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INTRODUCTION
Jamming, or a jam session, is an informal event with improvised musical activity. Musicians
get together to enjoy the impromptu creativity they evoke within each other. It is all about
breaking fresh grounds and appreciating each other’s skills; spontaneity can be contagious
and surprising. Early on during the promotion phase I found a motto for my own endeavours in my doctoral work. Thinking inside the emotional box was an adaptation of the idiom
thinking outside the box to emotional intelligence that is based on cognitive abilities such as
perception and reasoning. To my mind, it was a humorous way to summarise what I had
planned for this project: Investigating emotional abilities as part of standard intelligence,
therefore literally thinking inside the field of emotions. Then, things progressed along a
creative way where seemingly distinct interests eventually came together to form a bigger
picture, similar to the aforementioned jam session. Jamming inside the emotional box has
therefore become a metaphor for the path my studies had taken. While emotional intelligence has been my interest from the beginning, emotions are also an essential part of
music, and researching musical emotions came along naturally. I like to think of the present
dissertation as a journey from the cognitive abilities to recognize, understand, and regulate
emotions, to their role in emotion experience when listening to music, and finally to the
cognitive mechanisms underlying musical emotions. I find that the articles stand best as
individual works, yet they deserve to be introduced by the narrative arc that connects
them. Thus, the first part of this dissertation (Synopsis) describes the larger scale of research that inspired the published articles and seeks to evaluate their contribution within
the field. The second part (Articles) attaches the three individual articles in their published
layout.
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SYNOPSIS
This dissertation first touches upon emotional intelligence and its location within the cognitive ability (intelligence) domain (Article 1). It then focusses on its role, among other
factors, in a procedure of musical mood induction that contrasts the effectivity of self- and
pre-selected music (Article 2). Finally, the subjective phenomenology of emotional experiences of music is discussed from a conjoint perspective of two independent but complementary theories (Article 3). Here is to the background noise: the grander theory.

What is Emotional Intelligence?
Life is laden with affective information. The first publication on emotional intelligence
(henceforth EI) in 1990 drew attention to the fact that individuals differ in their skills to
process this type of information. However, no overarching framework had so far guided
researchers. EI would be a term to unify how one may recognise and harness emotions
in oneself, utilise them to inform thought, and employ them adequately when interacting
with others (Salovey & Mayer, 1990). Over the 30 years that followed this first conceptualisation of EI in scientific literature, research has proliferated generous amounts of empirical studies. This is to a large part courtesy of Goleman (1995), whose bestselling book
‘Emotional Intelligence: Why it can matter more than IQ’ introduced the term EI to a
wide readership and thus sparked a remarkable popularity of the construct. That irrational
emotions would not hamper sober intellect, but in fact infuse rational thought with affective meaning was a fresh and daring notion. While Salovey and Mayer (1990) presented
the idea that intellectual reasoning about emotions would be expressed in a set of emotional skills that had so far been overlooked when we considered intelligence, Goleman
(1995) put forth the vision that synchronicity of our rational and emotional brain could
help us thrive in career, social and personal matters. Since then, many possibilities for
application had piqued the interest of numerous researchers, and consequently, EI has
been applied to topics such as standard intelligence (Evans et al., 2019, MacCann et al.,
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2014), personality (Petrides et al., 2007), mental and physical health (Fernández-Abascal
& Martín-Díaz, 2015; Schutte et al., 2007), work performance and satisfaction (Miao et al.,
2017), prosocial and deviant behaviour (Côté et al., 2011), and many more.
But with increasing popularity EI has also met with harsh criticism. As Spector and
Johnson (2016) put it, ‘there is perhaps no construct in the social sciences that has produced more controversy in recent years than emotional intelligence’ (p. 325). What is so
controversial about giving reason to emotions? Because many scholars turned their attention to EI at once, there exist several theories, models, and measures. Some studies found
that EI was associated with standard intelligence, others linked it with personality
measures, at times with little increment from whatever the EI measure had assessed
(Conte, 2005; Bastian et al., 2005; Schulte et al., 2004). For a long while there was confusion about what EI actually was (Joseph & Newman, 2010; van Rooy et al., 2005). Would
one recognise an emotionally intelligent person by personality traits such as emotionality
and sociability? By behavioural skills that display their emotional self-efficacy? Or by effective cognitive processing of emotional information? Facing the myriad of quickly developed
concepts and tools along with inconclusive results, some authors argued that EI could not
deliver on the promise of emotional growth and happiness. It just posed as a collection of
old constructs with a new, fancy name that has suffered from the commercial hype and
parted with scientific rigor (Landy, 2005; Locke, 2005). At times, the words emotional intelligence and myth occurred in one sentence (Matthews et al., 2002, even made it the title
of their book).
However, researchers insisted that EI is meaningful and referred to its literal youth,
emphasising that definitions and measures need to mature—a process natural to any scientific subject (Cherniss, 2010; Mayer at el., 2008). Some of the validity issues and conceptual overlaps between what different authors have defined as EI have been resolved by
a division into three models (O’Connor et al., 2019). First, ability EI views EI as a set of
cognitive abilities that concern the mental processing of emotional information (such as
the ability to accurately perceive emotions in others), which is ought to be assessed by
performance tests similar to standard intelligence measures (Mayer et al., 2016). Second,
trait EI encompasses individual dispositions and characteristics concerning emotions, like
being expressive of own emotions and empathetic to those of others. Such are assessed
via self-report measures (Petrides, 2011; Petrides et al., 2016). Third, mixed models in-
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corporate a broad range of skills and behaviours associated with adaptive emotional functioning (e.g., through self-awareness and motivation). Nowadays, ability EI and trait EI are
regarded as complementary perspectives on emotional functioning; however, ability EI
seems to be regarded as the more valid model for the term emotional intelligence itself.
While mixed model approaches are at home in organisational contexts, mutual involvement of ability EI and trait EI are useful to infer important implications for the individual.
Indeed, trait EI plays a role in how ability EI is expressed. If someone is confronted with
life’s stressors and weighty decisions, they do not just need emotional skills to act adaptively, but also the emotional confidence (Davis & Humphrey, 2014; Di Fabio & Saklofske,
2014). The discussion about what EI is, why we need to consider it, and how to assess it
has made us integrate the very emotions that science had long discarded as irrational
(especially in intelligence research) firmly in our mindset. This alone is a feat, and research
continues to prosper.
One of the most prominent research questions surrounding ability EI is whether
it is indeed a distinct type of intelligence. This question spoke to me immediately. According to the original authors, EI is the capacity to reason about emotions (Mayer et al., 2016;
Salovey & Mayer, 1990). They described several areas of such reasoning and summarised
them in four consecutive branches: perceiving emotions, facilitating thought using emotions,
understanding emotions, and managing emotions. On this note, we should not only recognise
emotions accurately in ourselves and the environment, but also use them adaptively to
guide our thinking, and comprehend what emotions are, how they arise, and how they
affect our own and others’ actions. If EI were to be an intelligence, these abilities would
have to meet certain criteria (MacCann et al., 2014): The four branches should unify several measurable skills under a latent broad ability that is itself clearly distinct from other
abilities such as fluid (abstract reasoning and logical thought) or crystallised (comprehension-knowledge) abilities, yet also associated with them to be an indicator of general intelligence, which is a latent factor referred to as g.
When I started my promotion phase in 2016 there was yet little empirical approach to this subject, with the crucial exception of Carolyn MacCann and her colleagues
(2014). Putting a large number of participants through the ordeal of several-hour IQ- and
EI-testing, theirs was the first study to provide evidence that ability EI is a second stratum
factor under g. This placed emotional abilities into our contemporary model of intelligence
alongside, for example, fluid and crystallised abilities, short- and long-term memory, or
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processing speed (Schneider & McGrew, 2012), entailing an extension of that which has
been considered cold abilities with aptitudes that deal with personally relevant, hot information (Schneider et al., 2016). Consequently, research strides towards regarding EI as
an own type of intelligence, with important implications for our understanding about what
it means to be smart. This was research I wanted to contribute to, and the result is Article
1 in the present dissertation.

Article 1
For this article, I invited participants to take part in an EI and IQ test, thus replicating the few studies that investigated structural and factorial patterns amongst emotional
and standard cognitive measures. Alongside subtests taken from the Intelligence Structure
Battery (INSBAT; Arendasy et al., 2015) for assessing fluid and crystallised abilities, I used
a performance measure of EI, the Geneva Emotional Competence Test (GECo; Schlegel &
Mortillaro, 2019), in a student sample. The GECo is an ability EI test that has recently
been developed to examine emotional abilities in the workplace. While the emotion recognition subtest is free of context, situational tests that measure emotion understanding, emotion regulation and emotion management present vignettes of workplace scenarios. For example, can participants understand which emotion someone feels if they must give a
presentation in a foreign language in front of native speakers, but are not particularly good
at it? Because this is an area of application which might be unfamiliar to university students,
the results obtained in this article draw attention to the aspect of EI that is associated
with acquired knowledge. Participants may understand that the protagonist in the presentation example feels anxious (rather than, say, irritated or downright fearful) because they
have observed similar scenarios themselves.
Matching previous research, I found that EI was mostly determined by the abilities
to recognise and understand emotions, and that emotional abilities were associated more
strongly with crystallised, knowledge-based abilities than with fluid, reasoning abilities
(Olderbak et al., 2019; Pardeller et al., 2017). These findings contribute to studies researching EI’s status as a distinct type of intelligence. With acquiring experience or training
in relevant areas, emotional abilities form a discrete domain that, when applied to emotional contexts, can be observed as the skill set that we call EI.
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Further considerations
I had the pleasure of meeting Carolyn MacCann, the author of the study including
the massive test battery mentioned above, at the International Congress on Emotional
Intelligence in 2019, where she shared her vision of investigating the ‘black box’ behind
ability EI some more in the future. Which specific cognitive processes are active in EI, and
how do they differ between those high or low in EI? It is an interesting question, one that
could help explain why sometimes, abilities summarised by EI seem inconsistently associated with each other or with related broad abilities (Olderbak et al., 2019). Some abilities
may depend more on the acquisition of knowledge and experience (like emotion understanding and emotion management), while others rely on fluid abilities (emotion recognition;
Ortony et al., 2007). Furthermore, Elfenbein and MacCann (2017) proposed to extract
accurate emotion expression from the emotion perception branch of the ability EI model
by Mayer and colleagues (2016), and to differentiate regulation of own emotion from
management of emotions of others (see also Schlegel & Mortillaro, 2019). On top of that,
Elfenbein and her colleagues (2017) proposed emotional attention regulation as a novel facet
of EI, which involves both recognition of relevant emotional stimuli, and modulation of
attention from such stimuli that are salient albeit irrelevant. The examination of underlying
cognitive processes was established in research on emotion regulation even before those
interested in EI turned their attention to the black box (Peña-Sarrionandia et al., 2015).
Therefore, further refining constructs and measures of EI, establishing EI within standard
intelligence, and integration with other affective sciences like emotion regulation research
are promising for understanding EI and how we deal with emotions in everyday life.
Speaking of everyday life and of cold and hot processing, another interesting topic
I discovered was how EI could explain behaviour in emotional compared to non-emotional
contexts. Gutiérrez-Cobo et al. (2017) and Megías et al. (2017) demonstrated that ability
EI contributes beyond cognitive ability to performance on tasks that employed emotionally
laden stimuli (i.e., attention to and memory of facial expressions of emotions in go/no-go
and n-back tasks). As standard intelligence explains performance on abstract tasks, EI
needs an emotional context to be effective. I envisioned to go a step further and not just
study emotional stimuli, but emotional participants. To study how EI exerts its influence
in affective contexts, a method that could reliably induce affective states in people was
called for. What best to make lots of different people feel emotional? You probably
guessed it: music!
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Where Emotional Intelligence and Music intersect
Music’s potential to impact emotion is one of the most common reasons why people
engage with music (Schäfer et al., 2013; Thoma et al., 2012; van Goethem & Sloboda, 2011), and it is also among the most widely researched topics in contemporary
music psychology (Baltazar & Saarikallio, 2016). Music evokes the broadest range of affective experiences, ranging from simple core affect (positive or negative feelings, with low
to high energy), to basic and complex emotions (such as joy, sadness, nostalgia, or transcendence; Zentner et al., 2008), and aesthetic experiences (such as awe and wonder that
arise from evaluations of skill and beauty; Juslin, 2013). Fittingly, attempts to conceptualise
musical emotions are as complex as the range of phenomena that music evokes. Scholars
had set out to investigate musical characteristics that match emotional expressions, for
example, slow tempo and minor mode reflect sadness (Västfjäll, 2002)—Mozart’s Lacrimosa is a well-known example even to those unfamiliar with classical music. And yet, an
emotion that is perceived in a piece of music is not necessarily the same as what is felt by
those who listen to it (Schubert, 2013; Gabrielsson, 2001). For instance, in some listeners
Lacrimosa may elicit negative feelings, melancholy, distress, some may even say it evokes
apprehension. In contrast, others may feel entranced by the beautiful composition while
also being moved by the tragic theme, yet others may feel mere annoyance because they
do not appreciate the genre or dislike sad music in general. The granularity of musical
emotions varies greatly. Therefore, researchers do not only regard the musical semantics,
but broaden the perspective to consider psychological, biological, and neurological approaches as well. The need for such complexity emphasises the dynamic involvement of
the brain, more specifically, of both subcortical (affective) and cortical (cognitive) processes (Koelsch, 2014), but also of the entrainment of the body’s autonomic and motoric
systems (Barrett & Schulkin, 2017; Reybrouck & Eerola, 2017). After all, perceiving and
thinking about music (the cognitive part) is to assign emotional meaning to it, but feeling
and experiencing (the affective and entrainment part) is what provides this meaning-making with the emotive energy that makes music exceptional (Reybrouck & Eerola, 2017).
What does EI say about musical emotions? The perception of emotions in music
is mentioned only briefly in the latest update on the ability model of EI (Mayer et al., 2016).
As ‘areas of reasoning’ (Table 2 on p. 7), Mayer and his colleagues list recognition of
emotion in ‘the environment, visual arts and music’ as part of the lowest-order branch
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perceiving emotion. Indeed, Trimmer and Cuddy (2008) reported that ability EI was associated with recognition of basic emotions in speech prosody and melodic patterns. Resnicow et al. (2004) found that the abilities perceiving emotion and facilitation thought using
emotion were associated with recognising emotions conveyed by piano music. Possibly,
listeners use their capacity to accurately perceive emotional cues to ‘internally simulate
correlates of that emotion (i.e., empathy)’ (p. 155). In musicians, trait EI reflected emotionality and the rewarding feeling of flow in musical practise (Marin & Bhattacharya, 2013;
Petrides et al., 2006). As listeners, those with higher trait EI tended to manage arousal
levels and reminiscences with music (Lonsdale, 2019). Trait EI also indicated a lesser preference for using music as non-committable background noise, however, when it came to
employing music for emotional or cognitive uses (for changing mood or as intellectual
stimulation, respectively), trait EI’s contribution over other personality measures such as
the Big Five seemed negligible (Chamorro-Premuzic et al., 2012; Chamorro-Premuzic et
al., 2010).
Noteworthily, to my knowledge, there has been hardly any focus on whether EI
affects listeners’ actual emotional response instead of perception. Would listeners who
score high in EI be more susceptible to emotions in music than those low in EI, that is,
would they let music induce, maintain, and regulate their emotions? In music I had found
an emotional context that would allow for studying EI in action. While researching musical
mood induction procedures, I soon discovered that music which listeners pick themselves
would work more effectively than the conventional approach that used standardised music
(Schubert, 2013; Eerola & Vuoskoski, 2013). Because I wanted the experience of music to
be about the listener and their EI, I intuitively favoured the pick-your-own-songs approach.
In doing so, I tapped into the rabbit hole of investigating the processes underlying music
experience and what ability EI and trait EI could contribute to that. The result are two
studies that were brought together in the second article of this dissertation.

Article 2
This article contrasted feelings of sadness or joy caused by music that was either
pre-selected or personally chosen by the participants. Before considering EI, I intended to
test the musical procedure in the laboratory. There are several things that may be responsible for the experience of emotions when one engages with music. Recall the complexity and dynamism mentioned above: Quick mechanisms by entrainment of the body
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with the music’s beat and tempo may work; the emotional contagion caused by the perception of emotions within a song likely plays a large role, too; and as many people who
enjoy music regularly may agree, emotive imagery and memories are often evoked as well.
Potentially, many processes are at work. Luckily, there exists an approach which described
such underlying mechanisms in a comprehensive way: Patrik Juslin’s (2013) BRECVEMA
framework maps out what happens when people get emotional from listening to music.
The word BRECVEMA itself is an acronym for brain stem reflexes, rhythmic entrainment,
evaluative conditioning, emotional contagion, visual imagery, episodic memory, musical expectancy, and aesthetic judgement. These eight mechanisms encompass quick, automatic, deliberate, and sophisticated processes that account for the complex involvement of the
brain and body. There have been first steps to assess single mechanisms, for each one may
be accompanied by sensations that are reportable, even though the mechanisms themselves might be subconscious (Juslin et al., 2016; Juslin et al., 2014). For example, think of
goosebumps (brain stem reflexes), a captivating rhythm (rhythmic entrainment), or feelings
instantly triggered by well-known music (evaluative conditioning). However, no proper
measure had been established, yet. So, for the pilot study in Article 2, I figured a qualitative
investigation would be most insightful. After having listened to the sad or joyful music that
listeners either chose themselves or were presented with, they were asked to reflect
about their emotional experiences of the music, and we investigated if their sentiments
would correspond to BRECVEMA mechanisms. We found that mostly contagion and episodic memory were involved, and that personal music evoked these mechanisms more
often than the unfamiliar, pre-selected music.
I wanted to gain more insight into why a song that was picked personally would
activate more of such underlying mechanisms. I had observed that many other studies
controlled for whether the music sounded familiar, or if participants liked it. This seemed
important and it sounded right in some way, but I never came across any particular explanation why the authors decided to include these. That is, until quite unsuspectingly, I discovered a model postulated by Schubert and his colleagues (2014). In stark contrast to
anything elaborate and complex when it came to music, they proposed that spreading
activation within mental representations underlies musical experience. It was an astonishingly minimalist explanation to not just any, but to all experiences involving music: Music
is embedded in cognitive networks, and a song that activates a broad network is processed
more easily. Such mental representations would form with continuous exposure to music,
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concepts about what is typical for music would build, and fitting music would grab someone’s attention. This entails positive experiences and contributes to the formation of
someone’s musical preferences. Schubert and his colleagues (2014) suggested that spreading activation would be indicated most obviously by feelings of familiarity and liking. Would
spreading activation in a mental network be the key to BRECVEMA mechanisms, then?
Juslin (2013) himself considered only briefly that the different mechanisms might rest on
mental representations of varying complexity (p. 240), depending on whether the mechanism itself is evoked quickly, such as evaluative conditioning or contagion, or is tied in with
more sophisticated processes, such as visual imagery or episodic memories. I hypothesised
that a song which listeners pick themselves has a larger potential to activate more complex
mental networks. If embedded in such mental networks, a song should also evoke mechanisms of the BRECVEMA framework more easily and thereby facilitate the emotional
experience of music. Time to test this, and to throw EI into the equation as well.
In study 2, I found that personally selected music evoked stronger indicators of
spreading activation (i.e., enquiries about past exposure, typicality, familiarity, liking, and
attentional engagement) and BRECVEMA mechanisms (again, mostly contagion and episodic
memory) compared to pre-selected music, and that at least for sad music, stronger activation was associated with report of more mechanisms. This fit well with both theories, and
there were interesting relationships with EI. On one hand, those who scored better on
emotion recognition were less emotionally affected by the music, which was possibly an
effect of external attribution. On the other hand, those who habitually attended to their
emotions (a facet of self-reported EI) reported more BRECVEMA mechanisms and thus a
more multi-faceted experience of musical emotions. EI was also associated with several
motives when using music for mood regulation (Saarikallio, 2008): Those who preferred
to use music to discharge negative emotions (which strengthens instead of regulates feelings) reported lower trait EI. In contrast, higher ability EI was associated with aiming for
revival, for experiencing strong sensations, and for finding solace in listening to music. It
seemed that ability EI contributed to the accurate perception of emotion in music (similar
to what Trimmer & Cuddy, 2008, and Resnicow et al., 2004, had found), but this does not
necessarily entail strong effects on the actual emotional response. Rather, both ability EI
and trait EI concern motives for how and why someone uses music as an affective resource.
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Further considerations
Musical preference has often been coined an astonishingly reliable expression of
the self. It provides a summary of someone’s personality, their social behaviour, problems
in everyday life, and their emotional development (Năstasă & Ionescu, 2015). I imagine
that EI has more potential than to just explain musical emotion perception, as Mayer and
colleagues (2016) had stated. Music can be used to influence feelings and thought in similar
ways as the branch facilitating thought using emotion suggests; understanding emotions may
include knowledge of music’s potential to generate, maintain, or change affective states;
and managing emotions may include strategically involving music in affect regulation. In a
very broad sense, EI might be useful to understand how music reflects an individual’s sense
of self and fulfils their emotional needs.
I had set out to look at EI as a feature of the individual who listens to music. But I
learned that music experience is best understood as an interplay of the individual, the
music, and the context (Schubert et al., 2014; Juslin, 2013). The results from Article 2
struck me as promising, so I decided to turn my attention to the spreading activation
theory and the BRECVEMA framework. They existed side by side, to my mind obviously
complementing each other, but not having been observed in conjunction so far. This, I
think, was largely due to criticisms of self-report approaches. First, both theories make
propositions that are hard to observe (consider, for example, how to adequately measure
a mental network, or brain stem reflexes). Second, music is fleeting. Unlike other stimuli,
it is a continuous rather than a discrete phenomenon, and thus much less clear to assess
in retrospect (Reybrouck & Eerola, 2017). To assume one would have conscious access
to some sort of phenomenon that arises from underlying processes and retrospectively
provide reliable details on it was ambitious, yet it was our best shot when considering the
logistic and methodological circumstances. Therefore, I happily acknowledge that assessing
the experienceable, phenomenological portion of what music evoked leaves much of the
underlying, implicit processes yet to discover. And yet, if music managed to elicit something that is reportable even after it faded away, it probably mattered all the more.
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The Phenomenology of Musical Emotions
We observed that music potentially evokes anything from core affect to aesthetic experiences. There is not only a remarkable range of phenomena, but also a considerable dynamic between different listeners as well as within a single person, all depending on the
context, the individual, and the music itself (Gabrielson, 2011). The spreading activation
theory and the BRECVEMA framework are two perspectives that deal with the phenomena arising from music experience in ways that seemed fundamentally different at first:
one minimalist, concerning itself with broad feelings evoked by music; the other very elaborate, describing several potential mechanisms and suspected characteristics, voluntary
control, induction speed, even neurophysiological sources in considerable detail.
Is there a specific makeup, or structure, to the experience of spreading activation?
Does each mechanism of the BRECVEMA framework indeed exert distinct sensations?
Are both theories overlapping constructs? One of my students at that time (thank you,
Maria!), and I decided to refine what we had gathered from the two studies in Article 2
to create a proper inventory. Based on the theoretical assumptions proposed by Schubert
and colleagues (2014), we expanded first formulations on feelings of familiarity, exposure
et cetera to construe hypothetical subscales for assessing spreading activation. We also
considered the qualitative sentiments from the previous studies, seeking out those that
recurred most evidently for each of the BRECVEMA mechanisms, to construct a pool of
items that matched with Juslin’s (2013) elaborations. The result was a novel inventory that
we employed in two further studies. Considering the very first and promising results from
Article 2, the whole undertaking was a delightful challenge for its novelty.

Article 3
The third and final article in this dissertation introduced the novel self-report
measure for spreading activation and BRECVEMA mechanisms that was used in two studies. The first study tied in with what was presented in Article 2—using personal and preselected music to make the listener feel either sad or joyful—, while the second study
used personal music for emotion regulation after having watched a sad videoclip.
We uncovered that spreading activation was indicated by pre-exiting mental representations, positive feelings associated with the experience of the music, and attentive
listening (termed typicality, liking, and engagement in Article 3). Music that was personally
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selected was judged more typical and more likeable, as was expected, yet the engagement
of one’s attention was what turned out especially interesting. Not only was it associated
with the listener’s musical expertise (musically trained participants paid more attention to
the music), but also with the degree to which they empathised with the music, that is,
how strongly they focussed on emotional content. Furthermore, more engagement was
reported by those who habitually regulated their feelings with reappraisal, meaning they
effectively used music as a regulatory resource. Liking the music, perceiving it as typical
for one’s preferences, and engaging with it were also associated with the BRECVEMA
mechanisms we managed to assess reliably, which were visual imagery, episodic memory,
and—although with reservations because they overlapped—evaluative conditioning and contagion. Engagement was the aspect of spreading activation tied the closest to BRECVEMA
mechanisms. Juslin (2013) had also proposed that ‘the music “affords” a certain response,
but does not guarantee it. Attention is a crucial factor […]’ (p. 241). Admittedly, attentive
listening had so far flown under our radar, but as soon as our results put it in the spotlight,
it shone out in others’ research as well. Other authors referred to it as absorption, interest,
or attention (Presicce & Bailes, 2019; Olsen et al., 2014; Sandstrom & Russo, 2013), and
Brattico and Pearce (2013) stated that immersion is necessary for music to be experienced
not just as emotional, but as aesthetic. Summed up, Article 3 is the first explicit empirical
evidence that conjuncts the two theories on spreading activation and BRECVEMA mechanisms by pointing not just to the shared role of the mental network, but also of attentive
listening. I thus suggest that spreading activation and BRECVEMA mechanisms are related
at the level of mental representations (of the music and anything associated), and they cooccur when listeners are attentionally engaged with the music (promoted by, e.g., musical
expertise, empathising, reappraisal), which in turn fosters an emotional experience.

Further considerations
Reybrouck and Eerola (2017) introduced their review on music’s emotional potential by describing the range of studies as ‘complicated […], due mainly to a lack of
descriptive vocabulary and an encompassing theoretical framework’ (p. 7). Indeed, there
is a somewhat dizzying diversity of theories, explanations, and approaches to be found in
music psychology research. The variety of the terms immersion, attention, engagement,
and absorption for concepts that virtually address attentive listening, and yet do not mean
the same, is just one example. In a way, putting out another inventory may contribute to
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this very issue, but it may also provide more clarity by showing empirical overlaps between
theories. In the review process on Article 3, the need to scrutinize my assumptions was
tested readily, for I was asked to provide evidence for how both theories would work
together and why one would expect to have conscious access to them. The snag was that
I could not draw on any literature that addressed these theories explicitly. Instead, I gathered studies asking about music’s familiarity, liking, or general preferences with no explicit
ties to spreading activation theory. I also referred to neuroscience’s studies on involvement of brain networks in music processing and music training, on individuals’ listening
styles that focus emotional and analytical contents of music, and listeners’ preferred emotion regulation strategies, all of which potentially indicate an individual’s attentive music
consumption. To tie these together to a convincing argumentation was instructive, to say
the least. Yet I remain hopeful that the combination of spreading activation theory and
the BRECVEMA framework will be taken up again and lead other researchers to investigate this approach as well.
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OUTRO
I would like to end this synopsis with a brief coda. What have I taken home from this
journey? There is no emotionally intelligent archetype, or so it seems (Petrides, 2011),
and it is questionable if there truly is need for one. EI is something of an aptitude and a
tool. Thinking about emotions refines concepts, stimulates meta-cognition, and opens unsuspected windows for observations. There is something to be said about developing
emotional abilities such as sensitising one’s perception skills or honing the repertoire of
regulation strategies. Yet, maybe more can be said about fostering emotional self-efficacies
and how assured one feels about their emotionality. Quite similar, there is a lot more to
discover when it comes to the relevance of music for self-awareness and exploration,
about music’s potential to change or maintain affective states, and the importance of not
just emotional skills, but the emotional self-efficacy to treat music as an adaptive resource.
After all, we create stories and memories with music, enjoy leisure and entertainment
that is fitted with musical backgrounds, we relate with others because of our preferences.
Music is a form of expression, communication, and art; some call it the ‘language of emotion’ (Corrigal & Schellenberg, 2013). In its many forms it fulfils abundant functions for it
ties our thoughts and feelings together so seamlessly. Does anyone feel reminded of what
many researchers hope to gain from EI? Regarding my own endeavours, I may not have
the simple answers to what I wanted to find out, initially. Instead, I can imagine a bunch
more questions. But with what I learned about the scientific research process, this is just
the way it is supposed to be. Have I been jamming in my emotional box? Has it been
creative, contagious, even surprising? Most definitely.
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Abstract: This study investigated correlative, factorial, and structural relationships between
scores for ability emotional intelligence in the workplace (measured with the Geneva Emotional
Competence Test), as well as fluid and crystallized abilities (measured with the Intelligence Structure
Battery), carried out by a 188-participant student sample. Confirming existing research, recognition,
understanding, and management of emotions were related primarily to crystallized ability tests
measuring general knowledge, verbal fluency, and knowledge of word meaning. Meanwhile, emotion
regulation was the least correlated with any other cognitive or emotional ability. In line with research
on the trainability of emotional intelligence, these results may support the notion that emotional
abilities are subject to acquired knowledge, where situational (i.e., workplace-specific) emotional
intelligence may depend on accumulating relevant experiences.
Keywords: emotional intelligence (EI); fluid abilities (Gf); crystallized abilities (Gc); Intelligence
Structure Battery (INSBAT); Geneva Emotional Competence Test (GECo)

1. Introduction
Doing small talk about job entrance experiences, I recall hearing the sentiment rather often that
education did prepare young people for the job, but it didn’t really prepare them for dealing with
the people there (which was probably intended to sound more or less humorous in at least some
instances). Indeed, the idea that the organizational settings are also a space for emotions is relatively
novel (Zeidner et al. 2004). One major contribution to an emotional wakeup call certainly came from
the surfacing of the construct called Emotional Intelligence (EI). Today, there exist three main streams
in EI research (ability, trait, and mixed-model perspectives; Ashkanasy and Dasborough 2015). Ability
EI views emotional intelligence from the standard intelligence perspective, focusing on objective
performance measures of the construct. Trait EI encompasses emotional personality dispositions and
people’s subjective perceptions thereof (Petrides et al. 2016). Mixed-model EI constitutes the broadest
approach, including behavioral markers such as capabilities, skills, and personal characteristics
(Webb et al. 2013). The differences of these models entail varied approaches to measurement and
applications, which bears challenges in terms of validity and conceptual understanding of EI in
general (O’Connor et al. 2019; Van Rooy et al. 2005); however, it also offers multifaceted perspectives
on interacting emotional capabilities and dispositions. Adopting the cognitive ability perspective,
the present article focuses on the ability conception of EI.
Back in the 1990s, Mayer and Salovey proposed the concept of EI as a unique ability to reason
about emotions. Their four-branch model became the commonly accepted model of ability EI (Mayer
and Salovey 1997; Salovey and Mayer 1990): “Perceiving emotions” addresses the correct identification
of emotions and emotional information; “facilitating thoughts using emotion” means utilizing emotions
to assist intellectual processing; “understanding emotions” refers to the use of emotional knowledge to
J. Intell. 2020, 8, 18; doi:10.3390/jintelligence8020018
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label affective states and recognize complex relationships between them; and “managing emotions”
means the ability to consciously regulate one’s own, as well as others’ emotions (for more detail about
the skills related to each branch, see Mayer et al. 2016). The perception and facilitation branches
are sometimes referred to as lower-order branches, or experiential EI, whereas understanding and
management of emotions are conceived as higher-order, strategic EI (Fiori and Vesely-Maillefer 2018).
The test employed most often to measure the four branches is the Mayer-Salovey-Caruso Emotional
Intelligence Test (MSCEIT).
The initial and continual appeal of EI was that it supposedly benefits various aspects of daily
life. For instance, EI’s promise of positive impact on the workplace has roused plenty of research,
interventions, and commercial interest (for reviews, see Zeidner et al. 2004; Jordan et al. 2006).
It has also roused advances in the measurement of ability EI beyond the MSCEIT’s conceptual and
psychometric limitations (Fiori et al. 2014; Roberts et al. 2001). Tests corresponding specifically to
workplace contexts have recently been developed with the North Dakota Emotional Abilities Test
(NEAT; Krishnakumar et al. 2016), or the Geneva Emotional Competence Test (GECo; Schlegel and
Mortillaro 2019).
Meanwhile, researchers have discussed whether EI is indeed to be considered a form of intelligence,
which would entail that measures of ability EI need to be associated with standard intelligence. In fact,
Legree and colleagues found that MSCEIT scores loaded significantly onto the general factor g
(Legree et al. 2016; Legree et al. 2014). But is EI actually a new type of intelligence, or just a reflection of
standard intelligence applied to emotional contexts? To test this, one approach is to investigate the status
of ability EI as a second-stratum factor in the Cattel-Horn-Carroll (CHC) model of cognitive abilities
(McGrew 2009). CHC theory is currently the most widely accepted theory of mental abilities, as it
manages the feat of integrating a diverse and complex range of human abilities into a comprehensive
framework by grouping narrow abilities (first stratum) to broader cognitive domains (second stratum),
which all fall under a general intelligence factor g (third stratum; the positive correlation of ability
variables is known as Spearman’s law of positive manifold; Spearman 1904). From this perspective,
EI defines a set of interrelated abilities that are distinct enough from other cognitive abilities to form a
unique domain, but also broadly related to other ability domains to be considered a part of the general
intelligence factor g (Schneider and McGrew 2012). Arguably, the most important contribution in
this regard was provided by MacCann et al. (2014), who conducted an exhaustive structural analysis
with multiple cognitive ability tests and the MSCEIT in a sample of 688 students. By evaluating the fit of
several possible structure models to their obtained data, they concluded that EI is best understood as a
broad ability factor worth implementing in a revision of the CHC model. Very recently, Evans et al. (2019)
replicated these findings with several other emotional ability measures tapping into the field of EI.
Consideration of connections between EI and other domains, usually fluid and crystallized
abilities, has also been subject to investigation. This concerns fluid and crystallized ability’s conceptual
links to EI as well as the statistical relationships among measures for these ability domains. From
the perspective of standard cognitive intelligence, fluid abilities (Gf) comprise capabilities to discern
relationships between stimuli, to understand implications and confer logical conclusions. Gf abilities
are most in demand when solving abstract or novel problems. Crystallized abilities (Gc, also
“comprehension-knowledge” in CHC taxonomy) refer to the depth of acquired knowledge as well
as verbal fluency and understanding of words and concepts (Schneider and McGrew 2012). On a
conceptual level, Fiori and Vesely-Maillefer (2018) proposed to distinguish between a fluid component
of EI which addresses emotion processing, and a crystallized component which is based on emotional
knowledge (see also Côté 2010; Fiori 2009). This is strengthened by relationships between the four
EI branches and Gf and Gc tests. Associations between EI and Gf were found to be moderate
(Fiori and Antonakis 2012), connections between EI and Gc were equivalent in some (Olderbak et al. 2019),
or even stronger in other studies (Farrelly and Austin 2007; Joseph and Newman 2010; MacCann 2010).
In meta-analyses, weak to modest relationships between the four emotional ability branches and Gf and
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Gc were found (Olderbak et al. 2019; Pietschnig and Gittler 2017). It is noteworthy that the strongest
associations with Gc surfaced for tests of emotion understanding (Olderbak et al. 2019; Austin 2010).
Schneider et al. (2016) suggested an even more detailed interdependent conceptualization of
the four-branch model with other cognitive functions besides Gf and Gc. For example, perceiving
emotions may draw from visual or auditory processing abilities when one detects emotion in the
facial expression and tonality of the voice of another person. Facilitating thoughts using emotions
may influence knowledge-related and fluid reasoning abilities, which concerns utilization of affective
states influencing attention and perception, in a given context. In turn, fluid and crystallized abilities
could exert effects on understanding emotions: To learn about emotions is to process emotional
information, to reason about them, and to build emotional knowledge. Finally, emotion management
as a higher-order ability would not only draw from the aforementioned lower-order emotional abilities,
but could also depend on cognitive processing speed and working memory capacity. In sum, while
EI abilities appear to form a separate group of mental abilities, they are also intricately related to
other cognitive functions, with each branch and associated skills depending on each other and related
broad abilities.
1.1. EI Trainability—Evidence for a Knowledge Base?
EI’s relationship with knowledge-based abilities is especially interesting from the perspective
of EI trainings. (In educational practice, the similar concept of “emotional literacy” has been used to
foster socio-emotional learning in schoolchildren, e.g., Park 1999; Zeidner et al. 2002). Such trainings
appeared to be effective by producing stable improvements in EI, especially when based on the ability
model (Hodzic et al. 2017; Schutte et al. 2013). In particular, and matching the correlative findings
mentioned above, emotion understanding seems to benefit from imparting explicit emotion knowledge
as a foundation to develop emotionally competent behavior. Acquiring knowledge about emotions
is one aspect; however, actually applying this knowledge in everyday life is yet another (Fiori and
Antonakis 2012; Hodzic et al. 2017).
How should this gap between “knowing” and “doing” be approached? There are trainings
targeting professional contexts that gear more towards the mixed-model approach of EI, broadening the
concept to include skills such as self-awareness or interpersonal sensitivity (Dulewicz and Higgs 2004;
Gorgas et al. 2015). Such trainings aim to teach behavior strategies in line with EI, and these too appear to
be effective. A meta-analysis by Mattingly and Kraiger (2019) reported medium sized effects in support
of the trainability of EI both grounded on the four-branch ability model or the mixed-model approach
based on skills. Unfortunately, detailed insights into trainings were not provided by the referenced
publications—if the trainings were effective by expanding emotional knowledge (in line with ability EI)
or otherwise (e.g., workshops and discussions, adhering to mixed-model EI) remained inconclusive.
However, accumulating emotion knowledge and skills is not just a matter of explicit trainings
spanning a couple of interventions, but mostly day-to-day experience over the entire course of one’s
life. Mestre et al. (2016) have presumed that emotion understanding and emotion management follow
a path similar to knowledge-related abilities: they increase and stabilize until early adulthood, and then
slowly decrease with age. Evidence is provided by Cabello et al. (2016): abilities to accurately perceive
emotions, facilitate thought, and manage emotions reached a peak in adult samples and decreased
approaching older age, while emotion understanding declined linearly from adolescence onwards.
This could reflect the general decline of cognitive functioning with age, however, having a higher
educational background appears to act as a protective factor against an age-related decrease of EI
(Navarro-Bravo et al. 2019).
How would ability EI, fluid and crystallized abilities be related to each other in a young student
sample, given the developmental evidence from earlier studies? A novel perspective to add to this
picture was the examination not of general EI by using the MSCEIT, but of specific emotional abilities by
using a measure that has been developed for workplace contexts; namely, the GECo. The GECo differs
from the MSCEIT in terms of theory-driven development of stimuli and responses (compared to the
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MSCEIT’s consensus and expert scoring to determine correct responses, which is one of its major points
of criticism for causing response patterns to be skewed towards higher performances; Fiori et al. 2014;
Schlegel and Mortillaro 2019), as well as in its situational task design and multiple-choice format scoring
(compared to MSCEIT’s rating scores). Therefore, GECo scores seem more fit to predict performance
indicators (such as grades) than the MSCEIT does, and they reflect acquired procedural knowledge
subjected to work experience (Schlegel and Mortillaro 2019). University students may be relatively
unacquainted with tasks presenting workplace contexts, and therefore the present investigation was
expected to provide an additional, possibly more differentiated insight into the connections between
context-specific emotional and fluid as well as crystallized abilities.
1.2. The Present Study
The objective was to investigate the correlations and factor structure between workplace ability
EI, fluid and crystallized abilities in a sample of university students. First, it was expected to find
weak to moderate correlations between test scores as evidence for positive manifold across the three
domains. Using component analysis and structural equation modeling, results should replicate EI,
Gf and Gc as three distinct group factors amongst test scores. The latent factors, in turn, were expected
to be interrelated as parts of the general factor g.
Furthermore, the scores were tested for effects of sex, age and education level. Although the sample
was expected to be quite homogenous, differences between sexes and education levels are nevertheless
to be reckoned with, in ways that males may score higher on fluid ability tests (Pardeller et al. 2017),
females may score higher on emotional ability tests (Pietschnig and Gittler 2017; Cabello et al. 2016),
and higher education levels being associated with better test performances (Navarro-Bravo et al. 2019).
A younger sample is also likely to achieve higher scores on fluid rather than crystallized abilities, given
that crystallized and emotional abilities were found to cultivate with age (Cabello et al. 2016). Whether
emotional abilities are differently related to fluid (lower-order, experiential EI) or crystallized abilities
(higher-order, strategic EI) was to be explored (Olderbak et al. 2019).
2. Materials and Methods
2.1. Sample
A sample of 188 participants (163 females) completed tests assessing emotional and cognitive
abilities (age range 18 to 46, M = 21.86, SD = 4.09). All participants were students at the University
of Trier, Germany. The majority were in their first or second semester at university (n = 100). Most
participants graduated from secondary school with a university entrance qualification (n = 172), some
already had a university degree (n = 12), and four graduated with a general certificate of secondary
education. Male and female participants were distributed evenly across education levels, χ2 (2) = 2.08,
p = 0.354 (Table 1), and did not differ in age, F = 2.41, p = 0.123. Not surprisingly, age was associated
with education level, rSP = 0.234, p < 0.001.
Table 1. Education levels of males and females.
Education Level 1

N
Male
Female
Total
1

25
163
188

1

2

3

1
3
4

21
151
172

3
9
12

1 = general secondary degree; 2 = university entrance; 3 = university degree.
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2.2. Tests
Emotional abilities were assessed with the German version of the Geneva Emotional Competence
Test (GECo; Schlegel and Mortillaro 2019). The GECo provides scores for emotion recognition,
emotion understanding, emotion regulation and emotion management. Dissimilar to the four-branch
model, the test drops facilitation because of conceptual and empirical redundancies (Fiori et al. 2014;
Roberts et al. 2001). Furthermore, emotion management addresses behavior strategies to manage other
people’s emotions, whereas the use of cognitive strategies to manage own negative emotions (emotion
regulation) is assessed separately.
Emotion recognition tasks present short video clips showing actors who express an emotion
in a fictional language. The correct emotion must then be selected from several possible answers
(see also the short form of the Geneva Emotion Recognition Test, GERT-S; Schlegel and Scherer 2016).
Tests of emotion understanding, emotion regulation and emotion management employ situational
tasks describing workplace contexts. Emotion understanding assesses how well one understands
causes and consequences of one’s own and other people’s emotions by correctly appraising brief
scenarios. For example, if someone has to give a presentation in a foreign language they are having
trouble with, which emotion are they most likely to feel? Emotion regulation presents tasks in which
a behavior to deal with own negative emotional situations is to be selected from multiple possible
answers, each representing a regulation strategy that is either adaptive (e.g., reappraisal) or maladaptive
(e.g., rumination). Participants choose a response based on the reaction they would most likely show.
High performance on emotion regulation is defined by a consistent use of adaptive strategies. Emotion
management refers to behaviors in response to someone else’s usually negative emotions. Responses
were designed to represent different conflict management strategies (e.g., compromise or avoidance),
varying in their situational appropriateness depending on situational factors such as social pressure or
organizational norms. Again, participants are required to indicate the behavior they would typically
show in the presented scenarios. For the interested reader, more detail on the underlying theories and
development of each subtest is provided in Schlegel and Mortillaro (2019).
Fluid and crystallized abilities were assessed with the Intelligence Structure Battery (INSBAT;
Arendasy et al. 2015). The INSBAT is designed to measure six ability factors in accordance with
the CHC model, but its modular form allows for testing ability domains selectively. Subtests for Gf
comprised numerical inductive reasoning, with tasks requiring the logical completion of number
sequences; figural inductive reasoning, consisting of 3 × 3 figure matrices where the correct missing
piece needs to be identified from multiple possible answers; and verbal deductive reasoning, requiring
the test taker to select a correct conclusion drawn from two given statements. The subtests for Gc
were general knowledge, which requires the completion of definitions; verbal fluency, where nouns
must be identified from a sequence of unordered letters; and word meaning, which asks for a correct
synonym for each presented word from multiple possible answers. The tests are adaptive regarding
sociodemographic parameters and task performance of the test taker. Resulting scores for each group
of subtests were obtained and used for subsequent analyses.
2.3. Procedure
The GECo was administered online and took approximately 60 min to complete. Afterwards,
participants were invited to take part in an additional laboratory assessment of cognitive abilities.
There, the Gf and Gc modules from the INSBAT were administered using the digital testing software
Vienna Test System (Schuhfried GmbH 2013). The tests were conducted in separate cubicles equipped
with 15.6-inch HD screen laptops. The two modules took approximately 87 min to complete, including
a 5-min break between the Gf and Gc module.
The assessments were carried out in accordance with the Declaration of Helsinki and the
recommendations of the Ethics Committee of the University of Trier. Prior to both assessments,
participants were informed that they could terminate participation at any time and for undisclosed
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reasons. All data was anonymized and scores from the separate tests were matched using individual
codes. All participants granted their consent and received course credit for their participation.
3. Results
Analyses were run in SPSS 26.0.0.0. All participants’ data was used. The GECo scores of ten
participants could not be matched to INSBAT scores due to erroneous codes. The missing cases were
excluded listwise.
3.1. Descriptive Statistics and Correlations
Descriptive statistics and bivariate correlations between emotional and cognitive abilities scores
are presented in Table A1 (see Appendix A). Most Gf and Gc test scores were correlated at the
p < 0.01 level, demonstrating positive manifold. Fewer in number, several significant correlations
occurred amongst EI scores (ps < 0.01). Emotion recognition, understanding, and management showed
significant correlations with some cognitive test scores (ps < 0.05–0.01), while emotion regulation
showed a negative correlation with verbal fluency (p < 0.05). Thus, with an exception of the negative
correlation, scores for emotional, fluid, and crystallized abilities were mostly related as expected.
3.2. Effects of Age, Sex and Education Level
Two cognitive test scores correlated significantly with age: figural inductive reasoning (r = 0.15,
p < 0.05) and verbal fluency (r = 0.21, p < 0.01). For emotional abilities, a significant correlation between
age and emotion regulation (r = 0.15, p < 0.05) was observed.
An analysis of variance (ANOVA) revealed several significant differences between male and
female participants. More specifically, males obtained a higher score on numerical inductive reasoning
(M = 105.00) than females (M = 98.59), F(1, 186) = 5.31, p = 0.022, η2 = 0.028, and on figural inductive
reasoning males scored higher (M = 105.28) than females as well (M = 98.03), F(1, 186) = 6.47, p = 0.012,
η2 = 0.034. For EI, a marginally significant difference between sexes was found on emotion management,
F(1, 177) = 3.63, p = 0.059, η2 = 0.020. Females attained a slightly higher score (M = 0.53) than males
(M = 0.48).
When age and education level were controlled for, the differences regarding numerical inductive
reasoning, F(1, 184) = 5.33, p = 0.022, η2 = 0.028, and figural inductive reasoning, F(1, 184) = 5.42,
p = 0.021, η2 = 0.029, remained significant. Therefore, the better performance of male participants
could not be explained by age and educational achievement. In contrast, the difference regarding
emotion management became even more significant after controlling for age and education level,
F(1, 174) = 4.82, p = 0.029, η2 = 0.027.
3.3. Principal Component Analysis (PCA)
To examine the latent structure underlying the test scores, a PCA was conducted on the ten
variables measuring EI, Gf and Gc. Barlett’s test of sphericity suggested that a suitable portion of
correlations among variables is present for the analysis to yield reliable results, χ2 (45) = 232.88, p < 0.001.
On top of that, the Kaiser-Meyer-Olkin criterion (KMO) and Measures of sampling adequacy (MSA)
assessed whether appropriate proportions of correlations relative to partial correlations were present
(indicated by values approaching one). The KMO of 0.727 implied that an acceptable ratio is given
in the overall sample. Similarly, MSA reflect the ratio of correlations to partial correlations for each
variable in the set, which helps gauge its respective appropriateness for inclusion in the analysis.
The MSA for emotion regulation (0.463) was below the recommended cut-off of 0.50. This means that
emotion regulation caused diffuse correlations, and finding a reliable estimate of common variance
accountable for latent factors appeared to be limited. Removing emotion regulation from the analyses
slightly improved overall adequacy (KMO = 0.751), however, this did not gravely change the results,
but reduced the proportions of explained variance. Therefore, the subsequent PCA included emotion
regulation despite its impaired adequacy.
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Four components extracting variance portions approaching or larger than one were found,
together explaining 60.38% of variance. Because of positive manifold amongst cognitive abilities,
items were rotated using an oblique procedure. In accordance with the small sample size, the Direct
Oblimin method was employed. Items clustering on the same components suggested that component 1
represented Gf with all three respective test scores, while component 2 represented emotion regulation.
Emotion management and verbal fluency marked component 3, and finally, component 4 represented
emotion understanding, emotion recognition, general knowledge and word meaning. The pattern
matrix and portions of variances covered by the components are reported in Table 2.
Table 2. Pattern matrix 1 and variances covered by components.
Components
1

2

3

4

Emotion recognition
Emotion understanding
Emotion regulation
Emotion management
Numerical inductive reasoning
Figural inductive reasoning
Verbal deductive reasoning
General knowledge
Verbal fluency
Word meaning

−0.13
0.00
0.22
−0.02
0.66
0.79
0.71
0.38
0.28
0.24

−0.01
0.17
0.87
0.16
−0.01
−0.04
0.15
−0.09
−0.55
−0.24

0.45
−0.10
0.19
0.87
−0.10
0.09
−0.02
0.19
0.49
−0.11

−0.59
−0.78
−0.01
0.00
−0.11
−0.01
0.07
−0.43
0.14
−0.51

Extracted variance covered by
component

2.73

1.23

1.08

0.998

1

Proportion of Variance
Covered by Components
0.58
0.62
0.80
0.77
0.48
0.66
0.48
0.52
0.69
0.45

Rotation method: Direct Oblimin. Loadings >±0.70 are displayed in boldface.

The loadings of the highest loading variable on each component were high on one (from 0.71 to 0.87),
but not on a second component for emotional and fluid ability scores. This indicated that emotional
and fluid ability variables formed a strong association with but one component, which facilitated their
interpretation. This pattern was not so pronounced for crystallized abilities and emotion recognition,
where loadings ranged from 0.43 to 0.59. Emotion recognition and verbal fluency also loaded onto
both the third and fourth component. Moderate to high proportions of variance of the test scores
were covered by the four components (from 0.45 to 0.80, with a mean of M = 0.61). These parameters
signify that, despite the comparatively small sample size and issues with adequacy caused by emotion
regulation, an acceptable amount of variance could still be interpreted in terms of the extracted
components (MacCallum et al. 1999). The components were not or weakly correlated (Table 3).
Table 3. Component correlations.

1
2
3

2

3

4

−0.12

0.18
−0.03

−0.27
0.04
0.02

3.4. Structure Models
Following the examples of MacCann et al. (2014) and Evans et al. (2019), two a priori specified
structural equation models were tested for fit to the data. Model 1, the unidimensional model, tested
the hypothesis that as part of general intelligence, all subtests should load onto the latent factor g
(Figure 1). Model 2, the theoretical group factor model, examined if the test scores would load onto
their respective theoretical factor, and whether the latent factors are weakly to moderately correlated
as premised by positive manifold (Figure 2). Heeding the previously reported correlations and PCA
results, a third, adjusted group factor model was also tested (Model 3). This third model tested emotion
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recognition, emotion understanding, general knowledge, and word meaning as indicators for a latent
factor (say, Gc & EI). Emotion management and verbal fluency were tested as indicators for another
latent factor (say, EM & VF). Emotion regulation was omitted in this model because it would have been
a single indicator for a latent factor (Figure 3). For the identification of each model, the indicators with
the highest loadings found in the PCA were constrained to 1. All models were fit using SPSS AMOS
26.0.0.0 with maximum likelihood estimation. Fit indices were selected for model comparison (Akaike
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Table 4. Fit indices for the three structure models.

Model 1
Model 2
Model 3

AIC

CFI

RMSEA

SRMR

NFI

TLI

116.818
104.600
84.811

0.887
0.966
0.996

0.059
0.034
0.013

0.061
0.051
0.043

0.762
0.838
0.896

0.855
0.952
0.992

The unidimensional model indicated no agreeable fit, χ2 (35) = 56.82, p = 0.011. All Gf and Gc
scores loaded significantly onto the general factor g, whereas of EI scores emotion recognition, emotion
understanding, and emotion management attained significance (ps < 0.001). Latent g explained a
highly significant portion of variance (p < 0.001). The theoretical group factor model provided a
better fit, χ2 (32) = 38.60, p = 0.196, CFI > 0.95, RMSEA < 0.06, TLI > 0.90. All test scores for Gf
and Gc loaded significantly onto their respective latent factor. Of EI scores, emotion recognition,
emotion understanding and emotion management loaded significantly onto EI (p = 0.001). There were
significant correlations between Gf and Gc (p < 0.001), Gc and EI (p < 0.001), and Gf and EI (p = 0.001).
Latent Gf and Gc explained significant portions of variance (ps < 0.001), and so did latent EI (p = 0.008).
Finally, the adjusted group factor model resulted in the best fit of the three models, χ2 (24) = 24.34,
p = 0.442. It obtained the lowest AIC and exceeded most indices’ recommended cutoffs (CFI > 0.95,
RMSEA < 0.06, SRMR < 0.05, TLI > 0.90, and NFI ≈ 0.90,). All path coefficients and correlations
attained significance.
4. Discussion
The present study examined emotional, fluid and crystallized abilities in a young and mostly
female student sample. The obtained fluid and crystallized test scores centered mostly on the
population norm of 100 and within the standard deviation of 15, with fluid abilities scoring slightly
higher than crystallized abilities as was expected due to the young mean age of the sample. For the
GECo, no reliable norms are given as of now, yet the scores seem comparable to those reported in
Schlegel and Mortillaro (studies 1, 2, and 5 in Schlegel and Mortillaro 2019; mind, however, that the
test was still undergoing development with impact on the scoring). It was found that Gf emerged most
clearly as a distinct broad ability, while the pattern turned out more diffuse for EI and Gc. EI and
Gc were interrelated in some ways, yet distinct in others. Gf and Gc were positively associated as
has been found in multiple studies before. Meanwhile, EI related more to Gc than Gf. Furthermore,
the plainest indicator of EI appeared to be emotion recognition. Recognizing and understanding of
emotions also related the most clearly to fluid and crystallized abilities. The possible inferences about
the nature of developing higher-order, situational EI abilities are discussed and reviewed with regard
to sample characteristics.
4.1. Relations between Emotional, Fluid and Crystallized Tasks
Positive manifold was observed, yet correlations were in part smaller and fewer in number than
expected. Correlations amongst emotional ability scores occurred between emotion recognition and
emotion understanding, indicating their developmental convergence (Elfenbein and MacCann 2017).
The ability to recognize emotions was also correlated with better emotion management. In comparison,
in Schlegel and Mortillaro’s studies, emotional ability scores correlated with each other generally at
the p < 0.01 level in a student and university member sample, whose mean age was about ten years
older than the present sample (M = 32.2 years, study 5 in Schlegel and Mortillaro 2019). This is not
surprising, as Kong (2014) argued that emotional and cognitive abilities converge with age, so that
relationships between them turn out smaller when examining students compared to older samples.
Regarding relationships with other broad abilities, similar although stronger relationships between EI
and Gc are reported by several other authors (Schlegel and Mortillaro 2019; Farrelly and Austin 2007;
Pardeller et al. 2017; Rivers et al. 2012), in some cases showing that these relationships increased with age
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(Schlegel et al. 2020). In fact, the present results resemble those reported by Farrelly and Austin (2007).
Their sample characteristics were most similar to the present one (see further below), and they reported
an association of EI with Gc, but lack thereof with Gf. Presently, though EI was associated with Gf,
relations were stronger with Gc.
Regarding broad abilities, the three latent group factors and their interrelations could be replicated,
complying with the findings of MacCann et al. (2014) and Evans et al. (2019). Considering that
the adjusted group factor model (Model 3) was extremely sample specific, the improvements in fit
compared to the theoretical group factor model could be negligible. Also, the variance explanations of
Gc became diffused when split up to cluster with separate EI factors. Therefore, it seems reasonable to
evaluate the theoretical group factor model (Model 2) as the more meaningful model.
Summed up, these correlative findings as well as the explorations of the factor structure in PCA
and SEM could indicate that developing EI indeed draws from crystallized abilities. It may only be in
prospect that with increasing experience emotional abilities develop stronger statistical associations
with each other to form distinct ability EI.
4.2. The Special Case of Emotion Regulation
What is puzzling is that emotion regulation was an isolated ability. It was neither related to
emotion perception, understanding, or management, nor to crystallized abilities. It was even negatively
related to fluid abilities. Where does the ability to regulate one’s own emotions come from, if it is
indeed different from management of other people’s emotions (Elfenbein and MacCann 2017)? If it
were knowledge-related, it may be uncorrelated because of the situational task type and thus an effect of
the lack of workplace experience as assumed above. But if this were true, wouldn’t emotion regulation
be closer related to fluid abilities, as participants were supposedly dealing with novel problems?
Perhaps, thinking back to Schneider et al.’s (2016) model of integrating emotional and cognitive abilities,
emotion regulation may be a unique ability that draws from cognitive processes other than Gf and
Gc. According to Fiori and Antonakis (2012), one feature of emotion regulation is that it involves
selective attention to emotional stimuli and choice of strategies to attain regulatory goals. Elfenbein
and MacCann (2017) also discussed emotion attention regulation as an extension of the ability EI model,
contemplating the (dis)engagement processes involved in attention to emotional stimuli (Elfenbein et al. 2017).
It may be possible that regulation of attention to (internal) emotional information moderates regulatory
processes involving these emotions. For instance, Checa and Fernández-Berrocal (2019) found that in an
Iowa Gambling Task, high EI exerted a positive influence on cognitive control (which is associated with
directing attentional processes) when faced with disadvantageous outcomes. Beyond the consideration
of abilities, adaptive emotion regulation is also subject to behavior dispositions anchored in personality.
It has been demonstrated that trait EI—self-perceptions concerning emotional dispositions and behavior
(Petrides et al. 2016)—as well as the Big Five personality dimensions predicted emotion regulation
and coping styles (Peña-Sarrionandia et al. 2015). Specifically, a higher trait EI was associated
with differentiated employment of emotion regulation styles in order to reduce negative emotions
while maintaining positive ones (Mikolajczak et al. 2008; Petrides et al. 2007). Possibly, emotion
regulation from the perspective of ability EI mediates the effect of personality (such as trait EI and
neuroticism) on successful coping by promoting task-oriented approaches instead of emotion-focused
strategies (Austin et al. 2010). It was only recently that scholars attempted to review the predating
emotion regulation research within the field of EI (Joseph and Newman 2010; Mestre et al. 2016;
Peña-Sarrionandia et al. 2015; Hughes and Evans 2018). Investigating emotion regulation in light
of cognitive processes aside from emotional, fluid or crystallized abilities or associated personality
domains appears to be a highly interesting prospect to pursue in future studies.
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4.3. Impact of Sample Characteristics
Finally, the influence of the specific sample needs to be addressed. The results presented fit
existing literature; however, because the sample was homogenous in terms of demographic factors,
the following inferences are made very cautiously.
Students performed slightly better on fluid than on crystallized ability tests and thus confirming
the expectation regarding age effects. Age was correlated with one Gf subtest (figural inductive
reasoning), one Gc subtest (verbal fluency), and with one EI ability (emotion regulation), but not with
any other scores. Farrelly and Austin (2007) also reported no correlations between age and MSCEIT
scores, and their sample was similarly aged (M = 22.5 years, also university students with a similar
proportion of males and females). The low mean of age (Mestre et al. 2016), but, considering EI, also
the workplace specificity of the GECo might be responsible for this finding.
There were performance differences between males and females on fluid ability tests. A similar
result was also reported by Pardeller et al. (2017), where men performed better than women in
reasoning and processing abilities, among others. Interestingly, differences in age and education level
could not explain the present effects. Why males scored higher in some tasks needs to be explained.
In contrast, females outshone males in emotion management, which was also found by Farrelly and
Austin (2007) and MacCann (2010). The idea that females are traditionally more socialized to display
emotional competencies could explain why they attain higher scores. Possibly, emotional knowledge
is treated much differently by society from general or other types of knowledge. Males and females
may also be differentially motivated to acquire emotional knowledge (MacCann 2010). One may even
argue if crystallized abilities underlying emotional management in the workplace would be better
understood as domain-specific knowledge (Gkn), a tentatively identified ability domain within CHC
theory (McGrew 2009). However, considering the omnipresence of emotions in life, one would expect
it to be general rather than specific knowledge, although this may be liable to cultural differences.
Along with emotion regulation, there seem to be more conceptual and empirical interrelations to be
explored than just fluid and crystallized abilities.
4.4. Limitations
Assessments of abilities were rather selective with three task types for each Gf and Gc, four for EI.
With measures for just two cognitive abilities there is only limited reliability for estimating the general
factor g. Concerning the GECo, a substantial part of the tasks was presented in a situational design.
As Olderbak et al. (2019) observed, the response format could have inflated the association found
with Gc (compared to studies that employed the MSCEIT). Although MacCann (2010) results have not
shown that the response format significantly impacted the factor structure, the issue for the present
study should not be discarded if not directly contrasted with other EI tests. Using multiple measures
for ability EI and related abilities could paint a clearer picture, for instance, by comparing MSCEIT and
GECo performances controlled for workplace experience.
Regarding analysis methods, larger sample sizes and more indicators for latent variables are
needed to render component analysis and structure equation modelling more reliable. Despite high
loadings, agreeable portions of variance covered by the components, and good to excellent fit indices,
the ability structure found in this study should be tested for both stability and generalizability.
Finally, to control for possible moderators, a more diverse and balanced sample regarding age,
sexes, education levels, and even different cultural backgrounds would be more insightful into how
and in whom structures of latent ability factors are developed.
5. Conclusions
Overall, the correlational and structural results from this study fit the theoretical and empirical
literature on the relationships between emotional, fluid, and crystallized abilities, while also providing
further evidence for their unique pattern in a young student sample in their early university
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education. Ultimately, to investigate the development of workplace ability EI, its dependence
on crystallized abilities, training of EI skills and relation to age, longitudinal studies should be
employed (Navarro-Bravo et al. 2019). Future studies may test if the factor structure of EI and related
abilities is malleable by EI trainings or acquired experience, and if these truly work by constructing
knowledge-related levels of ability EI. From Hodzic et al.’s (2017) meta-analysis, workshop approaches
seem to be particularly promising. Also, Majeski et al. (2017) provide recommendations for fostering
competencies related to ability EI in higher education; for example, by course design and assignments.
However, determining which interventions match the conceptualization of ability EI in association
with Gc to develop relevant emotion skills is a grand endeavor yet to be systematically addressed.
Subsequently, examining possible convergent courses of development in line with other models of EI
(trait and mixed-model) for fostering emotional self-esteem and competent interpersonal behavior in
the face of each other’s emotions might be promising, as well (Webb et al. 2013). For EI in general,
this could emphasize the importance of its many facets in everyday life, and assess utility of each
model in the contexts it is most relevant (e.g., cognitive performance and ability EI, or mixed-model
EI’s value in organizational contexts; Van Rooy et al. 2005). This may not only help researchers to
better understand the development process of emotional abilities (or “emotional literacy”), but it may
also benefit young people to understand the developmental path to emotional functionality in their
future workplaces. In any field, knowledge-based abilities indicate expertise, and expertise requires
experience, even (or maybe especially) if they concern emotional abilities in the working world.
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Appendix A
Table A1. Means, standard deviations and correlations of emotional and cognitive ability scores.1

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.

Emotion recognition
Emotion understanding
Emotion regulation
Emotion management
Broad Gf
Broad Gc
Numerical inductive reasoning
Figural inductive reasoning
Verbal deductive reasoning
General knowledge
Verbal fluency
Word meaning

M (SD)

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

0.70 (0.10)
0.78 (0.10)
0.55 (0.12)
0.52 (0.13)
112.76 (13.01)
93.69 (10.15)
99.44 (13.10)
98.99 (13.47)
112.80 (14.92)
102.38 (15.48)
96.31 (7.15)
99.14 (12.64)

0.25 **

0.07
0.10

0.26 **
0.07
0.19 **

0.19 *
0.23 **
0.08
0.12

0.28 **
0.23 **
0.02
0.22 **
0.47 **

0.11
0.22 **
0.06
0.09
0.69 **
0.34 **

0.20 **
0.16 *
0.07
0.13
0.76 **
0.47 **
0.46 **

0.16 *
0.11
0.10
0.08
0.75 **
0.31 *
0.22 *
0.39 **

0.26 **
0.27 **
0.06
0.23 **
0.41 **
0.79 **
0.27 **
0.43 **
0.24 **

0.15 *
0.04
−0.15 *
0.22 *
0.27 **
0.52 **
0.21 **
0.30 **
0.16 *
0.24 **

0.20 *
0.15
−0.01
0.05
0.28 *
0.76 *
0.24 *
0.21 *
0.20 *
0.37 *
0.16

1

* p < 0.05, ** p < 0.01; N = 178 for variables 1.–4., N = 188 for variables 5.–12.
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Abstract
The present studies investigated the effects of personal (i.e., self-selected) music and music pre-selected
by the researcher on the induction of sadness and joy while taking into consideration the influences
of perceptual and individual factors in line with a reciprocal-feedback model (RFM). Regarding music
perception, spreading activation in the cognitive network triggered by music and the BRECVEMA (Brain
stem reflexes, Rhythmic entrainment, Evaluative conditioning, Contagion, Visual imagery, Episodic
memory, Musical expectancy, Aesthetic judgement) mechanisms underlying musical emotions were
explored using quantitative and qualitative self-reports. For individual factors, trait and ability emotional
intelligence and motives in mood regulation were controlled. Results from the pilot study (Study 1, N =
66) confirm that music chosen by participants exerts stronger effects on reported mood, and that sadness
and joy are evoked primarily by contagion and episodic memory associated with music. Study 2 (N = 149)
replicated and extended these findings. Reports of a conscious marker for spreading cognitive activation
(e.g., familiarity or engagement with the music) was higher when listening to personal music, yet also
when inducing joy. When sadness was induced, higher activation was also related to participants’ more
frequent reports of BRECVEMA mechanisms. For emotional intelligence, clarity of emotions promotes joy
while management of emotions promotes sadness. Emotion recognition impairs induction of both moods.
Motives of discharge, mental work, and solace influence inductions of sadness, and diversion influences
inductions of joy. Finally, the RFM provides a comprehensive conceptualisation of mood induction,
integrating situation, music, and listener.

Keywords
BRECVEMA framework, emotional intelligence (EI), music in mood regulation (MMR), musical mood
induction procedure (MMIP), reciprocal-feedback model (RFM)
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We listen to music for numerous reasons: we engage in musical activities, appreciate music at
work or leisure, or bond with others over preferences for specific music styles. Music can influence our daily emotions and how we express what we feel. The intriguing case of musical emotions has been subject to investigation by psychologists and music scientists alike: how can
these abstract stimuli, detached from real-life goals and rational reasoning, evoke emotions?
Musical mood induction procedures (MMIP) have been used to produce affect in listeners
(Eich, Ng, Macaulay, Percy, & Grebneva, 2007; Västfjäll, 2002), and diverse methods of studying
musical emotions have been developed (Eerola & Vuoskoski, 2013). Some focus on the underlying
mechanisms that are at work when listening to music is an emotional experience, others examine
the relevance of personal factors. For the former, the most holistic approach is provided by the
BRECVEMA framework comprising Brain stem reflexes, Rhythmic entrainment, Evaluative conditioning, Contagion, Visual imagery, Episodic memory, Musical expectancy, and Aesthetic judgement (Juslin,
2013). These mechanisms explain musical emotions by reference to early, sensory reactions as
well as slower, cognitive processes; they can be unconscious or deliberate, common or personal;
and music itself can be a primary cause of emotion or act as a substitute for it. For instance, quick
mechanisms such as contagion can induce basic emotions via the perception of emotional expression in music. Slower mechanisms, such as episodic memory, require conscious appraisal of music
and the atmosphere it creates. To date, some mechanisms have been operationalised using behavioural outputs or self-reports (Bamford & Davidson, 2019; Sakka & Juslin, 2018).
In addition to perceptual aspects of music, individual factors have been found to influence
emotion perception in music and modulate listeners’ responses. Openness to experience and
empathy are related to enjoyment of sad music, resulting in ambivalent states of both positive and
negative feelings (Taruffi, Allen, Downing, & Heaton, 2017; Taruffi & Koelsch, 2014; Vuoskoski &
Thompson, 2012). The ability to perceive emotions, a facet of emotional intelligence (EI), specifically ability EI, has been found to be related to the accurate identification of emotional expression
in music (Resnicow, Salovey, & Repp, 2004). Other studies have pinned down how emotional dispositions such as attention to or clarity of emotions (trait EI) sway induced affective states
(Fernández-Berrocal & Extremera, 2006; Gohm, 2003; Petrides & Furnham, 2003).
Another facet of emotion perception is personal preference for specific styles of music. Most
MMIP studies have utilised classical music on the premise that it engages listeners despite any
differences among individual preferences. By contrast, using personally self-selected (henceforth ‘personal’) music offers a much wider context for listeners to explore emotions in ways
that feel familiar and authentic (Carter, Wilson, Lawson, & Bulik, 1995). Indeed, listeners
employ different strategies for choosing music depending on their self-regulatory goals (van
den Tol & Edwards, 2014), and individual preferences are particularly important in music therapy, which is facilitated when therapists incorporate patients’ musical preferences in their practice (McFerran & Saarikallio, 2014).
Personal music would seem to exert stronger effects on mood than unfamiliar music preselected by the researcher. To test the prediction that the difference between the effects caused by
the two kinds of music can be explained by underlying mechanisms and individual differences, I
take a contextual point of view (Juslin, 2013) and consider three factors, music, situation, and
listener, and use the reciprocal-feedback model (RFM) proposed by Schubert, Hargreaves, and
North (2014) to consider the cognitive processes underlying emotion perception in music.
The RFM explains musical experience in terms of cognitive network activation (Schubert
et al., 2014). Affective responses result from the perception of music and situation. Schubert
and colleagues also utilise the term ‘imagination’, which spans a listener’s explicit musical
experience, operating through a previously formed cognitive network. Thus the listener’s mental representation of a certain piece of music can spread activation to other associated nodes,
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Figure 1. Musical mood induction in line with the reciprocal-feedback model (RFM; based on Schubert,
Hargreaves, & North, 2014).

which should result in a pleasurable musical experience. Extending this view, I propose that
perception should incorporate the underlying BRECVEMA mechanisms and the conscious
aspect of activation stimulating the cognitive network. In addition, factors regarding the listener could include trait and ability measures of EI, and general motives for listening to music.
Figure 1 displays the basic components of the RFM, the variables derived from it and the manipulations conducted in the two studies presented in this paper. Study 1 explored the BRECVEMA
mechanisms, whereas Study 2 additionally investigated spreading activation, emotional intelligence, and motives in mood regulation.
Both studies were carried out in accordance with the recommendations of the Ethics Committee
of the University of Trier. All participants were informed that they were taking part in a mood
induction study, that they could refuse or terminate participation at any time and for undisclosed
reasons, and that their data would remain anonymous. In addition, participants were offered the
opportunity to sign up to receive a newsletter reporting the results of each study. All participants
granted their consent, and many were interested in learning about the results.

Study 1
This study was exploratory, warranting a naturalistic approach. Participants were therefore
allowed to choose which mood to induce, joy or sadness, and which music source to use, personal
or pre-selected by the researcher. Personal music was hypothesised to lead to stronger mood
effects, indicated by stronger self-report mood ratings. BRECVEMA mechanisms were inferred
from open-ended responses to a question that asked specifically about the contributions of the
music and participants’ thoughts to their experience of either joy or sadness. The study was constructed using a 4 (repeated mood measures) x 2 (sad mood, joyful mood) x 2 (personal music,
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pre-selected music) design. A priori power calculation (.95, α = .05) for an effect size f = .25 on
the repeated mood measure suggested a sample size of 76 participants.

Method
Participants. Due to the rigid time frame for this study, only 66 participants were recruited at the
University of Trier (51 females). Mean age was 24.11 years (SD = 7.08). Sixty-three were students, most of them majoring in Psychology (n = 43), Educational Sciences (n = 6) or Sociology (n = 6). Participants earned either course credit or 5€ for their participation.
Mood measure. Mood was measured using an affect grid, a single-item scale assessing valence
and arousal on 10-point scales, with valence on the horizontal axis (1 = ‘very negative’ to 10
= ‘very positive’) and arousal on the vertical axis (1 = ‘no activation’ to 10 = ‘strong activation’). This approach originates from Russell, Weiss, and Mendelsohn (1989), and the design
was adapted from Nathanson, Rivers, Flynn, and Brackett (2016).
BRECVEMA mechanisms. Qualitative descriptions were analysed to identify underlying mechanisms as proposed by Juslin (2013). He argues that listeners may report brain stem reflexes as feelings of surprise, for example, in response to musical features such as sudden loud tones that elicit
attention and increase arousal. Listeners’ descriptions may therefore emphasise startling musical
events or those that raise goose bumps. Rhythmic entrainment may be experienced in the form of
proprioceptive feedback resulting in changes to listeners’ breathing patterns or rhythmic movement, also increasing arousal. Evaluative conditioning would occur when a song has become a
conditioned stimulus as a result of having been paired repeatedly with emotional events, so that
when the listener hears it the relevant emotion is evoked instantly. Although the listener’s
response is automatic, conscious use of conditioning can be made when listeners choose to listen
to the same song on similar occasions or pick music for specific situations. Contagion is the result
of the listener’s explicit perception of the emotions conveyed primarily by the singer’s expression
of the lyrics of a song, although listeners may also perceive melody, tempo, tonality, and even the
sound of specific instruments, as emotional. Visual imagery refers to the mental pictures conjured
up and the fantasies reported by listeners while experiencing music. Episodic memory refers to listeners’ recall, while listening to music, for events experienced in their personal life. While evaluative conditioning and contagion arise from the expressive rendition of a song or its function as a
conditioned stimulus, episodic memory evokes emotions from the listener’s past. So listeners’
descriptions are likely to mention past events associated with the music and perhaps report more
complex emotions such as nostalgia. Musical expectancy concerns listeners’ expectations of the
music such as its structure, instrumentation and style, and how these expectations are met or
violated. In the present analysis, the term was expanded to include how people expect to feel when
listening to a song. For instance, listeners may listen to music not only because of how it sounds
but also because they expect it to influence and regulate their feelings in some way. Aesthetic judgement concerns the artistic appraisal of music. Listeners may evaluate music as interesting, for
example, or beautiful, or bad. They may like a song, reporting feelings of awe or joy, or dislike it,
perhaps reporting disappointment. The qualitative exploration of BRECVEMA mechanisms identified in listeners’ descriptions is novel. Its success thus depended on the quality of listeners’ reflections as conveyed by their descriptions, as well as the coder’s interpretation of their content.
Procedure. The study took place in a laboratory with PCs in separate cubicles. Each was equipped
with circumaural headphones. When participants were recruited, they were told that they could
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bring a music file which always made them feel either happy or sad. The browser-based study
and data collection were designed and executed using the free Apache distribution XAMPP for
Windows (Apache 2.4.28, OpenSSL 1.0.21, PHP 7.1.10) in Mozilla Firefox Quantum, 58.0.2.
Upon arrival, participants were introduced to the affect grid and rated their initial mood (#1).
They were then asked to choose between joyful and sad moods and select whether they wanted to
upload the music file that they had brought to the lab, find a video on YouTube which contained
the desired track, or use the pre-selected music track for the mood they had chosen. For joyful
mood, this was ‘Miracles’ by Two Steps from Hell (Bergersen, 2014), 5:25 minutes, and for sad
mood, ‘Adagio in G Minor’ by Albinoni (Giazotto, 1958), 8:37 minutes. While the Adagio is
known to induce sadness, ‘Miracles’ was chosen for its very similar style and instrumentation,
while providing cues typically associated with positive mood (e.g., higher pitch; Västfjäll, 2002).
If participants chose to use a track from YouTube, they were asked to copy the video ID found in
the URL and paste it into the program, and the masked video frame was embedded later in the
induction phase. Participants were instructed to listen to the music for at least two minutes but
could extend the duration to 10 minutes. If their track finished playing before the timeout, they
could hit the replay button. The second mood measurement was conducted after preparation for
the mood induction (#2), and mood was measured again immediately after completing the induction (#3). Participants were then asked to reflect retrospectively on the contributions of the music
and their thoughts during mood induction. They recorded their qualitative descriptions on the
computer with a maximum of 250 characters for each description.
In the last section, participants could neutralise any remaining mood effects by entertaining
themselves with up to three ‘wimmel pictures’, that is, hidden object games depicted in a whimsical, colourful style (courtesy of the artist ‘TheDudolf ’; Dudás, 2018). The fourth and final
mood measurement was completed after this part (#4). Completion of the study took approximately 20 minutes.

Results
Moods, music sources, and induction duration. Joyful mood was selected 50 times, with 33 participants choosing personal music and 17 participants choosing the pre-selected track. Sad mood
was selected 16 times, with ten participants listening to their personal music and six listening to
the pre-selected track. Mean induction time was 4:28 minutes (SD = 2:41), ranging from 2:05 to
10:03 minutes, and there were no significant differences between moods and music sources.
Mood parameters. Repeated-measures MANOVAs examined the development of valence and
arousal across the experiment between sad and joyful moods as well as between personal and
pre-selected music. Because of violation of the sphericity assumption in analyses of valence,
χ²(5) = 24.85, p < .001, ε = .82, and arousal, χ²(5) = 96.37, p < .001, ε = .54, GreenhouseGeisser corrected results are reported.
Valence. There was a main effect over time, F(2.45, 152.11) = 6.57, p < .01, η²p = .10,
indicating that reported valence changed significantly across the four measurements. Furthermore, there was an interaction between valence and mood, F(2.45, 152.11) = 52.03, p <
.001, η²p = .46. Valence developed differently depending on whether a joyful or a sad mood
was selected. Finally, there was a significant three-way interaction between valence, mood, and
music source, F(2.45, 152.11) = 2.98, p < .05, η²p = .05. Personal music and pre-selected
music produced differences in the valence measures depending on mood selection (Figure 2,
left side).

Figure 2. Valence and arousal in Study 1. #1 start, #2 pre MMIP, #3 post MMIP, #4 end. N = 66.
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Table 1. Thematic analysis of subjective thought and music contributions regarding underlying
BRECVEMA mechanisms in Study 1.
Mechanism

n

Example

(2) rhythmic entrainment
(4) emotional contagion

7
44

(5) visual imagery

11

(6) episodic memory

24

‘Melodic, quick rhythms; simply thinking about nothing.’
‘If you attend to the lyrics of this song you eventually start
to “feel” it.’
‘The topic and its visualization are important; [. . .] allow
for music to paint pictures in your head.’
‘The song never held much meaning for me, but the
memories I associate with it are incredibly positive and
always make me feel good.’
‘The music was slow and tenacious. But because I like
classical music it was interesting rather than depressing.’
‘Today I listened to the music deliberately, wondering
whether it indeed does influence me. Thus, I didn’t attain a
positive mood as quickly as usual.’

(8) aesthetic judgement

9

unsorted

2

Total N

97

Note: Frequency > 25% in boldface. (1) brain stem reflexes, (3) evaluative conditioning, and (7) musical expectancy are
omitted because no mentions were identified.

Arousal. Arousal did not change significantly over time but differed between moods, as was
found in an interaction effect between arousal and mood selection, F(1.62, 100.33) = 6.22, p <
.01, η²p = .09. Participants who chose sad mood reported lower arousal at all times compared
to joyful participants (Figure 2, right side). To test whether initial mood parameters determined
if participants chose joy or sadness, a logistic regression examined the predictive power of both
parameters at measurement time #1. However, neither valence (B = .36, p > .05) nor arousal
(B = .14, p > .05) significantly predicted which mood was selected, Cox & Snell’s R² = .11,
model χ²(3) = 7.40, n.s.
BRECVEMA mechanisms. Zero to three mechanisms were identified per case, resulting in a total
of 97 mentioned mechanisms, with M = 1.44 (SD = .68) mechanisms per participant. Frequencies and examples are listed in Table 1. Mechanisms were not reported with equal frequency, χ²(5) = 74.16, p < .001. Those occurring most often were contagion (n = 44) and
episodic memory (n = 24), accounting for approximately 70% of all reported mechanisms. Single mechanisms were distributed similarly across personal and pre-selected music, χ²(5) =
8.81, n.s., and also across joyful and sad mood inductions, χ²(5) = 1.63, n.s.

Discussion
In Study 1, participants completed a mood induction in which they chose the mood and music
themselves. About one in four participants chose to induce a sad mood, most picked a song of
their own choice, and many reflected in detail about how music and thought contributed to
their mood. First, the results affirmed the effectiveness of personal music through stronger selfreported mood effects, especially when inducing sadness. Secondly, contagion and episodic
memory were the mechanisms most often reflected upon afterwards, and they occurred with
similar frequency across all conditions.
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Why would personal choice of music exert stronger effects on reported mood? Schubert
et al. (2014) argue that the listener’s affective experience when engaging in musical activities
is shaped by spreading activation in the cognitive network. Personal music may facilitate congruent emotions and thoughts because of its integration within the network, giving rise to
more complex and sophisticated affective experiences. In contrast, lacking personal mental representation, a pre-selected track may rather provide background noise which could even impair
affective processes. Several participants emphasised the supporting role of music in guiding
their mood, and how it did so; for example, ‘the musical characteristics influenced exactly what
I wanted to think about’, or ‘the music distracted me from my thoughts because it didn’t fit’.
In line with the transporting role of music, the most prevalent mechanism was contagion.
While the perception of characteristics of music such as melody or tempo may evoke basic feelings largely by their sensory features (e.g., slow tempo is associated with sadness; Västfjäll,
2002), lyrics and themes affect the listener and enable his or her own appraisals and interpretations, leading to visualisations, memories, and aesthetic experiences (Reybrouck & Eerola,
2017). The second most frequent mechanism, episodic memory, is characterised by a high
degree of conscious availability and may produce a wide variety of emotions (Juslin, 2013).
During mood induction, it seems plausible that contagion precedes mood-congruent mechanisms of higher complexity, leading to volitional processes such as memories and possibly to
aesthetic appraisals. Hence, mutual facilitation of underlying mechanisms may be stimulated
more by preferred, familiar songs than by pre-selected, unfamiliar music.
Limitations and prospects. The present results were, arguably, influenced by the small size and
uneven nature of the participant groups, so the study was in need of replication. While personal music seems to have the potential for evoking stronger (sad) mood, and contagion and
episodic memory mechanisms are responsible, primarily, for evoking affective responses, I
aimed to attain more insight into how personal music produces affect more effectively. In line
with the RFM, I hypothesised that music of one’s own choice evokes more cognitive activation
and facilitates access to associated affective processes, including BRECVEMA mechanisms, and
thus should facilitate mood induction. But how should spreading activation be assessed? A
starting point may be the explicit experience of musical engagement proposed by Schubert
et al. (2014) through self-report. Additionally, a more reliable qualitative analysis of descriptions to unveil BRECVEMA mechanisms requires a more systematic approach carried out by
multiple coders. Since it is problematic to determine if self-reported mood reflects actual feelings or just the mood perceived in the music, objective measures should provide further validation. Finally, participants’ motives for listening to music were assessed, and their emotional
traits and abilities were examined, so as to understand better how listeners’ characteristics
influence mood effects.

Study 2
Study 2 aimed to replicate the previous results in a larger and random sample, where participants were assigned to the conditions of joy or sadness and to whether they could choose music
themselves or were instructed to listen to a pre-selected track. It also expanded the dimensional
valence and arousal ratings by including the Positive and Negative Affect Schedule (PANAS)
adjectives in the mood measure and in a memory test to validate mood induction. Based on
memory bias, participants ought to produce more mood-congruent adjectives than incongruent
ones if mood induction was successful. This study again assessed BRECEVMA mechanisms qualitatively and aimed to identify self-reported markers for spreading activation. Trait EI, ability EI,
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and motives in mood regulation were controlled for their contributions to the effectiveness of the
MMIP. The study was constructed using a 5 (repeated mood measures) x 2 (sad mood, joyful
mood) x 2 (personal music, pre-selected music) design. A priori power calculations (.95, α = .05)
for an effect size of f = .25 on the repeated mood measure suggested a sample size of 60 or a
sample size of 144 for discovering effects on multiple mood variables after induction.

Method
Participants. Participants comprised 156 students from the University of Trier. Excluding cases
because of a technical error, data from a total sample of 149 were entered into analyses (129
females). Mean age was 21.79 years (SD = 4.04). Most students majored in Psychology (n = 74)
and Educational Sciences (n = 67), and their participation was compensated with course credit.
Mood measures and validation. As in Study 1, valence and arousal were measured repeatedly
using a 10-point affect grid. Additionally, the German version of the PANAS (Bluemke &
Breyer, 2016) was used to measure mood following induction. The 20 adjectives were also
utilised in a subsequent free recall memory test to validate mood induction (similar to Vuoskoski & Eerola, 2012).
Conscious activation. To assess a conscious marker for spreading cognitive activation (henceforth
referred to as conscious activation), six items were derived from Schubert et al.’s (2014) predictions about self-reports of mental representations. Participants were asked about the familiarity of the track (‘The music evokes a feeling of familiarity’), typicality (‘The music is typical for
the songs I usually listen to’), liking (‘I like this music’), exposure to this track or to similar songs
(‘I have listened to this kind of music many times’), engagement with the experience (‘I delve
deeply into the musical experience’), and subjective self-reference (‘The music is meaningful to
me’). Responses were given on a 5-point Likert scale from 1 (‘not at all’) to 5 (‘absolutely’).
BRECVEMA mechanisms. Mechanisms were again assessed qualitatively, with participants
describing the ways in which the music and their thoughts shaped their feelings during induction. Still following Juslin’s (2013) descriptions and, when applicable, supplementing them
with those provided by participants in the first study, three coders identified underlying mechanisms based on the following indicators: brain stem reflexes: mentions of singular musical
events, such as sudden loud tones; rhythmic entrainment: mentions of rhythm or tempo of the
track; evaluative conditioning: emphasis on association with or automatic emergence of feelings
when listening to music; contagion: mentions of perceived feelings conveyed by a music track,
and reports stressing characteristics such as melody, tone, or lyrics; episodic memory: including
the word ‘memory’, references to thinking of people or scenarios from the past or present;
visual imagery: envisioning scenes or scenarios while listening to the music; musical expectancy:
explicitly engaging in the musical experience, descriptions of listening to the track in the
expectation that it will make the participant feel a certain way (like emotional expectancy);
and aesthetic judgement: evaluating the track or the performers’ musicianship, using adjectives
indicating appreciation on an emotional or musical level, but also evaluating music as a means
of expression.
Emotional intelligence. Ability EI was assessed using the Geneva Emotional Competence Test
(GECo) in German (Schlegel & Mortillaro, 2018), providing scores for emotion recognition,
emotion understanding, regulation of own emotions, and emotion management in others. The
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60-minute online test presents multimodal and situational tasks for assessing emotional abilities in workplace contexts. For trait EI, the German version of the Trait Meta-Mood Scale
(TMMS) was administered (Otto, Döring-Seipel, Grebe, & Lantermann, 2001), measuring
attention to emotions, clarity of emotions, and mood repair with 30 items responded to on
5-point Likert scales.
Music in mood regulation. The music in mood regulation scale (MMR; Saarikallio, 2008) is a
40-item questionnaire measuring seven motives for listening to music on 5-point Likert scales:
entertainment: for enhancing a positive atmosphere; revival: for gaining energy; strong sensation:
for intense emotional experiences; diversion: for deflecting attention; discharge: for releasing
emotions; mental work: for contemplation; and solace: for attaining feelings of acceptance
through music.
Procedure. The GECo was completed online prior to the study. In the laboratory, the procedure
remained largely the same as in Study 1, except for the extended time allotted for completion of
the questionnaire and memory test. Valence and arousal were measured at the start of the study
(#1), following completion of the TMMS and MMR prior to the MMIP (#2), after the MMIP (#3),
following ratings of the PANAS, a 1-minute interval for learning the PANAS adjectives, conscious
activation items and BRECVEMA descriptions, prior to the memory test (#4), and at the end of the
study (#5). Average study completion time was approximately 30 minutes.

Results
Moods, music sources, and induction duration. In the joyful inductions, 38 participants listened to
personal music and 38 listened to a pre-selected track. In the sad inductions, 37 selected personal music and 36 were presented with the pre-selected track. Participants listened to the
music for M = 3:63 minutes (SD = 2:29), ranging from 2:02 to 10:08 minutes. Induction time
did not differ significantly between moods and music sources.
Mood parameters. Repeated-measures MANOVAs examined the development of valence and
arousal between moods and music sources. Greenhouse-Geisser corrected results are reported
because the sphericity assumption was violated in the analyses of valence, χ²(9) = 135.66, p <
.001, ε = .67, and arousal, χ²(9) = 140.52, p < .001, ε = .69.
Valence. The analysis revealed a significant main effect of valence, F(2.67, 387.22) =
13.47, p < .001, η²p = .09, indicating that valence ratings changed over time. There was also
a significant interaction of valence with mood, F(2.67, 387.22) = 42.35, p < .001, η²p =
.23. There were differences between the changes in valence ratings in sad and joyful inductions. Again, a significant three-way interaction between valence, mood, and music source was
found, F(2.67, 387.22) = 2.93, p < .05, η²p = .02. Thus valence ratings in the two moods
were significantly influenced by the music used in the induction, either personal or pre-selected
(Figure 3, left side).
Arousal. The analysis yielded a significant main effect of arousal over time, F(2.74, 397.91)
= 7.35, p < .001, η²p = .05. Again, an interaction with mood was found, F(2.74, 397.91) =
22.42, p < .001, η²p = .13. Reported arousal changed over time in different ways according to
the mood induced (Figure 3, right side).

N = 149.

Figure 3. Valence and arousal in Study 2. #1 start, #2 pre MMIP, #3 post MMIP, #4 pre memory task, #5 end.
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PANAS ratings. Mean positive and negative affect reported at #3 correlated negatively with
each other, r = –.46, p < .01. Sad participants reported more negative affect (M = 1.74) than
joyful participants (M = 1.21), F(1, 145) = 41.31, p < .001, η²p = .22. Vice versa, joyful participants reported more positive affect (M = 3.38) than sad participants (M = 2.16), F(1, 145)
= 94.94, p < .001, η²p = .40. Music source exerted a significant effect on negative affect, F(1,
145) = 5.66, p < .05, η²p = .04. Specifically, the average negative affect of those who listened
to personal music was M = 1.57, compared to listeners of pre-selected tracks, M = 1.37. Additionally for negative affect, mood interacted with music source, F(1, 145) = 12.14, p = .001,
η²p = .08. Sad inductions led to stronger negative affect when listening to personal (M = 1.97)
rather than pre-selected music (M = 1.50).
PANAS memory test. Results of MANOVA revealed a significant effect of mood for recall of
positive adjectives, F(1, 147) = 6.12, p < .05, η²p = .04, where participants in joyful conditions produced more positive adjectives (M = 4.01) than their sad counterparts (M = 3.37).
Although sad participants recalled more negative adjectives (M = 2.68) than joyful participants (M = 2.47), the difference failed to reach significance.
Conscious activation. After excluding self-reference (‘The music is meaningful to me’), the scale
showed good internal consistency, α = .86. The remaining five items were averaged to form an
index of conscious activation, with M = 3.77 (SD = .92). Significant differences were found
between activation in response to personal and pre-selected music, F(1, 145) = 74.58, p <
.001, η²p = .34, and in the two moods, F(1, 145) = 5.46, p < .05, η²p = .04, indicating that
personal music led to stronger activation (M = 4.28) than pre-selected music (M = 3.23), and
so did joyful mood (M = 3.91) compared to sad mood (M = 3.62).
BRECVEMA mechanisms. Three coders identified underlying mechanisms in the written
responses. Fleiss’ κ ranged from .01 indicating slight agreement on musical expectancy, fair
agreement on aesthetic judgement (.36), contagion (.39), and unsorted cases (.22), moderate
agreement on evaluative conditioning (.50) and episodic memory (.55), and substantial agreement on rhythmic entrainment (.74) and visual imagery (.67). If at least two coders agreed on the
occurrence of a mechanism in a description, it was entered into the analyses. The resulting
frequencies and examples are reported in Table 2. Per case, zero to four mechanisms were identified, resulting in a total of 249 mentions and an average of M = 1.64 mechanisms per participant (SD = .78). The number of mechanisms correlated with conscious activation in sad
conditions, r = .23, p < .05, but not in joyful conditions, r = .02, n.s. Some mechanisms were
mentioned more often than others, χ²(7) = 272.54, p < .001. The most prevalent ones were
again contagion (n = 96) and episodic memory (n = 68), together accounting for approximately
66% of all mentioned mechanisms. Mechanisms occurred with similar frequency across
moods, χ²(7) = 4.03, n.s., and music sources, χ²(7) = 5.50, n.s.
EI and MMR. Descriptive statistics and correlations between EI measures and motives in mood
regulation are displayed in Table 3. Additionally, attention to emotions correlated with the
number of BRECVEMA mechanisms, r = .21, p < .01, while conscious activation correlated
with the motives revival, r = .20, p < .05, strong sensation, r = .19, p <.05, and diversion, r =
.22, p < .01.
Effects on mood induction. Covariance analyses were carried out to examine the effects of perceptual and individual factors on mood induction. In a first step, separate MANOVAs for sadness
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Table 2. Thematic analysis of subjective thought and music contributions regarding underlying
BRECVEMA mechanisms in Study 2.
Mechanism

Example

n

(2) rhythmic entrainment

14

(3) evaluative conditioning

1

(4) emotional contagion

96

(5) visual imagery
(6) episodic memory
(7) musical expectancy

12
68
44

(8) aesthetic judgement

10

unsorted
Total N

4
249

‘Especially the quick rhythm, the beats and this energy boost
always provide me with a good feeling.’
‘I have listened to his song during times when I didn’t feel well,
I associate this song with very bad experiences, so it suffices to
listen to this song [to feel accordingly].’
‘Sounding out the emotion that’s conveyed in the song makes
one feel this emotion, you can quickly indulge in it.’
‘The music evoked images in my mind’s eye.’
‘This song reminds me of a wonderful and special day in my life.’
‘[A specific] mood is usually present first, and then I listen to
fitting music.’
‘As a musician I pay lots of attention to the instruments, how
they sound and especially how they are being played.’
‘Guiding my mood works best if I do it alone [without music].’

Note: Frequencies > 25% in boldface. (1) brain stem reflexes is omitted because no mentions were identified.

and joy were conducted on the mood variables measured at #3: valence and arousal ratings, as
well as mean positive and mean negative affect ratings of the PANAS, with music source as a
fixed factor. In a second step, covariates were added to examine which factors account for differences in how music source affects mood ratings. The covariates were (a) conscious activation
and the number of BRECVEMA mechanisms, (b) emotional intelligence, and (c) motives in
mood regulation.
Zero covariates. When inducing sadness, music source alone exerted significant effects on
valence, F(1, 73) = 4.61, p < .05, η²p = .06, and on mean negative affect F(1, 73) = 11.72,
p = .001, η²p = .14. After listening to personal music, valence ratings were lower (M = 4.21)
and negative affect ratings higher (M = 1.97) compared to pre-selected music (M = 5.22 for
valence and M = 1.50 for negative affect). When inducing joy, music source affected valence,
F(1, 72) = 4.59, p < .05, η²p = .06, and arousal, F(1, 72) = 6.06, p < .05, η²p = .08. Personal
music produced higher ratings for valence (M = 8.63) and for arousal (M = 7.26) in comparison to pre-selected music (M = 7.75 for valence and M = 5.97 for arousal).
Conscious activation and BRECVEMA mechanisms. In sad inductions, no effects of conscious
activation were observed. The number of BRECVEMA mechanisms affected valence, F(1, 71)
= 8.19, p < .01, η²p = .10, in such a way that more mechanisms were associated with lower
valence ratings, r = –.35, p < .01. The effect of music source on valence no longer reached
significance, but the effect on negative affect remained, F(1, 71) = 8.14, p < .01, η²p = .10. In
joyful inductions, conscious activation affected arousal, F(1, 70) = 16.65, p < .001, η²p = .19,
and positive affect, F(1, 70) = 21.77, p < .001, η²p = .24. The number of BRECVEMA mechanisms affected positive affect, F(1, 70) = 5.97, p < .05, η²p = .08. Higher conscious activation
was related to higher arousal (r = .51, p < .01) and to higher positive affect ratings (r = .16,
n.s.), and the latter was also related to more BRECVEMA mechanisms (r = .26, p < .05). No
effects of music source remained significant.

3.34 (.54)
4.06 (.48)
3.54 (.68)
.70 (.10)
.76 (.10)
.55 (.12)
.53 (.13)
4.30 (.74)
3.81 (.72)
4.22 (.57)
3.64 (.80)
3.16 (1.14)
3.76 (.73)
3.73 (.93)

.39**

2.
.36**
.39**

3.

Note: TMMS: 1-3; GECo: 4-7; MMR: 8-14; *p < .05, **p < .01.

Mood repair
Attention
Clarity
Recognition
Understanding
Regulation
Management
Entertainment
Revival
Strong Sensation
Diversion
Discharge
Mental Work
Solace

M (SD)
.03
.10
.00

4.
-.19*
.13
-.04
.32**

5.
.37**
.19*
.36**
.07
-.05

6.
.03
.10
-.03
.15
.18*
.14

7.
.13
.10
-.12
.10
.08
.11
.04

8.

Table 3. Means, standard deviations, and correlations of EI and motives in mood regulation.

.15
.11
.04
-.04
-.03
.17*
.06
.56**

9.
.04
.10
.02
.14
.18*
.08
.23*
.49**
.55**

10.
.16
.09
.05
-.05
.12
.06
.14
.47**
.67**
.59**

11.

-.20*
-.07
-.20*
.06
.12
-.02
.14
.25**
.18*
.27**
.21*

12.

.04
.16
-.11
.16
.13
.05
.13
.46**
.43**
.60**
.54**
.36**

13.

.10
.08
-.06
.00
.17*
.07
.16
.51**
.61**
.63**
.73**
.33**
.72**

14.
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Emotional intelligence. In sad inductions, emotion recognition, F(1, 64) = 3.59, p = .06 and
emotion management, F(1, 64) = 3.05, p = .09, had near-significant effects on negative affect.
Better emotion recognition ability was associated with slightly lower negative affect ratings
(r = –.19, n.s.), while better emotion management was associated with slightly higher negative affect ratings (r = .13, n.s.). Trait EI measures did not affect mood ratings. Music source
retained its effect on negative affect, F(1, 64) = 11.35, p = .001, η²p = .15, but its effect on
valence disappeared. In joyful inductions, emotion recognition exerted an effect on arousal,
F(1, 59) = 4.99, p < .05, η²p = .08, and a marginally significant effect on positive affect, F(1,
59) = 3.49, p < .07. Both were lower when recognition ability was better (r = –.22, n.s., and
r = –.20, n.s.). Emotional clarity affected arousal, F(1, 59) = 4.51, p < .05, η²p = .07, with
higher ratings in conjunction with higher reported clarity (r = .27, p < .05). No effects of
music source remained significant.
Motives in mood regulation. In sad inductions, discharge had a significant effect on valence,
F(1, 66) = 5.61, p < .05, η²p = .08, and negative affect, F(1, 66) = 4.88, p < .05, η²p = .07.
Stronger discharge was associated with lower valence (r = –.26, p < .05) and more negative
affect (r = .24, p < .05). A higher score for mental work was related to less negative affect (r =
–.03, n.s.), F(1, 66) = 5.19, p < .05, η²p = .07. Finally, solace had near-significant effects on
both valence, F(1, 66) = 3.64, p = .06, and positive affect, F(1, 66) = 3.54, p = .06. A stronger
solace motive was related to lower valence ratings (r = –.02, n.s.), but also to higher positive
affect (r = .04, n.s.). Music source still affected negative affect, F(1, 66) = 10.97, p < .01, η²p
= .14, but it no longer affected valence. In joyful inductions, diversion exerted a marginally
significant effect on mean positive affect, F(1, 65) = 3.59, p = .06, where it was associated
with more positive affect (r = .44, p < .01). The effects of music source all remained significant.

Discussion
The results of Study 1 were replicated in terms of the effectiveness of personal music for mood
induction, as well as the predominant roles of contagion and episodic memory mechanisms. In
addition, the free recall of PANAS adjectives tentatively implies validity of the MMIP, since more
positive adjectives were recalled after joyful inductions. This study aimed to find evidence for the
spreading activation principle to explain why personal music induces mood more effectively
than pre-selected music. It also explored the roles of emotional intelligence and motives in
mood regulation when listening to music.
While it was expected that conscious activation would be responsible for the increased effectiveness of personal music in all conditions, the results imply that this relationship is not that
simple. Sadness and joy may each provide different contexts not only for conscious activation,
but also for emotional intelligence and motives. Results are discussed in terms of factors that
stem from the music and its perception (activation and BRECVEMA mechanisms), factors originating from the individual (emotional intelligence and motives in mood regulation), and how
they influence inductions of sadness and joy, respectively.
Inductions of sadness. When sadness was induced, personal music was more effective, as demonstrated by its effects on valence ratings and mean negative affect. These effects can be partly
explained by the number of activated BRECVEMA mechanisms, as well as the participant’s
emotion management and discharge motive, all of which may promote effectiveness, whereas
emotion recognition ability and the mental work motive may inhibit mood induction. Solace
produced mixed results, increasing both positive and negative experience.
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For sadness, the report of more activated BRECVEMA mechanisms was related to the degree
of conscious activation. It seems plausible that widespread cognitive activation would lead to
more underlying mechanisms promoting sadness. It remains uncertain, however, whether it is
indeed activation that facilitates mechanisms (as initially hypothesised), or if consciously
reflecting about contributions of music and thoughts responsible for induction evokes a
stronger sense of activation in retrospect. This uncertainty results from the choice to use a selfreport measure to infer implicit processes.
With better emotion management, ratings for negative affect were slightly higher. A possible
explanation is that those individuals who are adept in emotion management are required to be
more sensitive to negative stimuli in their environment. Assessing negative affective information is what may enable them to select contextual strategies adequately, and a certain sensitivity may also apply to detecting affective cues in music. Regarding motives, discharge appears to
reinforce negative experience. It is also correlated negatively with mood repair and clarity of the
TMMS. Discharge via music may prove to be maladaptive because it strengthens rather than
regulates negative experience. This was also reported by Carlson et al. (2015), who found that
discharge used in self-directed affect regulation resulted in higher anxiety.
In contrast, there are factors that could inhibit sad responses to music. With better emotion
recognition, ratings of negative affect were lower. Accurate perception of emotional cues may
lead to external attributions; sad music may be perceived as sad, yet corresponding feelings may
not be internalised. Mental work exhibited a similar effect. This could be due to the listeners
keeping an analytical mindset, leading them to focus more on technical aspects of the music
rather than its affective content. Finally, solace is a motive that has a possible yet paradoxical
effect. When listeners use music to console themselves, it may lower mood valence through
contagion, yet at the same time raise positive affect by offering comfort. Ambivalent feelings
when listening to sad music are also reported by Kawakami, Furukawa, Katahira, and Okanoya
(2013), who propose that it acts as a vicarious, non-threatening agent for experiencing sad
emotions, while also providing safety and the possibility of appreciation and enjoyment.
Inductions of joy. In joyful inductions, personal music was shown to be more effective by its
effects on valence ratings, arousal ratings, and recall of more positive adjectives. Effectiveness
of personal music is explained by a higher conscious activation and a larger number of applicable BRECVEMA mechanisms. As when sadness is induced, emotion recognition ability may
reduce effectiveness. Meanwhile emotional clarity and diversion may facilitate joy.
Conscious activation has a role in joyful but not sad contexts. Schubert et al. (2014) emphasised that spreading activation should generate pleasure. The present finding that conscious
activation explains joyful but not sad inductions supports this notion. Regarding individual
factors, better emotion recognition lowered arousal and positive affect, just as it lowered negative affect in inductions of sadness. Again, external attributions could be responsible for inhibiting internalisation of perceived positive affect. Trait EI’s effects on reacting to and retaining
positive feelings have already been demonstrated in induction contexts (Fernández-Berrocal &
Extremera, 2006; Gohm, 2003), and in the present study higher emotional clarity was associated with higher arousal. This could reflect a greater, more physical engagement with the music
on a sensory level, for example with tempo or rhythm. Finally, the diversion motive appears to
facilitate positive affect, as initially proposed by Saarikallio (2008).
Limitations. The results of these studies need to be interpreted in the light of several methodological limitations. There was no proper validity check for assessing conscious activation. Even
though the internal consistency of the scale implies reliability, it could very well be that these
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items measure a latent factor that conveys mental representations rather than actual spreading
activation. Further differentiation of subsidiary constructs along the lines of familiarity, typicality, etc. may offer more insight into how to determine a marker for conscious activation.
Furthermore, some issues regarding the trustworthiness of qualitative analysis of BRECVEMA
mechanisms must be acknowledged. Relatively little detail is given as to how these mechanisms
can be assessed, especially using self-report methods. Listeners’ descriptions may not be meant
as they are understood, and analyses may be influenced by coders’ biases and subjective interpretations. This could be addressed if coders checked their interpretations of descriptions with
the listeners who provided them. The qualitative measures could be validated if more data were
collected on how listeners experience, report, or otherwise display the different mechanisms,
perhaps using physiological and/or behavioural measures. Since self-report also depends on
consciousness, qualitative analysis may not be the best way of exploring underlying mechanisms, as it ignores early responses such as brain stem reflexes and evaluative conditioning in
favour of later mechanisms that are subject to volition and verbalisation. Finally, it is not clear
whether the mood induction context imposes demand characteristics or if the same mechanisms would occur outside the laboratory. Demand characteristics may affect pre-selected
music in particular, although stronger transferability can be expected for personal music, chosen specifically for its familiar emotional influence. In short, the qualitative analyses reported
here should be regarded as a first step in an ongoing process: the more data collected using
objective as well as verbal methods, the more trustworthy future analyses will be.
Prospects. Musical experience can be remarkably personal. Even though the effects exerted by
emotional intelligence and motives in mood regulation on mood parameters were comparatively
small, there are several other traits and dispositions that might promise more insight into the
relationship between music and emotions. Potential factors include participants’ preferences for
specific styles of music; cultural or socio-economical influences on musicality; personality traits
such as neuroticism; and behaviours related to the enjoyment of sad music such as rumination
(e.g., Schubert, Halpern, Kreutz, & Garrido, 2018). They also include listeners’ awareness (or otherwise) of musical emotions; willingness to confront emotional experiences by listening to personal music; cognitive emotion regulation strategies, and even emotional dysregulation using
music. For example, in music therapy, educating patients about musical mechanisms may help
them to perceive music more clearly as a means of conveying, expressing and regulating emotions in different ways, in line with their personal preferences. They could explore their susceptibility to contagion and the memories evoked by music; how they can use appropriate music to
influence their arousal levels or produce visual imagery, while differentiating between felt and
perceived emotions. The implications of individual and perceptual factors influencing musical
experience for mental health could be investigated, their contributions in music therapy be discussed, and the RFM and its three main components could be investigated in future clinical
research to explore relevant situational, musical, and listener characteristics.

Conclusion
This article drew on different concepts to explain how music induces mood and why personal
music does it more effectively. The use of the RFM as a framework for illustrating the workings
of specific perceptual and individual factors provided the opportunity to systematically integrate the components of music, listener, and situation, with spreading activation as their tie. To
a certain degree, the RFM provides a practical conceptualisation for laboratory mood inductions, although it may also be useful in clinical applications when focussing on how the
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characteristics of listeners promote either functional or dysfunctional effects of music on their
experience. The perceptual components of the RFM, however, remain to be measured systematically. Assessment of BRECVEMA mechanisms is in its early stages, and spreading activation
in the cognitive network has so far been only a theoretical construct for explaining musical
experiences. In the present study, ability emotional intelligence and musical mood regulation
strategies were investigated together for the first time. It is also innovative in exposing differences between the ways in which perception factors and listener characteristics come together
when eliciting either sadness or joy. Still, given the strongly exploratory character of this
approach, the results are plausible, while offering incentives for further investigation. For this
purpose, the framework of an RFM, conveying factors that can either be manipulated (situation
and music) or controlled for (perception and listener), may prove useful for exploring the mechanisms underlying musical mood induction in more detail.
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Abstract
Spreading activation in the cognitive network explains why music is experienced as familiar or likable.
It might also be a premise for the emotion-inducing mechanisms of the BRECVEMA framework (Brain
stem reflexes, Rhythmic entrainment, Evaluative conditioning, Contagion, Visual imagery, Episodic
memory, Musical expectancy, Aesthetic judgment). Both perspectives constitute important aspects
of music experience and are influenced by individual differences. In two studies (n = 125 and n =
153), potential indicators for spreading activation and BRECVEMA mechanisms for single instances
of music listening were assessed with a new questionnaire. The results indicated that Typicality
of music, Liking, and attentional Engagement underlie spreading activation. The mechanisms
Evaluative conditioning and Contagion in unison (Conditioning/Contagion), as well as Visual
imagery and Episodic memory could be reliably assessed. Findings revealed that (a) Engagement,
Conditioning/Contagion, and Visual imagery increased with musical expertise; (b) spreading
activation and mechanisms were stronger when listening to self- rather than pre-selected music; (c)
sad music evoked stronger Engagement, Conditioning/Contagion, and Episodic memory when it was
self-selected; (d) spreading activation and mechanisms were associated with music empathizing and
systemizing and the emotion regulation strategy reappraisal; and finally, (e) regulating sadness with
sad music was associated with habitual suppression and stronger Conditioning/Contagion.

Keywords
music perception, spreading activation, BRECVEMA mechanisms, empathizing-systemizing, emotion
regulation

Studies have investigated the acoustic features of music and listeners’ individual traits to clarify
why music can make us emotional (Rentfrow & Gosling, 2003; Schubert et al., 2018). However,
dynamic approaches, where each listening may be experienced differently depending on the
underlying cognitive processes (Juslin et al., 2014), have become increasingly important,
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focusing on how music manages to induce such rich affective experiences (Eerola & Vuoskoski,
2013; Reybrouck & Eerola, 2017). Two theoretical perspectives have surfaced in recent years:
spreading activation is a minimalist concept that explains musical experiences with cognitive
network activation, whereas the BRECVEMA (Brain stem reflexes, Rhythmic entrainment,
Evaluative conditioning, Contagion, Visual imagery, Episodic memory, Musical expectancy,
Aesthetic judgment) framework describes diverse mechanisms underlying musical emotions.
Although they have been formulated independently from each other, they intersect at the level
of activation of mental representations. This overlap may be useful to investigate the many
facets of emotional music experience.

Spreading activation
According to the theory of spreading activation (Schubert et al., 2014), exposure to music
leads to the formation of mental representations, building associations between events, environments, or people with a specific song, a style, or even a genre of music. If music which fits
an individual’s experiences activates present mental representations, feelings of familiarity
manifest in the listener’s consciousness (Schubert et al., 2014, p. 4). The more complex the
mental representation and with some “conscious effort devoted to active processing of a given
exposure to music” (p. 5), the more activation will spread when associated music is experienced. This evokes pleasurable sensations and fosters musical preferences. As a result, people
make a habit of listening to music which sounds typical for their past experiences.
Supporting this approach, neurophysiological studies have shown that processing familiar
music recruits brain areas involved in attention, memory, and motor synchronization (Freitas
et al., 2018; Green et al., 2012; Margulis, 2014), as well as (para-)limbic and reward circuitry
areas that make listeners emotionally engaged (Pereira et al., 2011, but see also Brown et al.,
2004, for limbic activation by unfamiliar, albeit liked music). Although spreading activation processes are fast and not available to a person’s consciousness, Schubert et al. (2014) proposed that
listeners can be cognizant of the sensations evoked by spreading activation, and this is most obvious by feelings of familiarity and explicit preferences. Indeed, many studies inquired about likability and familiarity (Groarke & Hogan, 2019; Juslin et al., 2016; Sakka & Juslin, 2018), and both
have been linked to past exposure to music (Freitas et al., 2018; Mungan et al., 2019). Some studies have focused on listeners’ absorption, that is, their ability and willingness to immerse in music
(Sandstrom & Russo, 2013), and others on listeners’ elevated interest and attention (Olsen et al.,
2014; Presicce & Bailes, 2019). Hence, there is evidence about such factors available to listeners’
consciousness that potentially mark spreading activation, but their systematic investigation in the
spreading activation theory framework is scarce. With this in mind, Völker (2019) assessed perceptions adhering to spreading activation in response to music by asking listeners to rate the song’s
typicality for their listening habits, feelings of familiarity, liking, subjective exposure, and momentary
engagement. This scale exhibited good reliability (α = .86) and was associated with self-selected
(compared to music pre-selected by the experimenter) and joyful (compared to sad) music. This
confirmed Schubert et al.’s (2014) assumptions that spreading activation depends on existing
mental representations and constitutes a pleasurable experience.

The BRECVEMA framework
Music can evoke a vast range of emotions (Swaminathan & Schellenberg, 2015; Trost et al.,
2012) and activate various cortical and subcortical brain areas (Barrett & Schulkin, 2017).
Although Schubert et al. (2014) considered aesthetic experiences to be explained by spreading
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activation, the question of the role played by such a basic mechanism for complex affects such
as wonder, or paradoxical experiences such as pleasurable sadness remains open. Let us consider a different conceptual framework which explains the origins of musical emotions in more
detail and how this framework fits into spreading activation theory. Juslin (2013) explicated a
number of mechanisms responsible for an individual’s emotional reactivity to music which he
describes in the BRECVEMA framework:
(a) Brain stem reflexes are quick responses to acoustic characteristics such as surprised startles in response to loud tones;
(b) Rhythmic entrainment entails internalization of rhythmic patterns, influencing arousal
and body movements;
(c) Evaluative conditioning evokes affective experiences automatically through past repeated
pairing with emotional stimuli;
(d) Contagion addresses perceptions of emotions in music through vocals and vocalizationlike instruments and the corresponding responses in listeners;
(e) Visual imagery occurs when listeners envision emotional scenes and images to the music;
(f) Episodic memory is activated when listeners recall past events associated with music;
(g) Musical expectancy involves the violation or confirmation of expectations concerning
the music itself;
(h) Aesthetic judgment concerns the artistic evaluation of music.
Juslin (2013) postulated that the mechanisms are linked to mental representations that are
activated when attention is directed to music (pp. 240–241). Quick mechanisms rely on simple
representations, while sophisticated mechanisms involve more elaborate networks. Here, the
framework intersects with Schubert and colleagues’ (2014) spreading activation theory. For
example, familiar music facilitated visual imagery (Day & Thompson, 2019) and episodic memory (Janata, 2009). Juslin and colleagues (2014) reported that stronger familiarity was evoked
by music targeting episodic memory, while music disrupting musical expectancy was less liked.
According to Juslin and colleagues (2014, p. 606), all mechanisms potentially exert tangible
sensations, for example, sensations of goosebumps elicited by brain stem reflexes, or movement
in line with rhythmic entrainment. To date, a single-item format has been utilized to measure
the occurrence of each mechanism (MecScale; see Juslin et al., 2014, 2016). The conjoint perspective on spreading activation (exposure, familiarity, etc.) and mechanisms (evoking basic to
complex emotions) promises a dynamic perspective on phenomena resulting from musical
experiences that is based on each listener’s personal characteristics.

Individual differences in music experience
Schubert and colleagues (2014) and Juslin (2013) argue that perception of music is influenced
by individual, situational, and musical factors. Therefore, spreading activation and BRECVEMA
mechanisms should be under the influence of factors which shape mental representations (e.g.,
musical expertise) and emotional reactivity to music (e.g., cognitive styles and emotion regulation strategies). To begin with, musical training involves practice, planning, and attention in
music perception and production. Studies have shown that consistent engagement with music
is traceable in auditory and motor areas of the brain, and in connective pathways (Penhune,
2019; Saari et al., 2018). Musicians likely have more complex mental representations that can
be activated by music listening; thus, spreading activation and BRECVEMA mechanisms could
be promoted more readily in musically experienced individuals than in laypersons.
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Music can be perceived emotionally (empathizing) and analytically (systemizing). Listeners
who empathize are influenced by emotions they perceive in music, and those high in systemizing pay attention to technical aspects like the structure of a song (Kreutz et al., 2008). A listener’s inclination to empathize or systemize implies more attentive processing of music. As
both perception styles may mentally represent music to a similar extent (in terms of mental
network size), they may both relate similarly to spreading activation. Sandstrom and Russo
(2013) found that both empathizing and systemizing were associated with absorption in music.
Both styles were related to a listener’s musical proficiency (Dahary et al., 2020) and had similar
effects on intensity and diversity of musical emotions (Kantor-Martynuska & Horabik, 2015).
However, do empathizing and systemizing exert different influences on the BRECVEMA mechanisms? Empathizing may promote mechanisms that do not require large mental networks, such
as rhythmic entrainment and contagion. Bamford and Davidson (2019) found that empathy
was associated with rhythmic entrainment, which may stem from involvement of similar brain
regions such as the mirror neuron system. Empathy has also been associated with feeling
moved by sad, unfamiliar music (Eerola et al., 2016; Vuoskoski & Eerola, 2012), whereby enjoyment may stem from both contagion and compassion (Huron & Vuoskoski, 2020). In contrast,
systemizing may lean toward mechanisms which focus on music structure and evaluation,
such as musical expectancy and aesthetic judgment.
Apart from neuroplastic effects and depth of processing, music fulfills a predominant function in mood regulation (Baltazar & Saarikallio, 2016; Saarikallio & Erkkilä, 2007; Schäfer
et al., 2013; van Goethem & Sloboda, 2011). The emotion regulation strategy reappraisal was
prevalent in those who actively engage in music production or perception (Chin & Rickard,
2012) and use music for mood regulation (Saarikallio, 2008). Reappraisal focuses on reevaluating a negative situation to adjust its emotional meaning (Gross & John, 2003). Music offers a
way of attending to expression and reassessment of affective experiences, a feature which listeners incorporate in reappraisal (Saarikallio, 2008). Subduing emotional expressions and
experiences is the goal of another regulation strategy, suppression. While one would expect positive associations between reappraisal and spreading activation and BRECVEMA mechanisms,
assumptions regarding suppression may be mixed. On one hand, instructed suppression curbed
mood induction effects of music (Karreman et al., 2017), and habitual suppression exerted
negative mediating effects between musical activities and wellbeing (Chin & Rickard, 2014). On
the other hand, Randall et al. (2014) found that when in a negative mood, suppression supplemented by music produced positive effects. The effects of suppression on spreading activation
and BRECVEMA mechanisms may depend on whether an individual does not like to be influenced by musical emotions (Karreman et al., 2017) or purposively engages with music to vent
emotions that are otherwise stifled (Saarikallio & Erkkilä, 2007).

Present objectives
Hypothetical markers of spreading activation and sensations theoretically accompanying
BRECVEMA mechanisms were assessed with a newly developed questionnaire. Music was
employed as emotional stimuli (Study 1) or as emotion regulation resources following inductions of sadness (Study 2).
Study 1 investigated spreading activation and BRECVEMA mechanisms when listening to
music in a 2 (self-selected music, pre-selected music) × 2 (sad music, joyful music) design while
controlling for a listener’s empathizing and systemizing. Spreading activation was expected to correlate with BRECVEMA mechanisms, empathizing, and systemizing. Earlier BRECVEMA mechanisms were expected to relate to a listener’s empathizing and later mechanisms to systemizing.
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For reason of feasibility, the aim was to recruit at least 112 participants to detect a large effect (f =
.40) between four groups using analyses of variance on main and interaction effects.
Study 2 examined spreading activation and BRECVEMA mechanisms when listening to
music following the inductions of sadness in a 2 (congruent music, incongruent music) × 3
(reality-based induction, fiction-based induction, control group) design. The habitual use of
the emotion regulation strategies suppression and reappraisal were controlled. Listening to
music with a regulatory goal should be more attentionally engaging than a neutral context.
According to DeMarco and Friedman (2018), establishing psychological distance from a sad
event is harder for real in comparison to fictional material. Therefore, regulation following the
reality-based induction could be more effortful than after the fiction-based induction and
thereby promote spreading activation and BRECVEMA mechanisms. Reappraisal was expected
to correlate with spreading activation and BRECVEMA mechanisms. Correlations with suppression were to be explored. To perform analyses of variance on main and interaction effects
between six groups, at least 130 participants were needed to detect a large effect (f = .40).

Ethics statement
Both studies were conducted in accordance with ethical recommendations (Deutsche
Gesellschaft für Psychologie, 2018; World Medical Association, 2013). Participants were
informed prior to the experiments that they would listen to emotional music (Study 1) or view
emotional video clips (Study 2). They were briefed about their right to terminate participation
at any time without having to provide a reason. Participants provided their informed consent.
All recorded data were anonymized.

Method
Item creation
To assess spreading activation, the previously utilized five items (Völker, 2019) were expanded to
five three-item subscales. Familiarity aimed at capturing feelings of recognition and knowledge
concerning the type of music. Typicality intended to reflect how closely the song resembles someone’s listening habits. Liking focused on taste and enjoyment. Exposure measured the subjective
frequency of having listened to this kind of music, deliberately or not. Finally, engagement assessed
the listener’s momentary attention to the music. Items were phrased in accordance with Schubert
et al.’s (2014) discussion on the origins of mental representations, feelings indicating spreading
activation, and with reference to Sandstrom and Russo’s (2013) trait Absorption in Music Scale
(AIMS). The resulting 15 items are listed in Table A (Supplemental Appendix). Responses were
recorded on a Likert scale ranging from 1 (not at all) to 5 (absolutely).
Items for the BRECVEMA questionnaire were predominantly derived using the qualitative
depictions provided by participants in earlier studies (Völker, 2019), which were thematically
analyzed to reflect the theoretical descriptions provided by Juslin (2013). There is a certain risk
in employing phenomenological approaches to processes which are implicit. However, in prior
experimental designs, subjective reports using the MecScale, a single-item dichotomous scale to
assess each mechanism, matched targeted mechanisms and predicted emotional responses
(Juslin et al., 2014; Sakka & Juslin, 2018). For each mechanism, three items were drafted to
assess possible phenomena. The full list contained 24 items, which are presented in Table B
(Supplemental Appendix). Responses were assessed on a Likert scale ranging from 1 (not at all)
to 5 (absolutely).
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Study 1
Participants. A sample of 125 participants (101 females) was recruited, and the mean age was
21.80 years (SD = 3.87). With the exception of two, participants were registered as students at
the University of Trier (n = 123). Primarily expecting participants who are not musically
trained, musical expertise was controlled in broad categories by distinguishing non-trained
people from participants playing a musical instrument occasionally, and those who received
some sort of systematic training. Presently, 66 indicated they were not musicians, 31 reported
playing an instrument on occasion, and 28 stated they were amateur or professional musicians. The three levels of musical expertise were distributed evenly across conditions, χ²(6) =
3.81, p > .05. Students received course credit for participation.
Material. The pre-selected sad piece was Tomaso Albinoni’s Adagio (Giazotto, 1958), and the
pre-selected joyful piece was Two Steps from Hell’s Miracles (Bergersen, 2014). Both tracks are
classical/symphonic music that have been used in previous mood induction studies (Västfjäll,
2002; Völker, 2019). Cognitive styles were assessed with a German translation of the Music
Empathizing–Music Systemizing questionnaire (ME-MS; Kreutz et al., 2008), measuring each
style with nine items (empathizing: α = .73, systemizing: α = .76).
Procedure. The study was conducted using XAMPP for Windows (Apache 2.4.28, PHP 7.1.10)
in Mozilla Firefox Quantum (58.0.2). Up to six participants at one time were seated in separate
cubicles equipped with PCs and headphones. First, they filled in the ME-MS questionnaire. They
were then randomly assigned to a musical induction of sadness or joy. Half of the participants
were instructed to listen to the music they were presented with, and the other half was asked to
pick a song themselves. Those who selected music themselves either uploaded an audio file or
pasted a link to a YouTube video which contained the track. The self- or pre-selected audio was
embedded into the program and played automatically with a hidden interface. After 2 min, the
program provided a “next” button, or it terminated the music automatically after 10 min.
Afterward, participants filled in the spreading activation and BRECVEMA questionnaires. Participation took approximately 20 min.

Study 2
Participants. A sample of 153 university students (136 females) took part in the second study.
Only participants who were not already recruited for Study 1 were admitted. The mean age was
21.34 years (SD = 2.35). In all, 88 participants were not musicians, 44 played an instrument
on occasion, and 21 reported they were amateur or professional musicians. Participants with
differing musical expertise were distributed evenly across conditions, χ²(6) = 3.07, p > .05.
Students were compensated with course credit.
Material. Emotion regulation strategies were assessed with the German version of the Emotion
Regulation Questionnaire (ERQ; Abler & Kessler, 2009). It consists of four items assessing suppression (α = .79) and six items assessing reappraisal (α = .82).
Procedure. As Study 1, this study was executed with XAMPP in Mozilla Firefox Quantum in the
same laboratory environment. First, participants were instructed to watch a video clip. Participants in the reality-based condition viewed a 6-min clip from the documentary Last Minutes
with Oden (Rausch, 2009), showing a man attending to his dog’s euthanasia. The fiction-based
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induction entailed a similar scenario from the feature film Marley & Me (6 min; Netter et al.,
2008). The control group watched a documentary clip depicting Alaska’s wilderness, Off the
Beaten Path (5 min; Swerer, 2002; cf. DeMarco & Friedman, 2018). Subsequently, participants
were instructed to pick music they wanted to listen to via the same procedure as in Study 1.
They rated the emotions that were expressed in the song (angry, anxious, sad, disgusted, happy,
and relaxed on Likert scales from 1 = not at all to 5 = absolutely) and (except for the control
group) whether these emotions matched those expressed in the preceding video clip, thereby
coding music as congruent or incongruent. Afterward, they completed the spreading activation and BRECVEMA questionnaires and the ERQ. Participation took approximately 30 min.

Results
Analyses were run in IBM SPSS version 26. First, the total sample was used to analyze the
spreading activation and BRECVEMA mechanisms questionnaires. Factors were explored and
subscales derived, which were used to analyze differences between the levels of musical expertise, to contrast self- versus pre-selected sad and joyful music, and to evaluate impacts of cognitive styles (Study 1) and applied to emotion regulation following inductions of sadness (Study
2). The total sample consisted of 278 participants (237 females; Mage = 21.55, SDage = 3.13)
with 154 non-musicians, 75 occasional musicians, and 49 amateur or professional musicians.
Sad music was listened to 137 times (106 times self-selected), joyful music 89 times (59 times
self-selected), and the control group from Study 2 constituted 52 cases of listening to selfselected relaxing, positive music.

Factor analyses
All items used to assess indicators of spreading activation obtained excellent reliability,
Cronbach’s α = .93. The sample was suitable for factor analysis as indicated by the Kaiser–
Meyer–Olkin measure (KMO = .929), Bartlett’s test of sphericity, χ²(105) = 3064.03, p <
.001, and viable measures of sampling adequacy (MSAs) for all items (from .791 to .970).
Three factors exceeding an eigenvalue of one explained 71.30% of variance. Using varimax
rotation, items clustering on one factor were used to compute the following subscales: Factor 1,
Typicality, consisted of two items for familiarity, all items for typicality and exposure, and one
item for liking. Factor 2, Liking, consisted of the remaining items for liking and familiarity.
Factor 3, Engagement, consisted of the three engagement items. Loadings, communalities, and
eigenvalues are presented in Table 1.
For the BRECVEMA mechanisms, good internal consistency including all items was obtained,
Cronbach’s α = .89, with suitability for factor analysis—KMO = .878; Bartlett’s test of sphericity, χ²(276) = 2,561.53, p < .001; MSAs from .626 to .952. Six factors explained 60.47% of
the variance. After varimax rotation, Factor 1 consisted of the items for evaluative conditioning
and contagion, and two items each for brain stem reflexes and aesthetic judgment. The factor is
subsequently referred to as Conditioning/Contagion. Factor 2 reflected all items measuring Visual
imagery. Factor 3 represented Rhythmic entrainment supplemented by one item for musical
expectancy. Factor 4 depicted the items assessing Episodic memory. Factor 5 encompassed two
items for Aesthetic judgment including one item for brain stem reflexes. Factor 6 represented the
remaining items for Musical expectancy. Table 2 shows loadings, communalities, and eigenvalues for each factor. Subscales were computed according to this pattern. The resulting scales for
Rhythmic entrainment (α = .63), Musical expectancy (α = .43), and Aesthetic judgment (α =
.51) showed unsatisfactory internal consistencies and were excluded from further analyses.
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Table 1. Spreading Activation: Factor Loadings, Eigenvalues, and Communalities After Extraction.
Itemsa

Factors
1

Familiarity 1
Familiarity 2
Familiarity 3
Typicality 1
Typicality 2
Typicality 3
Exposure 1
Exposure 2
Exposure 3
Liking 1
Liking 2
Liking 3
Engagement 1
Engagement 2
Engagement 3
Eigenvalues

2

Communalities
3

.68
.48
.73
.85
.87
.82
.77
.77
.74
.64

7.81

.53
.72
.77

1.77

.61
.62
.68
1.11

.49
.43
.63
.79
.81
.74
.73
.74
.61
.72
.59
.80
.38
.47
.57

Note. Rotation method: Varimax. Loadings <.40 are omitted and >.70 are displayed in boldface. Factor 1 = Typicality;
Factor 2 = Liking; Factor 3 = Engagement. N = 278 (Study 1 and Study 2).
aFull items are listed in Table A (Supplemental Appendix).

Reliabilities, descriptive statistics, and correlations for the spreading activation subscales and
BRECVEMA mechanisms Conditioning/Contagion, Visual imagery, and Episodic memory are
presented in Table 3. As hypothesized, spreading activation and mechanisms were moderately
correlated.

Effects of musical expertise
Multivariate analyses of variance (MANOVA) employing Bonferroni-adjusted post hoc tests
were performed to analyze effects of musical expertise (non-musicians, occasional, amateurs
and professionals) on cognitive styles, emotion regulation, spreading activation, and BRECVEMA
mechanisms. Descriptive statistics are listed in Table 4. As expected, non-musicians systemized
less than occasional musicians (MDiff = −0.43, p = .004) and amateurs and professionals
(MDiff = −0.63, p < .001), F(2, 122) = 12.18, p < .001, η² = .166. A similar effect was
observed for Empathizing, F(2, 122) = 3.61, p = .030, η² = .056, but post hoc tests revealed
no specific significant differences. There were no effects of musical expertise on Suppression
or Reappraisal, Fs ⩽ 1.48, ps > .05. Concerning spreading activation and BRECVEMA mechanisms, results revealed that Engagement, F(2, 275) = 3.39, p = .035, η² = .008,
Conditioning/Contagion, F(2, 275) = 5.87, p = .003, η² = .041, and Visual imagery, F(2,
275) = 4.53, p = .012, η² = .032, increased with musical expertise. Post hoc tests revealed
significantly higher means for amateurs and professionals compared to non-musicians on
Engagement (MDiff = 0.34, p = .030), Conditioning/Contagion (MDiff = 0.37, p = .003), and
Visual imagery (MDiff = 0.41, p = .024). Whether participants were exposed to self- or preselected music, sad, joyful, or control group music did not yield any effects in interaction with
musical expertise, Fs ⩽ 1.47, ps > .05.
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Table 2. BRECVEMA Mechanisms: Factor Loadings, Eigenvalues, and Communalities After Extraction.
Itemsa

Factors
1

B1
B2
B3
R1
R2
R3
E1
E2
E3
C1
C2
C3
V1
V2
V3
EM1
EM2
EM3
M1
M2
M3
A1
A2
A3
Eigenvalues

2

3

Communalities
4

5

6

.66
.67
.71
.50
.75
.58
.69
.65
.58
.51
.74
.73
.68
.73
.74
.44
.46

.61
.71
.76
.79
.67
.73

.60
.43
7.44

2.04

1.60

1.26

.40
.43
1.15

.58
.62
.57
.42
.70
.60
.58
.57
.62
.37
.60
.64
.72
.67
.68
.64
.74
.69
.68
.62
.67
.53
.50
.49

1.03

Note. Rotation method: Varimax. Loadings <.40 are omitted and >.70 are displayed in boldface. Factor 1 = Conditioning/
Contagion; Factor 2 = Visual imagery; Factor 3 = Rhythmic entrainment; Factor 4 = Episodic memory; Factor 5 = Aesthetic judgment; Factor 6 = Musical expectancy. N = 278 (Study 1 and Study 2). BRECVEMA: Brain stem reflexes, Rhythmic
entrainment, Evaluative conditioning, Contagion, Visual imagery, Episodic memory, Musical expectancy, Aesthetic judgment.
aFull items are listed in Table B (Supplemental Appendix).

Study 1
Participants were exposed to either a joyful or sad mood induction using music which was selfor pre-selected. Thirty-two participants were assigned to listen to sad music of their own choice,
31 listened to pre-selected sad music, 32 listened to self-selected joyful music, and 30 were presented with pre-selected joyful music.
Descriptive statistics and correlations of spreading activation, BRECVEMA mechanisms,
Empathizing, and Systemizing are listed in Table 5. Correlations between spreading activation
and BRECVEMA mechanisms were mostly moderate, with the strongest associations found
between Engagement and Liking with Conditioning/Contagion. Partially in line with the
hypotheses, Empathizing and Systemizing were both associated with BRECVEMA mechanisms,
but only Empathizing correlated with momentary Engagement.
A MANOVA was performed to examine effects of the factors mood (joyful or sad) and selection of music (self- or pre-selected) on cognitive styles, spreading activation, and BRECVEMA
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Table 3. Reliabilities, Means, Standard Deviations, and Correlations of Spreading Activation and
BRECVEMA Mechanisms.
Measure

αa

1. Spreading activation
2. Typicality
3. Liking
4. Engagement
5. BRECVEMA
6. Conditioning/Contagion
7. Visual imagery
8. Episodic memory

.93
.95
.80
.69
.89
.87
.75
.79

M (SD)

2

3.75 (.74)
.96**
3.65 (.92)
4.17 (.78)
3.64 (.79)
3.73 (.70)
3.84 (.69)
3.48 (.95)
3.62 (1.06)

3

4

5

6

7

8

.78**
.64**

.55**
.32**
.41**

.58**
.44**
.55**
.62**

.58**
.45**
.52**
.62**
.91**

.24**
.11
.29**
.41**
.68**
.47**

.29**
.23**
.24**
.32**
.80**
.59**
.43**

Note. N = 278 (Study 1 and Study 2). BRECVEMA: Brain stem reflexes, Rhythmic entrainment, Evaluative conditioning,
Contagion, Visual imagery, Episodic memory, Musical expectancy, Aesthetic judgment.
aCronbach’s alpha.
**p < .01.

Table 4. Means and Standard Deviations of Cognitive Styles, Emotion Regulation Strategies, Spreading
Activation, and BRECVEMA Mechanisms for Different Levels of Musical Expertise.
Measure

Empathizing*,a
Systemizing***,a
Suppressionb
Reappraisalb
Typicality
Liking
Engagement*
Conditioning/Contagion**
Visual imagery*
Episodic memory

Non-musician
(na = 66,
nb = 88)

Occasional musician
(na = 31, nb = 44)

Amateur or professional
musician (na = 28,
nb = 21)

3.55 (0.59)
3.04 (0.64)
2.49 (0.82)
3.31 (0.81)
3.60 (0.85)
4.10 (0.74)
3.55 (0.74)
3.73 (0.68)
3.43 (0.96)
3.58 (1.06)

3.83 (0.58)
3.47 (0.52)
2.74 (0.75)
3.49 (0.52)
3.67 (0.94)
4.24 (0.79)
3.65 (0.91)
3.89 (0.70)
3.36 (0.96)
3.64 (1.06)

3.80 (0.49)
3.67 (0.64)
2.67 (1.04)
3.39 (0.73)
3.79 (1.09)
4.27 (0.87)
3.88 (0.71)
4.10 (0.65)
3.84 (0.83)
3.71 (1.09)

Note. Probabilities indicate significant main effects between groups. BRECVEMA: Brain stem reflexes, Rhythmic entrainment, Evaluative conditioning, Contagion, Visual imagery, Episodic memory, Musical expectancy, Aesthetic judgment.
aStudy 1 (N = 125).
bStudy 2 (N = 153).
*p < .05. **p < .01. ***p < .001.

mechanisms. Inducing either joy or sadness with self- or pre-selected music entailed no differences in Empathizing or Systemizing, Fs ⩽ 3.02, ps > .05. In line with the hypotheses, Typicality
was rated higher for self-selected than for pre-selected music (MDiff = 1.01), F(1, 121) = 49.29,
p < .001, η2p = .289, as were Liking (MDiff = 0.64), F(1,121) = 20.16, p < .001, η2p = .171, and
Engagement (MDiff = 0.29), F(1,121) = 4.00, p = .048, η2p = .032.
Furthermore, music in joyful inductions was liked more than music in sad conditions (MDiff
= 0.43), F(1, 121) = 8.98, p = .003, η2p = .069. There was an interaction effect between mood
and music concerning Engagement, F(1, 121) = 7.81, p = .006, η2p = .061. Listeners engaged
more with sad music when it was self-selected (MDiff = 0.69), F(1, 61) = 10.75, p = .002,
η2p = .150, and just slightly more with joyful music that was pre-selected (MDiff = 0.11), F < 1,
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Table 5. Study 1: Means, Standard Deviations and Correlations of Cognitive Styles, Spreading Activation,
and BRECVEMA Mechanisms.
Measure
1. Empathizing
2. Systemizing
3. Typicality
4. Liking
5. Engagement
6. Conditioning/Contagion
7. Visual imagery
8. Episodic memory

M (SD)

2

3

4

5

6

7

8

3.67 (0.58)
3.29 (0.67)
3.34 (0.94)
3.96 (0.88)
3.65 (0.83)
3.72 (0.71)
3.59 (1.02)
3.54 (1.05)

.40**

.16
.03

.12
.07
.64**

.37**
.17
.38**
.56**

.43**
.27**
.49**
.61**
.70**

.29**
.24**
.15
.41**
.48**
.52**

.43**
.30**
.22*
.31**
.38**
.56**
.47**

Note. N = 125. BRECVEMA: Brain stem reflexes, Rhythmic entrainment, Evaluative conditioning, Contagion, Visual
imagery, Episodic memory, Musical expectancy, Aesthetic judgment.
*p < .05. **p < .01.

p > .05. Regarding BRECVEMA mechanisms, there was stronger Conditioning/Contagion in
self-selected music (MDiff = 0.52), F(1, 121) = 20.57, p < .001, η2p = .145, and slightly more
Episodic memory (MDiff = 0.34), F(1,121) = 3.58, p = .061. No significant differences in
BRECVEMA mechanisms were observed between sad and joyful music, Fs ⩽ 2.87, ps > .05.
However, mood and music interacted on Conditioning/Contagion, F(1, 121) = 9.34, p = .003,
η2p = .072, and on Episodic memory, F(1, 121) = 9.26, p = .003, η2p = .071. The difference
regarding Conditioning/Contagion between self- and pre-selected music was significantly
larger for sad music (MDiff = 0.87), F(1, 61) = 32.37, p < .001, η2p = .347, than for joyful music
(MDiff = 0.17), F < 1, p > .05. Also, in sad inductions, there was more Episodic memory when
music was self-selected (MDiff = 0.89), F(1, 61) = 12.78, p = .001, η2p = .173, yet in joyful
inductions, it was lower (albeit nonsignificant) when the music was chosen by the listeners
(MDiff = −0.21), F < 1, p > .05.

Study 2
Sadness was induced by a reality- or fiction-based video clip while the control group watched a
neutral clip. Participants subsequently selected music and rated the emotions they perceived in
the song (see Table 6 for emotion ratings) and whether they were congruent or incongruent to
the previous video clip. Reality-based inductions were conducted with 49 participants, fictionbased inductions with 52 participants, and 52 participants were assigned to the neutral control
group. After watching a sad video clip, a preference for congruent music was observed (ncongruent
= 74, nincongruent = 27), χ²(1) = 21.87, p < .001. Neither the type of induction, χ²(1) < 1, p >
.05, nor the participants’ musical expertise, χ²(3) = 3.09, p > .05, had an impact on the choice
between congruent or incongruent music.
Habitual emotion regulation strategies were assessed in addition to spreading activation and
BRECVEMA mechanisms. Descriptive statistics and correlations are displayed in Table 7.
Correlations between spreading activation and BRECVEMA mechanisms were weak to strong.
While Suppression correlated neither with spreading activation nor BRECVEMA mechanisms,
Reappraisal correlated weakly with Liking, Engagement, and Conditioning/Contagion.
A MANOVA tested for effects of music (congruent, incongruent, control group) on regulation strategies, spreading activation, and BRECVEMA mechanisms. Post hoc tests were
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Table 6. Study 2: Means and Standard Deviations of Emotion Ratings Between Types of Music.
Emotion

Congruent music (n = 74)

Angry
Anxious***
Sad***
Disgusted
Happy***
Relaxed***

Incongruent music (n = 27) Control group music (n = 52)

1.54 (0.88)
2.26 (1.03)
3.95 (0.87)
1.18 (0.56)
2.15 (0.92)
2.78 (1.19)

1.52 (0.80)
1.48 (0.80)
1.89 (1.01)
1.15 (.46)
3.33 (1.07)
3.22 (1.37)

1.50 (0.90)
1.46 (0.85)
2.27 (1.29)
1.00 (.00)
3.25 (1.15)
3.81 (1.22)

Note. Probabilities indicate significant main effects between types of music, Fs(2, 150) ⩾ 10.57, ps < .001. N = 153.
***p < .001.

Table 7. Study 2: Means, Standard Deviations, and Correlations of Emotion Regulation Strategies,
Spreading Activation, and BRECVEMA Mechanisms.
Measure
1. Suppression
2. Reappraisal
3. Typicality
4. Liking
5. Engagement
6. Conditioning/Contagion
7. Visual imagery
8. Episodic memory

M (SD)

2

2.59 (0.83)
3.39 (0.73)
3.91 (0.82)
4.34 (0.63)
3.62 (0.76)
3.95 (0.69)
3.39 (0.89)
3.68 (1.07)

−.13

3

4

5

.00 −.13
−.08
.05
.17*
.18*
.60**
.31**
.28**

6
.00
.18*
.37**
.39**
.55**

7

8

.03
−.02
.06
.00
.16
.22**
.23**
.16*
.46**
.62**
.45**
.64**
.42**

Note. N = 153. BRECVEMA: Brain stem reflexes, Rhythmic entrainment, Evaluative conditioning, Contagion, Visual
imagery, Episodic memory, Musical expectancy, Aesthetic judgment.
*p < .05. **p < .01.

Bonferroni-adjusted. Reappraisal was unaffected by the type of music, F < 1, p > .05.
Suppression was higher in those who selected congruent music compared to the control group
(MDiff = 0.51, p = .002), F(2, 150) = 6.71, p = .002, η² = .082. Contradicting the hypotheses,
Typicality, Liking, and Engagement were similar for congruent, incongruent, and control
group music, Fs ⩽ 1.91, ps > .05. However, congruent music evoked stronger Conditioning/
Contagion than incongruent (MDiff = 0.38, p = .028) and control group music (MDiff = 0.40, p
= .002), F(2, 150) = 7.30, p = .001, η² = .089.

Discussion
The affective experience of music has been conceptualized as an effect of spreading activation
in the cognitive network, while the diversity of musical emotions has been ascribed to different
musical mechanisms summarized in the BRECVEMA framework. Using a newly developed
questionnaire, indicators for spreading activation and sensations that hypothetically accompany BRECVEMA mechanisms have been examined when listening to self- or pre-selected,
joyful or sad music serving as emotional stimuli, and as emotion regulation resources after
inductions of sadness. Spreading activation and BRECVEMA mechanisms were also influenced by the listeners’ musical expertise, cognitive styles, and habitual emotion regulation
strategies. The results are discussed and evaluated in line with previous research and present
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limitations. Considerations on the relevance of assessment of spreading activation and
BRECVEMA mechanisms are provided.

Dimensions of spreading activation
To measure spreading activation, items were derived to assess mental network size (exposure,
typicality), attentional engagement, and hypothesized feelings resulting from this phenomenon (familiarity, liking). Items that clustered to a single factor assessed whether the type of
music has been listened to on a regular basis, was well known, and resembled one’s musical
preferences. This factor was termed Typicality. The second factor, Liking, summarized positive
feelings experienced with network activation, whereas Engagement indicated the degree of
conscious effort put into attending to the music. All three exhibited moderate to strong associations with each other and were more prevalent in self- compared to pre-selected music. This
finding confirmed theoretical assumptions (Schubert et al., 2014) and previous results (Völker,
2019). In fact, self-selection was more impactful than hypothesized, given that in Study 2,
where all music was chosen by participants, there were no differences in spreading activation
between congruent or incongruent music to regulate sadness or relaxing music in a neutral
mood. Listeners may primarily rely on familiarity when selecting a song (Groarke & Hogan,
2019; Olsen et al., 2014), irrespective of regulatory goals or the valence of the music.
Engagement was also associated with musical expertise, empathizing, and habitual reappraisal, making it the dimension of spreading activation which was most influenced by individual differences. Concerning its associations with BRECVEMA mechanisms, these results
confirm Juslin’s (2013) assumption that attention would be a crucial factor for music to trigger
mechanisms (p. 241), and thus plays an important role in experiencing complex musical emotions. Therefore, attentional engagement with music may be the most important factor to
bridge the conceptual gap between the basic spreading activation mechanism and the elaborate
ones proposed by Juslin (2013). Imagine that even unfamiliar music, with no mental representation, may still evoke sophisticated emotional responses if a listener is engaged (Brown et al.,
2004; Trost et al., 2012). Authors have already expressed that purposeful listening may be
essential for the intensity of generated imagery (Schubert et al., 2018) and emotional responses
to music (Kantor-Martynuska & Horabik, 2015; Olsen et al., 2014; Sandstrom & Russo, 2013).
Conversely, complex emotions are less likely to be evoked when the music is not attended to,
even if it is liked and typical for one’s preferences. Whether momentary engagement systematically fosters BRECVEMA mechanisms when experiencing familiar or unfamiliar music remains
a question for future studies.

Assessing BRECVEMA mechanisms
Items were drafted for all BRECVEMA mechanisms under the premise that each expressed perceivable sensations despite the palpable issue that conscious access is less likely for earlier mechanisms. As a result, just two of the more voluntary mechanisms, visual imagery and episodic
memory, could be assessed. Another issue became apparent with evaluative conditioning and
contagion. Some mechanisms may not only co-occur, the sensations exerted by them may also
be remarkably similar. Considering the phrasings of the items (mood is influenced by the lyrics
and themes, causing bodily feelings, etc.), the factor may reflect contagion better than evaluative conditioning. Their coincidence may also be an effect of the prevalence of self-selected
music. Evaluative conditioning relies on preexisting associations of specific music with affective
experiences, whereas this is not required for contagion (Juslin, 2013). To better distinguish
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evaluative conditioning from contagion, future research could utilize unfamiliar music to
which a listener is not emotionally conditioned (e.g., music that is not associated with joyful
events because of past experiences), but that may still evoke a response by contagion (by being
perceived as sounding joyful).

Individual differences
Stronger conditioning/contagion and visual imagery were associated with musical expertise.
This is not surprising, as musically trained participants were observed to be more sensitive than
non-musicians in perceiving emotional cues in music (Vieillard et al., 2012). Taruffi and
Küssner (2019) reviewed that imagery was consistently related to musical practice and likely
plays an important role in musical learning.
Both empathizing and systemizing were related to BRECVEMA mechanisms. This is in line
with the finding that both styles promote emotional responses to music (Kantor-Martynuska &
Horabik, 2015). It was initially hypothesized that empathizing may foster faster mechanisms
such as contagion, whereas systemizing could favor mechanisms like musical expectancy. Since
not all mechanisms could be reliably assessed, this could not be investigated here in a satisfactory way. Examining the interplay of cognitive styles and mechanisms in more detail thus
remains a task for future research. However, given that both styles indicate deeper processing
of music, their associations with Conditioning/Contagion, Visual imagery, and Episodic memory fit the assumption that these mechanisms benefit from greater attentive listening.
Listeners demonstrated greater readiness to engage with sad music they selected themselves, resulting in stronger Conditioning/Contagion and Episodic memory. Janata (2009)
emphasized the memory-evoking potential of familiar music, and Pereira et al. (2011) found
that music emotionally engages listeners more if it is familiar, as was illustrated by recruitment of limbic areas and the reward circuitry of the brain. The results also correspond to
Taruffi et al.’s (2017) findings on music-induced mind-wandering: Listeners of sad music
focused more on self-referential thoughts (e.g., by thinking about the past), whereas the music
itself was more attended to if it sounded happy. Furthermore, participants preferred congruent music after inductions of sadness, which confirms that listeners are drawn toward music
which reflects the mood of a present situation (Hunter et al., 2011; Thoma et al., 2012).
Interestingly, those who chose congruent music also scored higher on habitual suppression. In
contrast, greater willingness to emotionally engage with music to regulate mood appears
more prominent in those who reappraise, as habitual reappraisal was associated with
Engagement, Liking, and Conditioning/Contagion. Saarikallio (2008) found that reappraisal
was related to several motives for using music in mood regulation (e.g., listening to music for
revival or to strengthen sensations), but suppression was not (with one exception being, in
fact, the motive of experiencing less sensation). This is in line with the lack of significant correlations between suppression and spreading activation or BRECVEMA mechanisms. For
habitual suppressors, music may be a passive expedient for emotional expression and used less
for self-referential regulation, possibly with suboptimal consequences on wellbeing (Chin &
Rickard, 2014). Differences in regulatory goals between those who reappraise or suppress and
resulting effects on music perception should be further explored.

Limitations
The markers chosen to reflect spreading activation focused on musical nodes of the mental
network. Additional options include enquiries about contextual and sociocultural aspects
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(e.g., culture-dependent daily presence of music, status of music in the family). Concerning
the BRECVEMA framework, the present items were derived using qualitative findings collected
in previous studies (Völker, 2019) and theoretical and methodological references (Juslin,
2013; Juslin et al., 2016). While the approach is more naturalistic and lexically richer, there
are also important concerns with validity. The content of the items may diverge from the theoretically grounded perspective and blend rather than distinguish between single mechanisms.
This is likely to be the reason why not all items used to measure each mechanism produced
separate factors, and that the consistency between items was reduced for several mechanisms.
Researchers and participants may each have differing beliefs of what, for example, musical
expectancy should entail. The musical expectancy about how a song progresses structurewise (Juslin, 2013) should be separated from how music is expected to satisfy emotional needs
(also considered “appraisal”; see Juslin et al., 2014, 2016). Juslin and his colleagues (2014,
2016) utilized experimental approaches which targeted specific mechanisms to produce
immediate effects in listeners, while additional self-report was used as a manipulation check.
Phenomenological descriptions may be collected while evoking single mechanisms. This
would be useful to modify the questionnaire by improving the content validity of the items and
the internal consistencies of each scale.
Sad and self-selected music was prevalent over joyful and pre-selected songs. Future studies
may aim for a balance between positive and negative emotions displayed in music. They could
also incorporate more pre-selected music that may not be as mentally represented as selfselected music. Personal goals (van den Tol & Edwards, 2015) and musical preferences
(Greenberg et al., 2015) have not been examined. Moreover, participants with no musical
expertise outnumbered musically trained participants. More objective criteria concerning
musical expertise (e.g., Chin et al., 2018) or requiring participants to disclose details on their
musical training are recommended for future research.

Conclusion
Spreading activation and BRECVEMA mechanisms are just two concepts which have come
under investigation fairly recently. Different empirical approaches need to further establish
them in practice and affirm their validity, such as objective and subjective indicators of emotions perceived and experienced in response to music (Schubert, 2007). Musical emotions have
also been met with interest from neurophysiologists (Brattico et al., 2011; Taruffi et al., 2017;
Trost et al., 2012): experiences of spreading activation (similar to fMRI-mapping on mindwandering; Taruffi et al., 2017) and BRECVEMA mechanisms (by targeting specific mechanisms; Juslin et al., 2014) could be examined for differing patterns of neural activation. The
present studies show that musical expertise, cognitive style (empathizing, systemizing), and
regulation strategies (suppression, reappraisal) impact the minimalist explanation offered by
spreading activation and the complex set of mechanisms underlying the richness of musical
emotions. Spreading activation and BRECVEMA mechanisms in conjunction provide a framework suitable to incorporate individual and contextual differences influencing what we experience when we listen to music.
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APPENDIX TO ARTICLE 3: QUESTIONNAIRES
Instructions
The following instructions were provided for the combined questionnaires assessing
spreading activation and BRECVEMA mechanisms.

German (original)
“Im Folgenden findest du Fragen zu den Eigenschaften der Musik, die du gehört
hast, und zu deinem musikalischen Erleben. Bitte lies dir jede Aussage durch und gib an,
ob du ihr widersprichst oder zustimmst. Es gibt keine falschen oder richtigen Antworten;
überlege bitte deshalb nicht lange, sondern kreuze diejenige Antwort an, die den Grad
deiner Zustimmung am besten ausdrückt.”

English (translation)
“In the following, you will find questions about the characteristics of the music you
have just listened to and your experience thereof. Please read each sentence carefully and
indicate whether you agree or not. There are no right or wrong answers; please do not
spend too much time thinking about your response, simply select the response which best
expresses your level of agreement.”

Scale
Responses were collected on a 5-point Likert scale ranging from 1 (überhaupt nicht; not at
all) to 5 (absolut; absolutely).
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Items
Table A
Subscales and items measuring spreading activation.
Subscale1 (original2)

German (original)

English (translation)

T (familiarity 1)

Diese Art von Musik ist mir wohl
bekannt.

This kind of music is very familiar
to me.

T (familiarity 3)

Ich kenne mich mit dieser Art Musik gut aus.

I know a lot about this kind of music.

T (typicality 1)

Der Song ähnelt der Musik, die ich
regelmäßig höre.

This song is similar to the music I
listen to regularly.

T (typicality 2)

Die Musik ist typisch für das, was
ich auch sonst höre.

This song is typical for the music I
usually listen to.

T (typicality 3)

Der Song ist charakteristisch für
meine Hörgewohnheiten.

This song is representative of my
listening habits

T (exposure 1)

Solche Musik habe ich mir schon
häufig angehört.

I have listened to such music frequently.

T (exposure 2)

Ich setze mich mit dieser Art von
Musik regelmäßig auseinander.

I look into this kind of music regularly.

T (exposure 3)

Mit dieser Art von Musik war ich
bereits öfter konfrontiert.

I have often been exposed to this
kind of music.

T (liking 1)

Die Musik entspricht meinem Geschmack.

This music corresponds to my
taste.

L (familiarity 2)

Die Musik erzeugt ein Gefühl von
Vertrautheit.

This music gives me a feeling of familiarity.

L (liking 2)

Ich erfreue mich an dieser Musik.

This music delights me.

L (liking 3)

Die Musik gefällt mir.

I like this music.

E (engagement 1)

Diese Musik fordert meine ganze
Aufmerksamkeit.

This music demands my full attention.

E (engagement 2)

Das Hören der Musik vereinnahmt
mich.

This music makes me get immersed in listening.

E (engagement 3)

Ich lasse mich bei dieser Musik
ganz auf das Hörerlebnis ein.

I allow myself to be fully involved
in the experience while listening to
this music

Notes. T = Typicality, L = Liking, E = Engagement.
1

Based on factor analysis; 2initially derived using Schubert et al.’s (2014) terminology.
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Table B
Subscales and items measuring BRECVEMA mechanisms.
Subscale

German (original)

English (translation)

B1

Beim Hören dieses Songs breitet sich
ein bestimmtes Gefühl in meinem
Körper aus.

A certain feeling spreads through my
body while listening to this song.

B2

Es gibt einzelne Momente in dem
Song, die mir unwillkürlich Gänsehaut
bereiten.

There are certain moments in the
song that spontaneously give me
goose bumps.

B3

Manche Momente in dem Song rütteln mich wach (z.B. plötzliche laute
Töne).

Certain parts of the song are jolting
(or jarring) to me (e.g. unexpected
loud noises).

R1

Das Tempo der Musik passt zu meinen Gefühlen.

The tempo of the music matches my
feelings.

R2

Ich bewege mich (auch unbewusst)
zum Takt der Musik.

I (automatically) move to the beat of
the music.

R3

Ich fühle mich in den Rhythmus der
Musik ein.

I tune in to the rhythm of the music.

E1

Ich muss nur die ersten Töne des
Songs hören, um emotional zu werden.

I only need to hear the first few notes
of this song to become emotional.

E2

Sobald der Song startet, fühle ich etwas Bestimmtes beim Zuhören.

As soon as the song starts, I feel
something special while listening.

E3

Ich kenne den Song so gut, dass er direkt Gefühle in mir auslöst.

I know this song so well it immediately evokes feelings within me.

C1

Die Texte bzw. Themen übertragen
sich auf meine Stimmung

My mood is influenced by the lyrics
and themes.

C2

Ich höre Emotionen in der Musik.

I hear emotions in the music.

C3

Die bloße Musik intensiviert meine
Gefühle.

The music alone intensifies my feelings.

V1

Beim Hören dieser Musik tauchen vor
meinem inneren Auge Bilder auf.

When listening to the music, images
appear in my mind’s eye.

V2

Bei dieser Musik spielen sich fantastische Szenen in meinem Kopf ab.

In my mind, there are fantastic scenes
playing out to this music.

V3

Ich visualisiere die Musik innerlich.

I visualise the music.

EM1

Ich verbinde die Musik mit emotionalen Erinnerungen.

I associate this music with emotional
memories.

EM2

Ich denke bei dieser Musik an vergangene emotionale Situationen.

I think about past emotional situations when listening to this music.

EM3

Die Musik löst Gedanken an bestimmte Personen aus.

The music has me thinking about certain people.

M1

Musik hören ist für mich mit einem
bestimmten Zweck verbunden.

For me, listening to music is tied to a
specific purpose.

M2

Die Musik erfüllt meine Erwartungen.

The music fulfils my expectations.
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Subscale

German (original)

English (translation)

M3

Ich passe die Musik, die ich höre, immer an meine aktuelle Stimmung an.

I match the music I listen to with my
current mood.

A1

Durch Musik kann ich mich und
meine Gefühle ausdrücken.

I can express myself and my feelings
with music.

A2

Die Musik zu hören ist ein facettenreiches Erlebnis.

Listening to music is a manifold experience.

A3

Ich bewerte die Musik auf künstlerische Weise.

I judge the music artistically.

Note. B = Brain stem reflexes, R = Rhythmic entrainment, E = Evaluative conditioning, C
= Contagion, V = Visual imagery, EM = Episodic memory, M = Musical expectancy, A =
Aesthetic judgement.
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