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Abstract  

Involuntary musical imagery (INMI) refers to a conscious experience of music that is 
unbidden by the subject. Often this experience consists of the repetition of a short 
musical fragment of melodic, popular music. This dissertation focuses on INMI, which 
emerged as a research topic in the early 2000s among a small community of general 
and music psychologists, neuroscientists and musicologists distributed around the 
world. The work consists of a review encompassing all directly relevant internationally 
published research in the area, as well as reflections on author’s empirical research.  

The review of 38 qualifying studies identifies six distinct research themes, 
three major themes and three less frequently investigated themes of INMI research. 
The major themes concern methodology, phenomenology and the dynamics of INMI, whereas 
the marginal themes consider how mental disorders, general cognition, and musical structure 
each relate to INMI. The findings answer many questions of public and scientific 
interest. For instance, what is normal in terms of INMI frequencies, duration and 
content; which factors influence INMI onset; and how effective different coping 
strategies are in preventing or suppressing INMI. 

The main outcomes of this study are five arguments concerning INMI. The 
first is that INMI is a universal, common feature of musicality among people. The 
second is that the musical behaviors of performing and listening mediate INMI 
phenomenology. Thirdly, INMI is distinguished from involuntary semantic memories 
by repetition and because people are usually aware of triggers and stimuli preceding 
INMI. The fourth claim is that people’s awareness of INMI leads them to take action 
to avoid or displace it. The final argument is that INMI resembles voluntary musical 
imagery experiences.  

Overall, I present INMI as a phenomenon for which nearly fifty studies have 
produced consistent results in just over ten years. Although the populations under 
study show an unfavorable bias towards Western, educated informants, the evidence 
indicates a universal psychological phenomenon, the function of which we do not yet 
understand. To clarify the theory, I describe a proposal called a conscious threshold 
model, which uses memory activations to explain the onset of INMI. 



 

 

Tiivistelmä 

 “Musiikin päässäsoiminen” ja “korvamato” ovat kansanomaisia ilmaisuja ilmiölle, jossa 
henkilö kuvittelee tahtomattaan musiikkia. Tässä psykologisessa tutkielmassa ilmiötä 
käsitellään otsikolla tahdosta riippumaton musiikinkuvittelu. Tämä määritelmä asettaa 
päässäsoimisen samalle linjalle tietoisen musiikin kuvittelun kanssa, jota on tutkittu 
musiikkipsykologiassa useita vuosikymmeniä. Päässäsoimisen tutkimus sen sijaan 
käynnistyi kognitiivisen psykologian viitekehyksessä vasta 2000-luvulla. 

Tämä väitöskirja kokoaa yhteen kaiken päässäsoimisesta tehdyn tieteellisen 
tutkimuksen. Sen painopisteenä ovat 2000-luvun empiiriset ja analyyttiset julkaisut. 
Tutkielma pohjautuu myös kirjoittajan omaan tutkimukseen, mutta käsittelee sitä vain 
osana noin neljästäkymmenestä kansainvälisestä julkaisusta koostuvaa alan 
kansainvälistä kirjallisuutta. Kirjallisuuskatsauksen lisäksi työssä pohditaan suoritettujen 
tutkimusten validiteettia, yhteismitallisuutta sekä tulevaisuuden tutkimuskysymyksiä. 

Väitöksessä vastataan useisiin suurta yleisöä kiinnostaviin, aihetta koskeviin 
kysymyksiin: esimerkiksi siihen miten yleistä päässäsoiminen on, miten se yleensä 
ilmentyy ja millaiset tekijät vaikuttavat siihen. Lisäksi käsitellään kysymystä 
päässäsoimisen hillitsemisestä sekä pysäyttämisestä. Näihin esitetään vaihtoehtoisia 
ratkaisuja. 

Väitöstutkimuksesta nousee useita väitteitä ilmiön luonteeseen liittyen. 
Väitteet keskittyvät erityisesti päässäsoimiseen muisti-ilmiönä, jonka toimintaan 
vaikuttaa ihmisen jatkuva tiedostettu ja tiedostamaton informaation käsittely. 
Keskeinen väite on, että musiikin päässäsoiminen on ihmisen tiedonkäsittelyn 
yleismaailmallinen piirre, jota ei voida erottaa muusta musiikillisesta tiedonkäsittelystä. 
Tämä ainutlaatuinen muisti-ilmiö poikkeaa muista tahdosta riippumattoman muistin 
lajeista. Ilmiö on havaittavissa myös monien ihmisten arkielämässä, vaikka siihen 
useimmiten kiinnitetään huomiota vain satunnaisesti, erityisesti ilmiön pitkittyessä tai 
sisältäessä ei-toivottua musiikkia. 

Alan tutkimus on vasta alussa, mutta tässä väitöksessä esitettävien havaintojen 
perusteella sitä voidaan pitää luotettavana ja lupaavana lisänä muistin, 
musiikkikognition sekä tietoisuuden tutkimuksen kenttään. 

 



 

I was never liking 

melodies, because a 

melody is like a worm 

in your head.  

You hear this melody 

and the whole day it 

rattles in your head 

- Conrad Schnitzler in  

Kraftwerk and the Electronic Revolution 



 

 

 



 

 

Preface 

It all began in 2003. I lay awake in my bed thinking about my ongoing Bachelor’s thesis 
concerning bounded rationality. It was not going very well. I was in need of something 
more tangible, a more fascinating topic to continue my seminar in the spring term.  

Suddenly a thought embedded somewhere behind my consciousness emerged. Music, a 
tune, a melody. They came and went in my mind so often. How would that be for a 
topic? Surely someone must have studied this issue. It felt so obvious and common 
that I was sure there must be a literature that I could simply review for my spring 
seminar work and wrap up as my Bachelor’s thesis later on!  

If it only it had so. In fact, it turned out to be a ghost hunt. For two or three years I 
followed trails of evidence of this musical issue, but found very little. Luckily, I quickly 
realized that I could focus my Bachelor’s on voluntary musical imagery, and got that 
off my chest in 2004. But the music was still with me. 

Over time I have come to appreciate the saying that the absence of evidence is not 
evidence of absence. I spent several years of my journey into involuntary musical 
imagery just trying to figure out if there really was anything to find. I ended up being 
slightly wrong, but for the most part I just learned induction the hard way. 

Part of the initial excitement about the topic was motivated by methodological 
anarchism. I recall discussions from 2006 with Dr. Pauli Brattico, who insisted that 
phenomena such as this could not be scientifically investigated, all the while regarding 
systematically produced audible language as reliable data. Although proving him wrong 
was hardly motivating enough to span the whole timeline of this research, it did 
stimulate me enough to carry out the 2007 experiment. It turned out to be a major 
success, which laid out much of the foundations for this work and continued for 
almost a decade. 

At the time of writing, it is 2017. I realize that much has happened in the past ten 
years. I have played a visible part in starting a small cascade of a new type of 
psychological research. In fact, I am much to blame if this line of work is still 
systematically called “involuntary musical imagery research” in the future. All of this 
has been the product of a systematic inquiry and self-motivated efforts to advance the 



 

 

understanding of how the human mind works. Much has happened, but I still feel we 
know very little. 

I have defended my wording for the phenomenon in some original publications, but I 
claim no credit for this. In fact I attribute it to the late neurologist Oliver Sacks who 
used the term in his 2007 book Musicophilia. The following year I was pondering several 
options that had already been suggested in the (unpublished) literature, and I 
converged on involuntary musical imagery as the title for my ICMPC conference talk in 
August 2008 in Sapporo, Japan. From then on, I have used the term INMI as my 
preferred abbreviation for the topic.  

Since 2008, this expedition into music psychology frontiers has brought many 
serendipitous encounters with strangers whom I now call friends. The most notable 
contributors are acknowledged in the following chapter. Although time and incidences 
have once more taken me further from the realm of the music psychology research 
community, I still feel very much at home when I meet people working in the domain.  

For me, this writing represents a recap of what the global community has learned 
about this topic over the past ten years. Despite what the research reviewed for this 
dissertation says, I personally hope to find closure to this scientific obsession through 
this intervention. Nowadays, I am personally most concerned if the repertoire of my 
inner jukebox shifts away from my own preferred soundtracks. This happens every 
now and then. I wholeheartedly take in the percussions from intentional and intensive 
exposure to music. During the months of preparing this thesis in 2017, I enjoyed a few 
episodes of musically preparing myself to attend personally significant live music 
events by intensively listening to both CMX and Ultra Bra. In response, it took me 
literally weeks to rid myself of earworms resulting from the combination of live music.  
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Oooh no one knows 

the way I dance to the 

beat that I can hear 

It delivers me from all 

there is to fear 

- Amando Easton 
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1 Introduction 

Conscious thoughts are a lucrative but challenging topic for empirically-oriented 
mainstream psychology. Trying not to think of a white bear can quickly create a 
compelling and ironic image of the character in our minds. Conscious phenomena in 
general do not seem to be very tangible objects of psychological science. In fact they 
are difficult to study, particularly in vivo.  

This dissertation looks into a topic colloquially known as the earworm, formally called 
involuntary musical imagery (INMI), from the perspective of cognitive science in 
general, and music psychology in particular. It is based on empirical, primary research 
carried out between 2007 and 2014 and its results have been documented in several 
international, peer-reviewed journal publications and conference proceedings 
(Liikkanen, 2008, 2009, 2012, 2012a, 2012b, 2012c; Liikkanen & Raaska, 2013; 
Liikkanen, Toivanen, & Jakubowski, 2015; Williamson, Liikkanen, Jakubowski, & 
Stewart, 2014). The empirical research is incorporated into this dissertation via a state-
of-the-art review of all relevant literature published to date. Each review section also 
includes a self-assessment of how primary research has helped to contribute to the 
state of the art in each theme. Otherwise, the dissertation deals with my previous 
research and all other literature equally. Together, this evidence derives a few claims 
about the nature of the phenomenon, presented in the final chapter as the 
contributions of this dissertation. 

The literature is explored in two parts. This Introduction includes a short historical 
section on the psychodynamic framework, and the perspectives from psychiatry and 
clinical psychology from the 1950s to the early 2000s. The Introduction is followed by 
a comprehensive literature review chapter (2), which covers the contemporary period 
of experimental music psychology and musicology research from 2000 onwards. The 
themes, findings of, and future directions for the contemporary research literature are 
summarized and critically reflected on in Chapter 3. The concluding chapter, Chapter 
4, discusses the progress of the domain on a high level and contains my assessment of 
the impact and contributions of the primary research. 
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1.1 Essential concepts 

Mental imagery (Finke, 1989; Kosslyn, 1980) is a domain of psychological research that 
covers the full spectrum of all sensory experiences relived in our mind without the 
need for an associated external stimulation. Although this term strongly and incorrectly 
implies visual imagery, auditory and olfactory “images” are also common forms of 
mental imagery (Godøy & Jørgensen, 2001; Halpern & Zatorre, 1999; Zatorre, 
Halpern, Perry, Meyer, & Evans, 1996), even when involuntary (Hyman et al., 2015; 
Liikkanen, 2012c). 

The research on mental imagery has mostly focused on what could be called 
volitional or voluntary imagery. Mental imagery is a natural cognitive strategy in several 
tasks. For instance, when one is requested to describe one’s kitchen layout and 
equipment, one usually uses visual mental imagery to carry out the task. Although the 
majority of research work was initially carried out in relation to visual (declarative) and 
episodic mental imagery, studies related to auditory imagery and music soon began to 
emerge in cognitive psychology (Intons-Peterson, 1992). Halpern conducted the 
seminal works in musical imagery in the 1980s (Halpern, 1988a, 1988c, 1988e). She 
convincingly demonstrated that behavioral correlates consistent with the existence of a 
mental musical image could be found and manipulated for study. Since the proof of 
concept for the study of musical imagery was provided, the topic was quickly included 
in cognitive neuroscience research.  

The first studies of this kind (Halpern & Zatorre, 1999; Zatorre et al., 1996) produced 
evidence that in the neural substrates, brain activation during imagined and perceived 
music was noticeably similar. Consequently, in just ten years, musical imagery became a 
valid research subject along with other auditory imagery areas (Hubbard, 2010; 
Reisberg, 1992).  

This study focuses on a special variant of musical imagery. It describes involuntary 
musical imagery as an occurrence of often repeated musical imagery without the 
conscious effort of an individual (see Williams, 2015 for alternative definitions). This 
definition suffices for peering into the short but broad history of the topic in 
psychological research. From here on I will use the acronym INMI for involuntary 
musical imagery.  
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The psychological literature discusses phenomena with features similar to INMI under 
multiple names such as musical image repetition (Bennett, 2003), earworms, stuck tune 
syndrome (Farrugia, Jakubowski, Cusack, & Stewart, 2015), music in the brain phenomenon, 
musical mind-pops (Elua, Laws, & Kvavilashvili, 2012), perpetual music track (Brown, 2006), 
spontaneous musical imagery (Baruss & Wammes, 2009), intrusive song phenomenon, (Hyman et 
al., 2013), or involuntary musical recollection (Beaman, Powell, & Rapley, 2015). A full paper 
has been written on the mere definition of the term (Williams, 2015). 

I quote my own work (Liikkanen, 2012a), which captures my rationale for selecting 
INMI as the preferred term: “[INMI] is defined as an involuntary phenomenon. There is a 
difference between an involuntary memory recall and automatic (internal regulation), controlled 
(voluntary regulation), or spontaneous (no regulation) memory recall.”  

1.2 History of involuntary musical imagery studies 

Although the roots of psychological research reach all the way back to ancient Greece, 
psychology was not differentiated from philosophy until the late 19th century. Given 
the universality of the INMI hypothesis underlying this study, one would expect the 
topic to have arisen in writings long before the 20th century. However, no systematic 
attempts to clarify the history of INMI have been made in classical works of 
philosophy or psychology, or at least no such attempts have surfaced so far.  

The history of INMI thus begins with the psychodynamic school of psychology. 
Freud was not known for his interest in music, but he did make at least one comment 
concerning INMI: “The tunes which suddenly come into a man's head can be shown to be 
conditioned by some train of thought to which they belong, and which for some reason is occupying his 
mind without his knowing anything about it.” (Freud, 1952, pp. 97. N.B. The English edition 
of Freud’s ideas was published years after his lectures were first recorded in German 
during 1916-1917. )  

Freud’s interpretation of involuntary music paved the way for his pupils. The most 
remarkable of these can be found in a book called Haunting Melody by Theodor Reik 
(1953). Reik’s work relies on introspection and observation of patients whom he 
treated for mental issues using psychotherapy. Reik distinguishes two types of 
reoccurring tunes that enter our daytime thoughts without permission. One he 
identifies with simple musical association, the other as a psychologically 
meaningful sign of the psyche. He considers the former a mundane, uninteresting 
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type of repetition. It is known to all and usually occurs because of exposure to music; 
after attending a concert for example (Reik, 1953, pp. 147, 241). But the other of kind 
repetition is the one that the book owes its name to and which Reik was most engaged 
in. He wrote: “The differences between a musical association that occurs to a person in the middle of 
aim-directed thoughts and of a melody that pursues him can best be compared to that between a fancy 
or whimsical thought and an obsessive idea. … Their victim does not know and cannot tell us why this 
particular melody is pursuing him. He very often cannot even identify the tune” (ibid., p. 166). 

Reik presents several cases, mostly from his own professional history, in which a 
person is pursued by a tune for long periods of time (days, weeks, or even years). The 
author believes that these musical thoughts or obsessions, which derive from our 
deepest emotional conflicts, are blocked from our conscious thought and only given 
entry into our forum of attention in the form of music which is in some way associated 
with these hidden problems. He further wrote: “The haunting tune can be trifling and 
insignificant, but the emotions and problems in its emergence are always meaningful. They reflect the 
concealed basic demands of the drives and fears of the person and seek to convey his most important 
interests and drives” (ibid., p. 167).  

He expresses a firm belief that such haunting music can be of service in the 
psychoanalytic patient-therapist relationship, providing clues to the underlying mental 
issues surfacing in psychoanalysis. These are messages from the unconscious. To him, 
haunting melodies equal obsessive thought, which is well recognized in this school of 
psychology. Providing several samples of how a musical association has led his analysis 
to a conclusion, he goes on to argue that “The voice of unknown self … whatever secret 
message it carries, the incidental music accompanying our conscious thinking is never accidental (ibid., 
p. 10)” and “Tunes stand in the service of agents responsible for the communications between the 
unconscious of two minds.” 

Reik’s ideas received further encouragement from two of his contemporaries following 
the same school of thought. Heinz Kohut responded to Reik’s writing soon after its 
publication (Kohut, 1955) and published his own view of how inner musicality, psyche 
and psychoanalysis converge (Kohut, 1957). He clearly describes how Reik identifies 
two issues in the domain; music cued only by verbal associations, and music that 
associates with some deeper, underlying issue. However, for him, this was not enough. 
Kohut expanded on Freud’s initial idea by suggesting that the mystery of inner music 
should be divided into three parts: 1) Emergence from the unconscious; 2) Significance 
created by extramusical context; and 3) The question of whether an intrinsically 
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musical factor, alone or in combination with other factors, can account for the sudden 
emergence of a tune. Kohut’s own work (Kohut, 1957) deals with the third question, 
without much further contribution beyond separating these research questions. 

Since the 1950s, the interest in inner music among psychoanalysts has slowly faded. 
Hannett produced a commentary similar to that of Reik (Hannett, 1964), in which he 
recounted some cases of clinical interest. However, the paper was motivated by an 
examination of what American classic popular music lyrics reveal about the collective 
psyche. He reported that, for instance, 69% of US hit songs (N = 2111, from 1900 to 
1949) concerned love. He then further discussed what the repetitive themes in popular 
music revealed about the unconscious of audiences and song writers, but did not 
connect these findings to the questions of inner music presented by Reik. The era 
seems to fade out with Saffe’s and Lipson’s (Lipson, 2006; Saffe, 1983) personal 
commentaries on the usefulness of inner music in clinical work, both which followed 
the ideas proposed by Reik.  

Overall, the history of INMI research under the psychodynamic framework provides 
an interesting cluster of hypotheses, which as we shall see, remain mostly unchallenged 
in the contemporary era. The related questions are: What kind of associations trigger 
musical memories? Is there a different level of meaning behind the verbal and lyrical 
level of association, which might be associated with the emergence of inner music?  

1.3 Musical obsessions and related psychiatric 

phenomena 

This section deals with the mental disorders discussed in the field of psychiatry which 
have features in common with the etiology of INMI. However, the scholarly interests 
in psychiatric research, as well the methods, are distinct from psychological research. 
The motivation of clinical psychiatry is geared towards evidence-based treatment of 
mental disorders and disambiguating disorders. In contrast, general psychology 
primarily attempts to describe and explain how the mind and brain work, and to 
exaggerate the differences.  

There is a wide class of mental disorders with symptoms similar to INMI. Musical 
hallucinations and musical obsessions are the two most established concepts. The 
former is also found in the fifth edition of Diagnostic and Statistical Manual of Mental 
Disorders (DSM-V; American Psychiatric Association, 2013). However, terms such 
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pseudohallucinations (van der Zwaard & Polak, 2001), musical hallucinosis (Griffiths, 
Jackson, Spillane, Friston, & Frackowiak, 1997), musical palinacousis (Di Dio, Fields, & 
Rowan, 2007), auditory Charles Bonnett syndrome (Hori, Terao, & Nakamura, 2001), and 
even permanent involuntary musical imagery have also been suggested (for a review, see 
Hemming & Merrill, 2015; Williams, 2015) 

Musical hallucinations (Berrios, 1990; Evers & Ellger, 2004; Hermesh et al., 2004) form 
a well-documented phenomenon that perceives music without external stimuli. The 
lack of insight and the localization of the music source outside one’s head are the 
prevalent features that distinguish musical hallucinations from other conditions. None 
of these features is a required condition for the diagnosis of musical hallucinations. 

Musical obsessions are a condition similar to INMI. Musical obsessions are considered 
a special case of obsessive-compulsive disorder (OCD). They have been studied far less 
than musical hallucinations. A recent study by 16 authors is the most definitive to date 
(Taylor et al., 2014). This review searched for “obsess* and music*” and found only 17 
matching publications, which reported 96 cases. At least one recent case study was 
missing (Liikkanen & Raaska, 2013).   

Musical obsessions are described as recurrent, persistent, intrusive, unintentional, time 
consuming, and distressful or functionally impairing episodes of mental life (Taylor et 
al., 2014). Taylor et al. use the label intrusive musical imagery to refer to both obsessive 
and everyday musical imagery. Their study estimates musical obsessions to be an 
underdiagnosed condition and compare it to the problematic behavior of hoarding, 
which only became generally recognized recently, despite having existed for some time. 
They point out that poor recognition may lead to misdiagnosis.  

Taylor et al. describe differential diagnostic criteria for distinguishing musical 
obsessions from hallucinations, pseudohallucinations, and palinacousis. Individuals with 
musical hallucinations commonly lack insight, an understanding that the experience is 
not caused by external stimuli, and suffer from hearing loss or other neurological 
issues. Pseudohallucinations, if this concept is to be accepted, differs from 
hallucination by varying degrees of insight and cases typically have a comorbid history 
including drug abuse, psychotic disorders, or deafness (see, van der Zwaard & Polak, 
2001). Thirdly, palinacousis is a continuation of music perception after stimulus. It is 
related to neurological deficits and the experience often localizes in only one ear 
(Taylor et al., 2014). 
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Musical obsessions are also subject to slightly different suggested treatments than other 
OCD variants. Distraction or stimulus substitution in particular may be useful, unlike 
with other types of OCD. Pharmacotherapy with suitable drugs, cognitive behavioral 
therapy, and exposure and response prevention are also recommended. Another way in 
which musical obsessions differ from other forms of OCD is that intrusive music is 
neither systematically undesired or aversive, nor does it involve ideas that violate a 
person’s believes or values. Taylor et al. conclude their work by calling for greater 
recognition of musical obsessions in clinical practice through the inclusion of 
appropriate diagnostic titles and questions in both general practices and OCD research. 
The former relies largely on DSM-V (American Psychiatric Association, 2013) and the 
latter on Y-BOCS, and both these instruments currently ignore musical obsessions. 
Overall, the review of Taylor et al. finds that musical obsessions clearly differ from the 
rest of obsessive-compulsive phenomena, to the extent that they deserve distinct 
diagnostic criteria.  

1.4 An overview of contemporary work 

After the psychoanalytic interests in imagined music faded, no research directly 
relevant to INMI appeared in English forums for some time. However, after voluntary 
musical imagery became a valid research topic in cognitive psychology, INMI research 
was able to progress. 

All contemporary INMI research has been conducted in the 21st century. The first 
results were presented independently in individual conference talks (Bailes, 2004; 
Bennett, 2003; Kellaris, 2001, 2003). Dr. Freya Bailes was the first to publish a peer-
reviewed journal article investigating INMI in 2006 (Bailes, 2006). Since then, by late 
2017, numerous conference talks, 32 journal publications and two doctoral dissertation 
had directly discussed INMI.  

A few notable events mark this progress. One of these was a dedicated research project 
at Goldsmiths University of London, which studied INMI. In 2012, an INMI 
symposium was held at an ICMPC-ESCOM conference in Thessaloniki, Greece. This 
was organized by several active researchers of the topic, including myself. It was 
followed up by a Goldsmiths Earworms Symposium in 2015 (see 
http://www.musicmindbrain.com/earworm-symposium), which garnered an even 
greater number of presenters. In addition, a special issue of Psychomusicology, edited 

http://www.musicmindbrain.com/earworm-symposium�
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by Dr. Bailes, was dedicated to musical imagery and introduced three new studies on 
INMI (Bailes, 2015a). 

The papers included in this thesis have been identified through citation analysis of 
various publisher websites, as well as Google Scholar. I also used keyword searches and 
consulted recognized researchers to ensure the completeness of coverage. My work 
was facilitated by the review paper on the definition of INMI (Williams, 2015), which 
was considered the minimum standard of studies to be included. 

1.5 Related phenomena outside the scope of this thesis 

A few studies clearly address INMI, but from such different points of view that they 
were unsuitable for this review. I excluded papers discussing INMI outside the fields of 
musicology, neuroscience, and psychology (e.g., Priest, 2018) from this review, as well 
as two case studies which address INMI by presenting case studies of what here would 
be considered musical obsessions (Hemming & Altenmüller, 2012; Liikkanen & 
Raaska, 2013).  

The focus of this thesis is on journal publications; thus only works that have clearly 
exceeded the threshold of scientific contribution are included. I have included only 
conference presentations that have not been extended into full research papers and 
that include unique contributions unrecorded elsewhere. Music psychology and 
neuroscience textbooks that review the topic briefly without new contributions (Hori 
et al., 2001; Levitin, 2006; Margulis, 2014; Sacks, 2007; Williamson, 2014) were also 
excluded, but I did include a German book chapter describing a unique experiment 
(Hemming, 2009), as well as doctoral dissertations (Floridou, 2015; McNally-Gagnon, 
2016) because they contained results not published elsewhere. A brain imaging study 
related to brain at rest, which included inner musical experiences, was also excluded 
(Delamillieure et al., 2010).  

Some works are borderline significant to the study of INMI. The most noteworthy of 
these is the study of involuntary semantic memories (Kvavilashvili & Mandler, 2004), and its 
follow-up on (musical) mind-pops (Elua et al., 2012). Both studies focus on more 
extensive questions even though they also briefly touch upon INMI. 

Related topics include works on stimulus-independent thought and mind wandering (Mason et 
al., 2007; Smallwood & Schooler, 2006; Teasdale et al., 1995; Teasdale, Proctor, Lloyd, 
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& Baddeley, 1993) and involuntary autobiographical memory (Berntsen, 1996; Mace, 2007a). 
Although informative in terms of similar psychological phenomena, they are not 
directly applicable to INMI research.  

Implicit processing of musical material creates expectations. This has been labeled 
anticipatory imagery (Huron, 2006) and mental singing (Margulis, 2014). This phenomenon 
was first experimentally demonstrated over 50 years ago (Barber & Calverley, 1964) 
using an implicit lyrics completion setup (“I’m dreaming of a ______ Christmas”). The 
same effect has been robustly illustrated later by means of cognitive neuroscience 
(Gabriel et al., 2016; Kraemer, Macrae, Green, & Kelley, 2005). However, because this 
process is so closely associated with perception and external stimuli, it is not included 
in this review. Williams (2015), in turn, has argued that musical mind-pops might be 
related to musical palinacousis, the continuation of music perception after a stimulus. 
Finally, audiation refers to the effortless generation of musical imagery from reading 
sheet music, but this also falls short of the INMI definition (Brodsky, Henik, 
Rubinstein, & Zorman, 2003). 

1.6 Theoretical orientation 

One main presumption of this work is that INMI is in many regards similar to 
voluntary musical imagery, as it includes the assumption of a neural basis similar to 
voluntary musical imagery (Halpern, 2001; Halpern & Zatorre, 1999; Zatorre, Chen, & 
Penhune, 2007; Zatorre et al., 1996). This presumption is further extended by the 
hypothesis that INMI originates from the normal activity of the musical memory 
system. Against this theoretical background, I will next explore the contemporary 
psychological literature on the topic. 
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Music is playing inside 

my head 

Over and over and 

over again 

My friend, there's no 

end to the music 

-Carole King 
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2 Studies of involuntary musical imagery 

2.1 List of reviewed publications  

Table 1 on the following pages summarizes the publications included in the literature 
review. If the publication reports multiple studies, the number of participants (N) in 
each study is reported with a “+” delimiter. The same practice applies to whether the 
sample consisted foremost of students, indicated by a “Y” or “N”, (yes or no 
respectively). The details for Table 1 were collected from the publications, in some 
cases publication data were supplemented by personal communications with the 
authors if commeasurable details were found to be lacking. Publication type indicates 
whether the study was published in a (J)ournal, (C)onference proceedings or (B)ook 
format. In the Research theme column, phenomenology is abbreviated as Phen. 
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Table 1. Detailed list of publications included in review in order of publication 

Citation Research 
theme 

Methods Research 
questions 

Main findings N, 
Student 

Pub. 
type 

Kellaris, 
2001 

Phen Survey What are the 
characteristics 
of INMI? 

Reports of INMI 
phenomenology. 

587, Y C 

Bennett, 
2003 

Phen Survey What are the 
characteristics 
of INMI? How 
widely is it 
recognized? 

Nearly everyone across 
33 countries recognizes 
INMI. Frequency is 
associated with musical 
activity, gender and age.  

503, N C 

Kellaris, 
2003 

Phen Survey study 
applying 
standard 

instrument 

Are the 
characteristics 
of INMI related 
to personality 
traits? 

INMI frequency is 
associated with 
neuroticism. 

559, Y C 

Bailes, 2007 Phen ESM study of 
musicology 

students 

What is the 
everyday 
musical imagery 
of music 
students like? 

Common to report 
fragments of songs as 
INMI, associated with 
earlier exposure. 

11, Y J 

Brown, 2006 Phen Introspective 
case study 

What is 
experience of 
INMI like? 

Detailed description of 
INMI phenomenology 
in continuous 
experience. 

1, N J 

Hemming, 
2009 

Dynamics Experimental 
study of 
INMI 

induction 

Can INMI be 
induced 
experimentally? 
Does music 
preference 
influence 
induction? 

Induction succeeded 
most of time, more 
probable with preferred 
music. 

59, N B 
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Citation Research 
theme 

Methods Research 
questions 

Main findings N, 
Student 

Pub. 
type 

Baruss & 
Wammes, 
2009 

Phen Survey study 
applying 

standard and 
new 

instrument 

How can we 
quantify the 
characteristics 
of INMI? Does 
INMI relate to 
personality 
traits? 

Introduction of Musical 
Image Questionnaire, 
report of an association 
with transliminality scale 
items and INMI 
persistence and 
distraction. 

67, N J 

Beaman & 
Williams, 
2010 

Phen Survey and 
diary study 

What are 
everyday INMI 
experiences like? 

INMI episodes are 
frequent, much of the 
experienced music is a 
repetition of a few 
familiar songs. 
Displacement strategy 
used for coping. 

103 + 
12,  

N + N 

J 

Halpern & 
Bartlett, 
2011 

Phen Survey and 
diary study 

What 
characterizes 
INMI 
experiences? 

INMI episodes are 
frequent, pleasant and 
linked to recent music 
exposure. Surveys and 
diaries correlate. 

18 + 41,  
Y + Y 

J 

Liikkanen, 
2012c 

Phen Survey Are INMI 
experiences 
common, what 
are they like, 
what influences 
them, how do 
they compare? 

INMI is common in 
everyday life and its 
occurrence is influenced 
by several factors, 
particularly active music 
processing. 

11 910, 
N 

J 

Liikkanen, 
2012a 

Dynamics Experimental 
study 

Can INMI be 
experimentally 
induced? Does 
it exhibit serial 
position effects? 

Induction succeeds with 
a variable rate 
depending upon the 
stimulus material. A 
small recency effect 
detected.  

991 + 
6524 + 

34, 
N+N+

Y 

J 



 

40 

Citation Research 
theme 

Methods Research 
questions 

Main findings N, 
Student 

Pub. 
type 

Liikkanen, 
2012b 

Mental 
disorders 

Review and 
theoretical 
integration 

How do 
involuntary 
music 
phenomena 
relate to one 
another and to 
clinical 
conditions? 

Proposal for a 
continuum of imaginary 
musical experiences 
divided by imagery 
vividness and 
disturbance. 

- J 

Williamson 
et al., 2012 

Phen Grounded 
theory analysis 
of survey data 

Does the onset 
of INMI have 
recognizable 
characteristics? 

Identification of four 
themes describing the 
initial conditions of 
INMI: Music exposure, 
memory triggers, 
affective states and low 
attention states. 

333 + 
271, 

 N + N 

J 

Williamson 
& 
Müllensiefen, 
2012 

Phen and 
Musical 
structure 

Survey 
applying 
standard 

instrument 
and 

computational 
analysis 

What situations 
lead up to 
INMI? Who is 
likely to get 
INMI? Do 
INMI songs 
have special 
features? 

Several types of memory 
triggers release INMI, 
non-clinical obsessive-
compulsive traits 
associate with INMI 
features. Melodies with 
longer notes and smaller 
intervals are typical. 

571+ 
1536, 
N+N 

C 

Beaman & 
Williams, 
2013 

Phen Survey study 
applying 
standard 

instrument 

Are there 
differences in 
INMI with 
regards to 
personality? 

Features of INMI found 
to correlate positively 
with dimensions of 
thought suppression and 
schizotypy. 

127,  
Y 

J 
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Citation Research 
theme 

Methods Research 
questions 

Main findings N, 
Student 

Pub. 
type 

Beaty et al., 
2013 

Phen Survey study 
applying 
standard 

instrument 

Does INMI 
differ with 
regards to 
musicianship or 
personality? 
How does 
sampling 
influence 
results? 

INMI is a positive and 
frequent phenomenon, 
particularly for 
musicians. Retrospective 
sampling creates bias. 
Openness to experience 
and neuroticism 
correlate positively with 
INMI. 

190 + 
98,  

Y + Y 

J 

Hyman et al., 
2013 

Phen and 
Dynamics 

Survey and 
experimental 

studies 

Does INMI 
display 
Zeigarnik or 
recency effects? 
Is INMI onset 
influenced by 
mental load? 

Replicates earlier 
surveys, a strong 
recency effect found for 
successful priming, task 
difficulty determines the 
likelihood of INMI 
distraction, phonological 
task interferes more 
than a numeric one.  

299 + 
16 + 89 
+ 139 + 

123, 
 Y+ Y 

+ Y+ Y 

J 

Müllensiefen 
et al., 2014 

Phen Survey study 
applying 
standard 

instrument 

Do individual 
differences in 
obsessive-
compulsive 
personality traits 
and behavior 
relate to 
differences in 
INMI 
experiences? 

Singing and listening 
influence INMI, 
subclinical OC is related 
to INMI frequency and 
perceived discomfort. 

1536, N J 

Williamson 
& Jilka, 2014 

Phen Interview 
study 

How are INMI 
experiences 
characterized, 
what form do 
they take and 
how do they 
make us feel? 

Replication and 
elaboration of previous 
findings, with more 
fidelity. 

6, N J 
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Citation Research 
theme 

Methods Research 
questions 

Main findings N, 
Student 

Pub. 
type 

Williamson 
et al., 2014 

Phen Grounded 
theory analysis 
of survey data 

How do people 
react to INMI? 
Is this similar 
across countries 
and language 
zones? 

Reactions were similar 
across regions. 
Reactions ranged from 
acceptance to coping, 
such as distraction or 
engagement. 

1046, N J 

Bailes, 2015c Phen Experience 
sampling 

study 

How frequent is 
INMI in 
everyday life, 
how does it 
represent music, 
and how does it 
relate to mood? 

INMI discovered in 
17% of the samples. 
Relation between 
frequency and 
personality, mood 
congruence between 
hearing and imaging. 

47, N J 

Beaman et 
al., 2015 

Dynamics Experimental 
laboratory 

study 

Is INMI 
induction 
affected by 
suppressing 
mouth and 
subvocalization? 

Chewing gum reduced 
both imagery types, 
effect attributable to 
motor suppression. 

44 + 
18+ 36, 
Y + Y 
+ Y 

J 

Byron & 
Fowles, 2015 

Dynamics Experimental 
study with 
naturalistic 
follow-up 

Does familiarity 
with stimuli or 
levels of 
processing 
influence INMI 
induction?  

More familiarity 
improved induction 
success, levels of 
processing does not. 

36, Y J 

Farrugia et 
al., 2015 

Music 
cognition 

Brain imaging 
with MRI 

Can correlates 
for the self-
reported 
properties of 
INMI be found 
in brain 
structure? 

Participants 
experiencing INMI 
showed variation in the 
brain structures relevant 
to music processing. 

44, N J 
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Citation Research 
theme 

Methods Research 
questions 

Main findings N, 
Student 

Pub. 
type 

Floridou, 
2015 

Phen Semi-
structured 
interview 

What do 
composers 
think about 
novel INMI? 

Novel INMI music 
contributes toward 
creation of new music 
with some limitations. 

6, Y B 

Floridou & 
Müllensiefen, 
2015 

Phen Experience 
sampling 

study 

How frequent is 
INMI in 
everyday life, 
how is it 
perceived and 
how does it 
converge with 
activities? 

INMI found in 47% of 
cases, influenced by the 
time of day. Triggers 
were usually identified 
and their cause 
influenced appraisal. 

38, N J 

Floridou, 
Williamson, 
Stewart, & 
Müllensiefen, 
2015 

Phen Survey 
instrument 

development 

Which 
properties of 
INMI can be 
reliably 
measured in 
research? 

Presentation and initial 
validation of IMIS 
instrument to record 
INMI experiences. 

2646, N J 

Hemming & 
Merrill, 2015 

Mental 
disorders 

Meta-review 
and case 

presentations 

What is the 
relationship 
between INMI 
and mental 
disorders such 
as musical 
hallucinations? 

A proposal of 
theoretical integration: 
A continuum of related 
mental disorders and 
INMI. 

3, N J 

Hyman et al., 
2015 

Phen Survey and 
experience 
sampling 

study 

What are typical 
INMI 
experiences like?  

Replication of earlier 
findings regarding 
phenomenology. 

293 + 
15,  

N + Y 

J 
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Citation Research 
theme 

Methods Research 
questions 

Main findings N, 
Student 

Pub. 
type 

Jakubowski, 
Farrugia, 
Halpern, 
Sankarpandi, 
& Stewart, 
2015 

Phen and 
Dynamics 

Experience 
sampling and 
experimental 

study 

What is the 
temporal 
precision of 
INMI, and the 
influence of 
concurrent 
affective state 
on INMI? 

Tempo of INMI 
corresponded well to 
recorded music. 
Imagined tempo was 
associated with arousal 
and valence. 

17, N J 

Liikkanen et 
al., 2015 

Phen Computationa
l analysis of 

INMI 
discussions 

Do people 
spontaneously 
share INMI 
experiences in 
social media? 
Do they 
describe INMI 
favorably? 

Twitter users around the 
world discuss INMI. 
The discussions show a 
negative sentiment in 
comparison to general 
parlance. 

56 626, 
N 

J 

McCullough 
Campbell & 
Margulis, 
2015 

Dynamics Experimental 
laboratory 

study 

Do concurrent 
motor activities 
influence INMI 
induction? Do 
unexpectedly 
truncated 
melodies 
increase INMI? 

Vocal and physical 
activation induced 
INMI more frequently. 
Melodic discontinuity 
does not affect INMI 
induction. 

120, Y J 

Weir, 
Williamson, 
& 
Müllensiefen, 
2015 

Music 
cognition 

Experimental 
laboratory 

study 

Do participants 
with frequent 
and persistent 
INMI differ in 
their ability to 
discriminate 
pitch? 

No association found 
between “extreme” 
INMI experiences and 
perceptual skills. 

67, N J 

Williams, 
2015 

Music 
cognition 

and 
Mental 

disorders 

Review How has INMI 
been defined 
and how should 
it be defined? 

INMI defined as “All 
music heard without 
deliberate recall.” 

- J 
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Citation Research 
theme 

Methods Research 
questions 

Main findings N, 
Student 

Pub. 
type 

McNally-
Gagnon, 
2016 

Phen and 
Dynamics 

Experimental 
study with 
naturalistic 
follow-up 

Can singing be 
an effective 
induction cue? 
Are musical 
characteristics 
preserved in 
INMI? Are high 
INMI-potential 
songs easier to 
recall? 

Induction succeeded in 
12/18 cases. Regardless 
of musical training, high 
veridicality of pitch and 
tempo in INMI. 
Potential INMI songs 
were better memorized. 

36 + 
120, 

 N + N 

J 

Cotter, 
Christensen, 
& Silvia, 
2016 

Phen Survey study Do aspects of 
INMI associate 
with personality 
traits? 

Openness to experience, 
neuroticism, and 
schizotypy positively 
correlated with INMI 
frequency. 

182, Y J 

Jakubowski, 
Finkel, 
Stewart, & 
Müllensiefen, 
2017 

Musical 
structure 

Computationa
l analysis of 
INMI songs 

Do INMI songs 
have specific 
structural 
properties? 

Discovery of melodic 
feature related to 
complexity that is 
associated with INMI 
songs. 

- J 

Floridou, 
Williamson, 
& Stewart, 
2017 

Dynamics Experimental 
study 

Does cognitive 
load influence 
INMI 
induction? Can 
INMI 
experiences be 
indirectly 
measured? 

Increasing mental load 
decreased INMI 
probability. Indirect 
measures were possible 
and valid. 

200, Y J 
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2.2 Overview of review findings 

The 38 studies reviewed can be categorized by their research questions and 
methods. It was common for a single publication to contain several studies or studies 
that involved mixed methods. Six research themes were derived from the reviewed 
literature as follows: 

1) Methodological choices in INMI research  
2) Phenomenology of INMI 
3) Dynamics of INMI 
4) Musical structure and INMI 
5) INMI and mental disorders 
6) General cognition 

A quick quantitative assessment of Figure 1 shows that phenomenology is by far the most 
studied theme, followed by dynamics. The remaining three themes were covered in less 
than one quarter of all studies. The relative popularity of the research themes is 
illustrated in Figure 1. Methodological choices were not included in the numerical 
count, as every non-review study contains them. 

 

Figure 1. Research themes in the reviewed studies. 
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INMI research themes in 38 
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General cognition 
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The research methods were assessed separately, as shown in Figure 2. They contained 
references to eight distinct approaches: Surveys, experiments, experience sampling, 
computational analyses, reviews, diary studies, and the grounded theory approach. The 
bin was “Others”, which included interviews, case studies and brain imaging.  

 

Figure 2. Research methods in the reviewed studies. 

Figure 2 reveals that most studies utilized surveys or experiments. Among these 
surveys, completely novel survey designs prevailed over standardized instruments (9 vs. 
6 instances). Observation of the proportions reveals that one publication could 
contribute to the count of multiple methods if it contained multiple studies or studies 
with multiple methods. The majority of studies (27 out of 46; 56%) involved a 
participant population not sampled among students. 

The following sections look into each of the themes except for general cognition 
separately, pointing out research questions and the main findings. General cognition 
was covered by only one biological psychology study (Farrugia et al., 2015), which I 
will describe here. The study by Farrugia et al. looked at the neural underpinnings of 
INMI. Using magnetic resonance imaging, the researchers extracted some regularities 
of brain structure based on a comparison of the phenomenological properties of 
INMI measured using a structured and validated instrument (Floridou et al., 2015). 
INMI frequency was related to the cortical thickness of the right temporal and frontal 
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cortices, and the anterior cingulate and left angular gyrus. Gray matter volume in the 
right parahippocampal and temporopolar cortices was associated with suppressing 
INMI or finding INMI useful. This study has not been replicated, but presents a brave 
opening for INMI research in terms of methodological reach.  

2.3  Methodological choices in INMI research  

Musical imagery is a private experience, invisible to the outside observer. The 
immediate concern is how to make it available for scientific research. The reviewed 
studies have met this methodological challenge with several solutions. Because the 
methods themselves are common to empirical psychology, this section deals with the 
methodological choices and their implications rather than the details of the methods. 

The most fundamental question in INMI research is: Can you retrieve valid, reliable 
evidence about the subject? The reviewed studies provide a definitive “yes” as the 
answer. The method all these studies relied on, in one way or the other, is self-
reporting, as direct detection of the INMI experience, from brain activity or motor 
activation of the vocal system, has not yet been demonstrated as feasible.  

INMI research began by gathering self-reports, using surveys of different kinds. They 
probed questions that researchers happened to be keen on, usually without any 
references to established psychometric tools (Bennett, 2003; Kellaris, 2001, 2003). 
Liikkanen’s survey (Liikkanen, 2008, 2012c) was the first to replicate and refine existing 
findings and questions with a generalizable sample size, and with the addition of some 
novel survey items. How can self-reporting be used as data? 

The self-report studies were both paper-based (e.g. Bailes, 2006) and digital (e.g., 
Liikkanen, 2012a). In rare instances, researchers asked participants to document 
ongoing, concurrent INMI experiences, by recording sung reproduction on a sound 
recorder (McNally-Gagnon, 2016), tapping to the beat and storing data on a wrist-
worn accelerometer (Jakubowski et al., 2015), and using an interactive voice response 
system (Beaty et al., 2013). These methods were effective in capturing INMI: 
Jakubowski describes that 80% of her tapping data were useable. Most reporting in the 
review studies was retrospective, which means that it involved some delay, which 
ranged from seconds (Beaty et al., 2013) to minutes (Bailes, 2006), and even whole 
months (Hemming, 2009).  
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Some INMI studies have employed experience sampling methods (ESM) to remove 
recollection bias and reduce delay in reports. (Csikszentmihalyi & Larson, 1987). This 
has revealed that retrospective self-reporting underestimates the number of INMI 
experiences in comparison to ESM (Beaman & Williams, 2010). Bailes’ pioneering 
INMI study (Bailes, 2006, 2007) is a good example of ESM application. Its participants 
were contacted six times a day for a week; by a phone call once in every two-hour 
window between 10 am and 10 pm. The calls reminded the participants to fill in an 
experience sampling form (ESF) which had been distributed earlier.  

An interesting result of the general imagined music ESM study (Bailes, 2007) was that 
3% of the participants reported simultaneous listening to and imagining of music. 
This is an important point for the design of measurements, which should not presume 
a logical either-or relationship between these seemingly alternative activities. For 
instance, Study 2 by Beaty (2013) was biased in this regard because it discarded 
participants who listened to music, potentially reducing approximately 10% of valid 
cases, if Bailes’ estimate is to be trusted.  

How does sampling choice influence results? 

Some studies have compared retrospective reporting results with ESM (Beaman & 
Williams, 2010; Beaty et al., 2013). A clear conclusion is that retrospective reporting 
suffers from several reporting biases and cannot convey a detailed picture of the 
phenomenon. Beaty (ibid., p. 1171) wrote: “Retrospective studies can be useful for gathering 
preliminary data on a given phenomenon, but fall short of the ecological validity of sampling momentary 
experiences.”  

For instance, studies (Beaty et al., 2013) record that in retrospect, participants reported 
hearing INMI for “more than half of their waking hours” (ibid., p. 1165) whereas only 17% 
of the 4403 completed ESFs indicated experiencing INMI. Although this particular 
study had the confound mentioned under the previous heading, resulting in some 
underreporting in the ESM, its results are very similar to a study involving far fewer 
individuals (Beaman & Williams, 2010).  

Some phenomenological aspects of INMI seem particularly sensitive to methodology. 
Halpern and Bartlett (2011) describe major discrepancies between their participants’ 
estimations of INMI duration in two of their diary studies. They observed how 
different reporting requirements across studies resulted in as much as a four-fold 
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increase in reported duration. The probable, practical reason was omitting to report 
fleeting experiences over longer episodes. 

How should INMI reports be initiated? 

A closer look at the alternatives in the self-reporting reveals four methodological 
variations, illustrated in Figure 3. Spontaneous reports are generated outside 
experiments and without direct questioning, but can be found in the right kind of 
corpora (e.g., from social media; Liikkanen et al., 2015). Under research circumstances, 
people produce mindful reports which are either externally cued (probe caught) or 
self initiated (self caught). Probed reports can further directly or indirectly address 
INMI, as the participants do not know the real aim of the reporting (Floridou et al., 
2017). Byron and Fowles (2015) in particular have argued for the use of a triggered, 
probe-caught paradigm instead of self-caught experience reports. 

 

Figure 3. Different approaches to INMI experience reporting. 

The concern over whether you can reliably ask participants about their INMI 
experiences directly is justified. Floridou (2017), for instance, argues in favor of 
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indirect questioning. However, she does not provide justification for this. One 
prominent reason for avoiding direct questioning may be found in Baruss and 
Wammes’ study (2009, p. 53), which noted that by asking participants to describe 
INMI, the researchers may unintentionally put the music in the participants’ heads. 
This artifact is difficult to counter or quantify and remains the best argument for 
spontaneous measures. Floridou’s results support the use of the indirect method, but 
do not support Baruss & Wammes’ hypothesis, as indirect probing produced a 65% 
induction rate in comparison to the 60% rate produced by direct questioning.  

Self-assessment of contributions of primary research 

In this subsection, I will discuss my contributions to developing INMI research 
methodology. These were most unique in Liikkanen et al. (2015). This study was also 
one of the first to utilize big data and data mining to understand music cognition 
(Huron, 2013). Even though this methodology is descriptive, it revealed new insights 
into how INMI appears in spontaneous reports. This is something that has not been 
demonstrated in other research. It remains to be seen what kind of future studies will 
be carried out using open, big data and natural language processing through sentiment 
analysis, for instance. 

Another new methodological idea to empirical research was presented in Liikkanen 
(2012a). This study introduced the idea of using song lyric completion tasks to induce 
musical memories, as well as control of familiarity with the stimuli. However, some 
problems in the overall experiment should be overcome before this method can be 
used further. I believe this study contributed a new method of induction, even though 
in comparison to competing solutions, it lacked some desirable qualities (see 
Subsection 0 on induction). The primary issue is to ensure that voluntary musical 
imagery is indeed used to access the requested information. Using real music avoids 
this issue, making it a safer option in experimental work. 

2.4  Phenomenology of INMI 

The study of INMI started with studies of phenomenology. This means describing the 
characteristics of experiences as they appear to each individual as well as their 
systematic variation across individuals. These descriptions are predominantly 
quantitative and aggregate, with only a few exceptions describing individual experiences 
(Brown, 2006; Hemming & Merrill, 2015; Williamson & Jilka, 2014). 
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How can INMI experiences be quantified? 

Four measures have been widely adopted by researchers to describe INMI: 
Frequency, duration, perceived valence of the event, and musical features. 
Frequency is the measure that appears in most publications. The simplest frequency 
measure of INMI is a binary indication of whether an involuntary memory has been 
experienced, or whether the phenomenon is recognized by the subject. 

Some standardized measures to quantify INMI have been proposed. Wammes and 
Baruss, for example, created a Musical Imagery Questionnaire (MIQ; Baruss & 
Wammes, 2009). MIQ identified six dimensions out of 42 individual items. These were 
unconsciousness, persistence, entertainment, completeness, musicianship, and 
distraction. However, they concluded that MIQ was not meaningful as a global 
measure of INMI, but that it served as a basis for the Goldsmiths group’s survey 
studies (Williamson & Müllensiefen, 2012). A more ambitious and further refined 
instrument called the Involuntary Music Imagery Scale (IMIS) was later created at 
Goldsmiths by Floridou and her associates (2015). This contains four dimensions: 
Negative valence, movement, personal reflections, and help [received]. This instrument has been 
validated, the four subscales displaying high Cronbach’s alfas (from .76 to .91) and 
highly significant re-test correlations (from .65 to .79). This shows its potential to 
facilitate future studies and make results commeasurable.  

How well recognized is the INMI phenomenon? 

Several studies indicate that people across the English-speaking world recognize INMI 
(Bennett, 2003; Kellaris, 2001; Williamson et al., 2012) and spontaneously discuss their 
earworm experiences on public social media (Liikkanen et al., 2015). Similar evidence 
can be found in at least French- (McNally-Gagnon, 2016) and Finnish- (Liikkanen, 
2012c) speaking countries.  

In a study of Twitter users’ INMI experiences, Liikkanen and colleagues (Liikkanen et 
al., 2015) investigated short social media messages known as tweets (see, 
http://twitter.com/about). They counted the occurrences of tweets that discussed 
INMI. The tweets were systematically harvested from all Twitter communications, 
using a keyword search. Within the dataset of 80 620 relevant tweets collected between 
2012 and 2013, 28% of the data were classified as reports of ongoing or past INMI 

http://twitter.com/about�
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experiences. This indicates that English-speaking people across the world 
spontaneously report their experiences. 

The most comprehensive accounts of INMI frequency are based on retrospective 
reporting. Liikkanen (2012c) reported that INMI was experienced at least every 
week by 92% of the Finnish respondents in a large internet-based sample, as shown in 
Figure 4. Curiously, no large-scale studies have since replicated this finding (e.g., 
Floridou et al., 2015; Müllensiefen et al., 2014). 

 

Figure 4. Self-reported frequency of INMI among women (N = 8144) and men 
(N = 3766). Error bars show 99% confidence intervals. An asterisk (*) denotes 

statistically significant differences between sexes (p < .01). This graph originally 
appeared in Liikkanen, 2012c and is recreated for this thesis. 

However, ESM studies support the idea of frequent INMI experiences. Looking at the 
INMI estimates in ESM research, the range of INMI occurring at the time of probe 
ranges from 17% (Bailes, 2015c; Beaty et al., 2013) through 35% (Bailes, 2006, 2007) to 
even 47% (Byron & Fowles, 2015; Floridou & Müllensiefen, 2015). 
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What kind of music is experienced? 

Idiosyncrasy best describes the spectrum of songs people report as INMI. The 
repeated finding across studies (without stimulation) has been that the repertoire of 
songs is extremely variable and songs show little repetition between or within 
individuals (Beaman & Williams, 2010; Jakubowski et al., 2015; Liikkanen, 2012a; 
Williamson et al., 2014). In other words, the same song’s re-occurrence is infrequent, 
even for the same person (Jakubowski et al., 2015) 

Despite the variability, four musical features are commonly found in INMI 
experiences: High song familiarity, locus around the chorus, the inclusion of 
lyrics, and liking the experienced music.  

Several studies support the idea that familiar, better memorized music is more likely to 
create INMI experiences than unfamiliar. Recognizable, familiar music is systematically 
reported (Bailes, 2007; Beaman & Williams, 2010; Halpern & Bartlett, 2011; Hyman et 
al., 2015). This is best illustrated by the fact that participants can, with very few 
exceptions, identify and name the tune they experience. McNally-Gagnon even goes as 
far as stating that “familiarity [is] a necessary but not sufficient factor” for the emergence of 
INMI. It has been experimentally shown that when musical exposure is controlled, the 
reliable effect of music familiarity exists, making it more likely to lead to INMI later on 
(Byron & Fowles, 2015). Several studies also show that liked or preferred music is 
more likely to be reported as INMI (Beaman & Williams, 2010; Hyman et al., 2015; 
Liikkanen, 2012c).  

However, even though familiar music is most commonly reported, several reports of 
new music INMI experiences after initial exposure also exist (Byron & Fowles, 2015; 
Williamson et al., 2012) as well as those of totally unique, self-created songs (Floridou, 
2015; Liikkanen, 2012c). In Liikkanen’s sample, 25% of women and 33% of men 
classified as musicians reported sometimes experiencing novel music, and Floridou’s 
study (2015) reveals how aware composers are of new music experienced as INMI. 

The musical content of INMI experiences tends to be focused around the chorus. 
This has been established in several studies and through the use of different methods 
(Beaman & Williams, 2010; Halpern & Bartlett, 2011; Hyman et al., 2013; Liikkanen, 
2012c; McCullough Campbell & Margulis, 2015). It has been reported that 90% of 
experimentally induced instances of INMI are fragments of the chorus (McCullough 
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Campbell & Margulis, 2015) and one third of diary study reports have involved solely 
the chorus (Beaman & Williams, 2010).  

Of the prominent imagery features, lyrics are most commonly mentioned (Halpern & 
Bartlett, 2011; Liikkanen, 2012c). For instance, 18 diary-keepers reported lyrics 83% of 
the time (Halpern & Bartlett, 2011). Interestingly, the language of the lyrics was not 
important, as the respondents to Liikkanen’s survey (2012c) reported as much imagery 
in a foreign language as in their native language.  

How long do INMI episodes last? 

The diary studies reported episodes lasting from 27 minutes (Beaman & Williams, 
2010) to a range of 41 to 116 minutes (McNally-Gagnon, 2016). Retrospective studies 
provide even longer duration estimates, from hours to days (Beaman & Williams, 
2010). For instance, several studies (Hyman et al., 2015; Kellaris, 2001) have reported 
“a few hours” as the mode response for INMI duration, and Hemming’s study 
recorded episodes spanning up to 2.5 weeks (Hemming, 2009). Overall, the conclusion 
of Byron and Fowles’ study (2015), “INMI that continuously loop for long periods of time are 
rare” seems to hold. In their case, they seldom observed the same song being repeated 
over ESFs filled in approximately every two hours. This indicates that ESM and survey 
methods result in different estimates of the same phenomenon. 

Some evidence also shows that musicians generally experience longer episodes of 
imagery, corresponding to longer song fragments (Liikkanen, 2012c; McNally-Gagnon, 
2016). In a comparative diary study, musicians had 2.9 times longer recordings of an 
INMI episode than non-musicians (McNally-Gagnon, 2016; statistical significance not 
reported).  

Do musical images evoked in INMI resemble perception? 

In one of the first studies included in this review, Brown (2006, p. 29) accounts his 
personal experience with continuous INMI. He wrote: “My musical imagery shows a very 
high acoustic fidelity with regard to pitch, loudness, rhythm, tempo, and timbre.” This suggests that 
INMI may possess many features of real perception. 

Studies have since shown that INMI has several similar features in common with 
voluntary musical imagery. One of these shared features is the high faithfulness of 
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musical images. This has been a repeated finding in both in-depth qualitative studies 
(Bailes, 2015c; Williamson & Jilka, 2014) and experimental research (Jakubowski et al., 
2015; McNally-Gagnon, 2016). Williamson and Jilka state that musical imagery is 
frequently “comparable to an actual music listening experience” (Williamson & Jilka, 2014, p. 
667), and McNally-Gagnon (2016, p. 45) claims that experiences “were most often described 
as simplified versions of the originals.”  

In an ESM study of the general population (N = 47), Bailes (2015c) collected imagery 
sharpness ratings from the participants. These self-reports showed that participants 
commonly rated melody, tempo/rhythm, and instruments/voice as the three 
“sharpest” aspects of imagery. Lyrics, emotion/expression, and loudness received 
lower ratings. Tempo and key were not included in the 2007 study by Bailes, which 
emphasized the veridicality of melody and lyrics over other musical features. She 
attributed this difference to the limitations of the human voice in reproducing timbre 
or texture, in comparison to pitch or words. A study of imagined music among music 
students (Bailes, 2007) found that melody and lyrics were the components rated most 
highly in terms of vividness.  

The information regarding veridicality is not all based on self-reports; it has also been 
externally verified. One INMI induction study looked into the veridicality of INMI 
experiences (McNally-Gagnon, 2016). The researcher analyzed over 700 recordings of 
sung, concurrent INMI experiences from 36 participants and compared them to 
canonical recordings. By comparing non-musicians and musicians, she found that 
regardless of musical training, INMI reproductions accurately preserved both key 
and tempo. The average pitch difference was 1.9 semitones for musicians, and 2.7 for 
non-musicians. Half of the musicians fell within a semitone, as did one third of the 
non-musicians. Average tempo deviance (9%) did not differ between the groups. 
Timbre was defined as the number of voices or instruments imagined. Musicians 
imagined more instruments and voices. Interestingly, non-musicians systematically 
(97%) heard the original singer’s voice, whereas musicians experienced their own voice 
40% of the time. 

The tempo of songs experienced during INMI interested Jakubowski and colleagues  
(2015). They used the novel technique of recording self-caught INMI episodes. The 
participants wore wristband accelerometers and were instructed to use the associated 
hand to tap to the beat when they experienced INMI. Tapping sequence recordings 
over a four-day period were complemented by a survey that recorded the details of the 
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INMI incident. This allowed researchers to compare the canonical music recording to 
the tempo of the INMI recording. The investigation revealed that the INMI 
experiences maintained the temporal structure of the music as well as the voluntary 
musical imagery did. Although their participants’ tempo reproductions showed a 
regression to the mean, tempi deviated on average only 15% from the reference 
recordings. Both results are illustrated in Figure 5 below.  

 

Figure 5. Scatter plots illustrating relationship between imagined and canonical 
tempo in Jakubowski’s studies (2015; N = 132) on the left and McNally-Gagnon’s 

studies (2016; N = 728) on the right. 

Is INMI consistently an intrusive experience?  

Many studies have investigated how people feel about INMI experiences because the 
anecdotal null hypothesis is that “earworms are annoying creatures that drive people out of their 
mind.” The findings are mixed. 

Research shows that the subjective assessment of INMI depends on at least two 
factors: The features of the experience and the mode of inquiry. Several studies 
indicate that repetition of music increases negative appraisal (Floridou & Müllensiefen, 
2015; Williamson & Jilka, 2014). A study focused on INMI intrusiveness (Hyman et al., 
2015) concluded that the defining factors for negative, intrusive experiences included 
the involvement of disliked music and excessive looping of the piece. For some 
unknown reason, less known and less liked songs were perceived to loop more often. 
One survey study adds that difficulties in identifying INMI triggers (see section on 
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Dynamics of INMI: Influencing INMI, p. 65) also reduce the pleasantness of the 
encounter, in addition to repetition (Floridou & Müllensiefen, 2015).  

However, when specifically probed, people consistently produced positive overall 
appraisal of INMI. This happened in the retrospective (Halpern & Bartlett, 2011; 
Liikkanen, 2012c), diary (Beaman & Williams, 2010; Halpern & Bartlett, 2011), and 
ESM studies (Floridou & Müllensiefen, 2015). The last mentioned study (ibid.) 
associated the highest conditional probabilities of a pleasant experience with specific 
memory triggers (identification; .67), sound association (.50), recent musical exposure 
(.41), and contemplation (.38).  

Perceived valence can also be indirectly assessed using sentiment analysis. A study 
using Twitter data utilized a method called Bag of words (Liikkanen et al., 2015). This 
was to assess the emotional valence of INMI tweets against both musical and non-
musical reference data. The comparison found that Twitter users discussed INMI 
experiences more frequently in a negative tone, possibly reflecting the everyday 
communications and the anecdotal stance. The best explanation for difference seems 
to be that paying attention to the repetition over the long term is a source of 
frustration and generates a feeling of intrusiveness (Hyman, 2017).  

Finally, a strong indicator of the favorable nature of INMI comes from self-reports in 
which people do not want the music to end (Beaty et al., 2013). Overall, a valid 
conclusion is that “intrusive songs occur for both liked and disliked songs just as involuntary and 
intrusive memories occur for both positive and negative experiences” (Hyman et al., 2013, p. 212). 
The mode of research merely makes them differentially visible. 

Does INMI interact with mood? 

Mood congruence and emotion regulation manifest in voluntary musical behaviors 
(Saarikallio, 2008; van Goethem & Sloboda, 2011). This has motivated investigations 
into whether similar phenomena appear with INMI. This seems particularly relevant 
for assessing the psychodynamic theory of INMI. 

Studies have provided evidence of mood congruence, i.e. that the emotional valence of 
INMI music is related to mood. Bailes (2015c) demonstrated that mood is also 
predictive of INMI onset. The empirical study of tempo showed a positive association 
between arousal and INMI tempo, i.e. higher arousal states co-occurred with higher 
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tempi imagery. This does not yet provide robust evidence of INMI and mood 
regulation, which is repeatedly speculated in the reviewed literature (Bailes, 2015c; 
Jakubowski et al., 2015). An interesting related finding was that in an experimental 
INMI study, people who perceived a secondary task as stressful experienced fewer 
INMI episodes than unstressed individuals (McCullough Campbell & Margulis, 2015).  

Are there individual differences in INMI? 

Individual differences, both quantitative and qualitative, have been discovered in 
relation to INMI. First of all, the propensity to experience INMI is variable across 
people. Although some studies have attempted to generalize population-level 
tendencies (Liikkanen, 2012c), it has repeatedly been found that all aspects of INMI 
phenomenology are subject to notable individual variation (Beaman & Williams, 2010; 
McNally-Gagnon, 2016; Williamson et al., 2012). Statistical models of the occurrence 
of INMI leave much of the variation unexplained. Correlations between predictors and 
INMI measures tend to be weak or moderate at best. Typical significant correlations 
are in the range of 0.15 to 0.25, indicating considerable residual variance, at least 
partially attributable to individual differences. 

However, studies show that several factors systematically influence these differences. 
Factors such as sex, age, musical education and activity, personality and other 
dispositions have been investigated in relation to INMI. This subsection focuses on 
age and gender. 

Initial studies suggested that women report more INMI than men (Bennett, 2003; 
Kellaris, 2003). The strongest evidence supporting a gender effect (Liikkanen, 2012c) 
is the higher proportion of women reporting INMI several times a day (27% vs. 24%; 
women vs. men; see Figure 4). Since then, a few studies have tried to or have possessed 
adequate power (Beaman & Williams, 2010, 2013; Hyman et al., 2013) to replicate this 
finding. One induction study (McCullough Campbell & Margulis, 2015) indicated that 
female participants (63 out of 120) reported significantly more earworms in response 
to the induction procedure. Another induction study displayed a similar effect 
(Liikkanen, 2012a). This gives more credence to the idea that differences in INMI 
experiences may be gender related, and not attributable to only reporting bias. 
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A weak negative relationship between age and INMI frequency has also been 
proposed (see, Bennett, 2003; Liikkanen, 2012c), but this finding has not been 
equivocally replicated. For instance, Bailes (2015c) found a positive relationship 
between age and the number of INMI episodes. However, she attributed this to the 
mediating factor of musical practice, which also had a strong relationship in 
Liikkanen’s study (2012c). Another study showed a negative association between age 
and interference (Beaman & Williams, 2010), implying that a common underlying 
factor possibly influenced both types of reports.  

One question concerns whether the differences in susceptibility to INMI 
induction are notable. This has implications for recruiting participants for 
experimental research. Some researchers have taken this into consideration when 
designing their induction studies (McNally-Gagnon, 2016; Weir et al., 2015) by 
recruiting participants with frequent INMI, but apart from this, this area remains 
uncharted. 

Using a standardized musical behavior instrument (MuBQ), Williamson and 
Müllensiefen (2012) found an association between the “singing  behavior” factor and 
more frequent INMI, longer episodes, and higher disturbance. Singing indicates, for 
instance, a greater urge to sing along and self-assessed singing ability. Finally, some 
research has suggested that handedness might be associated with INMI susceptibility 
(Bennett, 2003). However, a follow-up study with a larger dataset was unable to verify 
this claim (Liikkanen, 2012c). 

Are INMI experiences modulated or mediated by personality 

traits? 

Certain types of people seem to report systematically different INMI experiences. 
Personality traits measured by standard instruments have shown associations with self-
reported INMI. Initial studies, which looked into neuroticism, obsessive-compulsive tendencies, 
and the need for closure, found a positive connection between neuroticism and frequent 
INMI (Kellaris, 2003). Several scholars have since tried to replicate and extend these 
findings.  

Initial findings concerning obsessive-compulsive traits and INMI were revisited in a 
study with 1536 participants. Using the OCI-R instrument, researchers found that 
subclinical OC traits had a positive relation to INMI disturbance and frequency reports 
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(Williamson & Müllensiefen, 2012), and were indirectly related to duration and 
unpleasantness (Müllensiefen et al., 2014). The IMIS instrument development 
demonstrated that multiple subscales of the daydreaming and mind wandering scale 
(Imaginal Processes Inventory IPI) correlated weakly but positively with INMI 
frequency (Floridou et al., 2015). 

In follow-up research, the Big5 traits of openness to experiences and neuroticism 
have shown a positive relation to INMI frequency. This finding has been replicated in 
several studies with variable degrees of strength, although at a consistently significant 
level (Beaman & Williams, 2013; Beaty et al., 2013; Cotter et al., 2016; Floridou, 
Williamson, & Müllensiefen, 2012; Kellaris, 2001). The openness scale systematically 
shows a stronger positive association than the neuroticism scale. For instance, among 
190 participants, Beaty et al. (2013) reported a beta coefficient of .39 for openness vs. 
β = .15 for neuroticism. 

A study by Cotter et al. (2016) combined the IMIS instrument with an established 
general personality measure (HEXACO-100, 6 dimensions) and schizotypy instrument 
(Wisconsin Schizotypy Scale). Schizotypy indexes the degree of cognitive control, and 
the authors hypothesized that individuals high in schizotypy were more likely to 
experience INMI. Their analysis of 182 young (M age = 19 years), predominantly 
female (76%) undergraduates revealed a weak correlation between openness to 
experience (r = .29) and INMI frequency, particularly attributable to the Fantasy and 
Aesthetics subscales (r. = .31 and r = .24, p < .001). Two positive aspects of 
schizotypy, magical ideation and perceptual aberration, were also weakly associated 
with INMI frequency (r = .17 and r = .19 respectively; p < .01). Social anhedonia, one 
of the schizotypy subscales, was negatively associated with frequency (r = -.15, 
p < .01).  

Schizotypy was also the main interest in a study of 127 UK students (Beaman & 
Williams, 2013), which used the SPQ schizotypy scale together with a thought 
suppression scale, the White Bear Suppression Inventory (WBSI). By comparing scale 
dimensions with individual items on a custom INMI survey, the researchers found that 
schizotypy associated positively with worrying over earworms, earworms preventing 
daily activities, and difficulty in dismissing INMI. The correlations ranged from .326 to 
.388. Interestingly, this study exceptionally found that several items correlated with 
INMI duration, including schizotypy. The study also found an association between 
mental suppression and intrusion scales of WBSI and several INMI items (length, 
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difficulty in dismissing, disruptiveness, and interference), and the degree of association 
ranged from r = .18 to .37. However, the authors note that although SPQ and WBSI 
are correlated, both have some unique explanatory power in predicting the intensity of 
INMI experiences.  

Schizotypy may not be the sole latent factor explaining INMI differences. It is also 
associated with a measure called transliminality, (Thalbourne & Delin, 1994) which is 
described as a susceptibility to detecting volumes of inwardly generated ideational and affective 
thought (Baruss & Wammes, 2009, p. 39). Transliminality is also depicted as the measure 
of awareness of things that pass between the conscious and unconscious parts of the 
psyche, making people more susceptible to intrusive thoughts. Transliminality scores 
positively correlate with the number INMI episodes (Bailes, 2015c), and persistence, 
distraction and unconscious scales of MIQ (Baruss & Wammes, 2009). Due to the 
shortcomings of the MIQ, the findings related to the Big5 personality traits of Baruss 
and Wammes’ study are difficult to relate to the rest of the research. However, their 
data from 67 participants showed no association with openness to experience, but did 
show moderate negative correlations between independence (SFPQ Big5 scale) and 
entertainment and completeness scales of MIQ (ibid.).  

Does musical training influence INMI? 

Several studies have found differences in INMI phenomenology between musically 
unskilled and highly trained individuals. It has already been noted that musicians 
experience much longer episodes of imagery and have more accurate mental images 
(McNally-Gagnon, 2016). Other studies show that music students experience more 
INMI than other students (Beaty et al., 2013; Hyman et al., 2013). Liikkanen’s (2012c) 
results indicate that musicians experience more instrumental and novel music, and that 
active musical practice predicts more frequent INMI. A survey with a substantially 
smaller sample (Hyman et al., 2013) found that musicians had more frequent intrusive 
experiences, as well as more recent and detailed INMI experiences, than non-
musicians. 

The evidence is not equivocal, as not all studies have found differences in INMI 
frequency due to musicianship (Beaman & Williams, 2010; McNally-Gagnon, 2016; 
Müllensiefen et al., 2014) or have produced mixed or negative results (Floridou et al., 
2015). For instance, in one induction study, music students did not show different 
susceptibility, whereas frequent music listening did have an effect (McCullough 
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Campbell & Margulis, 2015). This has also been demonstrated in other studies (Hyman 
et al., 2013). 

One might also ask if there is a relationship in the reverse direction, that is, whether 
what is regarded here as INMI phenomenology (e.g. frequency of experiences) might 
influence perceptive or performative musical skills. One study examined this issue 
(Weir et al., 2015) by looking at participants drawn from high and low INMI frequency 
groups. They were tested in a voluntary musical imagery task involving pitch and 
timing recognition. The findings showed that musical training had an effect on the 
pitch task but not on the timing task. The INMI measures did not predict success on 
either of the tasks. Liikkanen (2012c) found a small correlation (rho = .263, p < .001) 
between INMI frequency and self-assessed musicality, as well as the ease of learning to 
pronounce words in foreign languages (rho = .167, p < .001).  

How does INMI relate to other types of involuntary 

memories? 

Two studies have also found other types of involuntary memories that people 
commonly report. INMI is the most of common of these (Liikkanen, 2012c), and is 
not strongly correlated with any other types (Hyman et al., 2015). Liikkanen compared 
INMI to involuntary visual, word/sentence, tactile, olfactory, kinetic and motor 
imagery, and found music to be the most often encountered involuntary memory (see 
Liikkanen, 2012c for the complete record). Hyman contrasted INMI with images, 
(autobiographic) memories, future-, romance-, friend-, work-, and money-related 
thoughts. However, the resulting weak positive correlations demonstrated that those 
who have frequent INMI episodes also tend to notice involuntary memories of other 
types (Liikkanen, 2012c). This follows the findings related to transliminality, which 
predict more sensitivity in reporting (see earlier subsection on personality differences). 
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Table 2. Proportions of different forms of involuntary semantic memories from 
Liikkanen (2012c; N = 11 910) 

  Often 
Now 

and then Seldom Never 
Most 

disturbing  
Music 59.3% 32.4% 8.1% 0.2% 15.1% 
Visual images 50.3% 41.1% 8.1% 0.5% 7.4% 
Words, sentences 37.3% 44.5% 16.6% 1.6% 5.1% 
Odors or smells 21.8% 45.8% 26.0% 6.3% 2.5% 
Kinetic patterns 8.2% 28.3% 48.4% 15.1% 0.0% 
Tactile sensations or 
pain 8.1% 30.2% 50.1% 11.6% 2.4% 
Tastes 8.0% 43.3% 39.8% 9.0% 0.9% 

Self-assessment of contributions of primary research 

My contributions to the phenomenology of INMI can be found in my previous studies 
(Liikkanen 2012a,b, and c). Of these studies, the findings regarding INMI in a 
substantial sample of the Finnish population are the most profound (Liikkanen, 
2012c), and since it was published, this paper has become a cornerstone citation in all 
scientific and popular articles touching upon INMI. At the time of writing, it has been 
cited 59 times according to Google Scholar. After the emergence of this paper, nearly 
all related publications have also adopted the term INMI to describe the focus of their 
research.  

The main contribution of my study was to establish the high frequency of INMI 
experiences in the Finnish population, and it has since been used to argue the 
significance of the topic. The paper contained several other findings, including the 
correlation analyses of INMI features and the different background variables. 
Generally, the influences found were not very strong, but due to the large sample size, 
they were statistically significant. For instance, I was able to show that women reported 
higher frequencies of INMI. Follow-up studies have not been able to replicate this, 
which is something both they and I attribute to much smaller samples.  

The impact of “musical activities” (from the title of Liikkanen, 2012c) has been slightly 
different across follow-up studies. As the review demonstrated, every study thus far 
has used their own definition and phrasing to measure musical activities. For instance, 
no request for exact translations of the original research instrument used in my “Music 
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in Mind 2007” survey have been made. Consequently, both the lack of statistical power 
and the use of different survey questions explain why many of these findings have been 
neither clearly replicated nor refuted. The same issue also applies to studies from other 
scholars in the domain. 

My other publications have also made unique contributions to the phenomenology 
theme. The contributions of Williamson et al. (2014) are less unique, as their study 
design aimed to replicate their earlier findings. The study did, however, prove that 
people show both proactive and reactive behaviors, the former being a new dimension 
in the research in this area. 

Finally, Liikkanen et al. (2015) includes a major contribution, which in my opinion is as 
important as 2012c. This publication is so far the only serious attempt to establish a 
wide view of how globally distributed the psychological phenomenon of earworms is. I 
believe this publication also provided an important insight into the valence of INMI 
experiences. In contrast to the mindful reports of how people like INMI when 
specifically asked, these spontaneous reports revealed a picture that is intuitively more 
acceptable and more in line with what we would expect; i.e. it provokes negatively 
worded messages on social media. 

The study has some major limitations due to the nature of open data collection from 
the internet, particularly in terms of the unknown origins and informants’ background 
profiles. Nevertheless, it remains the sole piece of evidence of the universality of 
INMI, and is the sole study of the review that can exactly state the geographical area 
from which the data has been sampled. 

2.5 Dynamics of INMI: Influencing INMI 

Given the proof of the existence of INMI within several samples, the next step for the 
descriptive studies of phenomenology is to look into the dynamics of the 
phenomenon. This entails studying the conditions that promote or hinder INMI, including the 
characteristics that INMI exhibits in relation to the stimulus environment. 

One evident development in this research has been the creation of experimental setups 
to study INMI under at least quasi-controlled circumstances. This work began by 
validating the idea of induction, i.e. trying to intentionally create INMI experiences 
using experimental manipulations.  
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To obtain a full understanding of its dynamics, means understanding how an INMI 
experience unfolds. This is facilitated by the schematic model of INMI experiences 
illustrated in  Figure 6, which displays different components of the phenomenon that 
play a role in the INMI process. The illustration is based on the work of Floridou. The 
illustration of the process begins with a trigger, an internal (thought or a feeling) or 
external one (a stimulus), which initiates the imagery process. The imagery proceeds 
until an ill-defined break point, typically a few measures of music after onset, at which 
a single INMI section has concluded and the imagery loops back to the starting point, 
possibly with a delay. When the delay is short, people experience a singular INMI 
episode that commonly consists of one song’s chorus as described in the previous 
section. This section will examine some of the components in more detail. 

 

 Figure 6. Internal structure of an INMI experience illustrated as consisting of 
triggered imagery of one or more sections. Example INMI episode with two 

sections. Sections represent imagery for different pieces. 

Are people aware of INMI triggers? 

INMI experiences usually have recognizable triggers (Jakubowski et al., 2015; 
Williamson et al., 2012; Williamson et al., 2014). This makes them different from other 
involuntary semantic memories, for which memory triggers are identified only 20% of 
the time, in contrast to autobiographic memories, which have a recognition rate of 
over 90% (Kvavilashvili & Mandler, 2004). 

INMI EPISODE 
(2 sections)

Trigger Imagery Break
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In their pioneering study, Williamson and associates (Williamson et al., 2012; 
Williamson & Müllensiefen, 2012) utilized a grounded theory approach to analyze free-
form reports about the circumstances surrounding a recent INMI experience. Across 
604 reports, they discovered four themes related to the start of the conscious 
phenomenon. The most prominent theme in the study was musical exposure, divided 
into recent and repeated forms. Several types of memory triggers were identified, 
different forms of association being the most typical, complemented by recollection 
and anticipation. An example of an association is: “Every time I travel along the same road 
in Blackpool” (Williamson et al., 2012, p. 271). Affective states such as mood, stress and 
surprise were also discovered. The final “low attention states” theme described 
situations in which a person has very little on their mind. Williamson et al.’s conclusion 
was that “there are a number of non-musical stimuli in the environment that can trigger the memory 
of a musical excerpt” (Williamson & Müllensiefen, 2012, p. 1127), indicating the multi and 
cross modal connectivity of the musical memory system. For instance, they reported 
that videos were repeatedly referred to as INMI triggers. 

An ESM study of INMI triggers found that 72% of the time, participants identified 
the trigger. This was indicated by selecting some reason other than “I have no idea why 
this tune came into my mind” (Jakubowski et al., 2015, p. 1235). A diary study involving 
triggers produced a slightly lower figure, 56% (Halpern & Bartlett, 2011), 
demonstrating the influence of the sampling method on the results, based on meta 
memory, i.e. difficulties recalling details of the INMI episode. Finally, a study involving 
an optional probe for INMI reasons showed that 148 out of 648 ESFs (22.8%) 
included participant input on the matter (Byron & Fowles, 2015). Recent exposure, 
memory triggers, inherent catchiness, and repeated exposure were repeatedly 
nominated by the participants as possible reasons for their experience. 

Can INMI be experimentally induced? 

Half a score of publications from eight research groups around the world have shown 
that experimental induction of INMI is possible. This has been proven in both 
laboratory conditions with an immediate probing tasks and naturalistic follow-up 
studies. I believe more efforts have been made to induce INMI but due to the nature 
of contemporary psychological publishing, the number of failed attempts at induction 
is unknown. I have personally witnessed three such efforts, and think this is important 
to bear in mind when assessing the effectiveness of induction procedures and the 
volatility of the subject.  
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Table 3. List of INMI induction studies with their details specifying number of 
participants, stimuli, measurement interval, sampling type, and success rate  

Publication N 
induced 

Number 
of stimuli 

Measurement 
interval 

Sampling type Success 
rate 

Hemming, 2009 59 20 “Several 
weeks” 

Retrospective Variable  

Liikkanen, 
2012a 

991 + 
6524 

5 Few minutes Retrospective 68% + 
50% 

Hyman et al., 
2013 

89 +139 + 
123 

18 + 3 + 3 Days + 10 min 
+ 10 min 

Retrospective 55% + 
10–55%  

Beaman et al., 
2015 

44 + 18 + 
36 

1 3 min Concurrent 100% + 
100% + 
95% 

Byron & 
Fowles, 2015 

36 2 3 days ESM; 2-hourly 36% 

McCullough 
Campbell & 
Margulis, 2015 

120 1 5 min Retrospective 67–87% 

McNally-
Gagnon, 2016 

18 5 3.5 days Concurrent + 
retrospective 

67% 

Floridou et al., 
2017 

200 1 5 min + 24 h Retrospective 60–65%  

Table 3 presents the outline of the published experiments. The first reported induction 
experiment (Hemming, 2009) involved 59 individuals who received a CD of selected 
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stimulus music to listen to on their own. After one to six weeks, they were interviewed 
about their experiences. They reported INMI experiences in relation to the stimuli up 
to two thirds of the time (Hemming & Merrill, 2015). However, this experiment was 
conducted in a naturalistic environment and is subject to several confounding, 
uncontrolled factors (e.g. total exposure) which diminish its relevance in demonstrating 
a causal effect between the stimuli and INMI.  

In an online study, Liikkanen (2012a) utilized a familiarity-controlling lyrics 
completion task to prime and trigger involuntary imagery during a subsequent form 
completion task. After approximately four minutes, the participants were asked about 
their most recent INMI experience, and indicated experiencing a primed song. This 
happened 68% of the time with the contemporary music stimuli, and 50% of the time 
with the classic song set. This study had the shortcoming of not being able to 
distinguish between short-term involuntary recall and “real”, spontaneous mind-pops 
(see, Byron & Fowles, 2015). 

Studies after Hemming and Liikkanen have systematically utilized traditional laboratory 
conditions to at least administer stimulation. At times, the outcome has been reported 
in the natural environment, outside the laboratory. Byron & Fowles (2015) chose two 
tracks previously unknown to the audience (N = 36) and replayed them either two or 
six times, to create low and high familiarity conditions. In the following three-day 
period, during their everyday life, participants were contacted approximately every two 
hours for 18 experience-sampling reports. This arrangement led to an adjusted 32% 
success rate of induction over the three-day period, although the initial rate was already 
80% (see Figure 7). Music of the high familiarity condition was experienced many 
times more frequently (ANOVA η2 = .127).  
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Figure 7. Overview of induction success across sampling points in study by Byron 
and Fowles, 2015 (Figure 2). 

Short music samples are adequate for induction. Beaman et al. (2015) used a setup in 
which a 30-second extract of a single track was played twice. They reported systematic 
induction success following a thought suppression experiment. Another study using a 
single song and a variable double task produced a 60–87% success rate, depending on 
the task’s nature (McCullough Campbell & Margulis, 2015). 

A series of studies conducted by Hyman et al. (2013) was motivated by the search for 
the Zeigarnik effect, defined as “unfinished activities and thoughts staying active in memory and 
consciousness longer than completed thoughts” (ibid., p. 207). The rationale is that unfinished 
tasks remain active until complete. In their second study reported in the paper, they 
played 18 different songs at the end of a university class to 16 students. Songs well 
known to the students were reported more than three times more often than 
unfamiliar songs (55% vs. 17%, well-known vs. others correspondingly). Thus the 
Zeigarnik effect obtained indirect support.  

McNally-Gagnon developed an induction-by-singing paradigm (McNally-Gagnon, 
2016; McNally-Gagnon, Hébert, & Peretz, 2009). In her study, 36 participants first 
listened to an excerpt of a catchy song and then sang it back as accurately as possible. 
Five songs were presented for listening and reproduction. After induction, the 
participants received a voice recorder and were instructed to sing out loud all the 
experienced INMI songs (cued or non-cued) during a period of four days. The primed 
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songs were experienced by 12 out of 18 participants in the induction condition, 
indicating a 67% success rate.  

Most recently, Floridou (2017) used a covert induction paradigm, in which 
participants were informed that they would evaluate movie trailers, and that this would 
be followed by a five-minute dot task and a survey. In the baseline condition, the 
induction succeeded 65% of the time. Outside the review, functional magnetic 
resonance imaging has also been attributed to inducing INMI among many participants 
(Delamillieure et al., 2010). 

Does the selection of stimuli influence the success of 

induction? 

As time passes, both music and people change. As music is a cultural product there is a 
reason to suspect that carefully engineered music (see, e.g. Levitin, 2006; Seabrook, 
2015) might have a special impact on INMI. Some studies have probed music in 
isolation (see Section 2.6, p. 77), but some information also exists on how different 
stimuli behave in empirical experiments. 

A study comparing contemporary pop songs with older, but well-known popular music 
showed that contemporary songs produced an 18%-unit higher induction success rate 
(Liikkanen, 2012a). However, a series of controlled laboratory studies found no 
difference in the success rate between The Beatles songs and contemporary pop music 
(Hyman et al., 2013). Liikkanen’s study also demonstrated that the same stimulus song 
among different competing stimuli could have a remarkably different likelihood of 
being reported (9% vs. 51%)  

Is the onset of INMI dependent upon situational & behavioral 

demands? 

INMI appears to be affected by events in recent history as well as ongoing activities. 
Active engagement of music also favors the later emergence of INMI (Beaty et al., 
2013; Liikkanen, 2012c). A survey study using a general linear model to predict self-
reported INMI frequency (Liikkanen, 2012c) demonstrated that musical practice and 
music listening were the strongest predictors of INMI frequency. Another study has 
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suggested that singing alone is associated positively with INMI frequency (Williamson 
& Müllensiefen, 2012).  

Phenomenological studies have implied (Floridou & Müllensiefen, 2015; Hyman et al., 
2015; Liikkanen, 2012c; Williamson et al., 2012) that idle moments may be favorable 
for “earworms to creep in.” Some activities seem to be more likely to introduce INMI, 
such as commuting, exercising, or working (Liikkanen, 2012c). The time of day does 
not display consistent importance, as ESM studies have found no effect, even with 
sophisticated statistical methods (Byron & Fowles, 2015; Floridou & Müllensiefen, 
2015). However Bailes (2015c) argued that the likelihood of imagining music was 
highest between 11 am and 1 pm in her ESM study. The latter study explains that 
certain times of day are associated with activities that create more favorable conditions 
for mind wandering and INMI, but the time of day as such is meaningless without 
mediating activities.  

The study by Floridou and Müllensiefen (2015) found that mind wandering (i.e. INMI) 
is more likely when people feel drowsy, lonely, tired, bored (p = .49), or are 
undertaking an activity with low cognitive load (p = .46). This corroborates earlier 
studies which have implied that INMI is more likely to occur under sensory 
deprivation, or when tired or bored (Kellaris, 2001; Liikkanen, 2012c). These studies 
are based on solely retrospective self-reporting, and experimental research has been 
able to further clarify the role of situational demands on INMI onset.  

Three experiments by Hyman (2013) utilized a priming procedure with three songs 
from either the contemporary pop genre or The Beatles repertoire. After listening and 
simultaneously rating the song, participants were confronted with a five-minute task 
that varied in type and difficulty across experiments. After this task, they completed a 
questionnaire on their possible INMI experiences during the task. In the visual maze 
task they witnessed a 75% induction success rate, in the visual/arithmetic Sudoku task 
the success rate was below 50%, and in the verbal anagram task it was under 40%. 
The study thus showed that task type difficulty had a prominent effect, which 
researchers attributed to different components of working memory being required 
in the task and conflicting with the onset of INMI. However, counterintuitively, the 
participants reported less INMI during the easier task and more during the more 
difficult one.  
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Recently, three authors investigated the impact of cognitive load on INMI in an 
induction study using a dot task (Floridou et al., 2017). The task varied in difficulty, 
introducing three levels of cognitive load: Easy, medium, and hard. This study found 
that the induction success rate systematically decreased cognitive load increased (33%, 
25%, and 20% corresponding to easy, medium, and hard). This was in contrast to 
Hyman’s reversed trend (Hyman et al., 2013). 

In a comparison of concurrent activities, Campbell and Margulis (2015) asked 120 
participants to listen to one song, either in full length or with an abrupt ending 
(approximately 86% of the original song duration). The participants were instructed to 
either listen, move to, or sing to music. The influence of INMI induction was 
measured after a distracting task. They found induction success rates in the range of 
45–63% (during distraction) and 60– 87% (throughout the experiment). Success level 
was dependent on the conditions. The participants who moved and vocalized 
showed the highest INMI levels across both measurement points. Truncating 
songs at mid-phase did not influence induction, as the researchers hypothesized, which 
replicated earlier findings (Hyman et al., 2013). The facilitating effect of movement is 
interesting, given that another empirical study recorded 25% of INMI episodes 
occurring during a repetitive movement in everyday life (Jakubowski et al., 2015). 

An interesting series of experiments aiming to find a way to reduce INMI incidents 
was conducted by Beaman, Powell, and Rapley (2015). They studied whether simple 
activation of vocal apparatus by chewing gum might influence voluntary or involuntary 
musical imagery. The motivating hypothesis was that irrelevant subvocalization would 
compromise recall by degrading the quality of verbal memory representation, which 
was proposed in the subvocalization theory of auditory imagery (Smith, Reisberg, & 
Wilson, 1992). 

The studies, involving 96 participants, used a setup in which the participants were first 
primed with a single song. The results from the following thought suppression 
experiment (“try not to think of the song you just heard”) revealed that chewing gum 
influenced the INMI frequency reports submitted using a computer keyboard. The 
suppression effect was noticeable (η2 = .18) and was reproduced in a condition that 
compared gum against a similarly motor intensive task of finger tapping (see Figure 8). 
The study thus pinpoints the specific role of articulatory motor activity, which 
specifically interferes with recollecting music, voluntarily and involuntarily. (Beaman et 
al., 2015) 
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Figure 8. Main results of Beaman and Williams (2015, Figure 3) demonstrating 
differential outcome of finger tapping versus gum chewing to block INMI. 

The study by Byron and Fowles (2015) looked for any difference in INMI due to 
levels of processing; namely differences between priming music processing using 
either autobiographical or semantic tasks. No effect due to levels of processing was 
found. All evidence pointed to the conclusion that successful triggering of INMI is 
dependent on both the general affective and cognitive state, and specific “secondary” 
task requirements.  

Finally, emotional state may influence not only our music preference but also the onset 
of INMI. According to Jakubowski et al. (Jakubowski et al., 2015), there is a weak 
positive correlation between the tempo of imagined music and positive mood. The 
suggested interpretation of mood congruence was that INMI could possibly play a 
mood regulatory role similarly to perceived music. 

Does INMI exhibit a recency effect? 

Recency and primacy effects are well-documented in working memory research 
(Baddeley & Hitch, 1993; Davelaar, Goshen-Gottstein, Ashkenazi, Haarmann, & 
Usher, 2005). Several anecdotal and introspective insights, as well phonological 
research (Hyman et al., 2015), imply that recency effects may also manifest with INMI. 
The first demonstration of a recency effect in relation to INMI was reported by 
Liikkanen (2012a). This study compared five stimulus songs in counterbalanced order 
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across five experimental groups, showing elevated probability for the final stimulus 
song (see Figure 9). Other induction studies have since corroborated the existence of 
the recency effect (Byron & Fowles, 2015; Floridou et al., 2012; Hyman et al., 2013; 
McNally-Gagnon, 2016). None of the studies documented the primacy effect. 

 

Figure 9. INMI recency effect as demonstrated by Liikkanen (2012a) using five 
stimuli with varying order. 

The recency effect was particularly clear in a series of four experiments (Hyman et al., 
2013), in which the third, final song always showed a greater likelihood of being 
reported as INMI. Hyman related this effect to the Zeigarnik effect, stating that “if a 
song gets started playing in someone’s head, it is likely to return as an intrusive song” (ibid, p. 210). 

How do people cope with INMI? 

Several studies reveal that people take both precautionary and reactive actions to 
reduce or eradicate INMI (Beaman & Williams, 2010; Liikkanen, 2012c; Williamson et 
al., 2014). For instance, Beaman and Williams (2010) report that their survey 
respondents used two dominating displacement strategies: Specific and general. 
However, data reveal that distraction strategies predicted a worse outcome in terms of 
INMI duration than doing nothing (ibid.). The authors relate this finding to the ironic 
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mental control theory, which postulates that attempts to monitor the contents of 
consciousness from certain contents will be counterproductive (Wegner, 1994). Other 
studies have shown that as people differ in their capacity to dismiss unwanted music, 
this disposition relates to their general potential to suppress unwanted thoughts 
(Beaman & Williams, 2013). This is reflected in measures of WBSI suppression and 
schizotypy, the latter of which indexes difficulties in inhibiting intrusive thinking.  

Coping strategies were elaborated in a study by Williamson, Liikkanen and associates 
(Williamson et al., 2014). This study demonstrated that people across geographical and 
language regions employ variable and intricate coping tactics. These tactics are similar, 
and prominently include the same displacement strategies as those reported by Beaman 
and Williams, with more variations in musical and non-musical displacement strategies. 
Interestingly, Williamson (ibid.) found that most of the time, people do not actively try 
to disengage from INMI, but “Let it be.” The report also found that many respondents 
described good mental control over their INMI. 

Data on the real efficacy of different strategies are scarce. Overall, evidence shows that 
the ironic character of thought (Wegner, 1994) may hinder attempts to control INMI. 
The conscious effort to suppress imagery may evoke self-monitoring, which leads to 
sustained episodes of INMI (Müllensiefen et al., 2014), altogether discouraging active 
coping. Countermeasures such as chewing gum that relies on automated, nearly passive 
motor activity could be applied for coping.  

Self-assessment of contributions of primary research  

My contributions to the study of INMI dynamics are limited to three experiments 
reported in Liikkanen (2012a). In this study, I explored a new method to induce INMI 
in an online environment. The results were not easy to interpret, and have not received 
much recognition since, although the paper has been cited 31 times at the time of 
writing. However, the results did convincingly show that INMI has a recency effect, 
later demonstrated by other studies. Another contribution was to theoretically 
differentiate between short- and long-term recency, which has found some reception in 
follow-up research. Studies that have disregarded this difference have clearly had 
difficulties in explicating induction results. 
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The study did, however, include results that could not easily be explained. As such, it 
encourages future research into matters such as competing stimuli with different levels 
of recent activation, and their importance for INMI dynamics. 

2.6 Importance of musical features in the prevalence of 

INMI 

Popular music songwriters are known for their desire to create catchy melodies 
(Seabrook, 2015). Attempts have been made to create computer software that can 
predict hit songs. A corresponding movement in musicology and music information 
retrieval studies has tried to establish a “hit song science”, but has so far had meager 
results (Frieler, Jakubowski, & Müllensiefen, 2015; Pachet & Roy, 2008). However, this 
has inspired the assumption that commercial success may be associated with a song’s 
capability to evoke an INMI experience. Against this background, research on the 
properties of INMI songs looks both lucrative and challenging. It is no wonder that 
the first contemporary exploration of INMI (Kellaris, 2001) began with the attempt to 
define “catchy music.”  

The question of an ideal earworm stimulus is important because it places the focus on 
musical content and objectively shared properties rather than on recency, preference, 
or any other idiosyncratic property. Dr Daniel Müllensiefen has studied this for some 
time (e.g., Finkel, Jilka, Williamson, Stewart, & Müllensiefen, 2010). His initial results 
were from a study of the melodic structure of 29 INMI tunes and matched control 
tunes from MIDI files. His study showed that the melodic difference between INMI 
songs lay in longer notes and smaller intervals, which makes them easier to sing 
along to, for instance (Williamson & Müllensiefen, 2012). 

A follow-up by Dr Jakubowski et al. seven years later, (Jakubowski et al., 2017) brought 
greater precision to this approach. Their study compared the melodic features of songs 
commonly nominated as INMI experiences to similar, popular songs found on 
billboard charts. Musical data mining approaches were employed to discover any 
features that might differentiate INMI songs from other contemporary hits. The 
investigation produced findings that INMI songs had “more common global melodic contours 
and less common average gradients between melodic turning points than non-INMI tunes” 
(Jakubowski et al., 2017, p. 122). In other words, “INMI music” embeds familiar 
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melodic shapes, complexity within simplicity, and includes some surprises. The 
study also found that INMI tunes had faster average tempi than non-INMI tunes. 

 

2.7 INMI and mental disorders 

Several conditions described in the history of clinical literature very much resemble 
INMI (see section on Musical obsessions and related psychiatric phenomena). As the 
knowledge regarding INMI has increased among the general population, discussions 
on the relationship have slowly taken shape. Liikkanen has proposed (2012b) that 
INMI lies at one end of a multi-dimensional space of imaginary musical 
experiences. This idea is illustrated in Figure 10, and implies no clear-cut boundary 
between conditions. The two dimensions used to differentiate the conditions are 
vividness and disturbance. However, this proposal includes no clear rules as to what 
measure might separate different levels of disturbance, for instance. 

 

Figure 10. Space of imagery musical experiences  
according to Liikkanen (2012b; Figure 1). 

In a similar analysis, Hemming and Merrill (2015) introduced the concept of 
permanent involuntary musical imagery (PINMI) as an intermediate condition between 
“normal” INMI and clinical conditions, mainly musical hallucinosis. Musical 
hallucinosis was described as non-psychotic to differentiate it from real hallucinations. 
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Hemming and Merrill’s evidence makes references to earlier case studies by Hemming 
and to a description by Brown (2006). 

This review has presented numerous details from the short history of INMI research. 
To conclude, it seems appropriate to raise abstraction and place INMI under an 
umbrella of all kinds of musical imagery phenomena.  

Williams (2015) proposed that all musical experiences without volitional attempt 
should be classified as INMI. This extends the definition of INMI to include 
pathologies such as musical hallucinations, musical palinacousis, and musical 
obsessions. This view diverges from that of the majority of studies, which have 
focused exclusively on non-pathological individuals – although not necessarily 
explicitly screening for individuals with disorders. It is congruent with Floridou (2015), 
who includes unintentionality and repetition in her definition of INMI. Given the 
extreme rarity of pathological conditions, this may be practically meaningless. 
However, Williams’ proposal is important, as it uproots INMI from the context of 
music psychology and suggests that it is also a subject for medical research and 
psychiatry.  

The resulting hierarchy of musical imagery phenomena that I have interpreted is 
illustrated in Figure 11. It equates INMI with repetitive, non-intrusive, non-
hallucinatory, involuntary musical imagery in the lower right corner of the figure. 

 

Figure 11. Hierarchy of musical imagery phenomena adapted from Williams (2015). 
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Cause my head is filled 

with music  

in my heart there's 

always a song! 

-The Real McKenzies 
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3 Discussion 

This work has considered over 70 years’ worth of psychological research around a 
phenomenon of musical consciousness. It has shown how methodological explorations 
in the past 15 years have accelerated to establish a new research topic labeled 
involuntary musical imagery, INMI, within music psychology.  

This review identified 38 publications contributing to this topic. These studies provide 
robust evidence of INMI phenomenology and dynamics, and highlight the associations 
with the study of cognition in large and mental disorders of similar etiology. Research 
is ripe with congruent findings across the studies, but also with incompatible findings. 
The choice of the term “imagery” slightly distances this topic from involuntary 
memory research in general psychology (Mace, 2007a) and emphasizes the active 
construction of musical memories over simple recall, as the following recap of main 
findings will demonstrate. 

3.1 Central findings in the literature 

Until some ten years ago, much of the discussion about earworms in popular media 
amounted intuitive speculation, based on anecdotes, and lacked psychologically 
credible evidence and discussions. This led to hasty remarks (Kellaris, 2003; Levitin, 
2006)1

The picture of INMI drawn here is one of a universal psychological feature with 
reliably detectable characteristics. Although most empirical studies suffer from a lack of 
real random sampling and go beyond the “Western” world, they undeniably bespeak 
the universal nature of involuntary music as a part of the normal musical mind. But it is 
also accompanied by remarkable variability. In the following three subsections, I 
highlight the main findings based on the previous chapter. 

, which have since been rectified by the new empirical data reviewed here.  

                                                        
1 The popularized music psychology book by Levitin is guilty of paraphrasing very early 
research results without citing their reference. To further confuse the reader, unfounded 
speculation characterizes the results of Kellaris ( 2001, 2003). See also, Beaman and 
Williams (2010, p. 638).  
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Validity  

The main concern regarding INMI research is construct validity. Does the research 
touch upon a tangible topic? Unfortunately, there is no undeniable way of proving this. 
The belief is most strongly justified by two lines of work: Replicated findings and the 
empirical results of INMI veridicality. 

The methodological progress during the period of review has been considerable. 
Many of the methods have parallels in the involuntary thought and memory study 
traditions (see, Hyman et al., 2015). These methods have proven that self-reporting can 
produce systematic, re-test reliable results (Cotter et al., 2016; Floridou et al., 2015). 
This was best displayed in a study that showed how results based on self-reporting can 
be used to find individual differences in cortical structure (Farrugia et al., 2015). 
Empirical studies have also produced novel methods for inducing and capturing INMI. 
For instance, recording INMI by singing (McNally-Gagnon, 2016) or tapping to its 
beat (Jakubowski et al., 2015) has provided new insights. 

The replicated finding is that INMI experiences are found in both probed and 
spontaneous reporting across people (Liikkanen, 2012c; Liikkanen et al., 2015; 
Williamson et al., 2012). This adds credence to the main claim that self-reporting can, 
with known biases, be trusted as a data source. For instance, it is now understood that 
retrospective, ESM, and concurrent reporting can each generate differentially biased 
estimates of INMI. “Retrospective meta-memory for involuntary semantic memories may be less 
accurate than measures obtained from experience sampling”, conclude Floridou and 
Müllensiefen (2015). Some variation occurs, depending on whether questions on INMI 
are posed directly or indirectly.  

The studies of musical imagery veridicality provide another type of evidence, namely of 
the fidelity of the mental representations in INMI. Musical experiences during INMI 
seem to be as good as our memory and imagery can afford. Studies of INMI 
veridicality show high fidelity for melody, tempo, and even key. For instance, INMI 
songs are imagined within 15% of the canonical pace. All of the findings are congruent 
with what has been found in the studies of voluntary imagery, corroborating evidence 
that involuntary and voluntary experiences have much in common. Last, when directly 
asked, people usually like the music they experience, although this tendency is hidden 
in spontaneous INMI reports.  
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However, several non-replicated results have also been documented. For instance, 
one study (Beaman & Williams, 2013) found that several detailed results deviated from 
prior work, including some of their own prior work! (Beaman & Williams, 2010) This 
oddity seems to result from the fact that few studies have used standardized measures 
to quantify INMI and its phenomenology. It seems that small changes in surveys’ 
wording may quickly render single-item responses incomparable across studies. 
Fortunately, a standardized survey instrument for INMI (Floridou et al., 2015) has 
recently been proposed and already adopted by many others (but see Baruss & 
Wammes, 2009; Cotter et al., 2016) and may yet help to address this source of 
methodological variation. This survey utilizes scales instead of individual items, which 
further reduces variation in the measured dimension. 

The positive outcome is that we now have many practices to choose from when 
looking to perform INMI research. Of course, so far, only some methodological 
riddles have a clear answer. The findings regarding indirect vs. direct questioning, for 
instance, were perplexing: Why should people report more INMI without direct 
questions (Floridou et al., 2017). In the lack of a hypothesis, I would have expected 
social desirability to produce the opposite effect. Underreporting under these 
circumstances is curious, and shows how volatile is to approach the topic empirically. 

Phenomenology 

Several studies of the phenomenological aspects of INMI have revealed how widely 
spread and frequent INMI is in everyday life. According to ESM studies, people 
experience INMI in the range of 17–47% of the time when contacted, effectively 
explaining retrospective reports in which over 90% of the respondents report INMI at 
least weekly. This follows naturally, as time of day seems to have no specific effect on 
the phenomenon. However, active musical engagement is related to more frequent 
INMI experiences. Consequently, people usually experience familiar music, which is 
known to be emotionally engaging (Pereira et al., 2011). 

The duration of INMI episodes varies, but they typically last a few hours a day in 
total. Musical training may extend the episodes almost threefold, at the same time 
influencing the content of the episodes to become more instrumental, novel and 
detailed. When directly asked, most of the time people are fond of their INMI 
experiences and mostly experience preferred music, although according to naturalistic 
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data, overt discussions reveal that INMI may be an annoying or intrusive experience. 
This is likely mediated by excessive repetition of a tune.  

Individual differences in INMI are considerable. Some of the differences correlate 
with personality traits, but the most prominent changes relate to musical activities 
which, particularly in the long term, influence INMI experiences both qualitatively and 
quantitatively (what is experienced, how frequently, and for how long). The causal 
factor may be some yet undiscovered aspect of musicality manifesting in both overt 
and covert musical life. However, this does not show in simple skills such as pitch 
detection, which have despite study, still leave the root cause unknown.  

A few studies have indicated that women may be more susceptible to INMI than men. 
However, the gender effect is not great. A more debated topic is whether aging 
influences INMI experiences, as it decreases both voluntary and involuntary recall 
(Schlagman, Kliegel, Schulz, & Kvavilashvili, 2009). The reviewed evidence is 
contradictory, and the survey with the most statistical power suggests a minor decrease 
in frequency over time. It has been suggested that gender should be treated as a non-
binary variable, which could help reduce variance (Floridou, 2015). 

Personality traits systematically relate to self-reported INMI experiences. The 
correlations between trait factors and INMI-dependent variables have been significant 
across studies, although never particularly strong. Studies have repeatedly shown 
connections between the Big5 factors of Openness to Experience and Neuroticism and 
INMI frequency. Another line of work has found an association with subclinical OC 
traits, with susceptibility to intrusive thoughts, and INMI measures. Finally, the 
positive aspects of schizotypy are also related to more frequent INMI. 

Dynamics 

A remarkable methodological leap has been made in discovering experimental setups 
that enable the induction of INMI. This has permitted researchers to study its 
dynamics and discover new previously unknown features. Eight studies from the 
review recorded successful induction procedures, with success rates ranging from 36% 
to 100%, the median being over 60%. These studies collectively show that recent and 
repeated exposure to music primes our musical memory for the later emergence of 
INMI, which is compatible with the long-term spreading activation account of 
involuntary memory (Kvavilashvili & Mandler, 2004).  
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On the other hand, the similarity to involuntary semantic memory falls short, as people 
recognize the triggers that initiate INMI over 70% of the time. Triggers offer a good 
explanation for individual INMI episodes. Another effect is recency effect. This 
reveals that if several song traces are activated in the memory within a short time 
window, the last one of these shows the highest likelihood of being experienced as 
INMI later on. 

Experimental studies employing secondary tasks for distraction have found that the 
onset of INMI is sensitive to situational demands. Several studies suggest that low 
attention states and idleness are precursors to INMI. Empirical studies have since 
operationalized this as the amount of cognitive load. It matches different everyday life 
activities. Although the evidence is limited, an inverse relationship between cognitive 
load and INMI frequency has been empirically established, i.e. the better focused a 
person is on the main task, the less INMI they report. The type of information 
processing related to the task is also significant, and verbal tasks make the biggest 
difference. The time of day (circadian rhythm) has only an indirect influence, as it 
exposes us to activities that usually take place at certain hours. 

Beyond strictly mental activities, INMI shows an interesting and not yet well 
understood relationship with bodily movement and the activation of vocal 
articulators. Studies have found that requiring participants to move to and vocalize 
music renders them more prone to induction, whereas those whose articulation is 
blocked by chewing gum report less INMI as a result. 

INMI does not merely remain in the background of our minds; it influences what we 
do and how we behave, both overtly and covertly. People spring to action in 
anticipation and as an effect of INMI. Although people usually have no objections to 
INMI, at times it can be a source of frustration. This leads to diverse and complex 
coping actions among people around the world. Displacement strategies, with and 
without music, are the most typical of these.  

In response to common interests in controlling INMI, we can now conclude that 
musical displacement can be effective, as this enables switching off disliked music. 
Engaging in a consistently demanding cognitive task seems to work well in terms of 
reducing INMI. Some motor activities, notably chewing gum as mentioned above, may 
also be useful, even if the understanding of this mechanism is still poor. However, 
none of these interventions totally block INMI. Several studies conform to the ironic 
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theory of mental control, i.e. efforts to suppress unwanted music may increase self-
monitoring and awareness of those same thoughts, thus failing to achieve the desired 
results. Studies also show clear individual differences in this regard. 

Finally, the empirical findings regarding the perceived pleasantness of INMI 
encounters showed ambiguous data. When directly asked, the ratings were positive, but 
in social media, people complained about “annoying earworms.” Hyman (2015, p. 23) 
offers a good summary of this: “People probably like the songs stuck in their heads because they 
listen to songs they like, providing liked songs more opportunities to get stuck.” Combined with the 
insight into triggers, preferred music associates with more sense of control. 

3.2 Reflections on the investigated themes 

Although INMI methods have shown surprising development and achievements, 
conflicting findings, under-investigated areas, and results without adequate 
explanations are still numerous. This following section explores why. 

Defining and redefining INMI as the research topic 

The review section ended with an illustration (see Figure 11, p. 79) of the recent 
proposal for a slightly deviant definition of INMI (Williams, 2015). It is clear that in all 
the reviewed studies, INMI referred to repetitive INMI among the general population, 
which Williams colloquially calls “earworms.” On the other hand, most of these studies 
did not discriminate between earworms and musical mind-pops (see, Elua et al., 2012), 
which are one-off episodes of musical recollection and also a distinct variety of musical 
imagery, according to Williams. Most scholars place a strong emphasis on repetition.  

Permanent INMI (PINMI) was suggested as a condition that lies between the normal 
and abnormal etiology of involuntary music (Hemming & Merrill, 2015). It bears a 
close resemblance to “perpetual INMI” (Brown, 2006) and even musical obsessions. 
My opinion on permanence, based on reading about and consulting on cases of 
musical obsessions, is that the label exaggerates the condition, because in many 
instances, even consistent intrusive imagery shows variation due to internal and 
external changes. I am thus inclined to reject the PINMI concept as poorly founded. 

However, I do see the argument for singling out the “earworm” variety of involuntary 
music. Figure 11 labeled earworms as repetitive involuntary musical imagery, their 
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looping nature differentiating them from mind-pops. This is very similar to Floridou’s 
(2015) proposal of involuntary musical imagery repetition (INMIR) for the same 
phenomenon. Even if future empirical research chose to treat these two together – and 
indeed they may be of the same origin – it seems wise to consider the possibility that 
they are different phenomena. It should be noted that a similar proposition has been 
made outside the INMI research field, suggesting that repeated involuntary memories 
should be called “intrusive” (Kvavilashvili & Schlagman, 2011). However, the findings 
regarding INMI show that musical memories are seldom intrusive, and in my opinion, 
they should not be labeled so.  

What does INMI tell us about cognition in general? 

“Involuntary and intrusive thoughts may be a hallmark of conscious experience rather than a response 
to traumatic memories” writes Hyman (2013, p. 214). The outcomes of the present review 
show that INMI is a hallmark of music memory, rather than its abomination. It seems 
clear that INMI research is informative in terms of normal, but not only abnormal 
psychology. Certainly, INMI is well aligned with the three types of memory recall 
originally proposed by Ebbinghaus (1964): Implicit, voluntary, and involuntary.  

Outside its own niche, research on INMI is most relevant to the study of involuntary 
memory in general. Involuntary memories have three varieties: Ordinary involuntary 
memories, chained memories and traumatic memories (Mace, 2007). Comparing these with 
INMI shows they have few shared characteristics, and repetitive INMI in particular 
shows a very specific chaining effect. Traumatic memories have no corresponding 
INMI type; the intrusive variations of INMI differ more in how a person reacts to 
INMI and how frequently they find it debilitating. Like Mace’s discussion on the 
differences between the retrieval properties of involuntary memory types, this review 
gives reason to suspect that INMI portrays a retrieval type of its own.  

INMI studies in general do not connect well with non-repetitive involuntary memories. 
The study specifically investigating musical mind-pops (Elua et al., 2012) found them 
to be the most frequent type of mind-pop among both normal and schizophrenic 
participants (N = 26 + 37). This is in line with INMI findings. However, participants 
from the normal population reported only a 65% lifetime incidence rate for musical 
mind-pops, raising a question regarding the extent to which survey wording and 
experimental context influenced this finding. All other reviewed research, including an 
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earlier study on musical mind-pops (Kvavilashvili & Mandler, 2004), suggests a much 
higher recognition and incidence rate.  

It has also been noted (Jakubowski et al., 2015) that INMI-invoked memories may be 
even more detailed or veridical than voluntary ones, which is line with the findings 
regarding involuntary autobiographical memories (Berntsen, 1998). This is an 
interesting parallel, because INMI-invoked memories are otherwise set apart from 
involuntary autobiographical memories by the consistent awareness of memory 
triggers. 

The cognitive capacities upon which INMI builds have not yet been fully clarified. 
Several authors (Beaman & Williams, 2010; Hyman et al., 2013) discuss the relationship 
of INMI experience duration and short vs. long-term memory capacity. They note 
how the imagery of long sections of a song arguably requires recall from long-term 
memory. Hyman further argues that failure to retrieve the following section (e.g. not 
well familiarized) could result in a breakpoint and the song looping back to the 
beginning of the known verse. However, this hypothesis has not received support.  

INMI exhibits several known features of memory recall. Studies have repeatedly 
demonstrated the recency effect, for example. Liikkanen’s original discussion (2012a) 
also considered prolonged activation, i.e. long-term recency, to have an effect on 
INMI. This was based on the idea of involuntary semantic memory (Kvavilashvili & 
Mandler, 2004) and spreading activation in long-term memory networks. Müllensiefen 
et al. (2014) discussed how recently activated memories become “primed to involuntary 
reactivation that is either spontaneous or linked by spreading activation” (ibid., p. 332). 

Much of the cognitive explanations of INMI lead to a thus far poorly defined 
explanatory model, which I label here as the conscious threshold model. This is a 
classical-style cognitive science functional model which claims that a network has a 
finite amount of musical memories stored within it. Each of the memories possesses 
some level of activation. These activation levels are important in both relative and 
absolute terms. Relatively, memories compete for conscious access against one 
another, both inside a modality and across modalities. The absolute level of activation 
might explain why the focus of attention turns to musical modality at all, and why we 
become aware of it. If we add function of memory excitation and decay, which take 
input from perception and other cognitive processes, we could derive a memory-based 
model of INMI emergence. 
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Figure 12. Conscious threshold model illustrated by four competing songs and 
variable threshold indexing high and low attention states. INMI is experienced in 

B, C and D conditions. 

This cognitive threshold model matches some of the findings presented in the 
literature. For example, Hyman et al. (2013) outlined the antecedents of INMI. These 
involve the memorization of music and later priming and cueing, which prepare for an 
INMI experience. The experience typically emerges in a low cognitive load state, 
during which we have less competition for conscious access. Re-activation makes 
songs more likely to return, “songs never completely lost activation and returned to the center of 
awareness when other thoughts no longer occupied the center of consciousness” (ibid., p. 210). 

Experimental studies indicate that in terms of the working memory system, the 
phonological loop is somehow critical for INMI. The central executive must play a 
role, as INMI is sensitive to task demands, even though this has been difficult to 
pinpoint this far. A discussion about the role of inhibition (Beaman & Williams, 2013) 
noted that mental control includes shifting and updating focus, in addition to 
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blocking unwanted distractions (i.e., inhibition). The same authors have also noted 
(Beaman & Williams, 2010) that the duration of INMI episodes clearly exceeds the 
working memory capacity, implying that long-term memory is somehow also involved. 

Finally, many authors discuss the importance of INMI research in the literature on 
mind wandering, default network, resting brain, and other phenomena that are 
characterized by a lack of task context. Although no definite conclusions have arisen 
from music psychology yet, it seems very likely that these research tracks will 
eventually meet: After all, INMI appears to be related to both subconscious processing 
and “background cognition.” 

Musical structure --- does the stimulus make a difference? 

The most popular music of the 21st century is characterized by strong production, 
aiming at sonic perfection and complexity, which addicts the listener’s mind to several 
pleasurable moments known as hooks. Meticulous sound engineering has become the 
standard within contemporary popular music, as a clear divergence from the traditional 
singer-songwriter or band model of music creation (Levitin, 2006; Seabrook, 2015). 
When measured by commercial success, the production engineering approach 
outperforms the old-fashioned model of singer-songwriting. 

Outside academic research, the motivations for hit song science and the prediction of 
success are enormous and involve a million-dollar business. This has spawned several 
commercial enterprises, which offer hit prediction to record companies to assist in 
producing consistent success. Platinum Blue Music Intelligence from New York is one 
such company (see, Gladwell, 2006). The software offered by this company classifies 
the proximity of a new song to algorithmically determined clusters of hit songs.  

I regard this line of work with slight skepticism. Although “hit song scientists” (Frieler 
et al., 2015; Pachet & Roy, 2008) believe that something underlies the popularity of 
music, the reality in the music industry is that musical trends are always shifting, even if 
in a cyclical fashion. This is best demonstrated by the fact that “the signature sound” 
of hit song makers tends to become stale in just a few years (Seabrook, 2015). New 
generations look for their own music to provide them with building blocks for a 
unique identity over parents’ and older siblings’ music. As a result, the musical sands of 
cultural evolution shift more quickly than those of the evolution of the human mind. 
The invariables are more likely to be contained in our minds than in cultural produce. 
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The findings of musical structure analyses of INMI indicate that certain melodic 
features are more prominent in songs spontaneously nominated as INMI. However, 
these studies (Finkel et al., 2010; Jakubowski et al., 2017; Williamson & Müllensiefen, 
2012) have lacked the capacity to cover all the musical features we expect from real 
music. Being based on melodic features contained in MIDI files, they neglect much 
musical information which, based on musical imagery research (see, Bailes, 2007), 
should be significant for INMI. On the other hand, one consistent finding has been 
the idiosyncratic nature of songs experienced as INMI. An interaction effect clearly 
exists between our minds and music, and this affects the likelihood of INMI.  

Although these results are intriguing, they are still preliminary. More studies are needed 
to corroborate the understanding of the stimulus properties of INMI. A study by 
Jakubowski and colleagues (Jakubowski et al., 2017) undeniably demonstrates that 
INMI potential, the target of the musical structure studies above, does not equate with 
hit potential. This contradicts popular music analysts such as Seabrook, whose book 
about popular music production uses earworm as a synonym for a hit song (Seabrook, 
2015, p. 98). On the other hand, his portrayal of the anatomy of contemporary pop 
music also suggests that the hit song structure with multiple “hooks” is more complex 
than the mental representations involved during INMI, according to current 
understanding. In other words, we may not be aware or capable of recalling all the 
song details that still influence our musical information processing. 

The hunt for the ultimate earworm or songs with high INMI potential is an interesting 
track in the research. Although only a few studies have directly assessed this question, 
it has practical significance for all empirical research, particularly induction studies. For 
instance, if there are notable differences in INMI potential, then induction studies 
could benefit from utilizing these stimuli. This is partially correct, and many induction 
studies have intentionally selected stimuli based on empirical testing. However, in the 
reviewed studies, the weight of intermusical differences seems negligible in comparison 
to interpersonal and contextual influences, which together determine how and what we 
experience. 

Mental disorders and coping with INMI 

Serious efforts to demarcate “normal INMI” from “clinical INMI” are currently 
lacking (but see, Hemming & Merrill, 2015). The extensive literature on musical 
hallucinations and the more compact musical obsession literature have no adequate 
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shared ground to look into this. A comparative study of different groups, similar to the 
participant recruitment for the study of Elua et al. (2012), utilizing standard and 
extended INMI methods (Floridou et al., 2015), would be most welcome. But the issue 
is complex. I believe that any single factor, such as the excessive duration of the 
experience (Floridou, 2015), can be used alone to differentiate INMI from musical 
obsessions, but the degree of subjective discomfort has to be included. 

Another question is that, given that some individuals have exceptional INMI (Weir et 
al., 2015), to the extent of persistent imagery (Brown, 2006; Hemming & Merrill, 2015), 
should these outliers be discarded when trying to understand INMI at large? It has 
been proposed that INMI research should exclude pathological cases (Liikkanen, 
2012c). On one hand, exceptional individuals may not be clinical or feel that they are 
suffering from a disorder. On the other hand, as Williams (2015) has argued, 
discrimination of extreme cases is unnecessary, at least for the definition of INMI. This 
stance can be further defended from the angle that conditions such as those described 
by Brown and Hemming are rare, and will not create a bias on the population level, 
even if we do not discard them from survey research. A remaining question is whether 
individuals with elevated INMI frequency, for instance, exhibit a different, possibly 
more sensitive response to INMI under controlled conditions or whether the findings 
are due to self-reporting or self-monitoring bias. 

Another line of debate originating from biological psychology is to consider INMI as 
the product of abnormal brain structure or function. Although evidence of potentially 
contributing cerebral areas now exists (Farrugia et al., 2015), the attribution of INMI to 
any neural factor is far from settled. However, this may not be the case for other 
involuntary musical phenomena. For instance, Hemming and Merrill have suggested 
that sub-cortical and cortical de-afferentiation may both differentially contribute to 
hallucinatory percepts or involuntary memories (Hemming & Merrill, 2015). 

Are psychological coping strategies enough? Do sufferers of INMI need more help? 

In my dealings with popular media, I have been consistently asked about ways to 
reduce or stop INMI. Although I tend to disregard the question, there is legitimate 
proof that stimulus competition influences later INMI experiences. This justifies song 
substitution as one effective strategy. Song substitution may be useful if the distress 
from INMI is caused by the aversive musical content. However, if the intrusiveness is 
created by mere repetition, music displacement may not be helpful.  
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Other coping tactics that are supported by research include maintaining a high level of 
cognitive load (Floridou et al., 2017; Hyman et al., 2013) and blocking subarticulation 
(Beaman et al., 2015). However none of these totally stop earworms, and individual 
differences in suppressing unwanted thoughts (Beaman & Williams, 2013) remain. 

In a comparison to clinical research on musical obsessions which seeks out effective 
treatments, the aspect of finding help for excessive INMI is almost absent in the 
reviewed literature. From a review of musical obsessions (Taylor et al., 2014), several 
possible interventions emerge that have not been considered in relation to INMI. The 
enlisted interventions were pharmacotherapy, cognitive-behavioral interventions, 
exposure and response prevention, and distraction. In the INMI context, 
distraction strategies have already been discussed. However, exposure and response 
prevention tactics seem difficult to implement in everyday life.  

Cognitive-behavioral therapy might be beneficial for borderline clinical, extreme INMI 
individuals. For instance, a person with multiple etiologies (Liikkanen & Raaska, 2013) 
perceived subjective relieve from INMI through a simple daily diary method. The likely 
explanation was that the person gained an outside view of their condition, making it 
seem more tolerable. Using drugs to control intrusive INMI is quite a radical idea. For 
one, more research on the collateral INMI effects of the specific medical interventions 
are required. This could involve measuring INMI phenomenology before and after 
potentially effective medications (e.g. anti-depressants) to learn about their potential 
without subjecting anybody to additional drug treatment.  

Thus far I have discussed INMI as a problem we should try to eliminate. However, as 
the research indicates that people are generally positive about their INMI experiences, 
perhaps we should look for positive sides to the INMI experience instead of trying to 
prevent it. Baars (2010) has argued that spontaneous repetitive thoughts can be 
generally adaptive, and Floridou (2015) has suggested several potential benefits. First, 
INMI might provide therapeutic help in conditions relating to the motor system; and 
second, INMI’s emergence in repetitive routine tasks could be beneficial for their 
completion. Both claims could be empirically studied.  

Is INMI rooted in unconscious conflicts? 

Looking at the phenomenology and dynamics of INMI, it seems evident that the 
contemporary cognitive psychology framework enables us to describe this 
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psychological feature very well. Although most studies demonstrate a significant level 
of individual, unexplained variation in INMI experiences, the repeatedly found 
explanatory elements are robust and do not require references to intrapsychic conflicts, 
or any other psychodynamic explanation. Some results directly contradict the 
psychodynamic account: For instance, the ineffectiveness of autobiographic priming 
(Byron & Fowles, 2015). 

The recent INMI research carried out within the empirical psychology framework thus 
marginalizes the hypotheses speculated on in the psychodynamic tradition. For 
instance, much of the music associated with INMI shows a clear stimulus-response 
relationship, with no need to look for complicated unconscious explanations for a 
specific INMI episode. Episodes are also far too frequent and varied in content to 
index any single persistent trouble of the psyche. The fact that people consistently 
recognize the songs in question and the triggers that cause them also goes against the 
psychodynamic explanation – or rather makes the “ordinary type of imagery noted by 
Reik much more interesting than psychoanalysts originally thought. The old theory 
originates from an era technologically and culturally very different from the 
contemporary one. 

However, music cognition and memory explanations do not rule out that involuntary, 
“psychologically meaningful” memories proposed by psychodynamic scholars 
(Hannett, 1964; Reik, 1953) exist. Indeed several survey studies of INMI include 
dimensions labeled not only “entertainment”  or “completeness” (Baruss & Wammes, 
2009) but “purposive” and “help” (Floridou et al., 2015; Williamson et al., 2012). 
However, this category of situation-significant musical memories does not seem very 
frequent, and is thus not really useful as an explanation for the wealth of INMI 
episodes as a whole.  

3.3 Limitations of current research 

This review is the first to compile all the themes explored in INMI research and as 
such, is able to point out some gaps. Generally, empirical research in this area has not 
been hypothesis driven; instead authors have pursued different aspects of the INMI 
experience according to their own interests. Future research should lean more firmly 
on theory. 
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Experimental controls do not always work perfectly. This has been observed both by 
forcing participants’ responses to music (McCullough Campbell & Margulis, 2015) and 
by controlling cognitive load. Floridou (2017) recounts difficulties in both maintaining 
consistent load and ensuring that participants follow the manipulation as instructed. 
This leads to the suggestion of using several tasks of varying complexity and constant 
load, which could mitigate against wavering attention and rising boredom. The latter 
also troubled the experimental setup of Hyman et al. (2013). 

The majority of studies describing INMI phenomenology are based on participants 
living in “Western” countries. In terms of sampling coverage, statistically 
representative, although non-random, samples of INMI experiences have been 
collected in five nations: Australia (Byron & Fowles, 2015), India (Liikkanen et al., 
2015), Finland (Liikkanen, 2012c), the United Kingdom (Williamson et al., 2012), and 
the United States (Hyman et al., 2013; Hyman et al., 2015; Liikkanen et al., 2015). The 
Twitter-based study (Liikkanen et al., 2015) was able to draw naturalistic data from 
users from 173 geographic regions (per ISO 3166-1 definition in which regions 
typically identify with countries). However, as it focused on conversations held in 
English, it may be biased. Much of the world remains uncovered when it comes to 
cultural and linguistic regions. 

This situation means that INMI research is subject to WEIRD bias (Heinrich, Heine, 
& Norenzayan, 2010), which refers to white, educated, industrialized, rich, and 
democratic societies in which social sciences and psychological research is commonly 
conducted. This is also a serious shortcoming for understanding INMI as a 
hypothetically general component of music cognition (Jakubowski, 2016). But how 
severe is this bias?  

The current situation affords only speculation. Referring to the analysis by Heinrich 
and associates (ibid.), there may be a difference between mental capacities and 
dispositions that have a strong “nurture” factor. According to WEIRD research, 
shared dispositions for a certain psychological characteristic, for example perceiving a 
visual illusion, may only develop under certain conditions. What could these conditions 
be in the case of INMI? Is the large-scale emergence of INMI among the studied 
populations related to restricted overt musical expression in the culture of Western 
adults, globally spread technology mediated popular music culture, or some other 
factor? 
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3.4 Open questions for future work 

Why does INMI occur when it does, and what is its function? 

Along with blocking earworms, one of the regular questions from laymen is why do we 
experience earworms at all. I believe there are two of variations of “why” related to 
INMI – an easy and a difficult one. The easier one concerns why an INMI experience 
occurs at a specific time. This is something research has been able to explain. The 
harder “why”, the “ultimate question of INMI” is about why humans experience INMI 
at all.  

One treatise on involuntary memory reminds us that consciousness is a functional 
feature of the human mind (Baars, Ramamurthy, & Franklin, 2007). In the case of 
involuntary memory, this is not so clear, and with repetitive INMI it is even more 
questionable. This is reminiscent of the infamous “auditory cheesecake” labeling of the 
musical faculty of the mind (Pinker, 1997; but see, Pylyshyn, 2002). The functional 
perspective proposed for involuntary memory is that it may be necessary for normal 
recall of episodic and declarative memory. Nothing similar has been identified for 
INMI. A single study which aimed to reveal the possible benefits of musical 
information processing due to extreme INMI failed to produce any positive results. 
Thus we are currently left with evidence of a fleeting feeling of delight associated with 
recalling music of our liking, but even this emotion regulation hypothesis needs more 
study. 

Memory consolidation is one interesting, possibly relevant hypothesis that gives 
INMI a functional role in cognition. It arises in a few existing discussions (Floridou et 
al., 2015; Liikkanen, 2012a; McNally-Gagnon, 2016), and based on ESCOM 2017 
proceedings, several researchers seem to be currently interested in it. The hypothesis is 
that repetitive INMI might be a conscious reflection of a continuous, ongoing, usually 
unconscious memory consolidation process, which imprints new musical memories 
into the long-term memory. However, the actual conscious experience might still be 
epiphenomal. This “no smoke without fire” account would mean that the absence of 
INMI might be a sign of dysfunctional memory or unsuccessful consolidation. This 
remains to be investigated. 

The most interesting question is why repetition is so prevalent in the INMI 
experience. If the “persistent musical track” consisted of different individual songs, 
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this could be conveniently explained as the memory chaining experienced with other 
types of involuntary memory (Mace, 2007). However, it is not. Instead, the typical 
experience consists of a single song fragment repeating consistently, setting INMI 
apart from involuntary autobiographical memories. Why does looping occur? Why 
does the imagery stop at the breakpoint and why does it rewind back to the beginning 
(see  Figure 6, p. 66)? One fitting descriptive theory might be found in the domain of 
dynamic systems research in mathematics. Dynamic systems of multiple dimensions 
exhibit stable limit cycles, i.e. oscillations that repeatedly loop back to their starting 
point. This framework might be useful for explaining or at least describing the 
repetition in INMI. 

Gaps in playback 

Not all aspects of the INMI process have received equal attention. In particular, the 
INMI loop’s breakpoint and the detailed duration of INMI episodes remain under-
investigated. Some of the unanswered questions related to the loop are: Does the 
repetition conform to musical meter? Are there regular pauses between the end and the 
jump to the beginning? Is the breakpoint always at the same spot within a single 
episode?  In theory, some studies already have the data (Jakubowski et al., 2015; 
McNally-Gagnon, 2016) but have not presented analyses of this aspect. The chaining 
effect documented with other involuntary memories would also be of interest in 
relation to INMI. 

None of the reviewed studies have reported the contents of INMI episodes or details 
of the songs. Where exactly does the music stop? How long is the delay before it 
begins again? Does this mental remix of familiar music keep consistent tempo and 
timed breaks? How does this mental da capo or del signo become assigned to the mental 
construct of the music we experience? Does the musical experience of INMI have a 
specific relationship with the mental representation held for the full music in question? 
Experimental research of INMI experiences recorded under controlled environments 
could address this issue.  

A fascinating methodological prospect is whether INMI could be recorded using brain 
research methods without self-reporting. Given the findings of voluntary musical 
imagery research (Halpern & Zatorre, 1999; Halpern, Zatorre, Bouffard, & Johnson, 
2004), the expectation is that INMI will reveal similar activations in auditory and 
frontal cortices (see, Hemming & Merrill, 2015). 
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The motor connection 

Several studies link motor, vocal system activity and singing with INMI (Beaman et al., 
2015; McCullough Campbell & Margulis, 2015; McNally-Gagnon, 2016; Müllensiefen 
et al., 2014). Survey respondents have also acknowledged a strong connection between 
INMI and overt movement (Floridou et al., 2015). These findings show that active 
motor participation improves induction success, INMI songs include melodies that are 
easier to sing, and melody and song lyrics are the best preserved elements within the 
INMI experience. However, attempts to replicate findings through identical 
experiments are currently limited, and we do not yet understand what this connection 
involves.  

The relation of INMI and voluntary musical imagery to articulation and 
subvocalization is an interesting uncharted area. Beaman’s study (2015) was the first to 
reliably connect INMI to this topic. However, the history of subvocalization in 
psychological research (Sokolov, 1972) and schizophrenia research (Smith, 1992) is 
long. The latter goes as far as suggesting a subvocalization theory of verbal 
hallucination. Subvocalization, myogenic activity in laryngyal musculature and other 
parts of the vocal track, may be involved in the production of hallucinatory voices 
heard by schizophrenics. However, in terms of hallucinations, this does not explain the 
alien content of the voices. In an analogy to INMI, the musical content is usually 
familiar and thus not a subject for explanation, i.e. it is a recall product. The 
proposition that subvocalization correlates with the presence of INMI does not explain 
much about INMI. However, if correct, subvocalization in INMI could be an 
important biosignal that communicates the presence of INMI without the need for 
verbal reporting, which relies on conscious monitoring and meta-awareness. Beaman 
has suggested an interesting experiment, which proposes a strong feedback effect. This 
is yet to be implemented: 

“A possible goal for a future study is whether or not irrelevant subvocalization that has verbal content 
might be even more effective [blocker], at least when the musical imagery also has verbal content. 
Earworms with lyrical content versus those that are instrumental only, and their interaction with 
various sorts of irrelevant motor programming, might provide a novel means of investigating these 
issues” (Beaman et al., 2015). 

An interesting question is whether the motor connection stops at the vocal track. Some 
studies show that bodily movements facilitate INMI induction (McCullough Campbell 
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& Margulis, 2015) and INMI episodes often happen during rhythmic movement 
(Jakubowski et al., 2015). The IMIS instrument (Floridou et al., 2015) includes a factor 
labeled ‘Movement’ which has three items, one of these being ‘The rhythms of my 
earworms match my movements’. The studies of using music, particularly synchronous 
music, during exercise demonstrate robust psychophysical and ergogenic benefits 
(Karageorghis & Priest, 2012). This suggests possibly more complex reasons than 
merely the associative triggering of songs in similar tempi. Does our unconscious mind 
possibly help us?  

An interesting point raised by a review by Karageorghis and Priest (ibid., p. 69) is that 
“music may not moderate what one feels, but it can moderate how one feels it”, making strenuous 
exercise feel more pleasurable, for instance. They also emphasize the motivational 
qualities of music, that is, using self-selected music to match the exercise in question. 
This might be an alternative account for mood regulation, possibly tying INMI to 
chronobiology, or even back to psychodymic roots (see, Bailes, 2015c). 

Nature or nurture? 

One fully unexplored aspect of INMI concerns the development psychology aspect. 
This is also important due to WEIRD bias, as we do not currently know if only specific 
cultural circumstances make us “vulnerable” to INMI.  

Some research in music psychology on the development of musical skill spans several 
decades. Recording spontaneous musical behaviors at an early age (Dowling, 1982), for 
instance, indicates several potential parallels in existing research for INMI studies to 
complement. Although age has been a covariate in some of the studies, INMI research 
on the whole has concerned only adults and teens. Research on the early childhood 
emergence of involuntary musical experiences and behaviors could be revealing in 
terms of the nature of INMI and may add a new chapter to its phenomenology. 
Anecdotal evidence from my personal parenthood bespeaks the early onset of 
involuntary or spontaneous musicality and motivates separate investigation. Any such 
work should span the age range of at least two to seven years.  

Facilitating coping 

Ways in which to reduce or prevent INMI deserve more attention. Several lines of 
research were already discussed in Section 3.2. Ultimately, we should aim for a theory 
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that can explain the dynamics of INMI and pinpoint the interventions that are effective 
in influencing the different parts of the INMI process. Naturally, different preventive 
solutions should be trialed.  

Of the approaches enlisted with musical obsessions, pharmacotherapy and exposure 
prevention seem the most interesting. This is because there is currently no information 
on their potential effectiveness. Investigating pharmacotherapeutic solutions seems 
complicated at first, but could be possible if we could focused on the collateral or side 
effects of certain treatments for OCD or depression. The findings of OCD and 
musical obsession research hypothesize that drug treatments could influence INMI 
frequency, duration and intrusiveness. 

Exposure prevention is a similarly challenging direction of study and would require 
strict experimental controls that can quantify the degree of prevention. In this line of 
study, I would acknowledge even a negative result (in terms of frequency, duration, or 
intrusiveness) if the intervention itself succeeded. This would further prove that cross-
modal stimuli and intrapsychic events, e.g. affective states, are adequate triggers and 
maintainers of INMI, and that external stimuli only affect the musical content. 
However, this would also heavily contradict the main presumption of this thesis, i.e. 
the grounding of INMI in the activation of memory networks. This background 
hypothesis suggests that exposure prevention should have a clear effect. 

  



 

So why don't you 

dance to the music  

I hear inside my head 

-Kent 
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4 Conclusions  

After fifteen years of study, we can say that involuntary musical imagery research is 
now an established topic in music psychology. Evidence highlighting it as a special type 
of involuntary memory with unique properties in need of its own explanatory 
mechanisms is adequate.  

The research is far from parsimonious, but it does defend the universality of INMI and 
show that individuals’ chosen behaviors, particularly musical immersion, play a great 
role in defining how they experience INMI. However, we cannot forget that some 
individuals lie at the other extreme of involuntary music, and suffer daily from intrusive 
music that reduces their chances of a normal life. Although these musical obsessions 
may not always be their only mental problem, they are real, and are considered an 
under-diagnosed problem among the normal population (Taylor et al., 2014).  

Future research has a great many opportunities to further explore INMI 
phenomenology with cross-cultural research and developmental psychology studies. 
New interventions to influence INMI inspired by OCD treatments may reveal much 
more effective solutions to the challenge of “how can you stop earworms?”, something 
the public is still eager to know. Moreover, on the basis of current research, we do not 
even know if it is really needed at all, as the presumption of epiphenomality has not 
been addressed.  

Fortunately, further research on INMI is well under way. As I began to prepare this 
dissertation, the ESCOM 2017 conference held in Belgium hosted five new 
presentations relevant to INMI. This creates great expectations that many 
contributions will appear in peer-reviewed publications in the near future.  

4.1 Claims and contributions 

In this section, I revisit the theoretical background of this thesis and present the 
conclusions that derive from my empirical research and have been evaluated here 
against all the evidence available in the research literature.  

The main hypothesis of my work was that INMI originates from the normal activity of 
the musical memory system. The conscious experience we become aware of may be 
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epiphenomenal with regards to the actual function of the memory system. We do not 
know this for sure yet, and research has not directly investigated it. However, this 
memory-based phenomenon hypothesis has some consequences that I also considered 
in my empirical research. This leads to five main claims: 

1. INMI is a universal, common feature of musicality among people. 
2. Musical behaviors of performing and listening mediate INMI phenomenology 

through memory. 
3. INMI stands apart from other involuntary memory.  
4. People take action because of INMI, to avoid or displace it. 
5. INMI is very similar to voluntary musical imagery. 

The main claim is that INMI is a universal, common feature of music cognition. 
This means that INMI is present within all humans who have the capacity to 
appreciate, perform and create music. This is based on two separate studies, 
(Liikkanen, 2012c; Liikkanen et al., 2015), each still unparalleled in the literature by the 
size of their relative sample. As the evidence has only been gathered among English- 
and Finnish-speaking individuals, who have offered their opinions either 
spontaneously (2015) or mindfully (2012), it does not cover all geographical regions of 
the world. Follow-up work has not yet found any evidence contradicting this claim. I 
thus believe the publications indicate breadth (Liikkanen, 2012c; Liikkanen et al., 2015) 
and depth (Liikkanen, 2012c) in testifying the universality of INMI. 

Is the universality claim falsifiable? To contradict it, one should produce evidence that 
INMI is either a very unique condition, such as synesthesia, or that INMI experiences 
are quantitatively different from voluntary imagery phenomena, which are presumed to 
be universal. Or, we should find groups of people who do not experience INMI due to 
nature or nurture. The review finds no such evidence, but more populations and 
cultures should be studied.  

If INMI results from the activation of the musical memory system, the 
phenomenology and dynamics of the phenomenon between participants should vary 
according to the musical behaviors of hearing, practicing, and performing music. This 
was the main result of Liikkanen (2012c), which emphasized musical practice over 
listening, but found both activities to be associated with increased frequencies of 
imagery. Long-term musical practice was also associated with both the frequency and 
content of INMI. Other researchers have not equivocally made identical findings, 
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although the general trend is the same. In particular, evidence from numerous 
induction studies corroborates the importance of the prior activation of the musical 
memory. 

The main difference between INMI experiences and other involuntary memories is 
that they usually have an identifiable precedent; a memory cue. Although the 
retrospective reporting I utilized in my work (Liikkanen, 2012c) creates a recollection 
bias due to unreliable metamemory, INMI has consistently turned out to be a 
psychological phenomenon for which people can usually find causal explanations and 
identify triggers. As argued earlier, this distinguishes INMI from both other 
involuntary semantic memories and involuntary autobiographical memories. 

INMI vitalizes people in many ways. This is an important remark because it shows that 
people take INMI seriously and adjust their behavior because of related beliefs. 
Although INMI is generally perceived as a pleasant experience, it exceeds other 
involuntary memories by being intrusive at times. This leads people to take precautions 
and react to the INMI experiences as they evolve. After my initial study (Liikkanen, 
2012c), this behavioral tendency was further investigated in a collaborative study using 
my 2007 dataset and Goldsmiths’ Earwormery data. This revealed a surprising 
similarity between these measures (Liikkanen et al., 2015). 

Fifth, much of the research is built upon the belief that involuntary imagery resembles 
voluntary imagery. The experimental induction study (Liikkanen, 2012a) tested this 
hypothesis by using a task that recruits voluntary imagery to induce involuntary 
imagery later on. The results of this indirect test are congruent with the literature that 
has later emerged, particularly the findings concerning the musical veridicality of INMI 
in comparison to voluntary imagery. In the reviewed literature, the studies assessing the 
veridicality of INMI (see subsection entitled Do musical images evoked in INMI 
resemble perception? p. 55) also equivocally support this interpretation.  

Altogether, these claims motivate further research of INMI, particularly of its 
differences to voluntary imagery and semantic involuntary memories. This has the 
potential to extend our knowledge of how different human memory systems function.  
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4.2 Impact of primary research 

I conclude this dissertation with a high-level assessment of the impact of the 
publications reporting my empirical research in academia and society. I begin by stating 
that I believe that the primary research work has been essential for the emergence of a 
new research area within music psychology, involuntary musical imagery, or INMI. For 
instance, the journal Psychology of Music now lists involuntary musical imagery as one 
of the research expertise themes for reviewers to choose from. Since my first and 
concluding publications (Liikkanen, 2008, 2012c), 22 out of 24 published papers (92%) 
use the term INMI or its longer form to denote the research topic. This clearly 
indicates that the research community at large has embraced the label I first promoted 
(Liikkanen, 2008, 2009), borrowed from Sacks (2007). 

Domestically in Finland, I claim that a notable portion of the public increase in the 
awareness of the “earworm” phenomenon is attributable to my public media 
statements derived from these studies. This is illustrated in Figure 13 below, which 
shows a sustained interest in the topic since 2008, reflected by Google Search keyword 
statistics. Thus my research has contributed to making music psychology accessible to 
a wider number of people, especially in Finland.  
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Figure 13. Google Trends data illustration of the Finnish equivalent of the term 
“earworm” (korvamato). The arrow on the screenshot illustrates when this research 

was first made public. 

Given that the publications based on my empirical research have been available for 
several years, it is possible to estimate the recognition of the works beyond the 
anonymous peer-review that all the works were initially subjected to.  

Liikkanen (2012c) has become a cornerstone reference in the INMI research domain. 
Twenty-six out of 28 papers published since 2012 included in the review (Chapter 3) 
cite this publication. Although the review contains some controversial findings which 
have not all been replicated (e.g., gender and musical training effects), the basic claim 
remains undisputed. One study by Liikkanen, Jakubowski and Toivanen (2015) has not 
received as much attention thus far, but it remains the only INMI exploration with 
documented reports beyond the traditional geographical areas of psychological study.  
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Of my original publications, Liikkanen (2012a) has received the most criticism. This 
has come as no surprise given its unorthodox methodology, particularly the lack of 
certain experimental controls. However, the publication included a discussion on the 
problems in data interpretation, which have since been raised by other scholars 
performing induction studies. I maintain that the importance of the study was that it 
was the first English publication to seriously promote the induction paradigm, which 
has since proven very helpful. It is also interesting that despite the methodological 
shortcomings, the obtained induction results (as documented in Section Can INMI be 
experimentally induced?) are well aligned with other studies. 

Based on the insights presented here, it seems warranted to conclude that involuntary 
musical imagery is now an established research topic in music psychology. It shows 
adequate maturity in terms of methodological solutions, setting research questions, and 
producing reproducible results to qualify as such. It is my intention that this 
dissertation justifies this claim and also inspires future researchers to fill the numerous 
gaps in our understanding of INMI that I have raised here. 

  



 

And I can't get it out of 

my head 

No, I can't get it out of 

my head 

- Electric Light Orchestra 
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Selected Publications 

This dissertation has a special emphasis in critically assessing the contributions 
contained within the following publications:  

Liikkanen L. (2012) Musical Activities Predispose to Involuntary Musical Imagery. 
Psychology of Music, 40(2), 236–256 

Liikkanen L. (2012) Inducing involuntary musical imagery: an experimental study. 
Musicae Scientiae. 16(2) 217–234 

Williamson, V. J., Liikkanen, L. A., Jakubowski, K., & Stewart, L. (2014). Sticky Tunes: 
How Do People React to Involuntary Musical Imagery? PLoS ONE, 9(1), 
e86170. 

Liikkanen, Jakubowski, Toivanen (2015) Catching Earworms on Twitter. Using Big 
Data to Study Involuntary Musical Imagery . Music Perception: An Interdisciplinary 
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