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A B S T R A C T

In Western tonal music, major and minor modes are recognized as the primary musical features in 
eliciting emotional responses. The underlying correlates of this dichotomy in music perception 
have been extensively investigated through decades of psychological and neuroscientific 
research, yielding plentiful yet often discordant results that highlight the complexity and indi
vidual differences in how these modes are perceived. This variability suggests that a deeper 
understanding of major-minor mode perception in music is still needed. We present the first 
comprehensive systematic review and meta-analysis, providing both qualitative and quantitative 
syntheses of major-minor mode perception and its behavioural and neural correlates. The qual
itative synthesis includes 70 studies, revealing significant diversity in how the major-minor di
chotomy has been empirically investigated. Most studies focused on adults, considered 
participants’ expertise, used real-life musical stimuli, conducted behavioural evaluations, and 
were predominantly performed with Western listeners. Meta-analyses of behavioural, electro
encephalography, and neuroimaging data (37 studies) consistently show that major and minor 
modes elicit distinct neural and emotional responses, though these differences are heavily 
influenced by subjective perception. Based on our findings, we propose a framework to describe a 
Major-Minor Mode(l) of music perception and its correlates, incorporating individual factors such 
as age, expertise, cultural background, and emotional disorders. Moreover, this work explores the 
cultural and historical implications of the major-minor dichotomy in music, examining its origins, 
universality, and emotional associations across both Western and non-Western contexts. By 
considering individual differences and acoustic characteristics, we contribute to a broader un
derstanding of how musical frameworks develop across cultures. Limitations, implications, and 
suggestions for future research are discussed, including potential clinical applications for mood 
regulation and emotional disorders, alongside recommendations for experimental paradigms in 
investigating major-minor modes.
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1. Introduction

One of the basis dichotomies in Western tonal music, linked to the expression of emotional valence, is that between major and 
minor modes. Musical mode refers to the arrangement of intervals (tones and semitones) within a scale, and the distinction between 
major and minor modes is primarily based on the interval between the tonic (the first degree of the scale) and the third degree. For 
instance, in C major, the third degree is an E, whereas in C minor the third degree is one semitone lower, i.e., an E flat. Minor modes are 
often expressed in three forms: natural minor, melodic minor, and harmonic minor, each with unique structural and expressive 
characteristics (Fig. 1). The natural minor is the simplest form of the minor scale, with no alterations to the scale degrees, and it 
conveys a more relaxed, melancholic tone due to the absence of the leading tone, which weakens cadential tension. The harmonic 
minor raises the seventh degree, creating a stronger pull towards the tonic and emphasizing harmonic resolution, often generating a 
more dramatic, tension-filled sound. The melodic minor, on the other hand, raises both the sixth and seventh degrees when ascending, 
providing a smoother melodic line, and reverts to the natural minor when descending, blending the expressive qualities of both forms. 
Additionally, the modern Dorian mode is frequently used as a minor mode in various musical contexts (Fig. 1). This mode, also called 
"Russian minor" by Balakirev, differs from the natural minor by having a raised sixth degree (e.g., in D Dorian, the scale would be D-E- 
F-G-A-B-C). It is distinct from the "ancient Dorian mode," which referred to an entirely different scale system in ancient Greek music. 
Examples of the Dorian mode in modern music include many jazz, folk, and rock compositions, such as Miles Davis’s "So What"[1].

The list of commonly used minor modes also extends beyond these traditional forms [2]. For instance, the Phrygian mode 
(A-B♭-C-D-E-F-G), the Double-harmonic minor (A-B-C-D#-E-F-G#), the blues scale, pentatonic anhemitonic minor (A-C-D-E-G), 
pentatonic hemitonic minor (A-B-C-E-G and A-C-E-F-G), and hexatonic minor (A-B-C-D-E-G) are employed cross-culturally. There are 
also several modes specific to certain musical traditions, such as the Minor "Obikhodnyi," "Harmo-Dorian", and the "Shostakovich 
mode". Conversely, there are a variety of major modes that also play crucial roles in different musical traditions, including the Lydian, 
Mixolydian, and Ionian modes.

The distinction between major and minor modes has not always existed in music. In Ancient Greek and Roman music, only melodic 
tonal organization was recognized, mainly centred around tetrachords, without a clear differentiation between major and minor. The 
Byzantine tradition introduced tonicization of modes through heterophonic plainchant, leading to the first significant contrasts in 

Fig. 1. The Major and Minor Modes in Western Tonal Music.
The difference between major and minor modes is rooted in the interval between the tonic note and the third degree of the scale. Major keys are 
generally considered to sound bright, happy, and uplifting, while minor keys are associated with sombre, melancholy, or dramatic emotion. The 
natural minor scale has no alterations to any of the scale degrees, while the melodic minor scale raises the sixth and seventh scale degrees when 
ascending but reverts to the natural minor scale when descending. The harmonic minor scale raises the seventh scale degree by a semitone, and the 
Dorian mode is a minor mode based on the second degree of the major scale, and it has a unique sound that is often used in jazz. These scales have 
different unique characteristics and are often used in different contexts in Western music.
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modal structures, such as those in the Octoechos. At the same time, Arabic musical traditions possibly adopted or independently 
developed the concept of tonicity and emphasized the third degree. By the 12th century, early polyphony in Europe shifted the focus 
from tetrachordal to hexachordal systems (e.g., the "Guidonian hand"), elevating the importance of thirds over fourths. The 15th-cen
tury innovations by John Dunstable solidified the use of triads, setting the stage for "tonality". Baroque advancements, including 
general bass and counterpoint, formalized harmonic structures, fostering the emergence of complex homophonic and polyphonic 
textures. The evolution of tuning from Pythagorean (melody-focused) to just intonation and later temperament reflected the tension 
between melodic expressivity and harmonic needs, culminating in systems that balanced both elements, ultimately solidifying the 
major-minor distinction in Western tonal music in the 17th century[3]. Traditionally, in Western music, major modes are perceived as 
bright, happy, and uplifting, while minor modes are linked to more sombre, melancholy, or dramatic emotions[4–6]. However, since 
the Baroque period composers have used both major and minor modes to convey a wide range of emotions and affective states[7,8], as 
well as the association of musical modes with emotional content varies both historically and across cultures [9,10]. For instance, 
composers of the 17th and 18th centuries did not exclusively use the minor mode to express sadness; rather, it was often employed to 
evoke private, sensual, or fragile emotional states. Many compositions marked as "joyful" or "vivacious" by their authors were written 
in minor keys, such as J.S. Bach’s “Badinerie” in B minor. In fact, although the acquisition of the typical major/happy and minor/sad 
connotation has been considered established since the 17th century, these associations have continued to evolve over time [11,12]. 
Folk traditions in the West continued to use minor modes in compositions with positive emotional connotations, as exemplified by 
Christmas carols like "We Three Kings" and "God Rest You Merry, Gentlemen”.

In addition to its Western origins, major-minor distinctions have appeared independently in other musical traditions, such as 
Chinese, Indian, and Arabic music, though their emotional interpretations and usage vary significantly. These systems typically feature 
sophisticated theoretical frameworks, notational systems, and forms of professional music-making, but their associations with specific 
emotions may diverge from Western conventions. For instance, Kazakh traditional music, despite employing professional music and 
recognizing tonality, does not distinguish between major and minor in the Western sense, as it relies on a pentatonic system where 
modal distinctions are defined differently. This highlights how even tonal frameworks with shared structural elements can diverge in 
their affective implications across cultures.

In Western music, the distinction between major and minor has become central to conveying emotional meaning, particularly 
within the context of the tonal system that dominated European music from the 17th to 19th centuries. Indeed, Western listeners are 
generally familiar with the major-minor tonal system due to its prevalence in everyday music [7]. Major and minor are the most used 
modes in Western music, and their structural difference produces prominent distinct emotional responses. Therefore, mode is 
considered, together with tempo, a strong determinant of musical-emotional responses [8]. Some authors argued that major-minor 
dichotomy is actually the main cue contributing to emotional expression in music [13]. Notably, the explicit emotional recognition 
of music mode develops later in life than the recognition of tempo, and appears to depend on both individual characteristics and 
cultural factors, especially in the first years of life [14,15]. Previous studies have suggested that musical training and age can further 
modify major-minor perception and its affective processing [16,17], even though no explicit knowledge of major-minor mode 
structures is needed in order to produce the related emotional responses [10]. However, there is evidence of large and systematic 
inter-individual differences, since several factors such as expertise, mood, and personality may affect major-minor perception and 
preference [2,11,13–15].

Neuroscientific studies, such as electroencephalography (EEG), magnetoencephalography (MEG), positron emission tomography 
(PET), and functional magnetic resonance imaging (fMRI), have revealed that major and minor modes of music activate distinct brain 
regions, with a significantly stronger involvement of limbic structures and reward circuits in response to minor mode [18,19]. 
Interestingly, specific neural activity in response to music mode can be detected already in the very first years of life, as indexed by EEG 
measures studies [20], whereas divergent results have been observed among older children without music training [21]. Additionally, 
several studies report biased emotional processing of musical features (including musical mode) in both clinical and subclinical 
conditions [22–25].

There is a vast literature on the behavioural, brain, and physiological correlates of the major-minor dichotomy in music perception. 
However, the variety of methodological approaches used has hindered a unifying view and has led to contradictory and heterogeneous 
results. Previous reviews have explored the behavioural and physiological correlates of other musical features such as rhythm, tempo, 
pitch, timbre, melody, harmony, and syntax [26,27]. In terms of musical mode, Virtala and Tervaniemi [17] summarised evidence on 
the perception of major-minor modes focusing mainly on the neurocognitive basis of this dichotomy, and suggested that major-minor 
and consonance/dissonance processing are present early in development and might have partly universal, biologically hardwired 
origins, likely related to human vocalisations [28]. Also, brain maturation, musical enculturation, and music training significantly 
modulate sensory and affective processing. More recently, Asano et al. [29] conducted a meta-analysis of neuroimaging studies 
focusing on tonal cognition, with an emphasis on harmony processing, and identified specific brain areas in the right frontal lobe that 
are similar to those involved in affective speech prosody. Despite the extensive literature exploring major-minor dichotomy and its 
centrality in Western music, no study has thus far provided a systematic and unified investigation of this feature or on how its 
perception is affected by person-related factors.

To this end, we conducted a systematic review to comprehensively summarise and organise the literature on major-minor mode 
perception and its behavioural and brain correlates, by performing both a qualitative and quantitative synthesis. Specifically, this 
systematic review seeks to consolidate the existing research on major-minor perception, exploring how personal factors like age, 
training, and cultural background influence sensitivity to this dichotomy. Additionally, the systematic review examines the underlying 
neural mechanisms and ask whether the emotional connotations of musical modes are universal or culturally derived. We also explore 
the potential of major and minor modes in a clinical perspective. The findings are expected to significantly contribute to the psychology 
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of music advancing knowledge on a major determinant of affective and aesthetic responses to music.

2. Methods

2.1. Search strategy

This systematic review followed procedures form the Cochrane Handbook for Systematic Reviews [30] and from the Centre for 
Reviews and Dissemination [31]. The last search was conducted on August 2023.The systematic approach was carried in accordance 
with the PRISMA statement [32]. Three authors (GC, VPN, and MC) each performed a search in the electronic databases Scopus, 
PubMed and PsycInfo by combining the following keywords and MeSH terms opportunely adapted to each database: music, musician, 
musical mode, music perception, music performance, music playing, music composition, major mode, minor mode, musical training, 
expertise, behavioural correlates, individual differences, cognition, emotion, happiness, sadness, valence, arousal, mood disorders, 
depression, neural correlates, auditory stimulation, magnetic resonance imaging, magnetoencephalography, electroencephalography, 
evoked potentials, transcranial magnetic stimulation, electrocorticography (details in Supplementary Material). The reference lists 
of the included articles were scrutinised manually for additional publications. The search results were imported to Covidence [33], in 
RIS or XML format, for screening.

2.2. Study selection

Three authors (GC, VPN, and MC) independently and systematically screened the literature by titles and abstracts and then read the 
full texts to identify their eligibility using the Covidence tool. For the qualitative synthesis, studies investigating musical mode 
perception, including all ages and levels of musical expertise, in English, and published in refereed journals were selected. Also, studies 
in which musical mode was not the main aim of investigation but that offered relevant results to our purpose were included, as well as 
studies exploring musical mode perception considering clinical conditions. Studies not in English, not including stimuli in both major 
and minor mode, single cases, reviews, and dissertations were excluded. No years or places of publication were imposed. For the 
neuroimaging meta-analyses, we included EEG and fMRI-PET studies that exposed participants to contrasting stimulation of major 
mode vs. minor mode music. These criteria were also applied to the inclusion of studies for the behavioural meta-analysis. However, 
behavioural studies were included only if, in addition to the major-minor contrast, they reported any measurement comparing positive 
(happy, pleasant, like) and negative (sad, unpleasant, dislike) emotional connotations. With this additional criterion, studies solely 
consisting of major-minor discrimination tasks were not included (e.g., Mednicoff et al., 2018 [34]).

Any disagreements in the literature search and data extraction were resolved by a fourth author (LB). As for the methods used in the 
reviewed studies, “physiological” refers to methods of brain imaging and brain neurophysiology, as well as non-brain physiological 
measurements such as heart rate and skin conductance; “behavioural” refers to tasks involving the affective evaluation and/or 
discrimination of musical stimuli.

2.3. Data extraction

For the qualitative synthesis, data extraction was performed by one author (GC) and cross-checked by other two authors (VPN and 
MC). The following information was extracted from each study: year of publication, geographical location, number of participants, age 
group (adults, teenagers [13–17 years], elementary school children [6–12 years], preschool children [3–6 years], and infants [0–3 
years]), musical expertise (musicians, non-musicians, undefined), type of stimulation (chords, excerpts, musical pieces, and/or tone 
scrambles), centrality of musical mode in the research questions of each study, and type of method (i.e., behavioural, EEG, fMRI, MEG, 
PET).

The great variety of stimuli used among the studies was extracted and labelled for each study as “chords” when the stimulation was 
a single or a short sound (maximum 2 s duration), “excerpts” with musical stimuli ranging from 2.5 s to 29.5 s, or “musical pieces” for 
all those of 30 s or more. Finally, the fourth category of stimuli consists of “tone scrambles”: rapid, randomly ordered sequences of pure 
tones. We have also categorized the musical paradigms of each study as "contextual", meaning within a scale (and subsequently a key), 
and/or "isolated", meaning outside of a scale/key (i.e., starting from a given pitch). An additional categorization was conducted based 
on the type of task instructions given to participants in the studies. Specifically, the labels used to distinguish the different tasks were 
"Emotional or preference judgments," "Discrimination," "Congruency task," "Passive listening" (when participants were not explicitly 
asked to focus on the music), and "Active listening" (when participants were asked to focus on the musical stimulus but without making 
emotional or preference judgments).

For the quantitative synthesis, effect sizes and standard errors were extracted from behavioural and EEG studies, and stereotactic 
coordinates were extracted from fMRI and PET studies in either Talairach or Montreal Neurological Institute (MNI) three-dimensional- 
coordinate system.

2.4. Quality assessment

As there is no universally accepted and evidence-based tool available to evaluate the quality of studies across different research 
designs, the task of quality assessment becomes challenging. To comprehensively assess the quality of the included studies in this 
systematic review, the QualSyst tool [35] was used. This tool offers a comprehensive and quantitative approach to evaluate the quality 
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of research, covering a diverse range of study designs, in a systematic and reproducible manner. A summary score is calculated for each 
paper by summing the total score obtained across relevant items and dividing by the total possible score (i.e.: 28 – (number of “n/a” x 
2)). A score higher than 0.75 suggests high quality, between 0.55 and 0.75 suggests moderate quality, and lower than 0.55 suggests low 
quality in the study.

2.5. Meta-analyses

Meta-analyses were carried out for behavioural studies, EEG, fMRI-PET studies, independently. For behavioural and EEG studies, 
meta-analyses of effect sizes were performed [36]. For fMRI-PET studies, coordinated-based meta-analyses (CBMA) were conducted 
using the activation likelihood activation (ALE) method [37]. The studies covered various paradigms, including "Like/dislike," 
"Pleasant/unpleasant," "Happiness/sadness," with positive emotions in major mode and negative emotions in minor mode, and 
assessed emotions in terms of whether they were "Felt" or "Perceived."

2.5.1. Behavioural and EEG meta-analyses
For behavioural and EEG studies, effect sizes were used to conduct meta-analyses. Additionally, standard errors were extracted 

from studies to account the standard deviation of the sampling distribution. To interpret the magnitude of the observed effects, effect 
sizes of 0.2 were considered small, 0.5 were considered medium, and 0.8 were considered large. To order, calculate, and compare 
effect sizes, this study followed the recommendations by Harrer et al. [36]. The effect sizes corresponded to the comparison between 
positive (happy, pleasant, like) and negative (sad, unpleasant, dislike) emotional connotations. Effect sizes and/or standard errors 
were calculated from other statistical analyses (e.g., mean and standard deviation, correlation, ANOVA, etc.) if a given study did not 
report them specifically.

Random-effects models were employed since variation in effect sizes among studies was assumed to occur because of random 
sampling error as well as differences between groups or individuals [38]. This approach allowed for generalizations about the effects 
across a population rather than just past studies [39]. To address small-sample bias, a correction was applied by weighting the effect 
size associated with studies by sample size [40]. The random-effects meta-analysis was performed using the metagen function with the 
Hartung-Knapp (HK) adjustment for the random-effects model, considering the potential heterogeneity among studies. Additionally, 
the Sidik-Jonkman (SJ) estimator was used for tau^2 and tau, and the Q-Profile method was used to compute confidence intervals for 
these estimates. Heterogeneity among the included studies was quantified using the I^2 statistic, which measures the proportion of 
total variation attributable to heterogeneity rather than sampling error. The Q statistic test was applied to assess the significance of 
heterogeneity. A p-value less than 0.05 was considered indicative of significant heterogeneity.

To estimate the uncertainty of the meta-analysis results, prediction intervals were calculated based on t-distribution. Prediction 
intervals provide an estimate of the range within which the true effect size of a future study is likely to fall. The results were presented 
using descriptive statistics, including the pooled effect size (SMD) and its 95% Confidence Interval (CI). The Z-value and p-value were 
reported to assess the significance of the overall effect. Additionally, the tau^2 and tau estimates were provided as measures of 
between-study variance and standard deviation of study effects, respectively. Forest plots were generated to visualize the individual 
study effect sizes along with their confidence intervals and the pooled effect size estimate. A subgroup analysis in the behavioural 
meta-analysis was conducted to test the effect of felt vs perceived emotion.

2.5.2. fMRI and PET studies
In this study, the GingerALE software v3.0.2 [37,41,42] was utilized to conduct CBMAs using the ALE method from the BrainMap 

platform [43]. Coordinates (foci) from each study were extracted, and if required, converted from Talairach to MNI space using the 
Lancaster transform (icbm2tal) provided in GingerALE [44,45]. The ALE method assesses anatomical consistency and concordance 
among studies by weighting coordinates based on sample size, producing estimates of anatomical likelihood for each intracerebral 
voxel on a standardized brain map.

The algorithm treats anatomical foci as spatial probability distributions centred at the specified coordinates, evaluating the cor
relation between the spatial locations of foci across MRI studies investigating the same construct, and comparing it to a null distri
bution of random spatial association between experiments. Statistical significance of the ALE scores was determined using a 
permutation test with cluster-level inference at a threshold of p < 0.05 (FWE), and a cluster-forming threshold set at p < 0.001. 
Separate ALE meta-analyses were conducted for results of major > minor and minor > major, independently.

The BrainMap platform is a large-scale database that stores findings from neuroimaging studies that can be used with a meta- 
analytic approach by exploring the co-activation of brain regions with a specific region-of-interest (ROI) across different tasks, 
rather than on a particular one. Meta-analytic connectivity modelling (MACM) identifies the functional network of the ROI, i.e., its 
functional connectivity (FC). MACM allows for the functional segregation of each ROI’s potential contribution to different behavioural 
domains [46,47]. To conduct the co-activation analyses, Sleuth [48] and GingerALE, both part of the BrainMap platform, were used. 
For the identification of significant convergence areas, an ALE meta-analysis was performed on all foci obtained after individually 
searching Sleuth for each ROI. The search criteria included "context: normal mapping" and "activations: activation only". ROIs were 
created using Mango with a 5mm-radius sphere on the MNI152_T1_1 mm brain template. The results of each ROI search were then 
exported to GingerALE, where a permutation test was conducted using cluster-level inference at p < 0.05 (FWE), with a cluster-forming 
threshold set at p < 0.001 to identify regions of significance. To further understand the functional characteristics of the ROIs, the study 
utilized the "Behavioural Domain" meta-data categories available in the BrainMap platform, including action, perception, emotion, and 
interoception.
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CBMA’s, such as ALE, are valuable tools for integrating findings from multiple studies to draw meaningful conclusions about brain 
activation patterns. However, they are not immune to certain biases inherent in all meta-analyses, such as publication bias, which 
could distort results and undermine the validity of the conclusions drawn. One significant concern is the "file drawer problem," where 
studies with non-significant or null results are less likely to be published, leading to an overrepresentation of studies with positive 
findings. To address potential publication bias and assess the robustness of the results, the Fail-Safe N analysis (FSN) was performed 
[49]. FSN evaluates how much opposing evidence would need to be added to a meta-analysis before the findings change significantly. 
For instance, a typical 95% confidence interval for the number of studies reporting no local maxima (effectively null findings) in 
normal human brain mapping studies varies from 5 to 30 per 100 published studies. Taking the upper bound (30%) and considering 
that the ALE meta-analyses in this study included 7 experiments in the major-minor and 8 experiments in the minor-major ALE 
meta-analyses, the minimum FSN was set at 2.

2.5.3. Transparency and openness
We adhered to the PRISMA 2020 guidelines for systematic reviews [50]. The review protocol was registered in the International 

Prospective Register of Systematic Reviews (PROSPERO: CRD 42,018,090,462). All data and research materials (including our coding 
scheme) are available at the Supplemental Material. The data supporting the findings of this study is freely available at the Open 
Science Framework (OSF) website: https://osf.io/76kmb/?view_only=c59b316f6ce646f49b9f8440e5a98056.

3. Results

3.1. Characteristics of included studies

The PRISMA flowchart for systematic reviews (Figure S1) and the PRISMA checklist (Table S2) provide a thorough overview of the 
identification, screening, eligibility, and inclusion procedure of studies. A total of 2406 records were identified through manual and 
database searching. After removing duplicates, 1858 articles were initially screened by title and abstract. Next, 386 records were 
screened by full-text review. Finally, 70 publications were included in the qualitative synthesis, with a total of 4471 subjects.

In Table S1 we listed all the studies included in our systematic review and their characteristics. The geographical distribution of the 
studies is: USA (12), Finland (10), Canada (9), Japan (8), Denmark (6), UK (6), Italy (5), China (2), Australia (2), Russia (2), France (2), 
Netherlands (1), Portugal (1), Croatia (1), Switzerland (1), Taiwan (1), and Germany (1). This information highlights how studies 
investigating musical mode perception have been carried out mainly among Western listeners. All in all, most studies (63%) have been 
published from 2010 onwards. Thirty-nine articles specifically aimed at major-minor mode investigation, whereas in the remaining 31 
studies this dichotomy is included but is not the specific focus.

As visible from Table 1, which contains a cross-tabulation of the studies as a function of the method and the sample, we obtained a 
larger body of empirical research investigating the major-minor dichotomy in the adult population (59) as compared to research 
including one or more groups of children (6), or directly comparing adults with one or more groups of children. Most of the studies (53 
out of 70) reported participants’ level of musical expertise, although the years of musical training were indicated only in 24 articles 
(including 4 papers also reporting training time per day/week). Participants’ level of education in years was described in very few 
articles (7 out of 70). Studies conducting only behavioural investigation were 33, whereas a few applied exclusively physiological 
measures (10). The remaining 27 papers applied both physiological and behavioural methods. Studies considering clinical samples are 
8, including one study on subclinical population. Finally, we summarised all the main findings relevant to the questions addressed in 
Table S3.

3.2. Types of stimulation and task instructions

In Table S1, we indicated the type of stimulation as “chords”, “excerpts”, “musical pieces” or “tone scrambles”. This distinction was 
necessary considering the variety of stimuli and their durations used in the studies. For instance, some of the studies reviewed 
employed musical chords (usually less than 1 s) [21,51–53], whereas among other investigations, the eliciting stimuli were longer than 
5 min [54,55], or composed of “non-musical” tone sequences [56,34]. Such methodological differences needed to be identified and 
considered in the evaluation of the elicited responses. Included in this review are 19 studies using musical chords as stimuli, 32 studies 
employing musical excerpts, 15 with longer-lasting musical stimuli/musical pieces, 2 including both chords and excerpts, and 2 
employing tone scrambles. Arguably, the behavioural and physiological responses elicited by chords or short fragments of music are 

Table 1 
Cross-tabulation of the Studies as a Function of Method, Expertise, and Sample.

Physiological Behavioural Physiological & Behavioural

Children 3 3 0
Adults 8 25 26
Children & Adults 0 5 0
Musicians 1 0 1
Non-musicians 3 7 10
Musicians & Non- musicians 5 17 9
Undefined expertise 2 9 6
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more likely to be a direct consequence of major-minor dichotomy. Longer real-life music pieces in turn are more ecologically valid 
since they are more similar to the type of music to which we are exposed every day. However, in the latter, mode may be confounded 
with other aspects of musical structure conveying emotions. As for task instructions provided to the participants (Table S1), most 
studies (41) asked for emotional or preference judgments to participants. This choice appears particularly appropriated especially 
when the population investigated include non-musicians and children, which may be unfamiliar with specific musical terminology, 
such as types of musical mode. However, they are generally more attuned to the emotional connotations of the music, which can aid in 
mode discrimination.

3.3. Centrality of musical mode

Most of the papers reviewed consist of investigations specifically aimed at major-minor mode (54%). However, we decided to also 
include studies not aimed exclusively at investigating this dichotomy since it is quite common that more than one feature is simul
taneously investigated within the same study (such as mode, timbre, and tempo); yet we considered the role of our keyword (musical 
mode) significant for our questions. The “indirect” role of the keyword could be explained considering that several studies mainly 
focused on investigating emotional responses to music rather than major-minor dichotomy per se. In this perspective, the distinct 
affective connotation associated with major-minor mode was often exploited as an inducer of happy/sad emotional responses. Thus, in 
these studies musical mode was the independent variable, and the emotional response was the dependent variable.

3.4. Quality assessment

The quality of the included studies in this review was comprehensively assessed with the QualSyst tool following the recom
mendations by Kmet et al. [35]. Since we did not include any qualitative studies in this review, only the checklist for assessing the 
quality of quantitative studies was used. Additionally, the review only included observational studies, and no interventional studies, 
and therefore items 5, 6, and 7 were scored as not applicable (NA). The total scores for each study ranged from 0.32 to 1.0 with a mean 
of 0.9 ± 0.12. Overall, the included studies showed good practices with high scores in items related to design description and 
interpretation of results and conclusions; lower scores in items related to subject characteristics and controlling for confounding effects 
(Table S4). To ensure adequate quality in the neuroimaging studies included in meta-analyses, Table S5 shows fMRI acquisition and 
analysis information.

3.5. Meta-analysis of behavioural studies

The behavioural meta-analysis conducted using the random effects model encompassed a total of 12 experiments, after excluding 
one outlier [18], investigating the relationship between musical mode and emotional response. The meta-analysis revealed a signif
icant pooled random effects SMD = 0.2167 (95%-CI [0.1089, 0.3245], p = 0.001), and a prediction interval for the effect size ranged 
from − 0.2341 to 0.6675. Quantifying heterogeneity, the analysis found a tau^2 of 0.0360 (95%-CI [0.0011 to 0.0696]), indicating 
substantial variability among the included studies. The I^2 statistic indicated moderate-to-high heterogeneity (I^2 = 65.3%). The test of 
heterogeneity (Q-test) was statistically significant (Q = 31.66, df = 11, p < 0.001), further supporting the presence of heterogeneity 

Fig. 2. Behavioural meta-analysis forest plot.
SMD, standardised mean difference; SE, standard error; CI, confidence interval; HK, Hartung-Knapp adjustment.
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among the studies. The leave-one-out analysis demonstrated that the effect size remained robust upon excluding individual studies. A 
forest plot was generated to visually represent the effect sizes and confidence intervals for each study (Fig. 2). The subgroup analysis 
comparing felt vs. perceived emotion did not yield significant results.

3.6. Meta-analysis of electroencephalography studies

The EEG meta-analysis conducted using the random effects model encompassed a total of 13 experiments. A significant pooled SMD 
= 0.1963 (95% CI [0.1090, 0.2835], p = 0.0004) was found, indicating a moderate effect of musical mode on neural activity, pre
sumably driven by emotional connotations. The prediction interval for the SMD ranged from − 0.1015 to 0.4940, signifying the po
tential effect sizes that may be observed in future similar studies. Heterogeneity among the studies was low (I² = 22%), suggesting 
consistent findings across the diverse dataset. A test of heterogeneity (Q = 15.43, df = 12, p = 0.2486) showed no statistically sig
nificant differences in effect sizes among the studies. The leave-one-out analysis demonstrated that the effect size remained robust 
upon excluding individual studies. No outliers were detected. A forest plot was generated to visually represent the effect sizes and 
confidence intervals for each study (Fig. 3).

3.7. Meta-analysis of neuroimaging studies

3.7.1. ALE meta-analyses
The ALE meta-analysis of major-minor (Table 2 & Fig. 4) revealed significant convergence in (1) left superior temporal gyrus 

Brodmann area 22 (STG-L BA22a), (2) right medial frontal gyrus (MedFG-R BA6), (3) right transverse temporal gyrus (TTG-R BA41), 
(4) right cingulate gyrus (CG-R BA31), and (5) right caudate (CAU-R). The ALE meta-analysis of minor-major revealed significant 
convergence in the (1) left superior temporal gyrus (STG-L BA22b) and (2) right superior temporal gyrus (STG-R BA22).

The functional characterization of each ROI focused on behavioural domains (e.g., action, perception, emotion, cognition and 
interoception) and paradigm classes (e.g., pitch discrimination, finger tapping, music comprehension, and music production) included 
in the BrainMap platform (Table S6). MACM was performed to functionally segregate the behavioural contribution and the patterns of 
co-activation (or FC) of music-mode-related ROI resulting from the major-minor ALE (n = 5) and minor-major ALE (n = 2) meta- 
analyses (Table S7).

3.7.2. Major – minor MACM
STG-L BA22a showed significant FC with right superior temporal gyrus BA22, left thalamus, and right cingulate gyrus BA32. 

Relevant behavioural domains within its boundaries include execution, speech, language memory, music, emotion, and auditory 
processing; and experimental paradigms including finger tapping, music comprehension and production, and oddball, phonological, 
pitch, semantic, and tone discrimination.

MedFG-R BA6 showed significant FC with right thalamus, left and right cerebellum, and left insula BA13. Relevant behavioural 
domains include execution, speech, memory, music, emotion, reward, and auditory processing; and experimental paradigms including 

Fig. 3. EEG meta-analysis forest plot.
SMD, standardised mean difference; SE, standard error; CI, confidence interval; HK, Hartung-Knapp adjustment.
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emotion induction, finger tapping, music comprehension and production, and oddball, phonological, pitch, semantic, and tone 
discrimination.

TTG-R BA41 showed significant FC with left superior temporal gyrus BA41, right precentral gyrus BA6, and left and right thalamus. 
Relevant behavioural domains include execution, speech, memory, music, emotion, reward, and auditory processing; and experi
mental paradigms including finger tapping, music comprehension and production, and phonological, pitch, semantic, syntactic, and 
tone discrimination.

CG-R BA31 showed significant FC with surrounding areas within the cingulate gyrus. Relevant behavioural domains include 
execution, speech, memory, music, emotion, reward, and auditory processing; and experimental paradigms including finger tapping, 
music comprehension, and music production.

CAU-R showed significant FC with left superior frontal gyrus BA6 and left claustrum. Relevant behavioural domains include 
execution, memory music, emotion, reward, and auditory processing; and experimental paradigms including finger tapping, music 

Table 2 
ALE Meta-analytic Results of fMRI Studies Comparing Major vs Minor Mode at Cluster Level Inference.

Cluster  
number

Volume  
(mm3)

MNI coordinates ALE P Z Label (Side region BA)

x y z

1. Major – Minor: 65 foci, 7 experiments, 119 subjects
1 1272 − 52 − 14 0 2E-02 2E-07 5.1 L Superior Temporal Gyrus BA22
2 824 6 − 4 60 2E-02 2E-08 5.5 R Medial Frontal Gyrus BA6
3 808 46 − 24 10 2E-02 8E-09 5.7 R Transverse Temporal Gyrus BA41
4 768 8 − 28 40 2E-02 3E-08 5.4 R Cingulate Gyrus BA31
5 488 20 − 2 22 2E-02 7E-07 4.8 R Caudate
2. Minor – Mayor: 33 foci, 8 experiments, 138 subjects
1 1096 − 60 − 8 − 6 2E-02 1E-10 6.4 L Superior Temporal Gyrus BA22
2 1040 60 − 8 − 2 2E-02 5E-09 5.7 R Superior Temporal Gyrus BA22

ALE, anatomic likelihood estimation; BA, Brodmann area; FWE, family-wise error correction; P, p-value; Z, peak z-value; R, right; L, left.
p < 0.005 (FWE).

Fig. 4. ALE meta-analysis.
FIGURE CAPTION:(a) Major-minor; (b) Minor-major; STG-L BA22, left superior temporal gyrus; MedFG-R BA6, right medial frontal gyrus; TTG-R 
BA41, right transverse temporal gyrus; CG-R BA31, right cingulate gyrus, CAU-R, right caudate (CAU-R).
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comprehension, and oddball and tone discrimination.

3.7.3. Minor – major MACM
STG-L BA22b showed significant FC with right superior temporal gyrus and left precentral gyrus. Relevant behavioural domains 

include execution, speech, memory, music, emotion, reward, valence, and auditory processing; and experimental paradigms including 
emotion induction, finger tapping, music comprehension, and phonological, pitch, semantic, syntactic, and tone discrimination.

STG-R BA22 showed significant FC with left superior temporal gyrus, medial frontal gyrus BA6, left middle frontal gyrus BA9, and 
left insula BA13. Relevant behavioural domains include execution, speech, memory music, emotion, reward, valence, and auditory 
processing; and experimental paradigms including emotion induction, finger tapping, music comprehension, and phonological, pitch, 
semantic, syntactic, and tone discrimination.

4. Discussion

The major-minor dichotomy is a fundamental aspect of Western tonal music, and it refers to the two most used musical modes. 
Typically, the major mode is characterised by a bright, happy, and uplifting sound, while the minor mode is characterised by a darker, 
sadder, melancholier, and introspective sound. For this comprehensive review and meta-analysis, we conducted a thorough literature 
search and selection process that identified 70 relevant studies on the perception of musical mode (54% mode-centred) that included 
4471 participants. While most studies focused on major-minor mode, some studies investigated emotional responses to music, with 
musical mode being the independent variable, and the emotional response being the dependent variable. The geographical distribution 
of the studies was mainly in the Western regions; however, the USA, Canada, Finland, and Japan had the most significant number of 
studies. Also, most of the research was published after 2010. Furthermore, our review shows that behavioural studies represent most 
articles, with a few applying exclusively physiological measures and others using both. It is also worth noting that the type of musical 
stimulation used in the studies varied, with some using short fragments of music while others used longer pieces. In terms of the quality 
assessment, 90% of the studies were scored as high-quality publications, while only one study was scored as low quality.

Overall, our review suggests that the major-minor dichotomy has been a significant focus of research in music perception, although 
it is often investigated alongside other features of music. It is important to consider the role of musical mode in investigations of 
emotional responses to music, as this dichotomy can be a powerful inducer of happy/sad emotions, and thus, has potential clinical 
applications for mood disorders, for example. Here, we propose a framework to describe a Major-Minor Mode(l) in music that can be 
used to provide insights into the ways in which music affects our emotions, cognition, and physiology.

4.1. Affective evaluation of the major-minor dichotomy

The affective evaluation of major and minor modes can be seen in various musical compositions. For example, many joyful and 
celebratory songs are written in major keys, such as "Happy Birthday" or "The Star-Spangled Banner." These songs use major chords and 
melodies that are uplifting and energetic, which evoke feelings of joy, excitement, optimism, and celebration [57]. On the other hand, 
minor keys are often used in music to express sadness, grief, or melancholy. For instance, many funeral dirges or requiems are 
composed in minor keys, such as the famous “Funeral March” by F. Chopin or W.A. Mozart’s “Requiem in D Minor”. These pieces use 
minor chords and melodies that are haunting, sorrowful, and poignant, which evoke feelings of sadness, introspection, and longing.

However, the affective evaluation of major and minor modes is not always straightforward. While major keys are typically asso
ciated with happiness, they can also be used to express other emotions, such as anger or sarcasm. For example, “The Entertainer” by S. 
Joplin is a lively ragtime piece written in a major key that sounds cheerful and upbeat, but the composer intended it to be ironic and 
satirical. Similarly, while minor keys are often associated with sadness, they can also convey a sense of mystery, suspense, or even 
romance. For example, the “Moonlight Sonata” by L. van Beethoven is a well-known composition written in a minor key that expresses 
a sense of introspection and longing, but also contains moments of beauty and tranquillity.

4.1.1. The valence-arousal model
Music is a complex and powerful medium that can evoke a wide range of emotions and experiences in listeners. As such, the link 

between music and emotions can be intricate and not always apparent. The same piece of music can elicit different emotional responses 
in different people, and individual differences such as personality, musical preference, and cultural background can all play a role in 
shaping listeners’ emotional experiences, as it will be discussed in Section 4.5. One way that researchers have tried to understand the 
emotional impact of music is through the so-called valence-arousal model.

Whilst the association between musical modes and distinct emotional responses dates back to the Greek theorists and has been 
debated along the whole history of music [58], the first scientific report that highlighted the affective connotation of musical modes 
was by Hevner [4], who asked listeners to classify musical excerpts with “sad” or “happy” adjectives. The results indicated that major 
mode was associated with “happy” adjectives whilst the participants selected more “sad” adjectives when the music was played in 
minor mode. The affective dichotomy major/happy minor/sad has been confirmed over the following decades, and other specific 
emotions have been studied related to this dichotomy. For example, the major mode has been associated with an experience of joy, 
serenity and vitality, whereas minor mode tends to be perceived as nostalgic, subdued, dark and wistful [8,14,59,60].

At its core, the valence-arousal model suggests that emotions can be described using two primary dimensions: valence and arousal. 
Valence refers to whether an emotion is positive (e.g., happy, content) or negative (e.g., sad, angry) [61]. Arousal, on the other hand, 
refers to the intensity or activation level of an emotion, ranging from low arousal (e.g., calm, relaxed) to high arousal (e.g., excited, 
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energised) [62]. The valence-arousal model has been widely applied in music research, with studies using it to explore how different 
types of music affect listeners’ emotional experiences [54,55,63].

4.2. Pleasure and reward

The major-minor dichotomy has been explored in various studies to understand the relationship between music, pleasure, and 
reward. In terms of musical pleasure, research has shown that people tend to prefer music in major mode, given the positive psy
chological character generally associated with it [64–66], as well as its ability to reduce stress [67]. One influential theory is that 
listeners experience a sense of reward or pleasure when they are able to anticipate and predict the harmonic structure of a musical 
piece [68–71]. According to this theory, the major-minor dichotomy is particularly important because it creates expectations about 
how a piece of music will unfold. When listeners can accurately predict the next harmonic change, they experience a sense of satis
faction and pleasure. In Hunter et al. [72], for instance, participants were asked to rate musical excerpts using scales for happi
ness/sadness and pleasantness/unpleasantness, with the results showing that listeners found music they rated as happy also pleasant 
and, vice versa, sad music tended to be considered unpleasant. However, minor mode is not exclusively related to unpleasant judg
ments. Indeed, in Green et al. [18], participants did not provide higher ratings of liking for major over minor melodies, although they 
perceived major music happier than minor. According to Vuoskoski & Eerola [73], two personality traits, openness to experience and 
empathy, are associated with liking sad music. Similarly, Bonetti & Costa [74] found that the preference for short melodies in minor 
mode is positively related to the level of fluid intelligence and openness to experience. Importantly, the use and preference for major 
and minor modes can be influenced by a wide range of variables, including individual strategies of emotional regulation through 
music, as well as potential clinical conditions that may affect its perception, as described in Section 4.8.

4.3. On the origins and universality of major-minor affective connotation

One of the most intriguing questions related to the study of major and minor modes concerns the origins and the potential 
generalizability of the typical happy-sad emotional response beyond the Western tonal context. So far, all the mentioned studies 
investigated Western music and Western listeners, nevertheless, other studies found some commonalities in music-induced emotions 
also among people of other cultures. Specifically, both Hoshino [75] and Fang et al. [76] found that excerpts in major mode induced 
pleasure and happiness, whereas the ones in minor mode were associated with greater tension among Japanese and Chinese people, 
respectively, consistently with studies on Western listeners. This seems to suggest that the affective connotation of musical mode might 
rely on a universal dimension. However, a recent cross-cultural study conducted between Australia and Papua New Guinea, reported 
that major mode does not induce greater happiness than minor in a group of people with minimal exposure to Western music [77]. This 
remarks that the typical major/happy minor/sad association might partly be a culturally learned association, leaving the question open 
for debate.

To understand the influence of cultural factors in the development of the major-happy and minor-sad association, researchers have 
explored the psychoacoustic characteristics that might underlie the development of this typical dichotomous connotation. For 
instance, Bowling et al. [78] proposed that the emotional connotation evoked by different tonal relationships in music (such as major 
and minor mode), may be related to the emotional information conveyed by the quality of human speech. Specifically, the spectral 
characteristics of excited speech tend to align more closely with the spectral characteristics of intervals found in major music. 
Conversely, the spectral characteristics of subdued speech tend to align more closely with the spectral characteristics of intervals that 
are distinctive to minor music. These results are in line with Cook et al. [28] who suggested that the harmonic relationships of minor 
mode music are similar to sad speech prosody. Also, processing of emotional vocalizations and music seems to involve common neural 
mechanisms [79]. This line of research emphasizes thus the similar acoustic cues present in music and vocalizations to express 
emotions, determining music’s ability to convey emotions in a universal manner. However, several cross-cultural studies indicate that 
cultural exposure and socialization play a role in shaping the perception of emotional vocalizations (for a meta-analysis see [80]). 
Sauter et al. [81] found that while certain primarily negative emotions have vocalizations that can be recognized across cultures, most 
positive emotions are communicated with culture-specific signals. Similarly, Gendron et al. [82] proposed that the associations be
tween particular vocalizations and specific perceived mental states might not universally exist across different cultures. These findings, 
though, do not rule out the possibility that the affective connotation of major and minor modes may stem from similar patterns of 
emotional vocalization.

However, an important piece of evidence regarding the decisive role of culture in shaping the affective connotation of major and 
minor modes is represented, for instance, by the fact that composers of the 17th and 18th centuries did not necessarily view the minor 
key as an expression of sadness. In fact, there are more compositions from that period in minor that composers marked in the scores as 
“lively”, “cheerful”, or “joyful”, rather than slow (e.g., J.S. Bach – Badinerie in B minor – a ’scherzo’). In general, the emotional as
sociations of major and minor modes have evolved over the centuries [11,12]. For example, many folk songs in Western folk culture 
continued to use minor keys for positive expressions: e.g., the Christmas carols ’We Three Kings,’ ’God Rest You Merry, Gentlemen.’ 
Conversely, major keys have been used to express sad, dark, melancholic, and introspective characters, e.g., in Gluck’s – ‘Che farò 
senza Euridice’ (Orfeo ed Euridice, 1756) or Handel’s “Samson” (1743) funeral march. All in all, the distinction between major and 
minor modes, as well as the perception of tonality in general, is not static or universal but has developed over time through a series of 
historical and cultural transformations.
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4.4. Association between type of stimulation and elicited behavioural and physiological responses

The reviewed studies aimed to investigate the perception of musical mode using a variety of stimuli such as chords, excerpts, 
musical pieces, and tone scrambles (Table S1). The major mode was perceived as relatively happy and bright, whereas music in minor 
mode tends to be perceived as dark and sad [4,5]. Isolated chords and very short melodies prove to represent sufficient stimulation to 
elicit these distinct affective responses [6,14,83]. Consistently, major and minor chords evoke differential physiological responses 
regardless of whether they are presented in isolation [84], inserted in an oddball paradigm [20,52,85], or in a sequence [19].

We found that in most studies where participants are asked to provide an emotional judgment on musical stimuli, the options are 
often limited to a happy-sad or like-dislike dichotomy. Limiting the affective response to a happy-sad dichotomy can be justified when 
using extremely brief paradigms, such as musical chords. However, when participants are exposed to more ecologically valid musical 
stimuli, such as the whole or partial musical pieces used in naturalistic paradigms, this dichotomy is insufficient in capturing the true 
and complex emotional experience in response to music [86]. In fact, as described in the next sections, the major-minor mode di
chotomy underlies much more complex emotional responses, encompassing a wider and more nuanced range of emotions.

4.4.1. Behavioural evaluation of major-minor mode
Regardless of stimulus duration, in studies employing pure tones, listener’s ability to discriminate between major and minor modes 

appears lower compared to more naturalistic stimuli, resulting in a reduced perception of the characteristic major/happy and minor/ 
sad association [56,34,87]. Most of the reviewed studies (70%) used stimuli longer than 2 s, and in the bulk of them, musical excerpts 
and melodies were selected based on previous music research. In a few studies, the excerpts/melodies were composed for the purpose 
[14,25,88–90], a customised selection of real songs/excerpts[72,91–94], and partly even chosen by the participants [95]. Presumably, 
a longer duration increases the possible effects arising from other musical features besides mode, such as tempo, rhythm, or timbre, 
resulting in independent variables difficult to control for. Indeed, different durations of real-life musical stimuli may also be associated 
with different levels of arousal elicited by major-minor modes [66]. However, the results may vary significantly even with similar 
stimuli, primarily due to the different methodological tools employed to assess the elicited response[90,96,97]. Included studies 
suggest that the ability to explicitly associate emotions to the two modes emerges starting from 3 to 4 years [5], and is fully developed 
at the age of 8–9 years [98]. The development of this ability appears to consistently correlate with the development of fluid intelligence 
and cognitive maturation [74], in addition to music training [21] . The development of major-minor discrimination and affective 
connotation will be addressed in the next sections.

The behavioural meta-analysis conducted in this study sought to investigate the impact of major and minor music modes on 
emotional connotations in a behavioural context. By synthesizing data from 12 experiments, we aimed to provide a comprehensive 
understanding on how musical mode affects emotional responses. Our results suggest that musical mode significantly impact 
emotional responses, as evidence by the positive SMD estimate. However, the substantial heterogeneity among the included studies 
underscores the need for further exploration of moderators and potential sources of variation in the relationship between musical mode 
and emotion.

4.4.2. Non-brain physiological responses to major-minor mode
Several studies have investigated the effect of musical mode on non-brain physiological measures such as skin conductance level 

(SCL), heart rate variability (HRV), and salivary cortisol levels. Van Der Zwaag et al. [54] found that musical pieces in minor mode 
elicited higher arousal compared to the major mode, speculating that it is due to the higher degree of uncertainty and surprise arising 
from minor mode. However, the results of Husain et al. [99]. contradict this finding, as no significant variations emerged in arousal 
measures as a function of music mode. The discrepancy between these studies may be attributed to fact that in Van der Zwaag’s study 
participants listened to pop and rock songs in the background of an office tasks, whereas participants from Husain’s study were 
exposed to classical music excerpts while sitting in a sound- attenuating booth. Additionally, music mode is considered a modulator of 
valence, whereas arousal is primarily influenced by musical tempo [66].

Suda et al. [67] found that major mode music had a greater effect on reducing stress, as evidenced by a significant decrease in 
salivary cortisol levels compared to minor mode music and a control group without auditory stimulation. In the same study, by 
employing optical topography (OT), the positive effect of major mode was also supported by the activation of the dorsolateral pre
frontal cortex, which has previously been associated with positive mood [100,101].

4.4.3. Neural correlates
The neural correlates of musical mode perception have been investigated through various neuroimaging techniques, which pro

duced rather conflicting results. For example, EEG recordings by Davidson [102] suggested that greater activity in the left frontal lobe 
is associated with positive emotions like happiness, while the right frontal area is related to negative emotions like sadness and fear. 
However, an fMRI study by Khalfa et al. [96] did not confirm this lateralization, as participants displayed stronger left activation when 
exposed to sad musical excerpts in minor mode and slow tempo. Specifically, the minor versus major mode contrast showed greater 
activity in the posterior cingulate cortex, left orbital and mid-dorsolateral prefrontal cortex, and limbic structures. These results were 
supported by other fMRI studies [18,103]. EEG studies have also confirmed the involvement of the medial frontal and right senso
rimotor activations in musical mode processing [97].

Trochidis & Bigand [90] conducted an EEG experiment to investigate emotional responses to different musical pieces played in 
major, minor, and Locrian mode. Participants rated major mode pieces as happier and more serene compared to minor and Locrian 
modes. In EEG frontal activity, major mode was associated with increased alpha activation in the left hemisphere compared to minor 
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and Locrian modes, which increased activation in the right hemisphere, supporting the valence lateralization model suggested by 
Davidson [102]. It should be noted, however, that in these studies, stimuli presented to the subjects were not specifically composed 
with well controlled mode for interpreting the brain responses. Thus, the presence of variable musical parameters may have caused 
confounding effects in the neuroimaging data, partly explaining the discordant results.

In contrast, Suzuki et al. [19] employed only major-minor chords in a PET study to investigate the neural correlates of major-minor 
modes when both are perceived as pleasurable. Results indicated that minor chords perceived as beautiful strongly activated the right 
striatum, associated with reward and emotion processing, while "beautiful" major chords elicited a higher activity in the left middle 
temporal gyrus, an area involved in cognitive processes such as orderly information and semantic memory processing [104,105].

The involvement of the motivational-reward circuit in music-induced pleasure is consistent with previous findings [64] and mainly 
concerns minor mode music, as reported by Green et al. [18], Pallesen et al. [84], and Pouladi et al. [103]. However, the investigation 
of brain responses to major and minor music yields very discordant evidence. Music in minor mode has been associated with greater 
activation in specific brain areas and neural components compared to major music as shown in fMRI [18,106], EEG [107], and 
MEG-based studies [108]. On the other hand, several studies reported increased activation elicited by major music compared with 
equivalent minor [63,67,109,110]. Interestingly, two studies using event-related fMRI, failed to find brain regions differentially 
activated by listening to music in major vs. minor mode, when presented as triad sequences [111], or melodic sequences [112]. Similar 
results were reported by Maslennikova et al. [113], showing differences in evoked EEG responses substantially based on perception of 
consonant and dissonant chords rather than musical mode.

Considering these divergent findings, it might be conjectured that the neural correlates of major-minor perception are a conse
quence of the subjective perceived emotional connotation and pleasantness rather than major and minor mode itself. This is in line 
with Tabei et al. [114] who highlighted that the emotional expression of music and emotional responses evoked in the listener are 
distinctly processed in the brain or with Brattico and colleagues [95], who identified, with neuroimaging methodology, limbic brain 
activations to preferred music that were distinct from music-emotion recognition brain processes.

In addition to the fundamental differences between the neuroimaging methods described, the discrepancies in literature might be 
ascribed to the overlapping of some of the neural correlates related to happiness and sadness perceived in music [59,96,115]. Brain 
structures such as the amygdala, hippocampus, striatum, and regions of the reward circuit are involved in both pleasantness and 
unpleasantness perception in music [19,64,116]. Thus, the overlap in neural correlates between happiness and sadness in music 
perception can make it challenging to isolate the specific neural correlates associated with the major-minor mode dichotomy. This is 
because brain structures such as the amygdala, hippocampus, striatum, and regions of the reward circuit are involved in both 
pleasantness and unpleasantness perception in music. For example, a study by Blood & Zatorre [64] found that listening to pleasant 
music activates the striatum, a brain region associated with reward and motivation, whereas listening to unpleasant music activates the 
amygdala, a brain region associated with negative emotions such as fear and sadness. However, these regions are also activated in 
response to other stimuli [117], making it difficult to determine the specific contribution of mode to these neural responses. Therefore, 
while there is evidence to suggest that major and minor modes elicit different emotional responses in listeners, the specific neural 
correlates associated with these responses are still not fully understood and are likely to be influenced by a range of individual factors 
[118].

The EEG meta-analysis conducted in this study synthesized findings from twelve independent experiments to investigate the impact 
of music mode (major vs minor) on EEG activity as measured by the SMD. This effect size, which falls within the moderate range 
according to conventional guidelines, suggest that the presence of music mode is associated with a meaningful change in EEG, pre
sumably driven by emotional connotations. Notably, the low heterogeneity observed in the results suggests that the effect of music 
mode on EEG activity was relatively consistent across the different studies.

The fMRI ALE meta-analysis revealed significant convergence of areas that are more likely to be active by major in comparison with 
minor mode including auditory, premotor, limbic, and basal ganglia. STG-L BA22a is associated with a wide range of functions 
including language processing, memory, music perception, and emotion. Its functional connectivity with the right superior temporal 
gyrus suggests an interhemispheric relationship in processing major-minor distinctions in music. MedFG-R BA6 is linked to executive 
functions, speech, memory, and emotion. The connectivity with the thalamus and cerebellum points to its role in motor coordination 
and emotional processing during musical activities. TTG-R BA41 is involved in auditory processing and speech perception. Its con
nectivity with the left superior temporal gyrus (BA41), right precentral gyrus (BA6), and thalamus suggests its role in the discrimi
nation of pitch and phonological aspects of music. CG-R BA31 is functionally connected with surrounding areas within the cingulate 
gyrus and is linked to various cognitive and emotional processes. It likely contributes to emotional and cognitive aspects of music. 
CAU-R is an area of the basal ganglia associated with reward processing and motor functions. Its connectivity with the superior frontal 
gyrus (BA6) and claustrum suggests involvement in motor coordination, memory, and emotion processing during musical activities.

In contrast, areas more likely to be active by minor mode include areas within the auditory cortex. STG-L BA22b demonstrated 
significant FC with the right superior temporal gyrus and the left precentral gyrus, suggesting an intricate interplay between these 
regions in processing musical stimuli, especially those related to the discrimination of minor and major modes. Importantly, the 
behavioural domains encompass a wide range of cognitive functions, including execution, speech, memory, music perception, emotion 
processing, reward mechanisms, valence appraisal, and auditory processing. This multifaceted engagement implies that STG-L BA22b 
plays a versatile role in the perceptual and emotional aspects of music, contributing to both the analysis and emotional interpretation 
of musical content. Additionally, STG-R BA22 exhibited functional connectivity with several brain regions, including the left superior 
temporal gyrus, medial frontal gyrus BA6, left middle frontal gyrus BA9, and left insula BA13. These connections implicate a broad 
array of cognitive and emotional functions, mirroring those associated with STG-L BA22b, including execution, speech, memory, music 
perception, emotion processing, reward processing, valence assessment, and auditory processing. This extensive involvement suggests 
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that STG-R BA22 is engaged in the comprehensive processing of musical content, from the analysis of pitch and syntax to the emotional 
response evoked by music. Furthermore, the presence of STG-R BA22 in experimental paradigms related to emotion induction, finger 
tapping, and various discrimination tasks reinforces its role in the intricate perception and interpretation of musical elements.

Together, these meta-analytic results revealed significant alterations in EEG activity and distinct neural networks associated with 
major and minor modes, shedding light on the consistent and multifaceted impact of music on the human brain.

4.5. Beyond happiness and sadness: the complexity of the affective experience of music

Recognizing the importance of complexity in music is fundamental to our appreciation of this extraordinary art form. Music has 
indeed the unique ability to elicit in the listener a spectrum of emotions, ranging from the simplest to the most complex and profound, 
such as aesthetic emotions [119]. An aesthetic experience is defined as a special state of mind, in which focused attention plays a 
pivotal role, and which is responsive not to bodily needs (such as appetitive and mating functions) but rather offers pleasures for the 
mind [86]. Aesthetic emotions are not simply a subset of everyday emotions, but rather a distinct category of emotions that are elicited 
by the unique features of art, such as form, color, and composition [120]. The affective connotation of major and minor modes, in this 
regard, plays a fundamental role. In fact, the major-minor dichotomy is generally utilized in music to evoke discrete emotions of 
happiness and sadness, respectively. Nevertheless, combinations of music in major and minor mode, along with the context and other 
listener-related elements, such as their attitude or mood, can engender more nuanced aesthetic responses. For instance, skilful ex
ploitations of major and minor mode in music, such as transitioning from a minor mode to a major mode can create a powerful 
emotional impact. An example is Beethoven’s "Symphony No. 5", where the symphony begins in C minor but in the final movement it 
resolves triumphantly into C major, conveying a sense of victory and triumph. Similarly, Tchaikovsky’s "Symphony No. 5" starts in B 
minor, evoking a sense of sadness and tension, but in the last movement, it shifts to B major, creating a moment of resolution and 
emotional release. Accordingly, studies employing naturalistic paradigms seem more appropriate in capturing the complex “aesthetic” 
and mixed affective responses induced by music, reaching far beyond the basic categories (e.g., happiness vs. sadness) [121,122].

The temporal evolution of aesthetic emotions in music has been well-addressed in the framework by Brattico and colleagues [123], 
according to which the aesthetic experience of music occurs on distinct temporal and spatial levels, highlighting a difference between 
aesthetic judgment and conscious liking. The authors propounded a dynamical description of the aesthetic experience of music sug
gesting that the complete actualization of a musical aesthetic experience requires a particular (aesthetic) attitude, intentionality, 
attention, and the appropriate context. Specifically, music can express and induce basic and discrete emotions, such as happiness and 
sadness, conveyed, for example, by major-minor dichotomy, a sort of early emotional reaction. Eventually, the combination of 
cognitive processes, attentional mechanisms, and contextual factors is what leads to outcomes of aesthetic emotions, aesthetic 
judgments, and attitudes.

Furthermore, the familiarity with music plays a significant role in shaping emotional responses. Familiarity can influence listeners’ 
perceptions of what constitutes an optimal level of complexity and the resulting aesthetic experience [124–126]. In the perspective of 
understanding the optimal complexity in music, researchers often refer to the Goldilocks Effect, namely the phenomenon where music 
that is neither too predictable nor too unpredictable is preferred, even in infancy [127]. Accordingly, familiarity with certain musical 
structures and patterns can enhance listener’s emotional engagement and enjoyment, by influencing listeners’ perceptions of what 
constitutes an ideal musical experience.

The emphasis on listener’s expectations and attitude is also in line with the concept of affective forecasting, namely a psychological 
phenomenon that involves predicting and anticipating one’s emotional reactions to future events or experiences [128]. Musical 
enjoyment and preference may be thus closely related to the contingency, the context, and the individual. Indeed, according to the 
so-called arousal-based goals [129], people tend to prefer musical pieces deemed appropriate to the context. For this reason, musical 
pieces with different arousal and valence are usually selected for relaxing rather than for a sport activity. This also contributes to 
explain the paradoxical preference for negative music (i.e., minor-mode) in certain contexts, along with the effect of individual dif
ferences [74,73].

In sum, comprehending the emotional impact of the major-minor dichotomy in music is fundamental, considering its centrality, 
especially in Western music. Simultaneously, embracing the complexity in music necessitates acknowledging the multifaceted nature 
of emotional and aesthetic elements, which is reflected by the high heterogeneity of the behavioural findings in the reviewed literature. 
In this regard, the affective experience associated with music appears nuanced, intricate, and, as a result, cannot be dissociated from 
the consideration of factors linked to the individual and the context.

4.6. Individual factors in the perception of the major-minor dichotomy

4.6.1. Individual differences in major-minor discrimination
In some studies, researchers have found that there are differences in how individuals discriminate between major and minor 

musical stimuli. However, the effect sizes are relatively modest, meaning the differences are not very significant across individuals. 
Recently, Chubb et al. [56] and Dean & Chubb [87] reported that most listeners (70%) performed near chance when asked to classify 
rapid tone-scrambles composed of multiple copies of notes in G-major vs G-minor triads as major or minor, whereas the remaining 
listeners performed nearly perfectly. Interestingly, these results were replicated when the stimuli are slowed down [34].

Moreover, Adler et al. [130] demonstrated that, by employing the same stimuli, a similar bimodal distribution in 6-month-old 
infants. However, these latter studies have been carried out by using tone-scrambles, which are random sequences of pure tones, 
instead of more natural harmonic tones, typically employed in the investigation of major-minor perception. Indeed, in contrast, several 
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studies suggest that nearly all listeners are able to sense some sort of mode-related differences when exposed to more prototypical and 
realistic sounds [14,83,131,132], including non-Western listeners [75,76].

4.6.2. Effect of musical expertise on major-minor perception
As reported in Table 1, nearly half of the studies reviewed (n = 30) investigated the effect of musical expertise on music mode 

perception by comparing musicians and non-musicians. Halpern et al. [133], for instance, created pairs of identical melodies except for 
the mode, and both musicians and non-musicians were asked to judge the melodies as major vs. minor, or happy vs. sad. The main aim 
of this experiment was to analyse the processing of music at the point in time of the first note that differentiated major or minor mode 
(critical note). The ERP showed a large N1 and P2 component in both musicians and non-musicians to the onset of the critical note, but, 
interestingly, the musicians showed a late P3 (LPC) to the critical note only for minor melodies in both tasks. Non-musicians, in 
contrast, showed a dissociation between their behavioural and physiological responses, namely, they could easily classify the melodies 
as happy or sad, but they did not show any LPC response. The late P3 recorded in musicians only for minor mode stimuli is consistent 
with the fMRI study by Khalfa et al. [96], indicating a specific neural activity only in response to minor tunes. This tendency might be 
explained by the fact that minor-mode music is less common than major-mode music. Indeed, Huron [68] found that when musicians 
were asked to think about a random chord, 94% of them imagined a major mode chord. Hence, the major mode appears to be the most 
“expected” mode, and the minor mode could elicit a higher brain response as an infrequent, deviant stimulus [90,134]. Similarly, 
major music is deemed more “correct” than minor music [6]. Nonetheless, the modulation of musical mode perception by expertise 
was not systematically observed in all the studies. For instance, Pallesen and colleagues [84] did not find any consistent difference 
between musicians and non-musicians when they listened to major, minor, and dissonant isolated chords.

To clarify the underlying mechanisms of musical mode and their development based on musical expertise, previous studies have 
investigated the distinct frequency- bands connecting neuronal networks, which are involved in music processing. Lower frequency 
bands, such as theta and alpha, are considered to be processing “cognitive” information, whereas higher frequency bands (beta and 
gamma) are involved in processing more basic features [135]. Pallesen et al. [51] reported a stronger gamma-band activity in response 
to non-prototypical chords (i.e., dissonant and mistuned) in musicians, while beta-band activity was stronger in non-musicians 
listening to minor chords. Additionally, a general reduction of gamma-band activity in response to major chords was observed in 
both groups. This effect may reflect ‘easy’ processing of this mode due to its frequent occurrence in Western music. Hence, high- 
frequency EEG bands appear to be crucial in processing more complex musical features, and the activity may be modulated by musical 
expertise. This view is consistent with the findings of a study by Jenni et al. [134] who reported that minor and major compositions 
distinctively modulated synchronisation of neuronal activities in high-frequency ranges (beta and gamma) in frontal regions, with 
increased activity in response to minor compositions especially in musicians and experts. This suggests that high-frequency EEG ac
tivities also carry musical mode information in addition to highlighting the role of musical expertise in enhancing the efficient pro
cessing and sensitivity to mode. Also, the involvement of frontal regions and limbic structures in music mode processing is consistent 
with previous studies [18,84,96].

In terms of early musical training, previous studies suggest that minor mode chords can elicit an automatic error response in the 
brain (mismatch response, MMR) even in infants [20], whereas similar stimuli do not evoke any significant error response (mismatch 
negativity, MMN) in older children without musical training [21]. This inconsistency might indicate a sort of predisposition towards 
the major-minor neural discrimination that tends to decline during the development when musical training is absent. Accordingly, 
musicians exhibit stronger neural responses (such as MMNs) and better behavioural performance in major-minor chord discrimination 
compared to non-musicians even in adulthood [132].

Finally, musical expertise does not determine only differences in terms of neural response to mode, but it also affects individual 
preference. In fact, well-trained musicians consider musical excerpts in minor mode as more beautiful and pleasant than non-musicians 
[95]. It should be acknowledged, though, that openness to experience is a typical trait among musicians[136], which is positively 
associated with liking sad music[74,73]. This suggests that musicianship may shape major-minor processing not only due to expe
rience and learning, but also due to certain personality traits. Thus, it is likely that musicianship influences major and minor pref
erences through both experience and inherent personality traits.

4.6.3. Effect of age on major-minor perception
In this review, we included research conducted on participants from the first months of life through old age, allowing us to outline a 

comprehensive picture of the development and progression of major and minor mode perception across the lifespan. A neural studies 
conducted on infants[20] demonstrated that newborn’s auditory systems are sensitive to Western music chord categories, showing 
significant MMRs to dissonant and minor chords in a context of major chords. Additionally, it has been found that only musically 
trained 13-year-old children exhibited MMNs to the major-minor contrast, underscoring the role of musical training in enhancing the 
neural discrimination between the two modes [21], similar to what suggested by Putkinen et al. [52]. These findings suggest that some 
sensitivity to major and minor modes is present from the earliest stages of life but is clearly shaped by musical experience and training. 
While this neural sensitivity may begin early, the behavioural and emotional recognition of musical modes, especially their affective 
connotations, develops more gradually over time. For example, Dalla Bella et al. [15] reported that 5-year-old children could 
discriminate between happy and sad musical excerpts, but would only describe the excerpts in terms of tempo, whereas from the ages 
of 6–8 they utilised both tempo and mode, like adults. Similar results were obtained when children aged 3–4 and 7–8 were asked to 
associate a happy or sad face to music in major and minor mode. Moreover, 7–8-year-old children responded significantly differently to 
popular tunes in major and minor mode, but 3-to-4-year-old children showed almost no difference [92]. Both studies suggest that the 
emotional perception related to musical mode develops between the ages of 4 and 7.
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However, the beginning of the development of the major/happy and minor/sad association around the age of 4 is not supported by 
all the studies reviewed here. For example, Kastner & Crowder [5] found that 3-year-old children show the ability to match schematic 
expressive faces (such as sad or happy) to musical excerpts based on the musical mode. More recently, an experiment by Franco et al. 
[88], in which 3–to-6-year-old children were asked to match facial expressions to the music tracks heard, showed that even the 
youngest children were able to correctly identify the intended emotion in music, whereby the recognition of happy music appeared 
facilitated in the instrumental condition. To sum up, most studies reviewed suggest that the affective connotation of major and minor 
mode is individually developed around the age of 4 and it is entirely acquired around the age of 7-to-8.

Recently, in a cross-modal association study, Bonetti & Costa [14] found that the association between major mode and happiness, 
and minor mode and sadness when children and adults were exposed to musical chords increased from 58% at the age of 4 to 61% at 
the age of 5, 72% at the age of 6, reaching 92% in adults. Similarly, another study found that 6-to-7-year-old children would associate 
happy stickers with major melodies but not sad stickers with minor melodies [98]. Both results are consistent with previous studies 
which indicated a “late” development of recognition of negative emotions in music, compared to positive emotions [137,138]. This 
might be related to cognitive and intellectual maturation, as supported by the association between fluid intelligence and the ability to 
associate major-minor mode to happiness/sadness [14] and preference for minor-mode music [74]. On this line, children who can 
perceive the emotional valence associated with major and minor modes are also more successful in correctly labelling the musical 
excerpts as major or minor[139]. This indicates that understanding the emotional context of the music helps children learn and 
distinguish between major and minor modes more effectively.

Conversely, a decline in cognitive and intellectual skills might underlie the reduced ability to recognize negative emotions in music 
in advancing age, whereas the recognition of happiness in music remains stable [16], potentially affecting the ability to discriminate 
between the two modes. However, even adults find it difficult to identify the mode of musical excerpts in an absolute manner [140], yet 
there is a significant enhancement of their performance when they are explicitly instructed on the association between major-minor 
mode with happiness and sadness expressions [139,141]. This evidence highlights once again how mode distinction depends on both 
implicit and explicit learning, in addition to the individual differences in sensitivity to mode variations [56]. However, it is important 
to recognize that perception of major and minor modes aligns with general auditory development. Infants’ early sensitivity to pitch and 
melodic intervals progresses toward more complex tonal discrimination through childhood, influenced by both biological and cultural 
factors. This study focuses on the major-minor framework as a methodologically robust system within the Western context. However, 
we acknowledge that future research exploring tonal affect across various cultural systems and across the life span could provide 
deeper insights into universal versus culture-specific aspects of musical perception.

4.7. The role of major-minor dichotomy for emotional regulation through music

Music is frequently utilized for emotional regulation due to its ability to elicit diverse emotional responses [142]. Given their 
fundamental role in shaping emotional responses to music, major and minor modes are deemed crucial in these regulation processes. 
Specifically, when individuals listen to music in a major key, they might experience emotions that are more uplifting and positive, 
leading to a sense of emotional discharge (i.e., the release or catharsis of emotions in individuals) characterized by feelings of 
happiness, contentment, or even euphoria. Accordingly, major mode has been previously associated with positive mood in healthy 
population [66,67]. On the other hand, music in a minor key can evoke emotions that are more introspective, potentially leading to 
emotional discharge in the form of sadness, empathy, or a cathartic release of unexpressed negative emotions. However, these 
emotional responses can vary from adaptive, where music helps individuals manage and cope with emotions effectively, to mal
adaptive, where music exacerbates negative emotions or leads to avoidance behaviours [143–145].

Indeed, music can also lead to maladaptive emotional regulation, especially when individuals use it as a means of avoiding or 
suppressing negative emotions (for a review see [146]). Excessive engagement with music that reinforces negative emotions or in
dulges in rumination may exacerbate distress and hinder effective emotional regulation [147]. In such cases, the emotional discharge 
experienced through music, referring to the release or catharsis of emotions in individuals, might not lead to constructive resolution 
but instead perpetuate negative emotional states [148]. For instance, some individuals may find emotional discharge through minor 
mode music to be beneficial [149], while others may experience a deeper immersion into negative emotional states, potentially 
exacerbating distress [147]. In this regard, it is essential to consider individual differences in emotional responses to music (e.g., [95,
150] including potential underlying clinical conditions outlined in the Section 4.8).

In conclusion, emotional regulation through music appears to depend primarily on the strategies employed by the individual 
(adaptive and/or maladaptive in the case of negative-valenced music), rather than the psychoacoustic characteristics of major-minor 
mode. However, the major-minor dichotomy provides a powerful emotional framework, allowing individuals to connect with and 
express various emotional states. Therefore, by selecting music in major or minor modes, individuals can tailor their emotional 
experience and regulation according to their emotional needs [151].

4.8. Clinical observations and implications

4.8.1. Clinical conditions may alter the perception of the major-minor dichotomy
Musical mode preference and perception can be significantly influenced by listener’s mood, personality profile, and psychological 

and/or psychiatric condition. For instance, patients with schizophrenia fail to associate minor mode music to sadness [152], as 
similarly seen in patients with right and left temporal resection [153]. As regards mode preference, listeners in a sad mood do not show 
the typical preference for music played in major key [154]. Further, musical pieces in minor mode and slow tempo, hence with a sad 
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connotation, tend to be more appreciated among listeners with high introversion and empathy, and low emotional stability [155,156]. 
In addition, high neuroticism levels are associated with stronger sad feelings in response to music and larger use of music to regulate 
mood and emotions [155,157]. Considering that neuroticism predicts both depression and anxiety disorders [158], these results 
suggest that emotional distress might affect the preference and perception of major-minor modes.

In fact, a large body of research investigated the effect of depression on the perceived emotions in music, reporting that depression 
is a condition able to alter the neural responses to pleasant and favourite music [159,160]. Behavioural studies confirmed the effect of 
depression on emotional perception of music. Punkanen et al. [23] found that depressed patients showed higher ratings of sadness 
when exposed to tender music in comparison to healthy controls, with this result highlighting a bias in which positive emotions were 
perceived as negative. This is in line with the results reported by Gur and colleagues [161] who found that depressed patients mis
interpreted neutral faces as sad and happy faces as neutral. Moreover, depressed subjects gave lower happiness ratings to happy and 
tender musical examples, underlying how subjects with depression slowly tend to become unresponsive to positive stimuli [162]. A 
possible explanation for this tendency is the “congruency bias” which determines selective attention toward negative stimuli among 
depressed subjects [163]. Additionally, the effect of the negative bias appears to be correlated with the level of depression, consistent 
with the association between severity of depression and lower ability to discriminate happy and sad expressions[164]. Also, even a few 
seconds of music played in minor mode elicit emotional estimate instability (expressed as high standard deviations) in patients with 
retarded depression [91], and a more intense experience in response to sad music in depressed patients compared to the healthy 
population was reported by Bodner et al. [165].

Interestingly, differences in neural responses to the emotional features of music occur not exclusively in major depression disorder 
(MDD), but also in a condition of subclinical risk of depression, which is conceptualised as an enhanced probability to develop a 
depressive disorder [143]. Indeed, Bonetti et al. [22] found higher mismatch negativity (MMN) amplitude to mistuned pitches within a 
major context compared to MMN to pitch changes in a minor context, highlighting a different responsivity to sound frequency changes 
among individuals with a tendency to depression. This is consistent with the results reported by Pang et al. [166] who recorded an 
impairment in the capacity to automatically process sad prosodies in patients with major depression. Specifically, the MMN in response 
to sad syllables was absent in the patients, whereas the MMN to happy and angry prosodies was similar to the response in healthy 
participants.

Thus, emotional distress and depression may, in fact, impair the recognition and the processing of emotions conveyed by music, 
even in subclinical conditions. In this perspective, considering that major-minor dichotomy is one of the main determinants of 
emotional expression in music, its affective connotation might be further exploited to develop more effective and tailored music-based 
treatments.

4.8.2. Major-Minor dichotomy as mood regulator for clinical populations
As the major-minor dichotomy in music perception has been linked to the expression of emotional valence in music, there has also 

been an increasing interest in the exploration of potential clinical applications of music mode as a mood-regulating tool in disorders 
such as depression, anxiety, insomnia, and autism, among others.

Studies have shown that listening to music can be an effective intervention for depression, potentially improving mood and 
reducing symptoms. For example, a randomised controlled trial conducted by Chan et al. [167] found that listening to music resulted in 
significant reductions in depressive symptoms among patients with major depressive disorder. Moreover, a systematic review by 
Maratos et al. [168] suggested that listening to self-selected music was effective in reducing symptoms of depression and anxiety in a 
group of older adults. In addition to passive listening, active engagement with music in a minor key can also be a therapeutic approach 
for depression. For example, a study by Erkkilä et al. [169] found that improvising on a keyboard was effective in reducing symptoms 
of depression and anxiety among psychiatric patients.

Thus, the use of musical mode as an intervention for depression is thought to be related to the emotional and psychological re
sponses that different modes can elicit. For example, minor keys may be particularly effective for individuals who have difficulty 
expressing or processing negative emotions, as they can provide a safe and non-threatening way to engage with these emotions, leading 
to a sense of emotional release and relief. Indeed, minor music has been linked to a better psychological regulation and relaxation 
compared to major music [149]. Additionally, the dichotomy may be helpful for individuals who experience symptoms such as 
rumination or excessive worry, as they can provide a way to shift focus away from negative thoughts and emotions [170].

Furthermore, research has shown that music may be effective in reducing arousal levels in individuals with insomnia. There are 
various factors that can contribute to insomnia, including stress, anxiety, and depression. One theory that explains the mechanism 
behind insomnia is the hyperarousal theory, which suggests that individuals with insomnia have a heightened level of arousal that 
prevents them from falling asleep or staying asleep. A meta-analysis of randomised controlled trials by Jespersen et al. [171] showed 
moderate-certainty evidence that listening to music improves sleep quality when compared to no treatment. Therefore, music in the 
minor mode may also be used to regulate and ameliorate the state of hyperarousal in individuals with insomnia, however, this hy
pothesis remains untested.

Moreover, the use of the mode dichotomy may be beneficial for children with autism spectrum disorder (ASD) who typically show 
altered processing of affective information within social and interpersonal domains. In fact, a study by Heaton et al. [172] showed that 
children with ASD and age- and intelligence-matched controls did not differ in their ability to ascribe affective connotations (hap
py/sad faces) to melodies in the major or minor mode. Therefore, the dichotomy could have potential benefits as music therapy for 
ASD by helping them to learn, recognize, and differentiate between different emotional states, regulate their own emotions, 
communicate effectively, integrate, and regulate sensory information, and develop social skills.

Overall, the major-minor dichotomy in music perception is a significant determinant of emotional expression in music and is 
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influenced by individual factors such as mood, personality, and clinical conditions. Emotional distress and depression can impair the 
recognition and processing of emotions conveyed by music, including the major-minor dichotomy. However, the use of musical mode 
as an intervention for depression and other clinical conditions has shown promise, with minor keys being particularly effective for 
individuals who have difficulty expressing or processing negative emotions. Overall, further research is needed to better understand 
the mechanisms behind the relationship between music and emotional regulation in clinical populations. Nevertheless, the potential 
clinical applications of music mode highlight the importance of music in promoting emotional well-being and suggest its potential as a 
tool for supporting mental health.

4.9. The Major-Minor Mode(l)

Music has been an important part of human life for centuries, and it has been linked to emotional expression and regulation. In 
particular, the major-minor dichotomy has been shown to be a powerful tool in the perception and expression of emotional valence in 
music. This dichotomy is influenced by various individual factors, such as age, cultural background, musical expertise, mood, per
sonality, and clinical conditions such as depression.

Based on the findings of this systematic review, we propose a comprehensive model of musical mode perception and its behavioural 
and physiological correlates that incorporates these factors and their interactions to better understand the complex emotional re
sponses that major and minor musical modes elicit (Fig. 5).

4.9.1. The major-minor dichotomy
The major-minor dichotomy is a fundamental aspect of Western tonal music, which divides musical modes into two categories: 

major and minor. The major mode is often associated with positive emotions, such as happiness, excitement, and optimism, while the 
minor mode is associated with negative emotions, such as sadness, introspection, and longing. However, it is important to note that 
major and minor modes can evoke a wide range of emotions, and they are not limited to the basic affective connotations. The major- 
minor dichotomy is a complex and multifaceted phenomenon, and it is influenced by various individual and cultural factors.

4.9.2. Individual factors
Individual factors such as age, cultural background, musical expertise, mood, personality, and clinical conditions such as 

depression can influence the perception of the major-minor dichotomy in music. Personality traits such as empathy and openness to 
experience may also affect how individuals respond to sad music in the minor mode. Cultural factors may influence the perceived 
emotional valence of different musical modes.

4.9.3. Behavioural and brain correlates
Over the course of several decades, multiple neuroimaging techniques including EEG, MEG, PET, and MRI have been used in 

numerous studies to improve our understanding of the cognitive and neural processes involved in perceiving major and minor modes in 
music. Additionally, comparisons between clinical groups and healthy individuals have also played a role in refining music neuro
science models.

4.9.4. Clinical implications
The major-minor dichotomy in music perception has been explored as a potential mood-regulating tool for clinical populations, 

including those with depression, anxiety, insomnia, and autism. Listening to music has been shown to be an effective intervention for 
depression, with minor keys providing a safe way to engage with negative emotions. Major-minor dichotomy can also be exploited to 
reduce arousal levels in individuals with insomnia and has potential as a music therapy for children with ASD in terms of emotion 
recognition and social skills. Further research is needed to understand the relationship between music and emotional regulation in 
clinical populations, but the potential applications highlight the importance of music in promoting emotional well-being.

5. Limitations and future directions

Published studies exploring the perception of major-minor dichotomy are several and difficult to synthesise due to differences in 
methodologies, stimuli, and population. This probably underlies the discrepancies in the pattern of results among the papers we 
reviewed, especially concerning neuroimaging studies. From this work, we offer some recommendations for future directions that 
empirical research on major and minor modes could pursue, and we discuss the potential implications.

Primarily, we highlighted how intrapersonal factors may substantially contribute to the recognition and emotional connotation 
attributed to major and minor modes. Therefore, we suggest that future studies aiming at exploring the neural and physiological 
response to music mode should always consider the subjective psychological perception of pleasantness and listener’s level of musical 
expertise, since these factors may significantly affect brain activation and perceived emotions in response to stimuli differing in mode. 
The combination of subjective questionnaires and physiological measures would provide reliable information about the effective 
consonance between physiological state and perceived emotion.

On this note, we also suggest that future studies in musical mode and music in general, should include more information about the 
participants. We found that very few of the included studies reported years of education, year of musical training, onset of musical 
training, and current music practice time. Furthermore, we found, through the quality assessment, that items related to subject 
characterization and confounding effects got lower scores. Including such variables in scientific studies of human behaviour and music 
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neuroscience allows researchers to control for individual differences, measure expertise, investigate developmental effects, and un
derstand plasticity in response to musical training [173].

Additionally, when investigating the affective response to major and minor modes in non-Western cultures, it would be appropriate 
to measure the participants’ level of acculturation to Western music. Among the studies included in this review that considered a non- 
Western sample, only one (i.e., Mizuno & Sugishita, 2007[111]) took into account the participants’ actual familiarity with Western 
music.

A further crucial question in musical mode investigation concerns the type of stimulation to employ. For instance, some studies here 
reviewed used musical chords as stimuli, namely single sounds, whereas other studies, to better capture the complex nature of music, 
exposed participants to longer musical excerpts or even whole songs in major or minor keys. In the latter case, it appears quite 
complicated to identify the specific role of musical mode in determining the emotional response, since other variables such as tempo 
and lyrics do affect the perceived emotions in music [8,59]. Accordingly, studies employing chords or short excerpts showed higher 
consistency of results than those eliciting responses by exposing participants to longer or less natural harmonic sounds. Also, during the 
exposure to longer musical stimuli, motivation and attention are more likely to influence the subjective responses. On the other hand, 
longer real-life musical stimuli seem to be more appropriate than shorter sounds when the investigation is focused on the experienced 
mood [55], or on the association with personality traits [155,65]. In fact, longer sounds are necessary to induce and maintain an 
emotional response in the listener [118], as well as to allow for an evaluation of elicited responses overtime during the exposure. On 
the contrary, in addition to help reducing the effect of other musical features, shorter stimuli are more suitable when the investigation 
is aimed at evaluating basic emotions, since as reported by Peretz [174] a very short duration of music (250 ms) is enough to 
differentiate sadness from happiness. Therefore, exploring the emotional response to major-minor music in terms of the 
happiness-sadness dichotomy seems justified when stimuli are brief (such as musical chords). On the other hand, studies using real 
musical pieces, hence involving multiple elements and structural complexities that can influence emotional experiences, should 
consider more nuanced and complex emotional responses, such as wonder, sublimity, awe, and nostalgia, which are more appropriate 
in capturing the real and complex emotional experience in response to music (as we illustrated in Section 4.5). However, only very few 
studies included in our review assessed beyond happy-sad/pleasant-unpleasant participants’ responses, revealing in this regard a gap 
in research. Along this line, further explorations might also directly compare emotional responses elicited by single chords to those 
induced by longer musical pieces to understand how the length of stimuli affects emotional perception. Evidently, to reveal the 
contribution of major/minor to the expression of each sample of a musical piece presented to the subjects in the study, the other 
expressive aspects must remain constant.

In general, a major weakness in much of the literature on the perception of major and minor modes lies in the limited consideration 
of experimental paradigms that consist of isolated combinations of sounds extracted from context (e.g., a single chord, a double note, 
or a short melodic motif) versus those that use sound progressions following certain syntactic rules (an entire musical piece, a section of 
it, or a musical excerpts), which are the majority of the included studies. The key limitation here is the tendency to underestimate the 
important difference between these two methodological approaches and their perceptual implications.

A further crucial point to consider is that the overall sense of "major" or "minor" in a musical piece emerges from the interaction of 
four distinct types of auditory analysis. The first is the melodic analysis, which focuses on relationships between successive pitches. The 
second, harmonic analysis, deals with relationships between pitches played simultaneously. A third, scale-based analysis, concerns 
how pitch classes relate to a specific scale, while the fourth, textural analysis, refers to how pitches are grouped both linearly over time 
and vertically in frequency, as in melodic motifs or accompaniment figures like the “Alberti bass”. Each type of analysis follows its own 
principles and rules, requiring different testing methods and listening approaches. All these different methodological approaches 
clearly have an impact on musical perception, and if they are not taken into account the results obtained can be not only musically 
misleading but also scientifically inaccurate.

When assessing publication bias in our meta-analyses, we found that the funnel plots for both behavioural and EEG meta-analyses 
showed a symmetric distribution. For ALE meta-analyses, using the Fail Safe-N analysis, we found adequate robustness of our results, 

Fig. 5. The Major-Minor Mode(L).
(1) The major-minor dichotomy in music perception has been linked to the expression of emotional valence in music. (2) The perception of the 
dichotomy may be influenced by individual factors such as age, cultural background, musical expertise, mood, personality, and/or clinical con
ditions such as depression. (3) The major mode has been associated to high valence and high arousal, and described as happy, uplifting, and en
ergetic, evoking feelings of joy, excitement, and optimism. Although typically rated as pleasurable, the major mode can be unpleasant by evoking 
other feelings such as anger or sarcasm (4) The minor mode has been associated to low valence, low arousal, and unpleasantness, and described as 
nostalgic, sorrowful, and poignant, evoking feelings of sadness, introspection, and longing. However, personality traits such as openness to expe
rience and empathy have been associated with feelings of pleasure for sad music. (5) The affective responses that the major-minor dichotomy elicits 
in the brain allows for its use as an emotional or mood regulation tool, both for understanding the mechanisms through basic research and exploring 
interventional approaches with clinical applications. (6) Some studies have investigated the basic neurobiological mechanisms of the major-minor 
dichotomy and affective processing by comparing clinical populations with healthy controls, and thus further contributed to redefining music 
neuroscience models. The major-minor dichotomy has potential therapeutic applications as a mood-regulating tool for individuals with depression, 
anxiety, insomnia, and autism, for example. It may be effective for individuals with anxiety and depression who have difficulty expressing or 
processing negative emotions, it may reduce arousal levels in individuals with insomnia, and it may have potential benefits for individuals with 
autism spectrum disorder by helping them to recognize and differentiate between emotional states, regulate their emotions, and develop social 
skills. (7) Decades of behavioural and neurophysiological studies using EEG, MEG, PET, MRI, and other, have refined theories describing the 
processing of major and minor musical modes and their affective connotations. Figure created with Microsoft® PowerPoint version 16.7.
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with only one ROI showing an FSN below the minimum imposed in each of the ALE within contrasts in the right striatum (CAU-R), 
thus, indicating an overall robust convergence of brain areas in our study (Table S8). An additional point to highlight concerns the 
quality assessment of the included studies. As indicated, study quality was evaluated using the QualSyst tool, as recommended by Kmet 
et al. [35]., to ensure a comprehensive and reproducible measure of methodological rigor across diverse research designs. While this 
tool has undergone initial validation, including inter-rater reliability and construct validity, it is important to acknowledge that its 
scoring approach—such as the threshold of 0.75 for high quality—may have limitations in terms of empirical justification. Therefore, 
although the QualSyst tool provides a valuable standardized framework for assessing study quality, it may not fully capture the specific 
nuances inherent to music perception research. Future efforts to empirically refine and adapt quality assessment tools specific to this 
field would improve the precision and applicability of quality scoring.

Lastly, the findings of this study have several implications for future research on musical mode perception also in a clinical 
perspective. For instance, this systematic review reveals that the preference towards music in minor mode is often aimed at regulating 
mood and providing emotional benefits, but it might also underlie a condition of emotional distress which, in turn can lead to 
pathological conditions [154,155,148]. Consistently, prior evidence indicated that depression may affect the emotional evaluation of 
musical stimuli by eliciting lower responsivity to positive stimuli as well as eliciting a stronger response to negative stimuli [23,165]. 
Specifically, the preference for minor music might serve as an early indicator of emotional distress, such as in case of depressed in
dividuals. Similar results might also be obtained associating the performance of emotional recognition of musical mode with listeners’ 
level of anxiety, since previous studies suggested that also patients with anxiety show a negative bias in emotion recognition tasks 
[175]. Given the above, the affective evaluation of musical mode fragments might help to identify emotional disorders, with the 
advantages of (1) not involving complex cognitive processes, as it implies a rapid evaluation of short sounds, (2) bypassing the verbal 
barriers in assessment and (3), exploiting the generally positive attitude towards exposure to music. Moreover, if on one side there is 
evidence of large and systematic effect of individual differences in major-minor distinction, which might make it difficult to use 
judgments of mode to identify emotional disorders, on the other, studies employing shorter and unambiguous stimuli, such as diatonic 
scales [176] or triad chords [83,177] seem to limit this tendency. In this perspective, the use of musical mode as a clinical stimulation 
paradigm is worth further investigation. Furthermore, neuroimaging evidence of the effect of depression level in the automatic 
discrimination of major-minor stimuli, as indexed by the auditory component of mismatch negativity (MMN) [22] suggests that the 
preference for sad music among depressed subjects could have a basis or, at least, a neural correlate in the sensory processes on the 
auditory cortex level.

6. Conclusions

The major-minor dichotomy has long been of interest in music research studies. Although extensive literature exists exploring this 
fundamental musical feature, this is the first attempt to comprehensively and systematically review and synthesise research specif
ically investigating physiological and behavioural correlates of major and minor modes, as well as summarise how this dichotomy has 
been investigated in empirical research. The papers were analysed both in qualitative terms and through three different quantitative 
meta-analysis, based on the methods applied in the studies.

The typical affective connotation attributed to the major-minor dichotomy, hence major-happy and minor-sad association, has 
been substantially confirmed in the examined literature, including cross-cultural studies which hence suggest a universal component of 
this affective categorization [75,76,178] . In other words, the emotional dimension associated with major and minor modes might 
primarily arise from their different psychoacoustic features, such as harmonicity, spectral entropy, and roughness. Nonetheless, 
empirical research aimed at establishing the universality of major/minor affective dimension is hindered by the increasing difficulty in 
finding population groups totally unfamiliar with Western culture and music [17]. In the latter case, the typical affective perception of 
major and minor appears significantly reduced [77] .

Moreover, since not all musical cultures draw a clear distinction between major and minor modes in the Western sense, the major- 
minor contrast in Western music should be seen as a historically situated framework, shaped by broader musical traditions. These 
developments allowed tonal systems to gain semiotic richness, with harmonic structures conveying increasingly nuanced emotional 
and expressive meanings. It would be, thus, naïve to regard the major-minor dichotomy as a biologically universal feature of human 
perception. Rather, the ability to differentiate and emotionally respond to these modes is likely influenced by cultural exposure to the 
Western tonal system, suggesting that this semantic distinction is not purely innate, but mainly culturally shaped. A comprehensive 
view might be that the psychoacoustics characteristics of major and minor modes predispose to the development of the conventional 
affective association of major with happiness, and minor with sadness. Subsequently, levels and types of exposure to Western-like 
music may contribute to these associations by modulating familiarity and the ensuing ability to discriminate between the two 
modes, leading to established culture-based emotional connotations. Similar dynamics might underlie the development and consol
idation of affective dichotomies in music even within non-Western cultures.

Another crucial point is that the perception of distinct emotions in music (such as happiness-sadness) does not always correspond to 
the subjective emotional response (such as liking, pleasantness). This distinction is particularly relevant, especially for the minor 
mode, as despite its negative connotation, it often elicits pleasant emotions and even positive implications in terms of emotional 
regulation. In this regard, studies specifically addressing major-minor dichotomy in music has not always considered the "aesthetic" 
potential of minor music, limiting the exploration to its strictly negative connotation. However, in music, it is not uncommon for the 
negative connotation to be used as a sort of springboard to achieve a more impactful emotional effect. For instance, in this review we 
indicated that some famous musical pieces employ transitioning from minor to major mode to accentuate a joyful and triumphant 
conclusion. In addition to this, we also highlighted that minor mode has not been exclusively considered an element of negative 
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expression in the history of music.
The centrality of the subjective emotional response to major-minor processing is confirmed by neuroimaging studies which, indeed, 

point out a crucial point: neural and physiological activity appears to be more associated with basic emotional responses and individual 
evaluation of pleasantness rather than musical mode itself [19,111,112]. This may partly underlie the discordant results arose in 
studies investigating the neural correlates of mode perception, in addition to the methodological differences. Thus, the reviewed 
studies emphasize the need to consider the putative difference between the emotional expression of music and the emotional responses 
evoked in the listener. In this perspective, any study exploring the realm of major-minor dichotomy cannot disregard the investigation 
of the intra-personal factors contributing to its perception and processing, as pointed out in our proposed model. For instance, in this 
review we reported several studies suggesting that individual difference in processing of major-minor mode partly arises from musical 
expertise, since musicians show more neural activity and appreciation for minor-mode music than non-musicians [95,96,133] as well 
as a greater ability to discriminate between the two modes [75,133,141]. Therefore, the studies reviewed here agree in considering 
musical expertise a determinant of the major-minor representation and its affective processing as well as a factor which significantly 
speeds up the musical mode categorization process in children [21,52].

The fact that major-minor perception is mostly related to the perception of its affective connotation might also explain why its 
explicit and affective recognition (mainly regarding minor/sad association) are established only after the age of 3–4, concomitantly 
with cognitive and intellectual maturation, such as fluid intelligence [5,14,15]. On the other hand, ageing reduces the ability to 
perceive the emotional connotation of musical mode, particularly for negative emotions associated with minor mode excerpts. In other 
words, the ability to explicitly perceive (and presumably discriminate) major and minor modes is strongly related to the ability of 
recognizing their emotional connotation, supporting the idea that the resulting behavioural and physiological responses are not related 
to the musical mode per se. Importantly, several studies here reviewed pointed out the crucial contribution of Western culture in 
shaping this ability. Exposure to Western music, with its predominant use of the major-minor tonal system, is fundamental in facil
itating the distinction and recognition of these modes and their associated emotional connotations. In fact, in many other musical 
cultures, the distinction between major and minor modes does not even exist, further underscoring the importance of cultural context 
in this process. Studies have shown that individuals who grow up within a Western musical environment are more adept at identifying 
and emotionally responding to major and minor modes, while those with limited or no exposure to Western music exhibit a reduced 
ability to distinguish between the two[17,77]. Overall, we can speculate that behavioural and physiological responses are mainly 
mediated by the affective meaning rather than to the mode itself, with cultural exposure playing a key role in shaping these responses 
over the course of life.

In conclusion, this work has aimed to provide a comprehensive and in-depth understanding of one of the main features of Western 
music, characterized by a prominent and dichotomous affective connotation. One of the main challenges in studying a specific musical 
feature such as the major-minor dichotomy lies in the difficulty of assessing its affective impact without considering all the other 
elements inherent to music, such as melody, harmony, tempo, and dynamics, in addition to individual differences. In music, all these 
features interact with each other to evoke specific and unique emotional responses [179]. In this sense, music aligns to the popular 
saying that the whole is greater than the sum of its parts, as various features combine to create a more meaningful and powerful emotional 
experience. Therefore, while exploring the individual components that constitute music is crucial for grasping its underlying princi
ples, it may fall short in capturing the intricate and profound emotional experience that music elicits.

Along this line, an additional challenge in discussing the major-minor "dichotomy" in music is that it is not always accurate to 
describe a fundamental "dichotomy" between major and minor, as they do not inherently exclude each other. Instead, they are 
frequently combined "vertically" in multipart music (for instance, the melody may be in minor while the accompaniment is in major, 
and vice versa) and "horizontally" in monophonic, heterophonic, and polyphonic music (melodies and accompaniments often shift 
between relative or parallel major and minor keys). Also, when examining the use of major and minor chords in Western classical 
music, the term "dichotomy" is not applicable, as major keys regularly incorporate minor chords, and minor keys rely on major chords.

Nevertheless, musical mode has been a central topic in musical studies since Greek theorists, including Gregorian, Renaissance- 
polyphony and tonal-harmonic studies [180]. The phenomenon that mainly captured the attention of theorists and musicians was 
how the structure of musical scales related to their specific emotional expression, a phenomenon that was largely demonstrated in 
controlled studies, as reported in this systematic review. Although the literature on musical mode has reached a voluminous corpus 
that we have summarised in this review, we still miss a comprehensive explanation of the reasons why different modes are associated 
with different emotional expressions in music. The study of musical mode, in this perspective, could be central for gaining significant 
insights into the central theme of emotional valence perception and processing in affect theory.
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[86] Marković S. Components of aesthetic experience: Aesthetic fascination, aesthetic appraisal, and aesthetic emotion. Percept 2012;3:1–17. https://doi.org/10. 
1068/i0450aap.

[87] Dean T, Chubb C. Scale-sensitivity: a cognitive resource basic to music perception. J Acoust Soc Am 2017;142:1432–40. https://doi.org/10.1121/1.4998572.
[88] Franco F, Chew M, Swaine JS. Preschoolers’ attribution of affect to music: A comparison between vocal and instrumental performance. Psychol Music 2017;45: 

131–49. https://doi.org/10.1177/0305735616652954.
[89] Halpern AR. Perception of structure in novel music. Mem Cognit 1984;12:163–70. https://doi.org/10.3758/BF03198430.
[90] Trochidis K, Bigand E. Investigation of the effect of mode and tempo on emotional responses to music using EEG power asymmetry. J Psychophysiol 2013;27: 

142–8. https://doi.org/10.1027/0269-8803/a000099.
[91] Al’tman YaA, Alyanchikova YuO, Guzikov BM, Zakharova LE. Estimation of short musical fragments in normal subjects and patients with chronic depression. 

Hum Physiol 2000;26:553–7. https://doi.org/10.1007/BF02760371.
[92] Gregory AH, Worrall L, Sarge A. The development of emotional responses to music in young children. Motiv Emot 1996;20:341–8. https://doi.org/10.1007/ 

BF02856522.
[93] Schellenberg EG, Peretz I, Vieillard S. Liking for happy- and sad-sounding music: Effects of exposure. Cogn Emot 2008;22:218–37. https://doi.org/10.1080/ 

02699930701350753.
[94] Tai S-K, Kuo Y-J. Alterations in brainwaves caused by different Music Genres. https://doi.org/10.1109/ICAwST.2019.8923257.
[95] Brattico E, et al. It’s sad but I like it: The neural dissociation between musical emotions and liking in experts and laypersons. Front Hum Neurosci 2016;9:21. 

https://doi.org/10.3389/fnhum.2015.00676.
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[169] Erkkilä J, et al. Individual music therapy for depression: randomised controlled trial. Br J Psychiatry 2011;199:132–9. https://doi.org/10.1192/bjp.bp.110. 
085431.

[170] Garrido S, Eerola T, McFerran K. Group rumination: Social interactions around music in people with depression. Front Psychol 2017;8:490. https://doi.org/10. 
3389/fpsyg.2017.00490.

[171] Jespersen KV, Pando-Naude V, Koenig J, Jennum P, Vuust P. Listening to music for insomnia in adults. Cochrane Database Syst Rev 2022;2022. https://doi. 
org/10.1002/14651858.CD010459.pub3.

[172] Heaton P, Hermelin B, Pring L. Can children with autistic spectrum disorders perceive affect in music? An experimental investigation. Psychol Med 1999;29: 
1405–10. https://doi.org/10.1017/S0033291799001221.

[173] Criscuolo A, Pando-Naude V, Bonetti L, Vuust P, Brattico E. An ALE meta-analytic review of musical expertise. Sci Rep 2022;12:11726. https://doi.org/10. 
1038/s41598-022-14959-4.

[174] Peretz I. Listen to the brain: A biological perspective on musical emotions. In: Juslin P, Sloboda JA, editors. Music and emotion: Theory and research. Oxford 
University Press; 2001. p. 105–34.

[175] Quadflieg S, Wendt B, Mohr A, Miltner WHR, Straube T. Recognition and evaluation of emotional prosody in individuals with generalized social phobia: A pilot 
study. Behav Res Ther 2007;45:3096–103. https://doi.org/10.1016/j.brat.2007.08.003.

[176] Tan D, Temperley D. Perception and familiarity of diatonic modes. Music Percept 2017;34:352–65. https://doi.org/10.1525/mp.2017.34.3.352.
[177] Bakker DR, Martin FH. Musical chords and emotion: Major and minor triads are processed for emotion. Cogn Affect Behav Neurosci 2015;15:15–31. https:// 

doi.org/10.3758/s13415-014-0309-4.
[178] Mao M, Rau P-LP. EEG-based measurement of emotion induced by mode, rhythm, and MV of chinese pop music. In: Rau PLP, editor. Cross-Cultural design. 

Cham: Springer International Publishing; 2014. p. 89–100. https://doi.org/10.1007/978-3-319-07308-8_9.
[179] Juslin PN, Sloboda JA. Music and Emotion. The psychology of music. Elsevier; 2013. p. 583–645.https://doi.org/10.1016/B978-0-12-381460-9.00015-8.
[180] Powers H, Wiering F, Porter J, Cowdery J, Widdess R, Davis R, Perlman M, Jones S, Marett A. Mode. Oxford Grove Music; 2001.

G. Carraturo et al.                                                                                                                                                                                                     Physics of Life Reviews 52 (2025) 80–106 

106 

https://doi.org/10.1371/journal.pone.0091995
https://doi.org/10.1371/journal.pone.0091995
https://doi.org/10.1111/j.1365-2702.2011.03954.x
https://doi.org/10.1111/j.1365-2702.2011.03954.x
https://doi.org/10.1002/14651858.CD004517.pub2
https://doi.org/10.1002/14651858.CD004517.pub2
https://doi.org/10.1192/bjp.bp.110.085431
https://doi.org/10.1192/bjp.bp.110.085431
https://doi.org/10.3389/fpsyg.2017.00490
https://doi.org/10.3389/fpsyg.2017.00490
https://doi.org/10.1002/14651858.CD010459.pub3
https://doi.org/10.1002/14651858.CD010459.pub3
https://doi.org/10.1017/S0033291799001221
https://doi.org/10.1038/s41598-022-14959-4
https://doi.org/10.1038/s41598-022-14959-4
http://refhub.elsevier.com/S1571-0645(24)00167-2/sbref0173
http://refhub.elsevier.com/S1571-0645(24)00167-2/sbref0173
https://doi.org/10.1016/j.brat.2007.08.003
https://doi.org/10.1525/mp.2017.34.3.352
https://doi.org/10.3758/s13415-014-0309-4
https://doi.org/10.3758/s13415-014-0309-4
https://doi.org/10.1007/978-3-319-07308-8_9
http://refhub.elsevier.com/S1571-0645(24)00167-2/sbref0178
https://doi.org/10.1016/B978-0-12-381460-9.00015-8
http://refhub.elsevier.com/S1571-0645(24)00167-2/sbref0179

	The major-minor mode dichotomy in music perception
	1 Introduction
	2 Methods
	2.1 Search strategy
	2.2 Study selection
	2.3 Data extraction
	2.4 Quality assessment
	2.5 Meta-analyses
	2.5.1 Behavioural and EEG meta-analyses
	2.5.2 fMRI and PET studies
	2.5.3 Transparency and openness


	3 Results
	3.1 Characteristics of included studies
	3.2 Types of stimulation and task instructions
	3.3 Centrality of musical mode
	3.4 Quality assessment
	3.5 Meta-analysis of behavioural studies
	3.6 Meta-analysis of electroencephalography studies
	3.7 Meta-analysis of neuroimaging studies
	3.7.1 ALE meta-analyses
	3.7.2 Major – minor MACM
	3.7.3 Minor – major MACM


	4 Discussion
	4.1 Affective evaluation of the major-minor dichotomy
	4.1.1 The valence-arousal model

	4.2 Pleasure and reward
	4.3 On the origins and universality of major-minor affective connotation
	4.4 Association between type of stimulation and elicited behavioural and physiological responses
	4.4.1 Behavioural evaluation of major-minor mode
	4.4.2 Non-brain physiological responses to major-minor mode
	4.4.3 Neural correlates

	4.5 Beyond happiness and sadness: the complexity of the affective experience of music
	4.6 Individual factors in the perception of the major-minor dichotomy
	4.6.1 Individual differences in major-minor discrimination
	4.6.2 Effect of musical expertise on major-minor perception
	4.6.3 Effect of age on major-minor perception

	4.7 The role of major-minor dichotomy for emotional regulation through music
	4.8 Clinical observations and implications
	4.8.1 Clinical conditions may alter the perception of the major-minor dichotomy
	4.8.2 Major-Minor dichotomy as mood regulator for clinical populations

	4.9 The Major-Minor Mode(l)
	4.9.1 The major-minor dichotomy
	4.9.2 Individual factors
	4.9.3 Behavioural and brain correlates
	4.9.4 Clinical implications


	5 Limitations and future directions
	6 Conclusions
	Declaration of competing interest
	Acknowledgements
	Supplementary materials
	References


