

Although the aim of art-based programs is often to increase
artistic competency in the targeted medium (painting, drama,
music, etc.), these programs often incorporate other metrics, such
as increasing test scores in mathematics or reading comprehen-
sion, as secondary or tertiary objectives40. The mechanism by
which these secondary and tertiary objectives are achieved
through art-based programs is not always clear; there is, however,
a general consensus that these academic-related objectives will be
impacted by a mixture of cognitive and noncognitive traits, such
as attitude or “grit”41. Given that academic achievement is largely
driven by a student’s mastery of socioemotional skills, such as
perseverance or discipline, we posit that prolonged exposure to a
program in which these skills are further developed will increase a
student’s appreciation for further education. Moreover, we argue
that enhanced performance will lead to positive feedback from
teachers, peers, and parents, which will, in turn, render academic
activities more appealing. In the short term, we expect this to
translate into a higher level of motivation in school and should
result improvements in overall GPA, math GPA, and language GPA.
The SAT (Scholastic Aptitude Test) is a standardized exam
conducted by the College Board that is applied for admission to
undergraduate degrees in the United States, Canada, and some
universities in Europe. Like the SAT, the Prueba de Selección
Universitaria (PSU) is a standardized written test, implemented in
Chile since 2003, for the admission process to university
education. In the long term, higher rates of college applications
or registrations for examinations required to enter universities
(SAT, PSU, etc.) are to be expected, leading to the next hypothesis.

Hypothesis 3: Art-based programs foster a greater intent to
pursue higher education.

Some cultural activities can involve a higher level of long-
itudinal effort, that may include formal education acquired over
many years, before a certain aspect of the activity can be
appreciated. Indeed, a number of studies have demonstrated a
significant, positive correlation between education in a specific
artistic discipline and appreciation for the artistic goods within
that discipline42. Due to the often-interdisciplinary tastes of art
teachers and students, participants in high-exposure art-based
programs will develop a more heterogeneous taste for cultural
activities beyond those directly related to their studied medium.
This may result from a greater appreciation for cultural activities in
general, a greater enjoyment of more effortful leisure activities, or
simply an exposure to practitioners who draw inspiration and
networks from interdisciplinary sources. Given this, the following
hypothesis is put forward:

Hypothesis 4: Art-based programs foster an appreciation
and participation in cultural activities.

The act of doing, or learning by doing, will take the form of
activities that provide a skill “transfer”22—namely, that the skill
being developed (such as art or music) will act as a conduit

through which another skill (such as emotional resilience or
creativity) may be acquired. In the case of art-based programs the
impact they create on human capital development will take place
through the mediation of art-based activities. A strong argument
in favor of ancillary societal benefits emerges from this study in
that the AP participants were more likely to allocate time to
cultural activities, such as going to museums, attending the opera
and plays, or reading magazines, than their peers in the control
groups. Indeed, Kisida et al.43 produce causal evidence showing
that field trips to museums affect cultural behaviors.
Due to the characteristics of the data studied, and following the

tradition of empirical human capital theory, the hypotheses
outlined will be treated as independent and the degree of
interrelationship among them will not be explored in this study.
These potential dynamics could, however, be explored in the
future, particularly the complementarities between the hypoth-
eses. It may also be relevant to assess the existence of certain
sensitive or “critical” periods44 when the skills studied here—
namely, those related to creative and critical thinking and
socioemotional skills—are more prone to being impacted by art-
based programs such as the AP. Sensitivity to these factors would
be in line with contemporary discussions in the human capital
literature45.

RESULTS
The impacts of participation in the AP
Statistically significant results were obtained across three axes of
measurement. First, in line of Hypothesis 1, the results show that
students who took part in the AP program demonstrated notable
and statistically significant improvements in standard measures of
creativity. These results were most pronounced for tasks in which
the students were required to generate novel insights and
manipulate conceptual or abstract concepts. This result lends
credence to the notion that students who participate in art-based
programs may become more able to generate novel solutions
when faced with uncertainty, and that they may be more able to
analyze poorly defined or abstract problems than students who
have not participated in art-based programs. Second, regarding
Hypothesis 2 and 3, students who took part in the AP performed
notably better in their nonartistic classes after participation in the
program. This was reflected in higher overall GPAs, particularly in
language and mathematics. One possible explanation for these
higher academic results is the increased creativity in participating
students that was observed in the psychometric test applied to
the students. The results of measurements for creativity were also
significantly higher than those of the control group, which could
explain the comparatively higher levels of academic achievement
found in the treatment group. Finally, students participating in the
AP program were much more inclined than nonparticipants to
pursue postsecondary education, measured in terms of will-
ingness to consider further education. Notably, the impacts and
statistical significance of these results were proportional to
exposure to the AP. In other words, the more AP sessions a
student attended, the more they tended to think creatively, to
reap the academic benefits associated with the program, and to
regard postsecondary education as desirable. Moreover, because
the AP was implemented at the high school level, impact
estimations will be underestimated compared to the impact that
could have been made on elementary school students. There are
different stages in an individual’s life cycle that are critical to the
development of certain skills46,47. In particular, the development
of skills in the early stages of life increases the ability to acquire
skills later, a phenomenon called dynamic complementarity in the
literature46,48–50. Therefore, considering high school programs is
likely to undervalue the potential effects.
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This section presents the impacts of participation in the AP for
two dimensions: human development—proxied by measures of
creativity, socioemotional skills, and academic achievement (in
line with Hypothesis 1 to 3 from the introduction)—and behaviors
related to the general use of one’s time (work, meeting friends,
housekeeping, etc.) and to cultural activities, which in the context
of this study is also referred as creative behaviors (Hypothesis 4).
First, the impact of the AP using propensity score matching is
presented. Then, a doubly robust reweighted model is applied
that uses the propensity score to weight the subjects in the
sample. This method enabled us to control for demographics,

which also affect the outcome variables. The doubly robust
reweighted model will be explained in detail below. Finally, we
present a similar model to estimate the impacts of the AP on
behaviors.

Propensity score matching
In this section, we present the impact of the AP on human
development, which is proxied in this context by measures of
creativity, socioemotional skills, and academic achievement. In
Table 1, we exhibit the descriptive statistics. Tables 2 and 3

Table 1. Descriptive statistics and matching quality for one semester AP workshop sample.

Mean Mean % Reduction

Variable Condition Treated Control % Bias Bias t test P value

Sex (1 if female) Unmatched 0.58 0.35 47.30 2.98 0.00

Matched 0.57 0.53 6.60 86.00 0.37 0.71

Ed. Mother Unmatched 11.75 12.01 −11.40 −0.71 0.48

Matched 11.75 11.98 −10.20 10.70 −0.61 0.54

Ed. Father Unmatched 11.88 12.00 −5.20 −0.33 0.74

Matched 11.84 12.20 −15.10 −188.50 −0.86 0.39

Income 1 Unmatched 0.13 0.10 7.10 0.45 0.65

Matched 0.13 0.09 12.40 −73.80 0.71 0.48

Income 2 Unmatched 0.44 0.53 −17.90 −1.13 0.26

Matched 0.46 0.51 −10.00 44.00 −0.58 0.56

Income 3 Unmatched 0.31 0.27 7.20 0.45 0.65

Matched 0.33 0.26 14.20 −96.80 0.82 0.42

Income 4 Unmatched 0.11 0.08 10.70 0.68 0.50

Matched 0.06 0.10 −14.80 −38.70 −0.92 0.36

Other similar activity (1 if yes) Unmatched 0.33 0.45 −24.80 −1.56 0.12

Matched 0.34 0.32 5.50 77.80 0.33 0.74

Books (1 if books >30) Unmatched 0.56 0.57 −2.50 −0.16 0.87

Matched 0.54 0.56 −4.40 −75.60 −0.26 0.80

Two-sample t tests were performed to determine significant differences.
Total Obs: 72 treated and 88 controls. Treated and control groups compare the results achieved by students who participated in only one AP workshop with
the results of the students who did not participate in any AP workshops.
Notes: The total number of observations is reduced because of common support between both groups. Variables Income 1–Income 4 index dummies of
income intervals, with 1 as the lowest and 4 as the highest.

Table 2. Impacts of one semester ap workshop (Kernel Bandwidth, 0.06).

One AP workshop

Mean treated Mean control Difference SE T-stat Impact (Dif/SD)

Avg. General Grade 101.40 96.02 5.38 4.41 1.22 0.27

Avg. Art Grade 102.10 100.04 2.06 4.59 0.45 0.10

Avg. Language Grade 103.83 95.69 8.14 4.17 1.95 0.41

Avg. Math Grade 101.85 97.46 4.39 4.40 1.00 0.22

Personality Test Score 52.04 52.65 0.61 1.90 −0.32 0.03

Total TTCTW 99.42 96.51 2.91 4.04 0.72 0.15

Total TTCTG 108.89 106.17 2.72 3.26 0.84 0.14

13 Forces
Total TTCTG

104.66 96.23 8.43 4.63 1.82 0.42

TTCTW Written section of the Torrance’s Test of Creative Thinking (TTCT). TTCTG The graphical section of Torrance’s Test of Creative Thinking (TTCT).
Total Obs: 50 treated and 60 controls on common support. Treated and control groups compare the results achieved by students who participated in only one
AP workshop with the results of the students who did not participate in any AP workshops.
Notes: The total number of observations is reduced because of common support between both groups. Variables in the propensity score are the same as those
used as controls in the double robust reweighted regression analysis.
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compare the results achieved by students who participated in only
one AP workshop with the results of the students who did not
participate in any AP workshops. In Tables 4 and 5, the students
who participated in at least two AP workshops are compared with
the students who did not participate in any AP workshops. In this
way, the hypothesis that the magnitude of the impact of the AP
can be influenced by the intensity of exposure was tested, and this
hypothesis was confirmed. The most positive and significant
results were observed among the group that was treated more
intensively (i.e., those who had attended at least two semesters of
workshops). It is worth noting that the scaling relationship
between impact and intensity of exposure is consistent with
minimal sampling bias: if the experiment were subject to sample

bias—groups differing in some unobservable skills, for example—
a positive impact would have been observed even among those
who had participated in only one semester of AP workshops.
The results presented in Table 2 support the notion that the

samples used in this study were well-balanced. It shows the results
obtained for the matching quality associated with differences
between the means of participants and their counterfactuals. After
matching, not all methods are significant for most of the variables
that were used as controls. It can be therefore argued that the
sample was well-balanced after conditioning on the propensity
score. Furthermore, Table 3 illustrates the differences regarding
outcome variables between participants and their controls for the
group that participated in only one semester of workshops, using

Table 3. Matching quality of two semester AP workshops sample.

Variable Mean treated Mean control % Bias % Reduction bias t test P value

Female Unmatched 0.48 0.35 25.60 1.42 0.16

Matched 0.48 0.43 10.60 58.50 0.50 0.62

Ed. Mother Unmatched 11.46 12.01 −22.60 −1.24 0.22

Matched 11.46 11.50 −1.70 92.50 −0.08 0.93

Ed. Father Unmatched 11.33 12.00 −29.00 −1.56 0.12

Matched 11.33 11.44 −4.70 83.70 −0.23 0.82

Income 1 Unmatched 0.13 0.10 8.70 0.49 0.63

Matched 0.13 0.11 7.10 18.30 0.34 0.74

Income 2 Unmatched 0.59 0.53 10.60 0.58 0.56

Matched 0.59 0.59 0.30 96.80 0.02 0.99

Income 3 Unmatched 0.15 0.27 −29.60 −1.57 0.12

Matched 0.15 0.17 −5.60 81.20 −0.29 0.77

Income 4 Unmatched 0.13 0.08 16.50 0.94 0.35

Matched 0.13 0.12 3.30 79.90 0.15 0.88

Other similar activity (1 if yes) Unmatched 0.33 0.45 −26.30 −1.44 0.15

Matched 0.33 0.29 6.50 75.30 0.33 0.75

Books (= 1 if > 30) Unmatched 0.57 0.57 −0.60 −0.03 0.97

Matched 0.57 0.53 6.80 −1050.00 0.33 0.75

Two-sample t tests were performed to determine significant differences.
Total Obs: 46 treated and 88 controls. Treated and control groups compare the results achieved by students who participated in two AP workshops with the
results of the students who did not participate in any AP workshops.
Notes: The total number of observations is reduced because of the imposed common support between both groups. Variables Income 1–Income 4 index
dummies of income intervals, with 1 the lowest and 4 the highest.

Table 4. Impacts of at least two semesters of AP workshops (Kernel Bandwidth, 0.06).

Two AP workshops

Mean treated Mean control Difference SE T-stat Impact (Dif/SD)

Avg. General Grade 109.49 98.55 10.94 6.08 1.80 0.55

Avg. Art Grade 105.03 98.38 6.66 5.89 1.13 0.33

Avg. Language Grade 109.92 97.73 12.20 5.85 2.09 0.61

Avg. Math Grade 107.11 99.92 7.19 6.00 1.20 0.36

Personality Test Score 50.58 55.27 −4.69 3.15 −1.49 −0.23

Total TTCTW 104.12 99.31 4.81 5.44 0.88 0.24

Total TTCTG 113.33 109.57 3.75 4.30 0.87 0.19

13 Forces Total TTCTG 112.26 101.25 11.01 5.87 1.87 0.55

TTCTW Written section of the Torrance’s Test of Creative Thinking (TTCT), TTCTG The graphical section of Torrance’s Test of Creative Thinking (TTCT).
Total Obs: 24 treated and 48 controls on common support. Treated and control groups compare the results achieved by students who participated in two AP
workshops with the results of the students who did not participate in any AP workshops.
Notes: The total number of observations is reduced because of imposed common support between both groups. Variables in the propensity score are the
same as those used as controls in the double robust reweighted regression analysis.
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the kernel bandwidth value of 0.06 as an illustration. Recall that
the propensity score variables considered were the student’s sex,
education level of both parents, family per capita income, school
and class, number of books at home, and participation in
extracurricular artistic activities inside or outside the school before
the implementation of the AP. We considered these variables as
the literature highlights their relevance in academic achievement
and educational outcomes more in general4,16,51.
Table 3 shows that one semester of the AP positively and

significantly affected a student’s GPA for language, a measure that
combines all grades in language classes during a school year. A
marked increase in a student’s scores for graphic creativity (i.e., the
TCTTG) following participation in one semester of AP workshops
can also be observed. For all remaining outcomes, the impacts
were not statistically significant.
Tables 2 and 4 show the variables for both the treated and the

control groups. As before, after employing the PSM method these
groups were balanced, accepting all null hypotheses with no
difference between groups. Furthermore, for students who
participated in at least two semesters of AP workshops, Table 4
shows a positive and significant impact on average general GPA,
as well as on math GPA, language GPA, art GPA, and physics GPA.
The negative impact on the personality dimension of the PHSCS

became insignificant as students continued to participate in
workshops. This is still surprising, however, because one of the
channels to explain the link between art-intensive initiatives and

academic achievement is through the development of noncog-
nitive skills such as perseverance or self-concept. Nevertheless,
these results lead to two possible explanations: first, as we can
subtract the differences between the impact of one semester of
workshops and at least two semesters of workshops, AP
participants had a low average score on the PHSCS compared to
the control group. Second, it is possible that the PHSCS scale is not
a good measure of the socioemotional skills promoted by a
program like the AP.

Doubly robust reweighted regression model
In what follows, the results from the doubly robust reweighted
regression model (DRRW) are presented. Data illustrating the
results are presented in Table 6 and A1 (in the Supplementary
Information). In general, the data from this study can be organized
into four broad categories: (1) academic performance, as
measured by overall GPA, math GPA, and language GPA; (2)
artistic performance, as measured by art GPA; (3) socioemotional
skills, as measured by self-concept; and (4) creative thinking, as
measured by the graphical and written forms of the TTCT.
The resulting outputs from these data are compelling yet

intuitive. For a number of factors, participation in the AP program
had a positive and significant impact on performance. For
example, participation in just one semester of AP workshops
was a greater influence on a student’s GPA than the education

Table 5. Doubly robust reweighted regression: creativity and self-concept.

One workshop Two workshops

1 2 3 4 1 2 3 4

Variables PHSCS TTCTW TTCTG TTCTG 13 F PHSCS TTCTW TTCTG TTCTG 13 F

One AP workshop −2.242 1.32 1.509 6.445 −0.822 2.463 2.409 9.902**

[1.713] [3.437] [3.090] [3.949] [2.019] [4.899] [3.683] [4.513]

Female −2.019 −5.369 −3.708 −7.517* −2.615 −9.849* −5.296 −7.651

[1.621] [3.561] [3.007] [3.873] [2.265] [5.300] [3.932] [4.989]

Ed. Mother −0.273 −0.264 0.0451 0.327 −0.344 0.0632 1.36 0.716

[0.404] [0.700] [0.634] [0.900] [0.427] [0.807] [0.869] [0.898]

Ed. Father −0.231 −0.103 0.0593 −0.493 0.0674 −1.165 −1.038 −1.744*

[0.390] [0.921] [0.678] [0.832] [0.564] [1.165] [0.765] [0.997]

Family has car 0.128 0.218 −0.285 7.444* 0.698 −3.083 2.572 5.903

[1.815] [3.448] [3.159] [4.328] [2.229] [3.714] [3.758] [4.137]

Computer at home −3.764 −9.653** −3.193 −12.08* −1.4 −2.071 −5.839 −2.474

[3.050] [4.693] [4.465] [6.696] [3.401] [6.858] [5.010] [7.069]

Art outside −1.599 5.924 8.027*** 13.45*** −3.489* 5.677 10.58*** 10.85**

[2.097] [3.636] [2.886] [4.825] [2.092] [5.877] [3.724] [5.094]

Internet at home 3.646 4.487 3.626 6.766 4.21 −10.73* −0.745 −8.384

[2.638] [3.978] [4.024] [5.039] [3.199] [6.071] [4.762] [6.745]

Books (= 1 less than 30) 1.436 −3.058 −2.339 −5.479 −2.877 −14.59** −1.095 −8.195

[1.648] [4.064] [3.168] [4.322] [1.908] [7.255] [4.289] [5.675]

Const. 60.01*** 108.4*** 105.4*** 108.8*** 56.92*** 129.8*** 107.2*** 125.2***

[6.504] [19.36] [13.85] [16.44] [7.930] [26.07] [14.92] [19.93]

Obs. 113 113 113 113 89 89 89 89

R-squared 0.1 0.108 0.146 0.313 0.173 0.311 0.223 0.34

School Dummies Yes Yes Yes Yes Yes Yes Yes Yes

TTCTW Written section of the Torrance’s Test of Creative Thinking (TTCT), TTCTG The graphical section of Torrance’s Test of Creative Thinking (TTCT), PHSCS
Piers-Harris Self-Concept Scale.
***P < 0.01, **P < 0.05, *P < 0.1.
Notes: Robust standard errors in brackets. Double robust reweighted regression estimation combines an inverse probability weighting, in which each
individual observation is given a weight equal to the inverse of the probability of the treatment the student received conditional on baseline covariates (i.e.,
the estimated propensity score, as shown in Eq. (6)), with standard regression modeling.
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level of their parents or having a computer at home. These results
imply that, even though it is art-based, participation in the AP
leads to a number of third-tier effects41, such as greater academic
performance.
Most notably, however, there is an increase in these effects if a

student participated in at least two semester-long workshops. In
fact, the third-tier effects generated by the AP became increas-
ingly more significant than those of other influencing factors. By
contrast, the first-tier effects41 generated by the AP—that is, the
effects that directly relate to art skills and appreciation for the arts
—diminished. These results suggest that continuous participation
in the AP program has a very positive correlation with a broad
array of cognitive and noncognitive skills associated with
academic achievement. It also appears that, although the
influence of the AP on participant affinity for artistic pastimes is
positive, the AP is a less prominent contributor to these
dimensions than others, such as pre-existing artistic interests.
Put another way, the results suggest that the greatest contribution
of the AP for participating students lies in the role it plays in
equipping students with skills associated with broader academic
and social achievements and not necessarily as a way for students
to gain artistic competency.
Returning to the analysis of factors that contributed to

academic performance, parental education level was another
driver of academic achievement, as well as other factors that

increased exposure to information within a student’s home
environment. Chief among these factors was access to a computer
outside of school, which was an even more prominent influence
on academic performance after the second exposure to the AP.
Although these results have not been explored further in this
study, one interpretation is that students who become more
motivated after participation in a program like AP will take the
initiative in making use of online resources to complete assign-
ments or expand their studies more broadly using a computer, or
both. It is also illuminating to note the contrast between this
particular performance driver and other variables impacted by the
AP. Although a computer at home is strongly correlated with
academic performance, it is minimally associated with a student’s
artistic achievements and is minimally, or even negatively,
associated with a student’s sense of self-concept. That is, the
results suggest that access to a computer serves as a viable
method through which students can increase their academic skills
but will not reinforce any artistic, socioemotional, or creative skills.
Another major correlation was between the number of books at

home and academic achievement. The measure used in this case
was whether participants in the AP had more than or fewer than
30 books at home. This dichotomic variable took the value of 1 if a
student had fewer than 30 books at home. In this case, there was a
highly negative correlation between number of books at home
and a student’s overall academic performance as measured by
GPA. This result is fairly intuitive because it is likely that families
with books in the household recognize the importance of and
foster a strong commitment to their children’s education. This
measure is used frequently to proxy “cultural capital” at home.

Impact on behaviors
Our initial survey also produced notable results with regard to
student behaviors. In this section, only the results of intensive
participation—that is, at least two semesters of workshops—in the
AP are considered. Here, we will present the results of our findings
with regard to time management (work, meeting friends, house-
keeping, etc.), and to cultural activities. Then, the impact of the AP
on participant expectations of pursuing higher education after
completing high school (i.e., enrolling in a community college,
university, etc.) is presented.
As shown in Table 7, AP participation positively influenced the

frequency with which students engaged in certain cultural
activities. In particular, the AP had a positive impact on the time
spent watching films at home or in the cinema (p11b) and
creating cultural goods, such as handicrafts, poetry, and theatre,
(p11f). In addition, and with respect to the use of time related to
cultural activities, Supplementary Table A2 illustrates the impact of
the AP on a student’s tendency to read magazines (p12a), books,
or comics (p12c), as well as going to the cinema (p12d) and going
to the library (p12l).
In terms of higher education expectations, Table 8 shows that

participating in at least two semesters of AP workshops increases
the probability of pursuing higher education (college, community
college, etc.) after finishing high school by 16%.

DISCUSSION
The literature regarding the impact of art-based programs on the
development of skills and behaviors is not particularly clear. On
the one hand, there is a lack of consensus regarding which
methodology is robust enough to capture the nuances of the
effects of art-based programs on human capital development. On
the other, an increasingly compelling argument has been made
regarding the role of educational processes that promote
creativity—that is, active exploration, innovation, adaptation,
and creation by students—in cultivating the tools and skills that

Table 6. Impacts of at least two semesters of AP workshops on
behaviors (willingness to pursue higher education studies).

(1) (2) (3)

Variables Higher Ed.
intent

Higher Ed.
intent

Higher Ed.
intent

Two AP workshops 0.145** 0.156** 0.156**

[0.0731] [0.0717] [0.0717]

Female −0.0725 −0.0538 −0.0524

[0.0748] [0.0732] [0.0733]

Ed. Mother (years) 0.0423** 0.0461** 0.0465**

[0.0194] [0.0194] [0.0198]

Ed. Father (years) −0.0329* −0.0319* −0.0324*

[0.0183] [0.0183] [0.0186]

Family has car 0.205*** 0.218*** 0.219***

[0.0689] [0.0613] [0.0618]

Computer at home −0.141* −0.140*

[0.0832] [0.0828]

Internet at home 0.147 0.148

[0.110] [0.110]

Books (= 1 less than
30)

0.0920 0.0956

[0.0852] [0.0883]

Art outside school 0.0215
[0.0808]

Observations 115 115 115

School dummies Yes Yes Yes

***P < 0.01, **P < 0.05, *P < 0.1.
Double robust reweighted regression estimation was performed to control
for confounding variables. Robust standard errors in brackets. Notes:
Double robust reweighted regression estimation combines an inverse
probability weighting, in which each individual observation is given a
weight equal to the inverse of the probability of the treatment the student
received conditional on baseline covariates (i.e., the estimated propensity
score, as shown by Eq. (6)), with a standard probit regression model.
Marginal effects reported.
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students require to meet the challenges of the modern
economy8,9.
Our study contributes to the extant literature by addressing the

clarity gap. First, a methodology that eliminates various selection
biases prominent in similar studies was employed. Second, by
employing these methodologies and operating within the frame-
work of human capital development52, the impact of the AP art-
based program on the development of cognitive, socioemotional,
and creative skills and behaviors was measured.
The study utilized expensive (in terms of implementation and

evaluation) instruments such as Torrance’s graphic creativity tests
on a relatively small sample of public high school students in
Chile. By imposing a common support, the sample quality was
improved, reducing potential selection bias. The vulnerable
socioeconomic context of the students made them ideal
candidates for the art intervention, which was expected to have
a greater impact on their educational and personal outcomes,
given that they have less access to enriching curricular
alternatives. Expanding the program to middle and upper-class
students may provide useful insights about the intervention’s
effects as well.
Overall, the results support three of the four initial hypotheses.

With regard to Hypothesis 1, the evidence drawn from the results
of our prestudy and poststudy analyses demonstrate the positive
impact of the AP on participant creativity across a number of
measures assessed in the TTCT. Specifically, the results show a
marked impact on the abstractness of title test, indicating that AP
participation leads to a greater capacity to manipulate abstract or
theoretical concepts. This capacity would certainly be of use in an
academic context, where students have to learn and work with
theoretical frameworks or concepts regularly. To previous studies
that found these results1,3,5,7, we add the causal inference
evidence on creativity.
Hypothesis 2 was not supported by the data, which demon-

strate a decrease, albeit not significant, in measures of self-
concept as revealed by the PHSCS after exposure to the AP. In
general, the measurements of self-concept indicated stronger
beliefs of self-efficacy and confidence, as well as reduced levels of
anxiety or depressive traits. These measurements provide us with
a sense of the extent to which participants believe in their ability
to achieve their goals and influence outcomes in their lives. We
would argue that the instrument of self-concept is not the most
suitable instrument for evaluating the AP. And these results
become even more relevant in light of a current debate in the
literature regarding the shortcomings of using self-reporting to

proxy socioemotional skills in program evaluations when emo-
tional dimensions are being examined, this is due not only to
reference bias but also to emotional bias (see, for instance, Egana-
delSol53 and the articles referred to therein).
The evidence supporting Hypothesis 3 came in the form of a

significant impact of 0.55 sd on overall GPA, 0.61 sd on language
GPA, 0.36 on math GPA, and 0.33 sd on art GPA, in addition to a
16% increase in the plans of AP participants to pursue higher
education.
These results are consistent with previous evidence that has

demonstrated a similar relationship between art-based programs
and academic performance12,16,18,54–58.
These results are relatively large compared to other more

intensive and expensive academic interventions performed in the
same cultural and geographical context, and in general presented
in ref. 57. For instance, a recent evaluation of the extended school
day policy implemented by the Chilean government in
1997 showed minimal efficacy with regard to enhancing academic
achievement, ranging from 0.05 to 0.07 sd in language and from
0.00 to 0.12 sd in math59.
One potential explanation for these findings is as follows: as the

workshops develop creativity, particularly in the flexibility dimen-
sion (between thematic fields) and the abstractness of title
dimension (a conceptual skill), they impact academic achievement
by producing greater comfort and flexibility in the face of novel
knowledge or theoretical frameworks. As stated, abstractness of
title measures the ability of an individual to highlight the
importance or essence of a given situation and requires an ability
to synthesize information while discarding erroneous or irrelevant
data. When applying the abstractness of title test, each subject is
invited to think of titles for drawn objects or situations. By doing
so, the subject transforms figurative stimuli into verbal informa-
tion. A significant finding of this study is that it reveals a positive
impact on the subject’s criterion-referenced measures (CRM)—
that is, the thirteen remaining creative forces assessed by the
TTCTG, in addition to the five fundamental creative skills which are
known as norm-referenced measures (NRM). The test evaluates
eighteen skills. Five of these were considered to be fundamental
drivers of creativity by Torrance, the creator of the instrument, and
the remaining thirteen offer additional insights into the creative
potential of a subject. The five fundamental skills (NRM) are
fluency, originality, elaboration, abstractness of title, and resis-
tance to premature closing. The other dimensions (CRM) are for
instance unusual visualization, internal visualization, extending or
breaking boundaries, humor, richness of imagery, and colorfulness
of imagery, among other dimensions, which are arguably more
complex expressions of creativity than those revealed by the NRM.
Indeed, our empirical findings imply it is unlikely that programs of
this nature broadly affect the NRM, which are more likely to be
influenced by a student’s preprogram experiences. They do,
however, affect the CRM, which can be interpreted as more
sophisticated or nuanced expressions of creativity. Indeed, the
CRM are related to unusual visualization, internal visualization,
extending or breaking boundaries, humor, richness of imagery,
and colorfulness of imagery, among other dimensions, which are
arguably more complex expressions of creativity than those
revealed by the NRM.
These results were achieved even after employing propensity-

matching techniques to student profiles to control for upbringing.
And, in conjunction with the statistical adjustments made, the
results strongly suggest that art-based programs similar in nature
to the AP have a positive impact on the higher education plans of
participating students. Although it was expected that the art-
based intervention would impact education by improving socio-
emotional skills, unfortunately this was not the case. This is
surprising because of recent studies showing that a self-
affirmation intervention increases on-time graduation rates for
treated minority students (African Americans and Latinos in the

Table 8. Schools sample.

School
name

Centro
educacional
mirador

Centro
educacional
pudahuel

Liceo
Polivalente
Agustín
Edwards
McClure

Liceo
Técnico
de
Valdivia

County San Ramón Pudahuel Conchalí Valdivia

Classes
that met
the study
criteria

1° A 2° medio A 1° medio A 2° A

1° B 2° medio B 1° medio B 2° B

1° C 2° medio E 2° C

2° A 2° D

2° B 2° E

2° C 2° F

2° G

Students
Obs.

110 82 53 52

Total
sample size

297
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US) by 10 pp60. To provide context to the effect size in the
findings, the impacts are near the upper bound of similar
educational programs targeting similar skills and behaviors61,62.
Our detailed, initial survey provided nuanced insights about

Hypothesis 4. In fact, the consumption of a wide range of cultural
activities was impacted by AP participation, especially after a
student had attended at least two semesters of workshops. In
general, the data confirmed Hypothesis 4 and, moreover, the
results presented in Tables 5 and 6 suggest that treated students
replaced idle time, spent doing things such as hanging out with
friends or watching television, with the consumption of cultural
goods. This data must be further explored in future studies to
confirm the extent to which this exchange of time is truly zero-
sum or whether there are also gains in the efficiency of time spent
in other activities. The results support our initial argument and
imply that students develop several non-art-related skills and
demonstrate behavior change during and after participating in
intensive art-based programs like the AP.
This study presents evidence focusing on individuals aged

between 14 and 16 years. As highlighted in the literature on
critical periods44,46,47, this age range is considered optimal for
investigating the development of various skills. The findings of this
study align with previous research, supporting the notion that
adolescence represents a pivotal stage for the acquisition of
creative, critical thinking and socioemotional skills. However, given
the complexity of this topic, further investigation is warranted to
deepen our understanding of critical periods’ influence on creative
abilities.
Our study also provides a methodological improvement to

techniques prevalent in the literature. Most studies are either
hampered by sampling biases or only produce correlational
results, or both. This is not surprising: the nature of the (ideal)
samples most relevant to this research involve human beings and
tend to be observational in nature. Previous studies have tended
to involve samples that are not truly random and are conditional
upon other dimensions (such as attending a certain school or
attaining a certain grade score, for instance). By implementing
strict selection criteria and control groups coupled with statistical
cloning methods, such as propensity score matching (PSM), the
methodology developed in this paper is context-relevant and
mitigates many of these statistical difficulties.
The observed results of the Art-based program study show a

high and positive impact on academic achievements, a positive
and significant impact on various innovative graphical psycho-
metric measures of creativity, and likewise on creative behaviors,
that is, an increase in time dedicated to cultural activities. These
results suggest that this type of program is crucial to guide de
implementation of changes in the public school system. This
research could potentially infer that alterations in conventional
classroom methods may wield substantial impacts on crucial
aspects of personal development. Furthermore, these changes
could satisfy the evolving skill demands inherent in the
anticipated future of work63–66.
Despite its theoretical and methodological contributions, this

study has at least two main limitations. The first is generalizability.
Although the sample size is not particularly large or small for
studies of this type, it was reduced because we imposed common
support. This means that we excluded from the analysis those
students in the treated and control groups that were very different
from each other. In other words, we reduced the sample size, but
at the same time we improved substantially the quality of the
analysis by reducing the potential selection bias inherent in these
types of treated and control group comparisons due selection bias
based on unobservable variables. Despite our rigorous approach
to the design of this study, our work does merit further
exploration because of the relatively small sample of students in
Chile, who may be subject to certain idiosyncratic influences67. To
conduct similar studies in other contexts would therefore be a

valuable contribution to ensuring the consistency and generality
of the results.
Second, although several methods to minimize statistical biases

were employed throughout, our approach should be viewed as
quasi-experimental67 and not as a robust as randomized control
trial (RCT). There may be unknown variables among our
participants that could impact the conditional probability of them
receiving the treatment of AP and could, therefore, impact the
outcomes of our findings as well. The present study may therefore
present biases due to certain observables—and unobservables—
for which we were unable to control. Future studies that build on
this work in the form of RCTs would be useful to clarify the
generalizability of our findings.
The methods and theories presented in this study could also be

enhanced by further decomposing the impact of art-based
programs into more granular subcategories of skills, by consider-
ing a larger and more diverse sample, and by implementing an
experimental approach.

METHODS
The program
The art-based program under study, known informally as the as
the Acciona Program, is the The Promotion of Art in Education
Program. Implemented in 2007 by the Chilean National Council for
Culture and the Arts, in collaboration with the Ministry of
Education and the Balmaceda Youth Art Foundation, in order to
enhance the effectiveness of formal education by improving the
quality of artistic and cultural education in the hours of free
programming (i.e., afternoon free time), the program brings
professional artists into public schools for one semester with each
artist performing a weekly 90-min afternoon workshop. The
program uses workshops in various artistic disciplines developed
by skilled artists in the area, who are paid competitively and have
been previously selected by open competition through a public-
private institution, the Balmaceda Youth Art Foundation. The
selected artists, with the support of a schoolteacher, works during
the entire semester with a group of students. The novelty of the
AP lies in its use of working artists as opposed to art teachers. It
also aimed to improve the creative skills of students through art.
Although there are numerous organizations and initiatives that

could have been assessed in the context of this study, the AP was
selected chiefly because of its reputation in producing workshops
of consistent quality. For this analysis, it was pertinent to only
include initiatives that met certain minimum quality standards and
that showed little variation in standards. Otherwise, finding
significant effects would have been more difficult36,68. For
example, considering the standard art or music classes offered
in schools would introduce unworkable complexity into the study
given the high level of heterogeneity in the quality and design of
these courses12. In this regard, the AP offered a unique setting in
which to study the effects of art-based programs on behavior and
educational outcomes. Table 8 summarizes the sample of
participating schools.
In some schools, the allocation of students to the AP workshops

was undertaken by the school principal with no particular
allocation rule and therefore randomly. Moreover, some students
in the sample participated in just one or two workshops over the
course of two years. Both these facts are exploited in the analysis.
For example, imagine a student from class “A” in the 11th grade in
year 0. In year 0 the principal allocates the AP program to class “A”
during the first semester but to class “B” during the second
semester in order to be fair to both classes. During the following
year, however, the school principal allocates the AP to class “A” in
the 12th grade (i.e., the same class that participated in the AP the
year before) because of a particular scheduling restriction, and in
the second semester the AP is assigned to a class that had not
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participated previously in the program (e.g., class “B” in the 11th
grade of that year). In this case, the data collected on this school
would present three distinct groups based on participation—
namely, 2-year workshop participation, 1-year workshop participa-
tion, and no workshop participation.

Program procedure
The AP is offered as a part of regular afternoon schooling hours,
when public schools typically allocate a range of alternative
courses to students, referred to in this paper as workshops (The
name of these courses in Spanish is talleres, which translates to
workshop in English. Despite the fact that the talleres are
undertaken during the school day, they would be regarded as
something akin to after-school activities in a US context), and
range in subject from advanced math to soccer. The fact that we
have an active control group—that is, the students of comparison
were doing something meaningful during “AP time”—works in
favor of the findings, making them conservative compared to an
AP versus no other course scenario.
Operationally, the AP workshops cover various artistic dis-

ciplines, such as painting, dance, music, etc. The curricula for the
workshops are developed by professional artists with relevant
expertise who are paid competitively and are selected through an
open competition under the guidance of a public-private
institution, the Balmaceda Youth Art Foundation (BYAF), which is
the main institution that promotes out-of-school art education in
Chile. The high reputation of BYAF and the attractive salary explain
the capacity of the AP to attract excellent artists to the program.
The selected artists, with the support of a schoolteacher, teach the
90-min weekly workshops over an entire semester with a single
group of students.
The quality of the program and its consistency is supported by

its design that consists of Acciona Formación, Acciona Asistencia
Técnica and Acciona Mediación69. Acciona Formación consists of
the modules that the artists in charge of the workshops must
share with the teachers, in order to link contents, and implement
pedagogical strategies. These modules are in charge of the
Ministry of Cultures and provided by the University of Chile
faculty.
An important point that is achieved through Acciona Asistencia

Técnica is technical assistance, which makes it possible after a year
of having support and advice provided by the Ministry of Cultures,
the continuity in a sustainable and consistent manner to this
orientation. Technical assistance consists of the support of an
external advisor to the management of educational establish-
ments to guide the issue of resources, design and implementation
of the program.
Finally, Acciona Mediación, which consists of artistic–cultural

mediation activities whose purpose is to create educational spaces
that link the local cultural experience of students with global
artistic–cultural experiences, through experimentation and appre-
ciation of the various artistic manifestations—cultural to develop
significant educational experiences that allow the achievement of
learning, encourage appreciation of various artistic–cultural
manifestations that contribute to promoting training processes
and value and recognize local culture through artistic or cultural
manifestations that disseminate regional heritage and/or national.

Data collection
The consistency of the AP enables the survey of four different high
schools within which the program was implemented. In order to
establish which schools would be considered, an initial screening
of educational institutions was performed based upon the
following exclusionary criteria: (i) the AP had been implemented
in the school in or before 2009; (ii) the school was geographically
accessible to the researchers; and (iii) the school was not directly
affected by the 2010 tsunami and earthquake. Subsequently,

every school that passed the initial screening was contacted in
order to identify (1) the years of implementation of AP in each
class (in order to get a sense of the intensiveness of treatment); (2)
the criteria under which the administration had decided to
implement the program (to avoid selection bias of more or less
skillful students in the dimensions of this study); and (3) whether
the school had another class in the same grade level that had not
yet taken part in AP (in order to assess the possibility of
generating suitable control groups).
Moreover, only those schools where students participated in AP

purely because they belonged to a certain class or group of
students (chosen by the principal) were selected, as opposed to
because they possessed certain skills or characteristic behaviors
(i.e., giftedness, or particular desires or aptitudes, etc.). The
intention was to choose schools where the selection of students
for the AP program was random—that is, the selection was not
related to a particular dimension possessed by the selected
students and participation in the program was not voluntary. Four
educational institutions met the required conditions: three of the
schools were located in the metropolitan area of Santiago, and
one in the Los Rios Region.
The sample, both the treatment and control group participants,

comprised a total of 297 students, 172 and 115, respectively, in 9th
and 10th grades across the four schools (14–16 years old range).
When making comparisons between treatment groups, we
distinguished those students who were treated with one and
two semesters of the program, a sample number that varies in the
estimates due to the use of common support. We visited the
schools and included all treated and controls in our analysis. In
other words, all students from the cohorts that had gone through
the program, whether they had participated or not, were taken
into consideration.
The assessments using the evaluation booklet were conducted

during regular school hours, with prior coordination with the
Technical Pedagogical Unit (TPU) coordinator at each educational
institution. To ensure the correct application of the criteria
throughout the scoring process, the scores given by a team of
three artists were monitored on a daily basis by a psychologist in
order to assess the consistency of scoring between iterations. In
addition, a second scoring process was conducted for each test. If
the difference between the two sets of scores was greater than
the standard deviation of the test scores, all the scoring of that
day were rejected. For more details on the TTCT can be found in
the Supplementary Information.
During the period of this study, from 2010 to 2011, informed

consent forms were not typically utilized for non-invasive studies
like the present, particularly when they were part of standard
public policies integrated into the regular curriculum. Conse-
quently, the Microdata Center at the University of Chile received
an exemption from securing Institutional Review Board (IRB)
approval and from the obligation of disseminating these types of
consent forms to the students or their guardians. As previously
noted, the methodology of this study incorporated the adminis-
tration of surveys, executed within the confines of regular school
hours and overseen directly by the school’s Head of the Technical
Pedagogical Unit (TPU), referred to as the Jefe de la Unidad
Técnica Pedagógica in Spanish and with the Principal´s approval.
Essentially, these surveys were seamlessly integrated into the
routine assessment framework, thereby serving as a conventional
measure of achieving the educational objectives set out by the
school’s curriculum.

Approach to creativity
To assess creativity, two forms of Torrance’s Test of Creative
Thinking (TTCT) were used. A measure for fluidity, flexibility, and
originality was obtained using a written version of TTCT, hereafter
TTCTW. And a measure of 18 further dimensions of creativity was
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obtained using a graphical form of TTCT, hereafter TTCTG. Both
forms will be discussed in the next section. All school academic
scores were standardized to facilitate comparison between classes
and schools.
Given that modern approaches, including the one underlying

this study, conceive of creativity as a synthesis of both cognitive
and noncognitive skills, the TTCT was deemed the most
appropriate instrument for assessing the creativity of AP students
and for assessing how creativity can be impacted by participation
in the workshops. Furthermore, the TTCT is the most widely
recognized and employed test of creativity and, more specifically,
of divergent thinking27–29. Unlike the instruments employed in
other tests—such as the Piers-Harris Self-Concept Scale (PHSCS)—
the instruments used in the TTCT require a very sensitive method
of scoring to effectively objectify certain subjective information.

Torrance’s test of creative thinking: graphical form. The graphical
form of Torrance’s Test of Creative Thinking (TTCTG) is an
instrument for measuring creative skills through graphical
exercises. It is a psychometric instrument developed by Ellis Paul
Torrance in 1966 and subsequently revised in 1988 and 1992
(Torrance, 1988, 1992), and in ref. 70. The methodology was

translated and validated in Chile by Parra71 assessing seventh and
eighth-grade students, and has only been validated for Chilean
students in these two age groups. The results of this test are,
however, valid for other ages provided that the conclusions are
drawn from the comparison of results of similar groups, as is the
case in this study.
Overall, the test evaluates eighteen skills. Five of these were

considered to be fundamental drivers of creativity by Torrance,
the creator of the instrument, and the remaining thirteen offer
additional insights into the creative potential of a subject. The test
consists of three sections, each of which evaluates some or all of
these eighteen creative thinking skills. For this study, we applied
activities two and three, which measure all of the eighteen skills
that the test attempts to assess.
The five fundamental skills assessed in this exam, also referred

to as norm-referenced measures (NRM), are fluency, originality,
elaboration, the abstractness of title, and resistance to premature
closing. Examples of fluency and elaboration are exhibited in
Figs. 1 and 2, respectively. An individual’s overall score in this test
is effectively the sum of these five areas. The results of the test are,
however, also influenced by the thirteen remaining creative forces
it evaluates (expressiveness, storytelling articulateness, movement

Fig. 1 Examples of creativity dimensions: fluency.

Fig. 2 Examples of creativity dimensions: elaboration—story articulation.
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or action, expressiveness of titles, synthesis of incomplete figures,
synthesis of lines, unusual visualization, internal visualization,
extending or breaking boundaries, humor, richness of imagery,
colorfulness of imagery, and fantasy), also known as criterion-
referenced measures (CRM). An example of a test with a high-
scoring CRM component is shown in Figs. 3 and 4.
The thirteen CRM-evaluated creative forces are considered by

the authors of this paper to be as important as the NRM; however,
a response may contain a greater or fewer number (or none) of
these creative forces. The score obtained from the creative forces
of the CRM is a bonus added to the score obtained on the basis of
the five NRM measures, resulting in the final score of the TTCTG.
The TTCTG was evaluated with a 20% rate of double correction.

Thus, at the end of each day, two evaluators scored the same 20%
of the surveys. If a difference greater than one standard deviation
in the score of a particular dimension was found between the
evaluators, all surveys scored were declared invalid, and all surveys
collected on that day were scored again.

Torrance’s test of creative thinking: written form. The written form
of Torrance’s Test of Creative Thinking (TCTTW) was first
implemented in Chile by the firm Consultancy for Development
in 200872. Following refs. 73 and 74, we created an instrument to
measure three dimensions of creativity—namely, fluency, flex-
ibility, and originality. The TCTTW consists of two open questions
that assess the three dimensions.
For this study, Test Form 2 was randomly selected. It includes

the following questions:

1. What do you think might be the disadvantages of having a
cell phone?

2. What do you think could be the similarities between a
carpet and a washing machine?

The answers were classified into categories and thematic fields.
The number of categories appearing in an answer set determines
a participant’s fluency score, and the number of thematic fields
included defines the flexibility score. Finally, an originality score is
assigned to the answers with a frequency less than or equal to 1%
of respondents.
Each of the three dimensions evaluated yields a raw score. All

scores are standardized so that the values are expressed in
equivalent scales, and it is therefore possible to add them
together to obtain a total score. Note that this procedure assumes
that the three dimensions are equally weighted. The TCTTW was
evaluated with a 100% rate of double correction.

Approach to self-concept: Piers-Harris scale
The Piers-Harris Self-Concept Scale (PHSCS) was created in 1967
and revised and amended in 1976 and 198475. The instrument was
adapted and validated in Chile by Gorostegui75. for students
between the third and sixth year of primary school education.
Gorostegui created a version consisting of seventy questions or
claims, each of which could be answered either with a yes or a no.
The test provides an overall score as well as six sub-scores, which
correspond to specific dimensions of self-concept. These include
behavioral adjustment, intellectual and school status, physical
appearance and attributes, freedom from anxiety, popularity,
happiness, and satisfaction.

Final dataset
The questionnaire applied to schoolchildren collected socio-
demographic information on sex and age, socioeconomic
information such as the education of the parents (guardians)
and household income scales, and other characteristics of interest
about the household equipment and the activities carried out by
the respondent. Information on TTCT creativity and self-concept
(PHSCS) was collected using separate questionnaires. Finally, the
information about academic performance in different subjects
such as mathematics, language, arts and a general average, was
obtained from the schools. All academic scores and scores on the
TTCT and PHSCS tests were standardized by courses/institutions.
The participants received no written consent form, but they were
told that the participation in the study was voluntary by the
researchers who were collecting the data.

Ethics
We have been granted an exemption from the Microdata Center
at the University of Chile for an ethical review. The primary reasons
for the waiver are twofold. First, the object of the study is a public
policy program that was already in effect at the time of the
research, thus, with the approval of the principal and all relevant
authorities of the school. As such, the research does not involve
any intervention or interaction with the participants beyond what
is already occurring within the bounds of the public policy
program. The research is essentially a passive evaluation of an

Fig. 3 Abstractness of Title: The ugliest car ever; The “Phantasma”
ship.
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ongoing policy. Second, our research methodology mainly
involves non-invasive surveys that are distributed to the
participants of the program. These surveys are carefully designed
to be respectful of the participant’s time and privacy, avoiding any
questions that could be deemed intrusive or irrelevant. The
anonymity of the participants is fully preserved, and the data
obtained are solely used for the purposes of this research. The
surveys were created and administered with full cognizance of
and compliance with the cultural norms and values prevalent in
Chile. It is important to note that the waiver from the ethical
review does not mean that the study is conducted without any
regard for ethical considerations. On the contrary, our research is
built upon a foundation of ethical guidelines, respect for the rights
and welfare of the participants, and a commitment to maintaining
their dignity and privacy. We have ensured that all aspects of the
research adhere to the ethical standards set forth by the University
of Chile and the broader scientific community.

Empirical strategy
Propensity Score Matching (PSM) was implemented to estimate
the quantifiable impacts of the AP. The PSM method corresponds
to a semiparametric estimator of the differences in the averages of
the relevant outcome (e.g., TTCTG, TTCTW, PHSCS, GPA) between
the AP participants and their control group. Specifically, PSM was
constructed, using a binary probit model, to account for the
estimated probability of a student participating in the program. In
other words, a statistical clone of each participant was created
based on the probability that they participated in the program
given their socioeconomic status and demographic characteristics.
Because of the inaccuracy of such measures in small samples,
however, a matching method conditional on the vector of any
given characteristic was not performed. Nevertheless, the
propensity score transforms the characteristic vector of each
individual into a scalar from 0 to 1.
To explain PSM formally, let us define the following relevant

variables in the PSM method:
Y 0,i is the outcome variable f if the student did not participate

in the AP. Di(0,1) is the treatment dummy, which takes the value 1
if student i participated and 0 otherwise. X is the student’s
characteristics vector.

ProbðXÞ ¼ ProbðD ¼ 1=XÞ:

In addition, according to Rosenbaum and Rubin (1983), the
following must hold:

0< ProbðXÞ< f ; (1)

ðY i0; Y i1Þ ? Di=ProðXÞ; (2)

where the constraint (1) ensures that the probability is well-
defined, and (2) is known as “unconfoundedness” or selection
based on observables, which is conditional upon student
characteristics. That is to say, Eq. (2) indicates that conditional
on the propensity score of the observable covariates the
assignment to treatment should not correlate (i.e., that it is
orthogonal, indicated by ⊥) with the outcome under either the AP
or the control condition. This implies that the actual allocation to
the AP was in fact random. Consequently, if both (1) and (2) hold,
one can properly obtain the average impact of the AP through

ΔðXÞ ¼ EðY1� Y0=ProbðXÞ;D ¼ 1Þ ¼ EðY1=ProbðXÞ;D ¼ 1Þ
�EðY0=ProbðXÞ;D ¼ 1Þ; (3)

where the term E(Y0/Prob(X), D= 1) represents the outcome of
interest for a student at a selected school assigned to the AP but
who did not participate, which is impossible to observe.
Specifically, we follow the Propensity Score Matching
Kernel–Epanechnikov (bandwidth, 0.06.). For robustness, we also
estimated other methods such as Propensity Score Matching 1
Closest Neighbor and Propensity Score Matching Radius 5 Closest
Neighbors. The results were similar. Essentially, these three
methods differ in the metrics and procedures performed as they
create the aforementioned statistical clone in the control group,
given the existence of a trade-off between bias and variance of
the estimator of the average treatment impact76–79. Later, bias
reduction after the matching analysis was performed.
Notably, in the existing literature, there is no consensus on the

optimal number of variables for the estimation of a propensity
score—that is, whether the model should be parsimonious or
overparameterized80. According to ref. 81, an overparameterized
model does not generate inconsistent estimates; however, it does
increase the variance, causing inefficiency in the estimators. In
addition, Heckman et al.82 show that omitting relevant variables
also biases these estimates. Zhao83 indicates that it is necessary to
omit any variables that affect treatment because they can be
affected by or influence participation, which prevents the
researcher from properly identifying the impact of a given
treatment. Finally, Caliendo and Kopeinig80 state that economic
theory, previous research in similar areas, and knowledge of
incumbent institutions are effective guides for model selection.
We therefore constructed a model including the variables that
seemed most relevant given the parameters of this study.
The selection of variables used to define the propensity score of

the students was based on (1) the findings in the literature
regarding the variables most closely linked to variations in
creativity, school performance, and socioemotional skills and (2)
The existence of sorting in the Chilean public education system84.
Whether or not students had participated in similar workshops

Fig. 4 Elaboration—movement and action.
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was also taken into account because it can affect the results of
both psychometric tests and academic outcomes.
Following this methodology, we considered student sex, the

education level of both parents, family per capita income, school,
and class, number of books at home, and whether or not the
student had participated in extracurricular artistic activities inside
or outside school before the implementation of the program. This
information was derived from an initial survey and was verified
with administrative data drawn from the participating schools.
Following ref. 51, the control variables in the regressions are

characterized by the variable of interest that corresponds to the
treatment dummy through AP workshop, a distinction according
to sex with a dummy that takes the value of 1 for women, a group
of covariates that characterize the status socioeconomic of the
observation measured according to the education of both parents
in years, and another group of variables that capture the
investment of the parents in the Internet, books and artistic
activities outside the school to which the observation is subjected.
In the case of matching, the same guidelines are considered,
characterizing by sex, socioeconomic variables (including income
levels in addition to parental education) and additional invest-
ment variables.
As is to be expected, the present study has certain limitations.

First, as Bryson et al.81 argue, the use of common support can
distort measurement if the sample in question is small. Although
common support was used in this study, we do not feel that this
has adversely impacted the results. When the results for the case
using common support were compared to those for the case
without conditioning on common support, the impacts did not
change substantially. Second, the standard deviations for impact
estimates are considered to be overestimated. However, of key
importance with regard to the propensity score is that it is well-
defined and meets the quality conditions that were outlined
previously. Regarding the correction of standard errors and given
the unfavorable results presented in ref. 85, the standard errors of
the estimators were not derived via bootstrapping. Consequently,
as a measure of robustness, the impacts of participating in at least
one semester of AP workshops and at least two semesters of AP
workshops were estimated using the standard error correction
and asymptotic distribution proposed by Abadie and Imbens76,
which has been generalized for various functions in more recent
studies by the same authors86. This procedure ensured that the
statistical significance of our findings was robust to the correction
of standard errors.

Matching quality. For this study, the methods suggested by
Rosenbaum and Rubin87 were followed, which involved assessing
the quality of the aforementioned matching methods by
estimating the percentage reduction in the bias between the
average standardized variables for both participants and controls.
For each of the variables considered when estimating the
propensity score, a standardized bias was calculated both before
and after the matching process. This was defined as

SEBeforeMatch ¼ 100 � X1� X0
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

0:5½V1 Xð Þ � V0 Xð Þ�p (4)

SEBeforeMatch ¼ 100
X1match � X0match

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

0:5½V1match Xð Þ � V1match Xð Þ�p (5)

where X (V) represents the mean (variance) of the sample, and the
subscripts 1 and 0 identify the treated and the control
participants, respectively.

Doubly robust reweighted regression model. We also implemented
a doubly robust reweighted regression model (DRRW)88. The main
difference between this type of analysis and a standard linear
regression model is that each observation under a DRRW is

weighted by the inverse frequency of the propensity score. The
weights for each individual (Wi) were estimated by the following
equation:

Wi ¼ 1� Di

1� Ŷ
þ Di

Ŷ
(6)

where Di is the treatment dummy variable, and Yˆ is the estimated
propensity score, which follows the specification set out in Section
Empirical Strategy.
A DRRW model was estimated for each outcome and intensity

of treatment, controlling for the same observable characteristics
as the PSM analysis. The main conclusion remains the same in
terms of the significance of the main outcomes of this study—
that is, overall GPA, math GPA, language GPA, and the 13
creative forces (CRM) are similarly impacted in either case.
Moreover, it was possible to identify the significance and
magnitude of other factors relevant in explaining academic
achievement and creativity. These include socioeconomic status
(i.e., the variable “family has a car”), additional educational
resources (i.e., “family has computer at home”), cultural capital
(i.e., “number of books at home” and “participation in
extracurricular art activities”). Similarly as the PSM estimations,
these variables have been widely used in the human capital
literature that studying education and labor markets. This study
was not preregistered and the data are not publicly available
due to privacy restriction.

Reporting summary
Further information on research design is available in the Nature
Research Reporting Summary linked to this article.

DATA AVAILABILITY
The data that support the findings of this study are available on request from the
corresponding author. The data are not publicly available due to privacy restrictions.

Received: 9 June 2022; Accepted: 29 August 2023;
Published online: 16 September 2023

REFERENCES
1. Chang, Y., Li, B.-D., Chen, H.-C. & Chiu, F.-C. Investigating the synergy of critical

thinking and creative thinking in the course of integrated activity in Taiwan. Educ.
Psychol. 35, 341–360 (2015).

2. Denervaud, S., Christensen, A. P., Kenett, Yoed, N. & Beaty, R. E. Education shapes
the structure of semantic memory and impacts creative thinking. NPJ Sci. Learn 6,
35 (2021).

3. Du, K. et al. Achievement goals and creativity: the mediating role of creative self-
efficacy. Educ. Psychol. 40, 1249–1269 (2020).

4. Egana-delSol, P. A. Education for sustainable development: strategies and key
issues. in Quality Education (eds. Filho W. L et al.) 1–15 (Springer International
Publishing, 2019).

5. Gong, X., Zhang, X. & Tsang, M. C. Creativity development in preschoolers: the
effects of children’s museum visits and other education environment factors.
Studies in Educational. Evaluation 67, 100932 (2020).

6. Hennessey, B. A. & Amabile, T. M. Creativity. Annu. Rev. Psychol. 61, 569–598
(2010).

7. Hui, A. N. N., He, M. W. J. & Ye, S. S. Arts education and creativity enhancement in
young children in Hong Kong. Educ. Psychol. 35, 315–327 (2015).

8. OECD. Skills for Social Progress: The Power of Social and Emotional Skills | en |
OECD. https://www.oecd.org/education/skills-for-social-progress-9789264226159-
en.htm (2015).

9. World Bank. World Development Report 2015: Mind, Society, and Behavior (The
World Bank, 2015).

10. Bryce, J., Mendelovits, J., Beavis, A., McQueen, J. & Adams, I. Evaluation of school-
based arts education programmes in Australian schools. Australian Council for
Educational Research and the. Department of Education, Science and Training,
Australia. (2004). Available at http://www.dest.gov.au/schools/publications/2004/
evaluation_arts_education/evaluation_arts_evaluation.pdf (2002).

P. Egana-delSol

15

Published in partnership with The University of Queensland npj Science of Learning (2023) 39

https://www.oecd.org/education/skills-for-social-progress-9789264226159-en.htm
https://www.oecd.org/education/skills-for-social-progress-9789264226159-en.htm
http://www.dest.gov.au/schools/publications/2004/evaluation_arts_education/evaluation_arts_evaluation.pdf
http://www.dest.gov.au/schools/publications/2004/evaluation_arts_education/evaluation_arts_evaluation.pdf


11. Burton, J. M., Horowitz, R. & Abeles, H. Learning in and Through the Arts: The
Question of Transfer. Stud. Art Educ. 41, 228–257 (2000).

12. Catterall, J. S., Dumais, S. A., & Hampden-Thompson, G. The Arts and Achievement in
At-Risk Youth: Findings from Four Longitudinal Studies (Research Report 55). National
Endowment for the Arts. http://files.eric.ed.gov/fulltext/ED530822.pdf (2012).

13. Fiske, E. B. Arts Education Partnership (U.S.), United States. President’s Committee
on the Arts and the Humanities, General Electric Foundation, & John D. and
Catherine T. MacArthur Foundation. In Champions of Change: The Impact of the
Arts on Learning. (eds Fiske, E. B.) (Arts Education Partnership: President’s Com-
mittee on the Arts and the Humanities, 1999).

14. Heath, S. B. & Roach, A. Imaginative actuality: learning in the arts during the
nonschool hours. in Champions of Change: The Impact of the Arts on Learning. Arts
Education Partnership: President’s Committee on the Arts and the Humanities.
(eds Fiske, E. B.) 19–34 (1999).

15. Wan, Y., Ludwig, M. J. & Boyle, A. Review of Evidence: Arts Education Through the
Lens of ESSA. (American Institutes for Research, 2018).

16. 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 (2019).

17. Helmrich, B. H. Window of opportunity? Adolescence, music, and algebra. J.
Adolesc. Res. 25, 557–577 (2010).

18. Kaufman, J. C. & Sternberg, R. J. Constraints on creativity: obvious and not so
obvious. In The Cambridge Handbook of Creativity (eds Kaufman, J. C. & Sternberg,
R. J.) 467–482 (Cambridge University Press, 2010).

19. Ebert, M., Hoffmann, J. D., Ivcevic, Z., Phan, C. & Brackett, M. A. Teaching emotion
and creativity skills through art: a workshop for children. Int. J. Creativity Probl.
Solving 25, 23–35 (2015).

20. Eisner, E. Interlude: assessment and evaluation in education and the arts. in
International Handbook of Research in Arts Education (ed. Bresler, L.) Vol. 16,
423–426 (Springer Netherlands, 2007).

21. Gray, C. M. Hope for the future? Early exposure to the arts and adult visits to art
museums. J. Cult. Econ. 22, 87–98 (1998).

22. Winner, E., Goldstein, T. R. & Vincent-Lancrin, S. Art for Art’s Sake?: The Impact of
Arts Education (OECD, 2013).

23. See, B. H. & Kokotsaki, D. Impact of arts education on children’s learning and
wider outcomes. Rev. Educ. 4, 234–262 (2016).

24. Brown, S. L. Play: How It Shapes the Brain, Opens the Imagination, and Invigorates
the Soul. (Penguin, 2009).

25. Uribe-Larach, D. & Cabra, J. F. The opportunities and challenges of technology
driven creative collaborations. In Technology for Creativity and Innovation: Tools,
Techniques and Applications, 325–342. (ed. Mesquita, A.) (IGI Global, 2011).

26. Cabra, J. F. & Uribe-Larach, D. Creative behavior. In Encyclopedia of Creativity,
Invention, Innovation and Entrepreneurship (ed. Carayannis, E. G.) 385–390
(Springer International Publishing, 2020).

27. Kozbelt, A., Beghetto, R. A. & Runco, M. A. Theories of creativity. in The Cambridge
Handbook of Creativity (eds Kaufman, J. C. & Sternberg, R. J.) 20–47 (Cambridge
University Press, 2010).

28. Plucker, J. A. & Makel, M. C. Assessment of creativity. in The Cambridge Handbook
of Creativity (eds Kaufman, J. C. & Sternberg, R. J.) 48–73 (Cambridge University
Press, 2010).

29. Runco, M. A. Divergent thinking, creativity, and ideation. In The Cambridge
Handbook of Creativity (eds Kaufman, J. C. & Sternberg, R. J.) 413–446 (Cambridge
University Press, 2010).

30. Torrance, E. P. Torrance tests of creative thinking. https://doi.org/10.1037/t05532-
000 (1966).

31. Egana-delSol, P., Sun, X. & Sajda, P. Neurophysiological markers of emotion
regulation predict efficacy of entrepreneurship education. Sci. Rep. 13, 7206
(2023).

32. Garces, E., Thomas, D. & Currie, J. Longer-term effects of head start. Am. Econ. Rev.
92, 999–1012 (2002).

33. Pop-Eleches, C. & Urquiola, M. Going to a better school: effects and behavioral
responses. Am. Econ. Rev. 103, 1289–1324 (2013).

34. Townsend, B. K., McNerny, N. & Arnold, A. Will this community college transfer
student succeed? Factors affecting transfer student performance. Commun. Coll.
J. Res. Pract. 17, 433–433 (1993).

35. York, T. T., Gibson, C. & Rankin, S. Defining and measuring academic success.
https://doi.org/10.7275/HZ5X-TX03 (2015).

36. Durlak, J. A., & Weissberg, R. P. The impact of after-school programs that pro-
motepersonal and social skills. Chicago, IL: Collaborative for Academic, Social,
and Emotional Learning. 1–50. (2007).

37. Steinberg, A. Real Learning, Real Work: School-to-work as High School Reform
(Psychology Press, 1998).

38. Seidel, S. Stand and unfold yourself: a monograph on the Shakespeare and
company research study. in Champions of Change: The Impact of the Arts on
Learning 79–90 (eds Fiske, E. B.) (1999).

39. Rousseau, D. M. Schema, promise and mutuality: the building blocks of the
psychological contract. J. Occup. Organ. Psychol. 74, 511–541 (2001).

40. DuPont, S. The effectiveness of creative drama as an instructional strategy to
enhance the reading comprehension skills of fifth‐grade remedial readers. Read.
Res. Instr. 31, 41–52 (1992).

41. Eisner, E. W. Reimagining Schools (Routledge, 2005).
42. Luftig, R. L. An investigation of an arts infusion program on creative thinking,

academic achievement, affective functioning, and arts appreciation of children at
three grade levels. Stud. Art. Educ. 41, 208 (2000).

43. Kisida, B., Bowen, D. H. & Greene, J. P. Measuring critical thinking: results from an
art museum field trip experiment. J. Res. Educ. Eff. 9, 171–187 (2016).

44. Scott, J. P. Critical periods in behavioral development: critical periods determine
the direction of social, intellectual, and emotional development. Science 138,
949–958 (1962).

45. Kautz, T., Heckman, J., Diris, R., Ter Weel, B. & Borghans, L. Fostering and mea-
suring skills: improving cognitive and non-cognitive skills to promote lifetime
success. w20749 https://doi.org/10.3386/w20749 (2014).

46. Heckman, J. J. The economics, technology, and neuroscience of human capability
formation. Proc. Natl. Acad. Sci. USA 104, 13250–13255 (2007).

47. Shonkoff, J. P. & Phillips, D. A. From Neurons to Neighborhoods: The Science of Early
Childhood Development (National Academies Press, 2000).

48. Cunha, F., Heckman, J. J., Lochner, L. & Masterov, D. V. Chapter 12 interpreting the
evidence on life cycle skill formation. in Handbook of the Economics of Education
Vol. 1, 697–812 (eds. Hanushek, E.A., Machin, S. & Woessman, L.) (Elsevier, 2006).

49. Cunha, F. & Heckman, J. The technology of skill formation. Am. Econ. Rev. 97,
31–47 (2007).

50. Heckman, J. & Carneiro, P. Human capital policy. https://econpapers.repec.org/
paper/nbrnberwo/9495.htm (2003).

51. Todd, P. E. & Wolpin, K. I. On the specification and estimation of the production
function for cognitive achievement. Econ. J. 113, F3–F33 (2003).

52. Becker, G. S. Human Capital: A Theoretical and Empirical Analysis, with Special
Reference to Education (University of Chicago Press, 1994).

53. Egana-delSol, P. A. Skills for sustainable development: essays on how creativity,
entrepreneurship and emotions foster human development. https://doi.org/
10.7916/D8HM58SD (2016).

54. Bowen, D. H. & Kisida, B. Investigating the causal effects of arts education. J. Policy
Anal. Manag. 42, 624–647 (2023).

55. Jackson, C. K., Porter, S. C., Easton, J. Q., Blanchard, A. & Kiguel, S. School effects
on socioemotional development, school-based arrests, and educational attain-
ment. Am. Econ. Rev. Insights 2, 491–508 (2020).

56. Kisida, B., Goodwin, L. & Bowen, D. H. Teaching history through theater: the
effects of arts integration on students’ knowledge and attitudes. AERA Open 6,
233285842090271 (2020).

57. Scott, G., Leritz, L. E. & Mumford, M. D. The effectiveness of creativity training: a
quantitative review. Creativity Res. J. 16, 361–388 (2004).

58. Shaw, B. P. A national analysis of music coursetaking, social-emotional learning,
and academic achievement using propensity scores. J. Res. Music Educ. 69,
382–401 (2022).

59. Bellei, C. Does lengthening the school day increase students’ academic
achievement? Results from a natural experiment in Chile. Econ. Educ. Rev. 28,
629–640 (2009).

60. Borman, G. D., Choi, Y. & Hall, G. J. The impacts of a brief middle-school self-
affirmation intervention help propel African American and Latino students
through high school. J. Educ. Psychol. 113, 605–620 (2021).

61. Duflo, E., Dhaliwal, I., Glennerster, R. & Tulloch, C. Comparative cost-effectiveness
analysis to inform policy in developing countries: a general framework with
applications for education. In Education Policy in Developing Countries (ed.
Glewwe, P.) 285–338 (University of Chicago Press, 2013).

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

63. Arntz, M., Gregory, T. & Zierahn, U. Revisiting the risk of automation. Econ. Lett.
159, 157–160 (2017).

64. Egana-delSol, P., Bustelo, M., Ripani, L., Soler, N. & Viollaz, M. Automation in Latin
America: are women at higher risk of losing their jobs? Technol. Forecast. Soc.
Change 175, 121333 (2022).

65. Egana-delSol, P., Cruz, G. & Micco, A. COVID-19 and automation in a developing
economy: evidence from Chile. Technol. Forecast. Soc. Change 176, 121373 (2022).

66. Egana-delSol, P. & Joyce, C. The Future of Work in Developing Economies (MIT SMR,
2020).

67. Huberman, A. & Miles, M. The Qualitative Researcher’s Companion (SAGE Pub-
lications, Inc. 2002).

68. Durlak, J. A., Weissberg, R. P., Dymnicki, A. B., Taylor, R. D. & Schellinger, K. B. The
impact of enhancing students’ social and emotional learning: a meta-analysis of
school-based universal interventions: social and emotional learning. Child Dev.
82, 405–432 (2011).

P. Egana-delSol

16

npj Science of Learning (2023) 39 Published in partnership with The University of Queensland

http://files.eric.ed.gov/fulltext/ED530822.pdf
https://doi.org/10.1037/t05532-000
https://doi.org/10.1037/t05532-000
https://doi.org/10.7275/HZ5X-TX03
https://doi.org/10.3386/w20749
https://econpapers.repec.org/paper/nbrnberwo/9495.htm
https://econpapers.repec.org/paper/nbrnberwo/9495.htm
https://doi.org/10.7916/D8HM58SD
https://doi.org/10.7916/D8HM58SD


69. Ministerio de las Culturas, las Artes y el Patrimonio. Educación + Arte. Trabajo por
proyectos. https://www.cultura.gob.cl/publicaciones/educacion-arte/ (2020).

70. Eisenhardt, K. M. & Brown, S. L. Competing on the edge: strategy as structured
chaos. Long. Range Plan. 31, 786–789 (1998).

71. Parra, M. Adaptacion y validacion del TTCT forma figural a en alumnos de 7mo y
8vo ano de education general basica (Universidad de Chile, 1993).

72. Consultancy for Development. Estudio de seguimiento y evaluacion del Pro-
grama Fortalecimiento de la Educacion Artistica y Cultural en Ensenanza Media
en Jornada Escolar Completa. (2008).

73. Torrance, E. P. The nature of creativity as manifest in its testing. in The Nature of
Creativity: Contemporary Psychological Perspectives 43–75. (ed. Sternberg, R. J.)
(Cambridge University Press, 1988).

74. Guilford, J. P. Creativity. Am. Psychol. 5, 444–454 (1950).
75. Gorostegui, M. E. Adaptacion y Construccion de Normas de la Escala de Auto-

concepto para Ninos de Piers-Harris (Universidad de Chile, 1992).
76. Abadie, A. & Imbens, G. W. Large sample properties of matching estimators for

average treatment effects. Econometrica 74, 235–267 (2006).
77. Augurzky, B. & Kluve, J. Assessing the performance of matching algorithms when

selection into treatment is strong. J. Appl. Econ. 22, 533–557 (2007).
78. Imbens, G. W. Nonparametric estimation of average treatment effects under

exogeneity: a review. Rev. Econ. Stat. 86, 4–29 (2004).
79. Leuven, E. & Sianesi, B. "PSMATCH2: Stata module to perform full Mahalanobis

and propensity score matching, common support graphing, and covariate
imbalance testing," Statistical Software Components S432001, Boston College
Department of Economics, revised 01 Feb 2018. (2003).

80. Caliendo, M. & Kopeinig, S. Some practical guidance for the implementation of
propensity score matching. J. Econ. Surv. 22, 31–72 (2008).

81. Bryson, A., Dorsett, R. & Purdon, S. The use of propensity score matching in the
evaluation of active labour market policies. http://www.dwp.gov.uk/ (2002).

82. Heckman, J. J., Ichimura, H. & Todd, P. E. Matching as an econometric evaluation
estimator: evidence from evaluating a job training programme. Rev. Econ. Stud.
64, 605–654 (1997).

83. Zhao, Z. Sensitivity of propensity score methods to the specifications. Econ. Lett.
98, 309–319 (2008).

84. Gazmuri, A. M. Essays on the Economics of School Choice and Education Markets
(University of Pennsylvania, 2016).

85. Abadie, A. & Imbens, G. W. On the failure of the bootstrap for matching esti-
mators. Econometrica 76, 1537–1557 (2008).

86. Abadie, A. & Imbens, G. W. Matching on the estimated propensity score. Econ-
ometrica 84, 781–807 (2016).

87. Rosenbaum, P. R. & Rubin, D. B. The central role of the propensity score in
observational studies for causal effects. Biometrika 70, 41–55 (1983).

88. Hill, J. & Reiter, J. P. Interval estimation for treatment effects using propensity
score matching. Stat. Med. 25, 2230–2256 (2006).

ACKNOWLEDGEMENTS
For comments and discussions, the author thanks Miguel Urquiola, Ambra Mazzelli,
Elke Weber, Mark Dean, Cristian Pop-Eleches, David Bravo, Claudio Bravo-Ortega,

Tomás Rau, Claudia Martinez, Dante Contreras, Esteban Puentes, Karla Hoff, and Chris
Hansman. Sebastian Arechaga, Andrew Foley, Catalina Guzman, and Luis Serrudo
provided excellent research assistance on different stages of the project. The author
acknowledges the financial support provided by the Centre for Social Conflict and
Cohesion Studies COES (ANID/FONDAP/15130009) and the Millennium Nucleus of
The Evolution of Work MNEW (ANID/Millenium Science Initiative Program/
NCS2021–033).

AUTHOR CONTRIBUTIONS
P.E.: conceptualization, methodology, data curation, formal analysis, software,
investigation, writing—original draft preparation, and writing—reviewing and
editing.

COMPETING INTERESTS
The author declares no competing interests.

ADDITIONAL INFORMATION
Supplementary information The online version contains supplementary material
available at https://doi.org/10.1038/s41539-023-00187-6.

Correspondence and requests for materials should be addressed to Pablo Egana-
delSol.

Reprints and permission information is available at http://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 anymedium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative
Commons license, and indicate if changes were made. The images or other third party
material in this article are included in the article’s Creative Commons license, unless
indicated otherwise in a credit line to the material. If material is not included in the
article’s Creative Commons license 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 license, visit http://
creativecommons.org/licenses/by/4.0/.

© The Author(s) 2023, corrected publication 2023

P. Egana-delSol

17

Published in partnership with The University of Queensland npj Science of Learning (2023) 39

https://www.cultura.gob.cl/publicaciones/educacion-arte/
http://www.dwp.gov.uk/
https://doi.org/10.1038/s41539-023-00187-6
http://www.nature.com/reprints
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	The impacts of a high-school art-based program on academic�achievements, creativity, and creative behaviors
	Introduction
	Results
	The impacts of participation in the AP
	Propensity score matching
	Doubly robust reweighted regression model
	Impact on behaviors

	Discussion
	Methods
	The program
	Program procedure
	Data collection
	Approach to creativity
	Torrance&#x02019;s test of creative thinking: graphical form
	Torrance&#x02019;s test of creative thinking: written form

	Approach to self-concept: Piers-Harris scale
	Final dataset
	Ethics
	Empirical strategy
	Matching quality
	Doubly robust reweighted regression model

	Reporting summary

	DATA AVAILABILITY
	References
	Acknowledgements
	Author contributions
	Competing interests
	ADDITIONAL INFORMATION




