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Abstract:

This article investigates the impact of
background binaural music on educational
attainment within the context of a natural ex-
periment. In a university business school, 73
undergraduate students participated in this
study, providing a maximum of 707 observa-
tions at 16 points in time. The students were
divided into three groups (Microeconomics A
and B, and International Economics) and were
further categorized into control and experi-
mental groups at different stages of the cour-
ses. All students attended classes from Janu-
ary to June 2021, with the addition of binaural
music as a treatment in either the first or
second part of the courses (divided into three
parts). After each lecture, students comple-
ted a multiple-choice quiz designed to assess
their learning during the lecture. Utilizing
t-tests for mean comparisons and panel data
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econometric techniques, the study found that
the scores of the experimental groups were
significantly higher than those of the control
groups. Overall, binaural music was observed
to increase quiz scores by 8 to 20 basis points.

Keywords: economics, educational attain-
ment, binaural music, natural experiment,
longitudinal studies.

Resumen:

Este articulo investiga el impacto de la
musica binaural de fondo en el logro educati-
vo dentro del contexto de un experimento na-
tural. En el estudio, participaron 73 estudian-
tes de una escuela de negocios universitaria,
con un méaximo de 707 observaciones en 16
puntos en el tiempo. Los estudiantes fueron
divididos en tres grupos (Microeconomia A y
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B, y Economia Internacional) y categoriza-
dos, ademas, como grupos de control y expe-
rimentales en diferentes etapas de los cursos.
Todos los estudiantes asistieron a clases des-
de enero hasta junio de 2021, con la adicién
de musica binaural como tratamiento en la
primera o segunda parte de los cursos (dividi-
dos en tres partes). Después de cada clase, los
estudiantes completaban un examen rapido
(quiz) de opcién multiple disenado para eva-
luar su aprendizaje durante la clase. Median-
te pruebas ¢ para comparaciones de medias y

técnicas econométricas de datos de panel, se
descubri6 que las puntuaciones de los grupos
experimentales fueron significativamente
mas altas que las de los grupos de control. En
general, se observo que la mtsica hinaural
aumentaba las puntuaciones de los exdmenes
rapidos entre 8 y 20 puntos bésicos.

Palabras clave: economia, logro educativo,
musica binaural, experimento natural, estu-
dios longitudinales.

1. Introduction

Gaining and keeping students’ atten-
tion are major concerns when teaching
economic theory at the university level,
as should be the case for many other
subjects. It is well known that millennial
and post-millennial generations (digital
natives) have difficulties paying atten-
tion during lectures (Koponen, 2019;
Sharma et al., 2020). This challenge be-
came particularly complex during and
shortly after Covid-19, especially with
the current hybrid teaching models,
which involve both in-person and online
students (Kerzi¢ et al., 2021; Nieto-Es-
camez & Roldan-Tapia, 2021). To attract
attention, various pedagogical strategies
are useful, such as joking, asking inter-
esting questions, team activities, exercis-
es, and quizzes (Briscoe et al., 2022; Cas-
tillo-Montoya, 2019; Halawa et al., 2020,
Schroeder et al., 2007). In this context,
music has been highlighted as a useful
tool for concentrating and studying, even
in the classroom (Dosseville et al., 2012).

Music can evoke emotions and enhance
mood, contributing to better concentra-
tion, motivation, and overall well-being,
potentially impacting academic achieve-
ment (Mega et al., 2014; Pekrun et al.,
2002). In addition, listening to music and/
or participating in musical activities can
reduce stress and anxiety levels, influenc-
ing student’s ability to focus and perform
well academically (Algailani et al., 2023;
McBride & Greeson, 2023; Ye et al., 2019).
Particularly, instrumental classical music
has been shown to reduce stress (Pelle-
tier, 2004) and is useful for solving math-
ematical tasks (Pavlyugina et al., 2012).
Importantly, empirical evidence suggests
its positive impact on lecturing (students
learn better) (Dosseville et al., 2012).

In educational research, the rela-
tionship between music and cognition is
a subject of growing interest (Holmes,
2021). Nevertheless, the evidence on
the impact of music on cognitive perfor-
mance is mixed and varies depending on
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the type of music, the task being per-
formed, and the population under study
(Cheah et al., 2022). Overall, the liter-
ature suggests that music has positive
effects on different aspects of academic
performance (Antony et al., 2018; Ishig-
uro et al., 2023).

Having said this, recently, binaural
music has gained popularity in social
networks, arguing its efficiency and ef-
ficacy in improving memory and concen-
tration for studying. As such, binaural
beats have reached a broader audience
by incorporating this technology into
music and claiming their usefulness for
enhancing focus (Filimon, 2010; Rahman
et al., 2021; Sharma et al., 2017). Over-
all, binaural beats may impact emotional
states, physiological responses, and cog-
nitive functions, making binaural mu-
sic (the masking of binaural beats with
music) a relevant subject of study due
to its potential effects on memory, at-
tention, stress, anxiety, pain perception,
and many other aspects (Garcia-Argibay
et al., 2019). Nonetheless, binaural beats
have also been criticised due to their po-
tential to cause discomfort (Rahman et
al., 2021).

As new technologies and pedagog-
ical tools emerge, the use of auditory
stimuli on cognitive performance has
also become a subject of growing inter-
est (Cheah et al., 2022; Dosseville et al.,
2012; Hallam & Price, 1998; Hickey et
al., 2020). The current research con-
tributes to this literature by examining
the impact of background binaural music
on educational attainment, assessed by

multiple-choice quiz scores administered
after lectures at different time points.
Importantly, this research is based on
a natural experiment, differing from
the self-reported survey research that
characterizes much of the existing lit-
erature. For this research, the covid-19
pandemic and the need to innovate in
the teaching-learning process allowed
the use of binaural music in class, pro-
viding longitudinal and quasi-experi-
mental data, whose analysis favours the
positive impact of binaural music on ed-
ucational outcomes. Therefore, this re-
search increases credibility, allowing for
an in-depth exploration of the potential
influence of binaural music on cognitive
performance in real-world educational
settings.

The rest of the article is structured
as follows. Section 2 presents a litera-
ture review on education, music, and
binaural beats. Section 3 presents the
method: participants, materials, pro-
cedure, and data analysis (descriptive
statistics, ¢-test for mean comparisons,
and regression models with panel data).
Section 4 presents the main results and
section 5 discusses them, underlining
limitations and future research lines.
Finally, it concludes with some recom-
mendations.

2. Literature review

Music education is associated with
creativity (Burnard & Younker, 2004;
Gershon & Ben-Horin, 2014). The im-
provisational nature of musical activ-
ities and the exploration of various
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musical elements contribute to the de-
velopment of creative thinking skills
positively impacting problem-solving
and critical thinking skills, which is
necessary for academic success (Albar
& Southcott, 2021; Burnard & Younker,
2004). In addition, music education is
linked to socioemotional development
(Blasco-Magraner et al., 2022; Ilari,
2020), particularly supporting child de-
velopment, where collaborative musical
experiences, such as group performanc-
es, help in developing interpersonal
skills, teamwork, and empathy (Ilari et
al., 2019). These social skills are rele-
vant to students’ overall development
and can influence academic success.
Likewise, the learning of a musical in-
strument is linked to cognitive skills,
including memory, attention, and spa-
tial-temporal abilities (Rose et al., 2019;
Suarez et al., 2016).

In the literature, the positive associa-
tion between music education and math-
ematical proficiency is also emphasized
(Gillanders & Casal, 2020; Guhn et al.,
2019; Jaschke et al., 2013). Music implies
understanding patterns, rhythm, and
proportions, skills that may be trans-
ferred to mathematical reasoning. In
general, students who participate in mu-
sic education exhibit good mathematical
skills (Baker et al., 2023; Brazhnikova,
2016).

The emotional and psychological
impact of music on students is anoth-
er important area of study (Algailani et
al., 2023; Cheah et al., 2022; McBride
& Greeson, 2023; Mega et al., 2014;

Pekrun et al., 2002; Ye et al., 2019).
Music affects emotions and exposure to
music is associated with improved mood
and reduced stress and anxiety levels,
positively influencing student’s ability
to focus, engage, and perform well aca-
demically (Mega et al., 2014; Pekrun et
al., 2002).

Nevertheless, the relationship be-
tween music and academic achieve-
ment is complex, with several findings
under debate (Cheah et al., 2022). For
instance, the Mozart effect (Rauscher
et al., 1993) refers to findings indicat-
ing that listening to Mozart’s music,
particularly the Sonata for two pianos
in D major, K. 448, composed in 1781,
can induce short-term improvement in
certain types of mental tasks, known as
spatial-temporal reasoning (Beauvais,
2015; Stough et al., 1994). The Mozart
effect is not limited to classical music
or the music of the Viennese composer,
and it is not without criticism (Nantais
& Schellenberg, 1999; Thompson et al.,
2001; Waterhouse, 2006).

Overall, integrating music into edu-
cational curricula can support student
interest and engagement (Algailani et
al., 2023; Baker et al., 2023; Hallam &
Price, 1998; Ishiguro et al., 2023). The
motivation produced by a positive mu-
sical experience has positive indirect
effects on educational achievement by
promoting an active and engaged learn-
ing environment. Dosseville et al. (2012)
present evidence of the positive impact
of classical music on the academic per-
formance of undergraduate students
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during learning. This genre of music (its
tempo, tonality, modes, etc.) appears to
positively influence the learning envi-
ronment and the affective states of stu-
dents, thereby helping their comprehen-
sion of lectures and improving overall
learning outcomes.

In general, theliterature supports the
positive impact of music on education-
al outcomes, but potential challenges
should be acknowledged, including
issues related to resource allocation,
student interest, and the integration
of music into diverse educational set-
tings. In this context, binaural music
has recently emerged and calls for the
understanding of its potential benefits
and challenges in educational settings,
which is crucial for educators, policy-
makers, and researchers.

2.1. Binaural beats

Binaural beats are two sounds of
slightly different frequencies, one for
each ear, processed by the brain creat-
ing the sense (illusion) of a third sound
(Filimon, 2010; Garcia-Argibay et al.,
2019; Ingendoh et al., 2023; Lee-Harris
et al., 2018; Orozco et al., 2020; Shar-
ma et al., 2017). Heinrich Wilhelm Dove
(1803-1879) discovered hinaural beats
in 1839 and Gerald Oster (1918-1993)
tested them on the encephalograph (Fil-
imon, 2010). The brain releases electric
impulses, brain waves, which determine
states of conscience. These waves are
classified into four fundamental types:
delta, theta, alpha, and beta, but the
gamma frequency is also mentioned in
the literature (2010).

It is claimed that the brain responds
to binaural beat stimuli by synchroniz-
ing its own electrical cycles with the
audio (Sharma et al., 2017). Although
debated, the brainwave entrainment
hypothesis states that external stim-
uli at specific frequencies cause the
brain’s electrocortical activity to os-
cillate at the same frequencies. These
brain responses can be measured pri-
marily using two strategies: auditory
steady-state responses or auditory fre-
quency-following responses (Ingendoh
et al., 2023; Orozco et al., 2020). As
such, “the cognitive effects of binaural
beats are attributed to their capacity
to drive neural oscillations at the beat
frequency through differential hemi-
spheric synchronization frequencies”
(Orozco et al., 2020, p. 2). However, the
evidence suggests that the effects of
binaural beats are influenced by factors
such as the frequency, the duration of
exposure, and the type of masking used
for binaural beats (Garcia-Argibay et
al., 2019; Orozco et al., 2020).

Having said this, it is expected that
binaural beats facilitate moving from
one state of consciousness to another.
Nowadays, individuals are predom-
inantly in the beta wave frequency,
which is useful for analytical thinking
because it is an alert state, but also
it implies tension, anxiety, and stress.
Consequently, the brain usually at-
tempts to transform beta waves into
alpha ones, which are associated with
calm and a receptive mind, supporting
mental focus and the learning process
(Filimon, 2010; Sharma et al., 2017).
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Based on a meta-analysis, Garcia-
Argibay et al., (2019) found that binaural
beats can influence mental states and
cognition. There is evidence suggesting
that exposure to binaural beats leads to
psychophysiological changes, such as re-
duced anxiety and stress levels, and in-
creased creativity. Moreover, binaural
beats are associated with improvements
in memory, attention, and pain percep-
tion (Garcia-Argibay et al., 2019; Orozco
et al., 2020).

Similarly, the role of binaural music
(music embedded with binaural beats)
has been studied in various fields, such
as music therapy to enhance people’s
health (Filimon, 2010; Rahman et al.,
2021). The evidence suggests that bin-
aural music decreases anxiety in surgi-
cal patients, such as those undergoing
cataract surgery (Wiwatwongwana et
al., 2016) and helps manage hyperten-
sion (Wichian et al., 2021). Bae et al.
(2023), specifically, demonstrated its
anxiety-reducing effects in surgical
patients.

While binaural music, i.e., “binaurally
recorded sounds, binaural beats, a slow
tempo, and gradual changes” (Lee-Harris
et al., 2018, p. 1), is often associated with
relaxation, stress and anxiety reduction,
and improved focus, there is no specific
scientific research on its impact on ac-
ademic achievement. However, we can
assume potential effects based on related
research.

Low levels of stress positively in-
fluence attention and cognitive per-

formance. Consequently, students who
experience lower stress levels may be
better equipped to concentrate, study
effectively, and perform well academi-
cally (Algailani et al., 2023; McBride &
Greeson, 2023; Ye et al., 2019). Similar-
ly, anxiety can interfere with academic
performance, for example, negatively
affecting attention, memory, and prob-
lem-solving abilities. Therefore, low
levels of anxiety create conditions for
effective learning and academic perfor-
mance (Pekrun et al., 2002). Further-
more, listening to binaural music may
also enhance mood and increase moti-
vation (Lee-Harris et al., 2018), posi-
tively affecting academic engagement
and perseverance in the face of chal-
lenges to academic achievement (Mega
et al., 2014; Pekrun et al., 2002).

Note that, primarily, anecdotal ev-
idence supports the positive effects of
binaural music on focus and relaxation
for studying. Consequently, rigorous
scientific research is needed to estab-
lish clear causation and quantify the
extent of these effects. As with any
intervention, it is advisable to consid-
er individual needs, preferences, and
the context in which binaural music
is used concerning academic pursuits.
As research in this field continues to
advance, the study of the relationship
between binaural music and academ-
ic achievement will contribute to the
ongoing improvement of educational
practices. Importantly, individual pref-
erences play a significant role, and not
everyone may benefit from or enjoy
binaural music (Rahman et al., 2021).
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In this context, this article contributes
to the literature by testing the impact
of binaural music on the educational
outcomes of university students, using
their classes of international econom-
ics and microeconomics and building
longitudinal data from a natural exper-
iment in times of covid-19.

3. Method

Artificial intelligence was occasion-
ally used in different sections of the
article exclusively to improve writing
and readability (OpenAl, 2023).

The covid-19 crisis represented
a succession of new challenges at all
levels of education, demanding ped-
agogical innovations (Kerzi¢ et al.,
2021; Nieto-Escamez & Roldan-Tapia,
2021). Accordingly, different strate-
gies to capture and maintain students’
attention were explored, including the
use of background music at the begin-
ning of the lockdown (from March to
December 2020). This decision was a
result of the necessity to choose be-
tween noise or music due to the dis-
turbances present in the household
environment, such as crying babies
or unexpected interruptions. Initially,
instrumental classical music was em-
ployed to reduce stress based on ex-
isting research (Pelletier, 2004), and
the positive effects observed in both
lecturing (Dosseville et al., 2012) and
mathematical problem-solving tasks
(Pavlyugina et al., 2012), as well as
the Mozart effect (Beauvais, 2015).
However, due to the exigencies of the

crisis, the exploration of strategies
led to the discovery of binaural music
(Filimon, 2010; Rahman et al., 2021;
S. Sharma et al., 2017). This shift
from classical to binaural music re-
sulted in a positive experience, seem-
ingly improving the average academ-
ic performance of students. However,
this perception was based solely on
anecdotal evidence, generating a pi-
lot study to gather data. In addition,
students did not object to the use of
background music; instead, they sup-
ported it. Consequently, a decision was
made to document and formalize this
natural experiment systematically in
the first semester of 2021 (from Jan-
uary to June 2021), allowing for data
collection as described below.!

3.1. Participants

The sample includes 73 undergradu-
ate students, who were enrolled in the
courses of Microeconomics (two groups:
micro A and micro B) and Internation-
al Economics. Thus, the participants
were in three different groups: Micro-
economics A (n = 27; 15 females and
12 males; average age 20.5), Micro-
economics B (n = 25; 9 females and 16
males; average age 20.6), and Interna-
tional Economics (n = 21; 3 females
and 18 males; average age 21.4). The
students of Microeconomics were first-
year undergraduate business/manage-
ment students, and the students of
International Economics were third
year. English was the language of in-
struction, and the classes started on
January 18 and finished on May 20 in
the year 2021 (with final exams at the
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beginning of June), in accordance with
the academic calendar of Anonymous
University.

3.2. Material

3.2.1. Online class

Given the covid-19 restrictions,
Moodle was used as the learning plat-
form and Google Meet for online class-
es. The lessons of Microeconomics A
were on Mondays and Wednesdays,
starting at 11:00 am and finishing at
12:30 pm, with 1 hour and 15 minutes
of lecture, combined with synchronized
slides, and using the last 15 minutes
to answer general questions (if neces-
sary). Microeconomics B was on Fri-
days, starting at 9:15 am, with a break
from 10:30 am to 11:00 am, finishing
the class at 12:30 pm, giving the last
15 minutes to general questions. In the
case of International Economics, the
lessons were on Tuesdays and Thurs-
days, starting at 7:00 am and finishing
at 8:45 am, with 1 hour and 30 minutes
of lecture, combined with synchronized
slides, and using the last 15 minutes to
answer general questions. The students
had already received their classes in a
very similar context in the year 2020, so
they were familiar with the procedure.
In addition, note that the groups are
small, and the lecture is not traditional
because students actively participate in
class.

The topics taught in microeconomics
are basic, based on Parkin’s textbook.
The course is divided into three parts.
The first part includes the chapters on

supply and demand, elasticity, and con-
sumer theory. The second part includes
the chapters on the theory of the firm,
output, and costs. In partial three,
the course finishes with the chapters
on market structures (Parkin, 2019).
Krugman’s textbook is used in the case
of International Economics. The first
part includes chapters on international
trade theory, e.g., comparative advan-
tage, Heckscher-Ohlin model, and scale
economies. The second part includes
chapters on trade policy and internation-
al finance. In partial three, the course
finishes with chapters on open macroe-
conomic policy (Krugman et al., 2018).

3.2.2. Multiple-choice quiz

At the end of each lecture of the
first and second parts of the courses,
in five minutes, the students answered
a multiple-choice quiz (MCQ) in Moo-
dle, which was created from the lecture
material. The students answered the
same questions, randomly assigned, and
backtracking was prohibited to prevent
copying. The students were informed
that the results of the MCQs constituted
30% of their grades in the mid-term ex-
ams (partials one and two). Actually, the
quizzes were only 10% of the final grade
according to the syllabus, as many oth-
er assignments and partial exams were
accounted for the final grade. However,
this 10% figure was not emphasized to
the students, who were expected to try
their best on each quiz because of the
30% weighting.

In the case of Microeconomics, each
MCQ consisted of three questions, two
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of them type true/false, and one of them
type multiple options (four answers,
of which one was correct), in a 0-100
grading scale where the multiple option
question equalled 40 points. In the case
of International Economics, the three
questions were multiple options (five
answers, of which one was correct), in a
0-100 grading scale, where the value of
the most difficult question (in opinion
of experts) was 40 points. In total, there
were 11 MCQs in the case of Microeco-
nomics (six in the partial one, and five
in the partial two) and 16 MCQs in the
case of International Economics (eight in
each partial).

The typical recommendations found
in methodological textbooks to write
the questions were followed: avoid
vagueness, avoid excessively compli-
cated questions, avoid negative stems,
and use correct grammar. Nevertheless,
the question types of the MCQs of Mi-
croeconomics and International Eco-
nomics were different, as a response
to students’ background on economics
and the requirements of their study
programs. The students of Microeco-
nomics passed an introductory course
to economics and history of economic
thought. In contrast, the students of
International Economics additionally
passed the courses of microeconomics
and macroeconomics.

Note that partial three of the cours-
es had a completely different pedagogi-
cal dynamic. The students were tasked
with presenting topics and scientific
articles, supplemented by the use of

multimedia resources including videos,
memes, and Kahoot quizzes. Addition-
ally, the final exam for these cours-
es consisted of approximately 80% of
questions related to topics covered in
the third partial, with the remaining
20% focused on material from the first
and second partials.

3.2.3. Music

Binaural beats present two neigh-
bouring frequencies to each ear, sep-
arately. For its part, binaural music,
audio recorded using binaural beats
technique, already presents the re-
sulting frequency, summing each tone
before the presentation. As a result,
binaural music becomes monaural
and is presented to both ears at the
same time (Orozco et al., 2020). As
such, this type of music was used as
background music, played at low vol-
umes to ensure it would not disturb
the lecture. Importantly, Garcia-
Argibay et al. (2019) show meta-regres-
sion results suggesting that it does not
seem to be necessary to mask binaural
beats with white noise or pink noise
in terms of effectiveness. Therefore,
the choice of masking method (white
noise, pink noise, music) may not sig-
nificantly impact the effectiveness of
binaural beats, providing flexibility in
how binaural beats are presented in
various settings.

Thus, binaural music represents the
treatment condition compared to the
control condition of no music. Although
students were not formally informed
about the presence of music (though
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they obviously noticed it), they lis-
tened to the music a few minutes before
the start of class and during the lec-
ture. Among the various options avail-
able on YouTube, a piece of music from
Greenred Productions, with alpha bin-
aural beat frequency, was selected after
brainstorming, considering factors such
as the number of views, likes, and com-
ments.?

3.2.4. Previous tests on economics

At the beginning of the semester, all
students completed general exams on
economics to control for prior knowl-
edge of the subject. In the case of Mi-
croeconomics, students answered in 75
minutes a test with 18 questions on
the basic topics of chapters 1 and 2 of
Parkin’s textbook. They answered the
same questions, randomly assigned,
and backtracking was prohibited to
prevent copying, in a 0-100 grading
scale (Microeconomics A: mean (ME)
= 75.19, standard deviation (SD) =
13.41; Microeconomics B: ME = 82.71,
SD = 16.83).

Similarly, in the case of Interna-
tional Economics, students answered
three tests. Two of them on microeco-
nomics, the first one on basic topics,
the same test for students in Microeco-
nomics (ME = 52.63, SD = 8.94), and
the second one on supply, demand, and
elasticity (20 questions, ME = 57.63,
SD =16.17). The third test was on macro-
economics: aggregate supply, aggre-
gate demand, IS-LM model, and fiscal
and monetary policies (25 questions,
ME = 48.42, SD = 15.13).

3.2.5. Background questionnaire

After the mid-term exams and before
the topics of the third partial began, all
students completed a background ques-
tionnaire to provide control variables
(see Table 1). In addition to general
background data, they provided infor-
mation and opinions (10-point rating
scales) about the background music,
difficulty of MCQs, difficulties because
of covid, technical or internet issues,
language concerns, and grade point av-
erage (GPA). Only at this moment were
the students informed about the use of
music and plans to use their data for
research purposes (exclusively and on
condition of anonymity). Accordingly,
students provided written consent to
use their MCQ results and background
data. One student refused and was re-
moved from the analysis.

3.3. Procedure

In the case of Microeconomics, bin-
aural music was used during the lec-
tures for group A in the first part of
the course, making group B the control
group. Conversely, binaural music was
used during the lectures for group B
in the second part of the course, with
group A becoming the control group. In
that manner, both groups operated as
treatment and control groups, allow-
ing intra-and inter-group comparisons.
In the case of International Econom-
ics, binaural music was used in lectures
during the first partial, with the quiz
scores from the second partial serving
as the data for the control group, allow-

ing for only intertemporal comparisons
(see Table 2).
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TaBLE 2. Design of the performed comparisons.

Partial 1
. . Experimental
Microeconomics A perim
condition
. . Control
Microeconomics B .
Condition
Microeconomics A Inter-group
versus B comparison
. . Experimental
International Economics perim
condition

Evidently, the students did not at-
tend exactly the same lecture. While
every effort was made to explain each
topic in the same manner by the same
instructor, and to avoid providing ex-
tra information that could assist one
group over the other in answering the
MCQs, each lecture differed due to stu-
dent participation. This is a limitation
of this study, yet the strategy is under
real conditions. Moreover, consider the
use of panel data, which offers great-
er degrees of freedom, increased vari-
ability, reduced collinearity, enhanced
efficiency, and the most important as-
pect: control over the researcher effect
by controlling for time-invariant vari-
ables.

3.4. Data analysis

To test the impact of binaural music
on the MCQ scores, first, statistical de-
scriptive analysis and ¢-tests to compare
means between the experimental and the
control groups (including the intertem-
poral observations, for intra-group
analysis) were used. Second, regression

Partial 2

Control Intra-group
condition comparison
Experimental Intra-group
condition comparison

Inter-group

comparison
Control Intra-group
condition comparison

models with a dummy variable coded
1 were considered for the treatment,
while the initial exams on economics
and several other variables from the
background questionnaire operated as
control variables. The correlation coef-
ficients amongst independent variables
were low (see Table 3). Nevertheless,
not all possible independent variables
were entered at the same time in the
regression models because of multi-
collinearity concerns.

Accordingly, five baseline regression
models are given by equations (1) to (5),
which were estimated using random
effects to allow the inclusion of time-
invariant variables (also supported by the
Hausman test).

MCQ represents the score of the
quizzes by subject according to the
subscript. The subscript First partial
Microeconomics A vs B signifies the
inter-group comparison where Microe-
conomics A received the treatment (lis-
tening to binaural music) and Microe-
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Binaural music and educational attainment: Evidence from longitudinal and quasi-experimental data

conomics B was the control group. The
subscript Second partial Microeco-
nomics A vs B signifies the inter-group
comparison where Microeconomics A
was the control group and Microeco-
nomics B received the treatment. Sub-

seript 1 (1 = 1, ..., n) and subscript ¢
(t =1, .., t) indicate the cross-section
and time dimension. X represents con-
trol variables, f signifies the coeffi-
cients to be estimated, and e and v are
the error terms.

MCQit Score Microeconomics A — BO + BlTreatmentit + X,Bn + ej + Vit (1)

MCQit Score Microeconomics B — BO + BlTreatmentit + X,Bn + ej + Vjt (2)

MCQit Score first partial Microeconomics A vs B (3)
= Bo + By Treatment;; + X'B, + €; + vj¢

MCQit Score second partial Microeconomics Avs B (4)
= B, + B;Treatment;; + X'B,, + e; + v

MCQit Score International Economics = BO + BlTreatmentit + X'Bn + ej + Vjt (5)

4. Results

Descriptive statistics and ¢-tests for
comparing two means are shown in Ta-
ble 4. In the case of intra-group com-
parisons between Microeconomics A
and B, the ¢-tests indicate statistically
different means, albeit with contradic-
tory results. Specifically, for Microeco-
nomics A, the evidence suggests higher
MCQ scores for the control group, that
is, higher scores for the second partial
without music. Conversely, for Micro-
economics B, the evidence suggests
higher MCQ scores for the treatment
group, that is, higher scores for the sec-
ond partial with music.

In the case of inter-group, compar-
isons between Microeconomics A and B,
for the first partial, the mean comparison
between Microeconomics A (ME = 89.16)

and Microeconomics B (ME = 82.17) sug-
gests significantly higher scores for the
treatment group (Microeconomics A)
than for the control group (Microeconom-
ics B). However, in the second partial, the
mean comparison between Microeconom-
ics A (ME = 94.10) and Microeconomics
B (ME = 90.23) indicates statistically
higher scores for the control group (Mi-
croeconomics A), with a significance level
of 8% (thus, an insignificant difference
under stricter p-values).

In contrast, in the case of Inter-
national Economics (an intra-group
comparison), a statistically significant
difference in the means is evident,
favouring the treatment. The mean
score in the second partial was 58.05,
while the mean score in the first par-
tial (with music) was 76.67.
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TaBLE 4. Descriptive statistics and two-sample ¢ test (with equal variances).

Microeconomia A

Group Obs. Mean Std. err. Std. dev. [95% conf. interval]
Control (0) 117 94.10 1.26 13.59 91.61 96.59
Treatment (1) 143  89.16 1.42 16.93 86.36 91.96
Combined 260  91.38 0.97 15.68 89.47 93.30
Difference 4.94 1.93 1.13 8.75
Difference = mean (0) - mean (1) Degrees of freedom = 258

Ho=0 Ha=0:Pr(|T| > |t]) =0.01

t =255

Microeconomics B

Group Obs. Mean Std. err. Std. dev. [95% conf. interval]
Control (0) 106  82.17 2.55 26.22 77.12 87.22
Treatment (1) 87 90.23 1.93 17.98 86.40 94.06
Combined 193  85.80 1.67 23.17 82.51 89.09
Difference -8.06 3.31 -14.59 -1.53
Difference = mean (0) - mean (1) Degrees of freedom = 191

Ho=0 Ha=0:Pr(|T| > |t]) = 0.02

t=-243

Microeconomics first partial A vs B (group B control)

Group Obs. Mean Std. err. Std. dev. [95% conf. interval]
Control (0) 106  82.17 2.55 26.22 77.12 87.22
Treatment (1) 143  89.16 1.42 16.93 86.36 91.96
Combined 249  86.18 1.37 21.62 83.49 88.88
Difference -6.99 2.74 -12.39 -1.59
Difference = mean (0) - mean (1) Degrees of freedom = 247

Ho=0 Ha=0:Pr(|T| > |t]) =0.01

t =-2.55

Microeconomics second partial A vs B (group A control)

Group Obs. Mean Std. err. Std. dev. [95% conf. interval]
Control (0) 117 94.10 1.26 13.59 91.61 96.59
Treatment (1) 87 90.23 1.93 17.98 86.40 94.06
Combined 204 9245 1.10 15.69 90.28 94.62
Difference 3.87 2.21 -0.48 8.23
Difference = mean(0) - mean(1) Degrees of freedom = 202

Ho=0 Ha=0:Pr(|T| > |t]) =0.08

t=1.175

International Economics

year 82, n. 289, September-December 2024, 667-693
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Group Obs. Mean Std. err. Std. dev. [95% conf. interval]
Control (0) 154  58.05 2.33 28.97 53.44 62.66
Treatment (1) 159 76.67 2.17 27.32 72.39 80.95
Combined 313  67.51 1.67 29.61 64.22 70.80
Difference -18.61 3.18 -24.88 -12.35
Difference = mean (0) - mean (1) Degrees of freedom = 311

Ho=0 Ha=0:Pr(|T| > |t]) = 0.00

t=-5.85
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Table 5 shows the main regression
results of the baseline models. Over-
all, the regression results align with
the findings of the t-tests, indicating
that the evidence does not support
the effectiveness of the treatment in
the case of Microeconomics A, as ob-
served in the intra-group analysis (col-
umn 1). It appears that the music had
a negative effect on the MCQ scores,
decreasing the average score by about
five points. In contrast, the treatment
shows a positive impact, resulting in
an average increase of eight points
in the case of Microeconomics B, as
observed in the intra-group analysis
(column 2).

In the first partial (column 3),
where Microeconomics A serves as the
treatment group and Microeconomics
B as the control group, the inter-group
analysis indicates a positive impact of
the treatment, amounting to approx-
imately eight points. Conversely, in
the second partial (column 4), where
Microeconomics B is designated as the
treatment group and Microeconomics
A as the control group, the coefficient
of Treatment lacks statistical signifi-
cance.

In the case of International Eco-
nomics (column 5), the regression re-
sults suggest a positive impact of the
treatment, approximately 20 points. It
is also noteworthy that the majority of
control variables are statistically sig-
nificant only in the case of Internation-
al Economics. In other words, most of
the control variables lack relevance in

explaining MCQ scores. This makes
sense if we consider that it is the lecture
content that should primarily explain
quiz results.

As additional robustness checks,
the analysis was replicated using fixed
effects (without control variables that
are time-invariant), and the coeffi-
cients of the treatment were qualita-
tively the same. Moreover, the analy-
sis was replicated including different
combinations of control variables (us-
ing the questions in Table 1) and time
dummies. The use of time dummies
negatively affected the significance of
the treatment, but it was clear that
time dummies overlapped the treat-
ment presenting statistical significance
and the expected sign in the treatment
times (excepting Microeconomics A). In
addition, in the case of Microeconom-
ics, the analysis was replicated using
gender subsamples, and the findings
are qualitatively the same (not report-
ed in tables).

Due to the nature of MCQ scores,
which might tend to provide discrete
variables (especially in the case of Mi-
croeconomics due to true/false ques-
tions), the regression analysis was
replicated using logit regressions.
MCQs with a score of 100 were coded
as 1, and 0 otherwise. These results
are reported in Table 6. Overall, the
major findings are similar. Particular-
ly, in the case of Microeconomics, the
evidence is mixed.
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5. Discussion

The results are robust in the case
of International Economics. In con-
trast, the evidence is somewhat mixed
in the case of the groups in Microeco-
nomics. It is possible that the type of
MCQs used to measure academic per-
formance in these classes were not the
most appropriate, particularly due to
the inclusion of true/false questions
where students have a 50% chance of
guessing the correct answer. Regard-
ing this issue, there is little else to be
done, as the quizzes are prepared with
the study program in mind rather than
for experimental design purposes to
test the impact of binaural music. It is
important to remember that the data
for this research come from a natural
experiment.

In light of the argument, the back-
ground questionnaire provides more in-
formation to explain the concerns in the
case of Microeconomics, and in favour of
binaural music. There is an open ques-
tion: “do you have any comments on the
mentioned music?” In general, students
enjoyed the music, typically comment-
ing “relaxing”, “it relaxed me”, “I like
it”, “I liked it, it attracted my attention
in class”, “I thought it was a good idea,
personally it didn’t bother me or any-
thing, on the contrary it was comfort-
able”, “It is a very calm music that after
listening to it for a while I forget about
it”. These comments agree with previ-
ous empirical findings suggesting that
binaural music contributes to relax-

ation, particularly, in the case of young
1nd1v1duals (Lee-Harris et al., 2018).

However, a few students mentioned
some kind of discomfort (one student
from International Economics, four
students from Microeconomics A and
two students from Microeconomics B).
In the case of microeconomics students,
many times, the negative comment on
the music was related to the quality of
internet connection and sound, for ex-
ample “It was distorted by the micro-
phone and it was heard badly” “A little
annoying because of the platform, it
would be better if each student plays
such music on their own” “Sometimes
the volume of the music was very loud,
I would have liked another type of mu-
sic (more instrumental) but that is al-
ready an individual case” “it was heard
badly and from time to time if it came
to bother”. Therefore, in Microeconom-
ics, the mixed results of the effects of
binaural music on academic perfor-
mance could be related to the quality
of internet connection and sound.

Overall, the open questions of the
background questionnaire, and the sta-
tistical and regression results support
the expectation of a positive influence
of binaural music on academic perfor-
mance. Since there are no other studies
with a similar goal, it is not possible
to compare and discuss the current
results with prior literature specific
to this kind of music. Nonetheless, in
general, the results align with the Mo-
zart effect and its sociocultural impli-
cations, while care must be taken not
to interpret the findings as magical
powers (Beauvais, 2015). Additionally,
the findings are consistent with studies
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suggesting a positive correlation be-
tween music, concentration, relaxation,
mood, and educational outcomes (An-
tony et al., 2018; Dosseville et al., 2012;
Ishiguro et al., 2023; Pavlyugina et al.,
2012). In particular, the results agree
with the role of instrumental classical
music in lectures, which enhances the
learning environment and leads to im-
proved quiz scores, ultimately contrib-
uting to higher educational attainment
(Dosseville et al., 2012).

As such, binaural music helps to
focus and improves academic perfor-
mance. Moreover, its positive effects
are long-term, spanning practically
over one semester. In contrast, previ-
ous studies have utilized classical mu-
sic and data from a single lecture or
exercise, providing results at a single
point in time and on a short-term basis
(Dosseville et al., 2012; Pavlyugina et
al., 2012).

Nevertheless, it is clear that not all
students enjoy binaural music (given
the general comments of students cit-
ed above), which agrees with previous
studies (Rahman et al., 2021). Multiple
factors may be affecting the emotions
and responses of listeners to binaural
music; the literature has emphasized
familiarity and preferences (Lee-Har-
ris et al., 2018). Furthermore, the evi-
dence suggests that not all individuals
respond in the exact same way to the
same binaural music, because individu-
als have different states of brainwaves
(Sharma et al., 2017). Therefore, even
when the policy suggestion could be to

use the music in the traditional teach-
ing-learning process, in the classroom,
hybrid or not, it is more important that
students are aware of the positive im-
pact of binaural music to focus, and so
to study. Thus, as some students com-
mented in the background question-
naire, individually, each student should
play the music while studying, accord-
ing to their personal preferences.

5.1. Key limitations of this research
and further research

First, while panel data offer numer-
ous advantages and both dependent
and independent variables are direct-
ly measured, certain control variables
included in the analysis, such as grade
point average, internet issues, and lan-
guage concerns, are observational and
self-reported. Second, explanatory vari-
ables that are time-invariant or change
slowly, such as psychological varia-
bles, socioeconomic status (parental
education, occupation, and income),
cultural capital, and social capital,
are not directly observed in the data-
set. Instead, they are controlled using
panel data and a quasi-experimental
design. However, it would be desirable
to include these variables in future re-
search. Moreover, due to the online na-
ture of the classes, it was not possible
to ensure that students were both at-
tending the lecture and listening to the
music. Consequently, causality remains
a potential concern. Therefore, further
research employing a larger sample
size and strict experimental designs
while carefully addressing ethical con-
cerns is necessary to better control for
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causality. Nevertheless, supporting this
research, it is noteworthy that gener-
al student comments about the music
align with the statistical findings. The
majority of students acknowledged that
binaural music is relaxing and helps
them to focus.

Future research should also assess
the role of other musical genres, their
associations with different subjects,
and their effects over different time-
frames. Consequently, further research
should analyse the relationship be-
tween music preferences and academic
performance. Moreover, future studies
could provide additional insights into
the benefits of binaural music by ex-
amining its effects in various contexts.
For example, testing the impact of
binaural music in the workplace, par-
ticularly in jobs requiring high levels
of concentration. Accordingly, it would
be interesting to develop other types
of intervention studies using binaural
music to support the major findings
of this research and contribute to the
development of public policies. Bor-
rowing other words, “music is present
in the everyday life of humans, and it
can be used to increase the efficiency
of many kinds of professional activity”
(Pavlyugina et al., 2012: 354).

6. Final remarks

The classroom has been changing
over the last 20 years, incorporating
new tools to aid in the learning-teach-
ing process, such as projectors, com-
puters, and the internet. Generally, the

learning-teaching process evolves over
time, but the pandemic has accelerat-
ed unforeseen changes, particularly
in technological advancements (Kerzi¢
et al., 2021; Nieto-Escamez & Roldan-
Tapia, 2021). In this context, the find-
ings of this research can be added to
the extensive list of new and positive
didactic strategies. The evidence sug-
gests that binaural music can be highly
useful as a didactic tool in the class-
room, whether virtual or not, or as an
additional tactic for students to focus
and study at home. Accordingly, the
findings of this research recommend
the use of binaural background music
in the classroom, analogous to music
used during physical exercise or shop-
ping at the mall. However, instructors
should regulate its use based on stu-
dents’ signals or gestures indicating
discomfort. This strategy can help stu-
dents focus on the lecture, which is
beneficial for some students today who
appreciate frequent breaks or shorter
attention spans (Bradbury, 2016).

Notes

! The data set for replication and direct outcomes from
the software are available at the following link https://
figshare.com/s/73b74b06ecb488cba7d4

2 This piece is available at the following link:
https://www.youtube.com/watch?v=mg-
7netwlJuM&t=3439s

3 Only at this moment, in the Microeconomics
groups, it was noted that a few students systemat-
ically answered the MCQs quickly (in some cases
after a few seconds). Therefore, these observations
were removed from the analysis (outliers). By con-
trast, in the International Economics class, students
even asked for one or two more minutes to answer
the MCQs.


https://figshare.com/s/73b74b06ecb488cba7d4
https://figshare.com/s/73b74b06ecb488cba7d4
https://www.youtube.com/watch?v=mg7netw1JuM&t=3439s
https://www.youtube.com/watch?v=mg7netw1JuM&t=3439s
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