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ABSTRACT

This dissertation coins the term “Musical Imagery Repetition” (MIR) to precisely define the universal phenomenon of music getting “stuck in thought.” MIR is defined as previously heard music that, while consciously unintended, repeats uncontrollably and pervasively in thought. An extensive Internet-based survey instrument collected information about MIR from 503 individuals in 33 countries. The first working definition of MIR, the first chronological profile of MIR, and the first evidence that different segments of the population differ in MIR frequency are all presented. Additionally, the results indicate that MIR extends and challenges certain tenets of memory theory. Notably, the ability of MIR to act as a mnemonic device, similarities between REM and MIR, and the ability of MIR to transcend the boundaries of established memory systems suggest that MIR functions as a memory consolidation device. The high resolution of memory for music and the ability of MIR to transcend boundaries of traditional memory systems also lead to the conclusion that MIR is a newly identified memory system, which I call “audio-eidetic” memory. Additional empirical programs of research are proposed to further determine the validity of hypotheses that are raised in the discussion of MIR and memory. 
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CHAPTER ONE: INTRODUCTION TO MIR

Scientist Gilbert Lister wanted to know why songs get stuck in our heads. His initial hypothesis was a simple one: rhythms and melodies in music similar to patterns in brain waves should be remembered more, and thus should be more likely to get stuck in the head. By studying alpha, beta, and other encephalographic (EEG) brain rhythms, Lister saw how he could change brain states when presenting certain rhythms to patients. He concluded that because each brain is different, there must be one ideally sticky rhythm and melody for each brain. He designed a computer that could produce ideal melodies by measuring the brain properties of each patient. Ultimately, after the computer had finished its work, the ideal melody it presented caused trances and drug-like effects, destroying the patient’s memory and mind.

In this summary of Arthur C. Clarke’s Ultimate Melody (1957/2001), we are reminded of that hackneyed phenomenon in which a tune runs through our thoughts, a song gets stuck in our heads, vivid mental snippets of violins pace themselves to our evening runs, and commercial jingles invade our morning showers. 

In everyday media we cannot get away: as often as we turn someone plays “Can’t get you out of my head” by Kyle Minogue or “This is the song that never ends” from Shari Lewis’ PBS Sing Along television show Lambchop. Thousands of armchair theorists drone on about how and why these sticking episodes happen.
 Personal websites are filled with gripes about scientists’ inability to suggest effective methods for getting “the damn song unstuck,” and often contain lists of the “really sticky songs,” perhaps in the hope that someone will “catch” a miserable mental loop. 

Since the late 19th century,
 Germans have called this phenomenon “öhrwurm” (translating literally to “earworm”). However, öhrwurm is ontologically problematic because it presupposes that music repeats in the ear and not the brain. Therefore, rather than use a problematic term to describe this most common human mental event (98.2% of people worldwide have experienced MIR),
 I coin the term “Musical Imagery Repetition” (MIR). The term MIR is chosen for its ability to convey a precise definition:

Previously heard music that, while consciously unintended, repeats uncontrollably and pervasively in thought. 

Why study MIR? 

There are many uses and applications driving this investigation of MIR:

1) MIR will give memory theorists greater insight into the organization and functions of memory systems. 

2) MIR will give imagery theorists greater insight into the nature and function of auditory and musical imagery. 

3) MIR rules will yield insight into how the mnemonic power of music
 may be harnessed as a pedagogical device. For example, MIR rules could be paired with socially responsible lyrics such as “kids, buckle your seat belts” or “be nice to your grandmother.” 
 
 

4) Rules and models describing MIR can be applied to create music and performances that are more memorable for a specified audience.
 

Examinations of MIR-related academic research

Although MIR has been widely recognized by other names as a phenomenon since before access to recorded music was common,
 almost no serious academic work has been conducted precisely addressing MIR.

Seashore (1938/1967) noticed that many individuals could repeatedly imagine tones and music so well the “inner music” was almost indistinguishable from perception. However, he did not theorize about how repetition in imagination could contribute to an understanding of music or memory. 

Penfield (1952) found that patients could repeatedly play back previously perceived music in their minds when a galvanic probe transmitting a weak electric current was applied to their brains. With probes to a specific brain area, one tested patient first heard a piano, then the song “Oh Marie, Oh Marie,” then a theme song for a local radio program repeatedly. Leach (2002) suggests that Penfield’s electrode experiment evoked a single involuntary and episodic recollection that included the original emotions that were paired with the first presentation of the musical stimulus. 

In Reik’s (1957) psychoanalytical account of MIR (which he calls “a haunting melody”), Reik felt that music repeating in the forefront of thought had particular meaning. He wrote: "The fact that it is that particular melody, 
and not any other of the many thousand[s] our mind harbours, is due to the emergence of something that was once closely connected with it in our thoughts.” His psychoanalytical explanations are hardly methodologically rigorous by today’s experimental standards. However, his intuitive grasp of MIR mirrors our current knowledge about the reality of conditioning and cuing in memory for musical features (Snyder, 2001). 

In 1992, Reisberg edited Auditory Imagery, the first serious collection of chapters investigating the nature of sound in thought. While none of the authors in Auditory Imagery directly addressed MIR, some of their experimental findings suitably frame the context for the MIR profile in Chapter 2. 

Most recently, James Kellaris (2001) directly confronted MIR under the name “Stuck Tune Syndrome.” He surveyed the phenomenon with an 8-question survey.
 After compiling his data, Kellaris concluded that to really investigate the causes of “Stuck Tune Syndrome” it would be necessary to look at both subjective qualities of music and some empirically testable qualities. However, he did posit four reasons why music gets stuck in our heads: 

(1) repetition inherent in certain musical structures causes stuckness

(2) musical simplicity causes stuckness

(3) incongruity between text and music or rhythm and meter causes 

stuckness

(4) personal anxiety and other neuroses can cause stuckness

It is clear from even a cursory examination of his informal survey that methodological problems and lack of psychological prowess pre-empt useful conclusions from being drawn. A music consultant and business professor, Kellaris wrote an intriguing and media worthy survey, but the implicit commercial considerations driving his study may have contributed to weak findings. Additionally, it should be noted that his first three conclusions may explain musical memory, but increased memory for music does not necessarily directly correspond with repetition of music in thought.

Given that MIR has been so loosely and imprecisely identified in academia, it is clear that contributions in this field are necessary. I therefore turn to the goals of this dissertation. 

This Dissertation

The original intent for this dissertation was to simply provide a profile of MIR and its victims as an intriguing phenomenon in music cognition. However, after doing a second multidisciplinary literature review to try to explain the results of my survey instrument, it became clear that my findings could contribute to contemporary memory theory. Therefore, this dissertation represents the first serious attempt to:

(a) Define MIR

(b) Provide a profile of MIR and its victims

(c) Explain evidence suggesting that MIR expands and challenges several established memory theories

(d) Posit additional programs of research that resolve hypotheses about the way MIR expands memory theory. Posit additional programs of research that resolve other hypotheses about the MIR phenomenon. 
CHAPTER 2: MUSICAL IMAGERY, A PROFILE OF THE AVERAGE MIR EPISODE, AND A PROFILE OF MIR’S VICTIMS
This chapter first introduces what is known about auditory and musical imagery to provide a context for a profile of MIR. Second, a condensed methodology is provided for the survey instrument used to investigate MIR. Third, evidence is presented suggesting that MIR is the dominant form imagery repetition takes. Fourth, MIR is introduced sequentially, highlighting pre-MIR, MIR, and post-MIR. Fifth, a short section highlights those types of victims who experience MIR the most. Finally, the detailed results that support the short profile of MIR are provided. 

MIR-related overview of auditory and musical imagery 

There has been a small amount of contemporary research regarding the form sound takes in thought. Most of the work has been in the field of auditory imagery but very recently, several theorists have expressed interest in musical imagery (Godǿy & Jǿrgensen, 2001). 

Before providing some auditory imagery findings relevant to MIR, I will first consider exactly what auditory imagery is and its relationship to musical imagery, and in turn, musical imagery’s relationship to MIR. 

Baddeley and Logie (1992, p.179) clearly define auditory imagery:

 (a) “what an auditory image involves is a conscious experience

 (b) that this resembles in certain, as yet unspecified ways the 

experience of hearing the sound in question directly, but 

 (c) the image can be present in the absence of any auditory signal and 

 (d) it can be evoked intentionally by the subject.”

This definition of auditory imagery, while sufficient for verbal thought, does not adequately address all musical thought. To explicate the differentce between auditory imagery and musical imagery, consider Leach’s (2002) definition: 

1) “Voluntarily remembered music: by using the will, the subject can mentally hear a work previously heard, from memory. 

2) Voluntary new music: the subject can mentally hear a voluntary improvisation of new music. 

3) Non-voluntary remembered music: a subject can become aware that without his intending it, some piece he has heard in the past is going through his mind. 

4) Non-voluntary new inner music: the subject can become aware that he is inwardly hearing music which he has never heard before, and which does not exist as a previously composed piece. This happens spontaneously by a process we do not understand.”

Leach’s third type of musical imagery most clearly characterizes MIR. Therefore, adding to the auditory imagery definition, and specifying a type of musical imagery, MIR is most clearly defined by including: 

(e) evokes a memory trace of an auditory image that is not intentionally produced by the subject and 


(f) repeats this stored auditory image uncontrollably.

Now that MIR is clearly distinguished from auditory imagery, consider how the following experimental findings from auditory imagery provide context for a sequential profile of MIR. 

Auditory imagery is like visual imagery but extends in flexible, forward-directional time, not space

Halpern (1992, p.3) and Pinker (1997) note that auditory imagery, unlike visual imagery, extends in time and not space. Auditory imagery studies often ask people to introspect and silently “play through” pieces of music and sounds in thought. 

Most studies have suggested that people need to “mentally run through” music in a forward direction to discern information about it. When participants were asked to run through a song backwards in their thought by Halpern (1992), their response latencies were higher than in a similar “forward direction” task. 

Auditory images can be “played” faster in thought than when they were originally perceived. Intons-Peterson (1992) noted that when participants were asked to draw contour lines to represent musical shape in both perception and imagery tasks, they were faster in the imagery tasks than in the real perceptual tasks. Deutsch (1992) noted an even more extreme scenario: Mozart famously referred to his mental images of works, such as the Overture to Don Giovanni, as occurring in an instant.

Auditory imagery may elicit absolute memories of certain attributes of sound

Study participants usually imagine music in its original tempo. Halpern (1992) found a relationship and strong correlation between imagined tempo and perceived tempo. Clynes and Walker (1982) found that participants tapped more evenly when imagining a well-studied piece of music than when they had no music, suggesting that beat was encoded in their auditory memories. Levitin and Cook (1996) found that participants remembered tempo absolutely in music recall tasks.

Participants also seem to imagine music in its original key, suggesting an absolute sense of pitch in musical imagery (Halpern, 1989; Hubbard & Stoeckig, 1992). Deutsch (1999b) found that participants’ memory for pitch was almost absolute unless there were many interference tones between presentation and recall.

Participants appear to encode timbre information absolutely in auditory memory, as was shown by Crowder and Pitt in a discrimination task (1992).
 Because individuals cannot physically reproduce many timbres, Crowder and Pitt (1992) suggested that the auditory representation of timbre must be stored in a non-motoric type of memory. They also suggested that timbre and pitch information are possibly integrated in the memory of auditory images. If true, since timbre appears to be encoded absolutely, this pairing further supports why people would have absolute pitch recall in auditory imagery tasks. 
Intons-Peterson (1992) found that loudness does not appear to play a role in auditory imagery. 

Auditory imagery is usually accompanied by subvocalization: a motor component

N E 1 4 10 s. What happens when you read this string silently to yourself? Smith, Reisberg, and Wilson (1992) found that subvocalization (allowing the muscles you engage in speech to become active) was usually necessary to process this string. They also found that if subvocalization was not permitted through distraction, performance on certain reading skills declined from 73% to 19%. Subvocalization appeared to aid the imagery, even if the sound being imagined was not humanly reproducible. 

It may be that subvocalization is not a necessary component for all auditory imagery, but is one that, through the mechanisms of speech via classical conditioning, becomes an automatic companion to imagery. This could explain how Smith, Wilson, and Reisberg (1995) found that variable levels of subvocalization were needed for auditory imagery rehearsal.

Summary of auditory imagery findings relevant to MIR.

From these auditory imagery studies, it is reasonable to hypothesize that MIR must be time-flexible and runs through thought in a forward direction. MIR episodes probably accurately reproduce spectral pitch, rhythm, speed, and timbre, but not loudness. Finally, MIR episodes are likely to frequently contain subvocalization or humming, but are unlikely to require these motor activities. Beyond these hypotheses, little work has been done on MIR, and as a result, a large-scale exploratory survey was created to yield more insight into the phenomenon. It is briefly introduced now. 

Brief survey methodology (See Appendix 1 for full methodology) 

With the findings from auditory imagery as a starting point, a 51-question Internet survey was created to thoroughly investigate MIR. 4000 individuals from 52 countries were emailed and asked to participate in the survey instrument. 503 surveys were returned, 286 of which were complete. The completed surveys were mostly from the United States and the United Kingdom, but a total of 33 countries were represented. The age range of participants was 17-71 with a mean of 31 and a median of 24. 

Most of the numerical survey data could be analysed using simple percentage or count measurements. However, to analyse the difference in MIR frequency between certain sub-categories of the population, single-factor ANOVA measurements were utilized. The free response data was sorted and categorized, during which all responses were read at least twice before any categories were created for sorting. Now for the results: 

Music: the most common form of imagery repetition 

To better situate MIR, it was useful to examine if there were other common types and forms for “Imagery Repetition” (IR). The results indicate that music is the dominant form for imagery repetition, imagery repetition varies significantly across sensory forms, and each known sensory system is capable of eliciting imagery repetition (see Figure 2.1). The predominance of music suggests that there is something unique about it that warrants further investigation. 
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Figure 2.1: Prevalence of different types of IR

Profile of MIR

Pre-MIR. 

What happens immediately before MIR is to begin? The survey finds that the average MIR victim has heard the piece of music to be in MIR at least once, and usually three or more times. If a popular song, this usually means that she
 has heard the chorus at least nine times.
She has either listened to it actively or has let it play in the background -- it doesn’t really matter. Between 0 seconds and 60 years will pass before MIR begins and she will usually be able to remember this duration.

Right before MIR, she is in a neutral to positive emotional state. On occasion, she tries to elicit MIR consciously, but usually it happens without conscious control. Most of the time before MIR, she is alone, her mind is not engaged and she is bored. Perhaps the reason for her boredom is that she is usually doing some rhythmic and repetitive, mundane, routine task for work or exercise purposes when MIR is about to happen. 

About 33% of the time she has no idea what she was doing right before MIR. However, the rest of the time, she’s often listening to or playing music, and occasionally word or visual media are present as well. Like yawning, she is often able to catch a MIR episode.

During MIR. 

What is happening during a MIR episode? MIR happens to the victim at all times of the day, and happens as much as several times a day (but sometimes as infrequently as less than once a month). Most of the time, MIR creeps from the back of her thoughts to the forefront. 


She usually hums or taps to MIR before consciously noticing it. Sometimes she can have several different music pieces alternating back and forth in MIR. The music is probably active in MIR 50% of waking time or more. The vast majority of her MIR episodes last for one week or less, but rarely, they can last for months or even years. 
The music usually has words, and usually she only has part of the piece of music stuck in MIR. The part stuck is usually the beginning of the chorus section, but when it isn’t that part, it is usually some highly personal fragment of text, or an interesting musical feature. She usually tries to figure out what the name of the piece is.

She often finds MIR to be pleasant at first, but if it goes on too long, it becomes very annoying and her emotional state becomes negative.

Post-MIR. 

What happens to end MIR and/or what immediately follows MIR? She’s probably tried to stop MIR. Occasionally she’s been successful at stopping MIR through distraction or replacement strategies, but usually she fails, even if she does other things. There is a 47% chance she has at some point bought a CD because of a recent MIR episode. 
MIR’s victims? 

Who experiences MIR the most? The more listening to music the victim has engaged in, the more frequently MIR occurs. As a result, not surprisingly, those victims who are highly musically active or trained have MIR episodes more often that those who are untrained. 
The younger the victim, the more likely MIR is to occur. Caucasian individuals and individuals who grew up in the United Kingdom (or currently reside there) have MIR more frequently than non-Caucasians and non-British citizens and residents. 

Those who tap or hum before noticing MIR have more MIR episodes than those who do not. The more different pieces of music a person can keep going in MIR over a fixed duration (such as a week), the more likely they are to experience MIR. Finally, those who describe MIR in negative terms have MIR more often (possibly because they cue MIR when they think about how tired they are of it happening so much). 

It may be that females have MIR more than males; left-handers have MIR more than right-handers. A larger sample size and more specific questions could determine this possibility more definitively. 

MIR frequency does not appear to be mediated by whether music has words or not, whether the victim remembers just a part or the whole piece, the emotional state of the victim prior to MIR, their history of psychotropic drug use (or lack thereof), their hyperactive or non-hyperactive personalities, and their level of concentration immediately preceding MIR.

In short, while almost everyone has MIR at some point, its frequency of occurrence varies widely across the population. 

DETAILED RESULTS
Here, I provide the specific results that back up the statements from the condensed profile (repeated in italics throughout this section). Occasionally, hypotheses are also presented that could form the basis for a future survey or experimental psychology tests. Additionally, many of the specific details cited will be utilized to support arguments in Chapter 3. Unless otherwise noted, for each statistical measure and quantitative result, n = 286.

Pre-MIR

The survey finds that the average MIR victim has heard the piece of music to be in MIR at least once, and usually three or more times. If a popular song, this usually means that she has heard the chorus at least nine times.
Listening to a piece three times or more was significantly more likely to elicit MIR than listening to it two times or less (F(1, 217) = 4.66, p < .03.). However, listening to a piece two times was not significantly more likely to elicit MIR than listening to it once (F(1, 217) = 2.24, p < .13.). Because the average piece contains three iterations of the chorus/theme, this lead me to hypothesize a “rule of nine.” If a piece is of average complexity, and an individual has heard the theme/chorus/refrain at least nine times (with inter-exposure intervals at least as long as the chorus itself), the/she will be significantly more likely to have a MIR episode than individuals who hear less than nine iterations of the chorus/theme.
 Rate of presentation probably also plays a role in the frequency of exposure necessary to elicit MIR and would also need to be tested.

Between 0 seconds and 60 years will pass before MIR begins and she will usually be able to remember this duration.

It took less than one second after initial exposure to 60 years for MIR to occur. There did not appear to be large clusters within this range. However, interestingly, it appears that if you sort the participant pool by the length of time in days between initial hearing and MIR, and then scaled the data in a base 10 logarithmic system, it appears to increase linearly (see Figure 2.2). It may be that rehearsal of certain information in long-term memory occurs automatically in a base ten inverse power relationship that decreases over 
time. This could also be tested experimentally. 238 (83.2%) could remember how long it was since hearing the piece of music until when MIR occurred.

[image: image1.emf]Duration in Days Between Initial Hearing and MIR (Logarithmic Scale) 

0.001

0.01

0.1

1

10

100

1000

10000

100000

Participant

Days


Figure 2.2: Length of time between initial hearing and MIR in days, logarithmic scale. 

Right before MIR, she is in a neutral to positive emotional state. 

16.98% of participants had a negative emotional state before getting the music stuck, 40.75% neutral, and 42.26% positive. 

On occasion, she tries to elicit MIR consciously, but usually it happens without conscious control. Most of the time before MIR, she is alone, her mind is not engaged and she is bored. Perhaps the reason for her boredom is that she is usually doing some rhythmic and repetitive, mundane, routine task for work or exercise purposes when MIR is about to happen. 

When a piece of music was about to be retrieved for a MIR episode, there were several categories of activities that were prevalent. 

Work and physical rhythmic movement. 55 responded that they were walking, 4 responded that they were working out, 6 said they were showering, and 13 said they were eating right before MIR. 54 stated they were working, 16 were driving, and 14 were washing, cleaning, or doing other work tasks around the house right as MIR occurred. Free respondents noted dishes, typing, phone number dialling, and exercise repeatedly as cues for a MIR episode. All of these activities had one thing in common: rhythmic motion. 28 participants mentioned physical and automatic activities as their expected source for MIR. 16 noted that work and repetitive tasks were the likely cause of MIR. Some participants noted that even if the work was a repetitive thought task such as grocery list checking, that this could induce a MIR episode.
Another question found that 73.8% of participants tapped or moved immediately preceding MIR. In another free response question, many mentioned that they believed rhythmic action could induce MIR at the same tempo as the action. It is likely that both the inherent rhythm of the activity and bodily action actively cue music memories into MIR. 

Individual wanted MIR. 30 participants suggested that they consciously elicited MIR because they wanted it for a certain song/piece. An additional 
five were thinking about the song/piece when MIR occurred. Some individuals noted that because they found that music made the time go by more quickly, they purposely engaged music in their thoughts to speed up the mundane work day.
Mind not engaged, boredom. 39 participants believed that boredom and a clear mind were the primary causes of MIR. MIR never happened while someone was speaking or focusing on something intently. It was always associated with lack of focus, relaxed states, or the brain wanting a break or distraction. A large number of participants (35) claimed to be taking breaks from concentrated thought when MIR occurred. Like in Roald Dahl’s (2000) story The Wonderful Story of Henry Sugar keeping an empty mind can prove a quite difficult thing to do.
 It is fair to hypothesize that MIR may be brought on by a decrease in conscious engagement level.
 
Alone. Most participants were alone or taking breaks. Many free respondents noted they were going to sleep (7), waking up (12), or doing nothing (3) when MIR happened. 32 free respondents suggested that MIR never happened around others and if it did, it happened only when conversations were not occurring. 

About 33% of the time she has no idea what she was doing right before MIR. However, the rest of the time, she’s often listening to or playing music, and occasionally word or visual media are present as well. Like yawning, she is often able to catch a MIR episode.

No idea. 94 people had no idea what they were doing when MIR happened. More than 20 people mentioned that they tried to figure out when and why MIR occurred, sometimes by analysing the words in the music for cues. This shows that MIR likely involves unconscious memory systems for processing (See Chapter 3). 
Watching, listening, and playing music or media. 67 people responded that they were watching, listening, or playing music immediately before MIR. Of those, the more active the form of involvement, the more likely MIR was to occur. Playing music was more likely to elicit MIR (28 cases) than watching a music video/MTV (17) than listening to it on the radio (16). An additional 64 said it was less than five minutes after a first exposure to a music piece when MIR occurred.

Word, written, and visual cues. 16 people said they were thinking of certain words that were either quoted in a song or were associated with the topic of a song when MIR occurred. A few mentioned that the words from a song they were listening to elicited MIR of a different song. 12 individuals 
mentioned visual cues. 54.3% of survey participants had MIR again as a result of reading or filling out my survey. 

During MIR

MIR happens to the victim at all times of the day. 

There appears to be little relationship between time of day and MIR. Morning (24), afternoon (19) and evening (20) each were high-frequency MIR times for a similar number of free-responding participants. 

MIR happens as much as several times a day (but sometimes as infrequently as less than once a month). 

Frequency of MIR occurrence was used to perform the single-factor ANOVA analyses to determine which sub-groups in the population experience MIR the most. The findings were: 

Seldom (less than once a month) 


13.52%

Occasionally (a few times a month) 

32.74%


Frequently (a few times a week) 


30.25%


Very Frequently (once a day or more)

23.48%

Most of the time, MIR creeps from the back of her thoughts to the forefront. 

29 participants noted that MIR only occurred after they noticed it. Several participants noticed that initially, to use one participant’s comment, MIR appeared to be “swimming forth in consciousness.” It may be true that the brain can hold several hierarchically arranged thoughts at once in the conscious domain. For example, try imagining a picture at the same time you imagining an unrelated word– it is not too difficult. Then, try to maintain the word in mind, and switch the picture back and forth from the background to the forefront of thought – this is also quite feasible. 

She usually hums or taps to MIR before consciously noticing it. 
89.7% of people hummed at some point during MIR. Of those 89.7%, 59.9% started to sing or hum before consciously noticing it. 

Sometimes she can have several different music pieces alternating back and forth in MIR.
45.8% of people have had more than one different piece of music stuck in MIR over a short period of time. Free respondents comment that many oscillating back and forth. However, 51.5% have only had one piece of music stuck at a time.

The music is probably active in MIR 50% of waking time or more.
For the study participants, the music was actively in MIR:

All of the time





15.46%

Some of the time (at least 50% of the time)

70.14%

Infrequently/Occasionally (less than 50%) 

14.38%


The vast majority of her MIR episodes last for one week or less, but rarely, they can last for months or even years.
The duration of an average MIR episode was variable (see Figure 2.3), but largely replicated Kellaris’ findings.
 It is interesting to note that many participants had MIR of the same song for months or years at a time.

[image: image2]
Figure 2.3: Duration of typical MIR episode

The music usually has words, and usually she only has part of the piece of music stuck in MIR. 

75.5% of MIR episodes contained words, 24.5% did not. People had short fragments of music in MIR 71.5% of the time, and remembered the whole piece 25.3% of the time (see Figure 2.4). Upon closer examination, it became clear that those with musical training were more likely to have the whole piece in MIR than non-musicians (26.8% versus 21.7%). This is entirely logical, as it 
is well known that concert musicians are able to increase their abilities to memorize long musical sequences over time. However, it also shows that even without formal training, many non-musicians may have the innate skills to remember a whole piece they can later “run-through” during a MIR episode. 


[image: image3]
Figure 2.4: Was the whole piece repeating or not in MIR?

The part stuck is usually the beginning of the chorus section, but when it isn’t that part, it is usually some highly personal fragment of text, or an interesting musical feature. 

Participants seemed to elicit certain structural parts of the music more frequently than others in MIR:

Structural part of musical piece in MIR (n = 156)

Theme/Chorus/Refrain/Subject 
64.7%

Bits/pieces/one line 


27.6%

Verse 




6.4%

Instrumental solo 


1.3%

Place/position in musical piece in MIR (n= 70)

Beginning 



78.4%

Ending 


 
11.4%

Middle 



10%

In the interviews, more than a dozen people mentioned fast, intense, loud, forceful, and athletic passages as the parts of musical pieces that were most likely to elicit MIR. These characteristics were likely to account for the 27.6% of people who had bits/pieces of a very short duration (less than 10 seconds) in MIR. 

She usually tries to figure out what the name of the piece is.

Study participants often tried to label the name of the music in MIR as it looped. They were usually successful:

Able to identify piece

% of participants 

0-20% of the time 


2.86%

21-40% of the time 


4.30%

41-60% of the time 


5.02%

60-80% of the time 


24.37%

81-100% of the time 

61.65%

Unsure 



1.79%

Another question confirmed this finding, showing that 83.5% of people could remember the name of the song/tune in MIR, 16.5% could not.
She often finds MIR to be pleasant at first, but if it goes on too long, it becomes very annoying and her emotional state becomes negative.

When asked to describe MIR using three words, 30.1% responded with all negative terms. 14.3% responded with all positive terms. Of the 55.5% who used contradictory terms, 59.8% began with one or more positive terms before giving a negative descriptor. The most common emotions experienced after MIR were “happy” and “(very) annoyed” among a majority of respondents. Many noted that the MIR song linked them emotionally to the comfort of a past time. 35 mentioned that MIR elicited emotions that were highly intense. The top eleven emotional descriptors decribing MIR were (in order from #1 to #11): annoying (112), irritating (39), frustrating (38), happy (28), distracting (25), fun/ny (20), amusing (15), repetitive (15), comforting (11), pleasant (11), and bored/boring (10).

Post-MIR
She’s probably tried to stop MIR. Occasionally she’s been successful at stopping MIR through distraction or replacement strategies, but usually she fails, even if she does other things. 
70.6% of the study participants have tried actively to stop the music in MIR. Of those, 55.2% were successful. After examining those who were successful in one hour or less, the most commonly used strategies fell into seven categories. These categories were (see Figure 2.5): 

[image: image4]
Figure 2.5: Most effective MIR stopping techniques
Of these categories, the people who actually listened to a recording of the music in the MIR stopped it the fastest of any of the strategies (in mean time = 3.1 minutes), even though only 10% of the successful MIR-stoppers utilized this strategy. 

Note that listening in general accounted for 53% of the successful MIR-stopping strategies. Auditory imagery studies have shown that auditory perception interferes with the “mind’s ear,” (Baddeley & Logie, 1992) and thus could explain why listening to anything, including the MIR piece, was such an effective way for the participants to stop MIR. In general, distraction and replacement strategies formed the most effective MIR stopping techniques, and when used in combination, were even more potent.
 

However, although some MIR-stoppers were successful at times, 65.8% of participants could not get MIR to stop even if they focused on some completely different task. Trying actively to forget the music sometimes made MIR worse and more pervasive. This could be explained by the memory tenet that suggests that the brain retrieves object information positively. For example, read the following: “Don’t think of a pink elephant.” It is almost impossible not to think of a pink elephant because pink elephant elicitation is not negated by the retrieval of “don’t” in the brain (Tulving & Craik, 2000). 

There is a 47% chance she has at some point bought a CD because of a recent MIR episode.

46.9% of study participants have bought a CD at some point because of a MIR episode. The only significant difference found between buyers and non-buyers suggests that people under 30 are more likely to buy than those over 30 (F(1, 273) = 8.54, p < .003). Schooling, gender, and overall MIR frequency did not appear to distinguish between buyers and non-buyers. 

MIR’s Victims

The more listening to music the victim has engaged in, the more frequently MIR occurs. As a result, not surprisingly, those victims who are highly musically active or trained have MIR episodes more often that those who are untrained. 
The younger the victim, the more likely MIR is to occur. Caucasian individuals and individuals who grew up in the United Kingdom (or currently reside there) have MIR more frequently than non-Caucasians and non-British citizens and residents. 

Those who tap or hum before noticing MIR have more MIR episodes than those who do not. The more different pieces of music a person can keep going in MIR over a fixed duration (such as a week), the more likely they are to experience MIR. Finally, those who describe MIR in negative terms have MIR more often.

It may be that females have MIR more than males; left-handers have MIR more than right-handers. 

MIR frequency does not appear to be mediated by whether the music has words or not, whether the victim remembers just a part or the whole piece, the emotional state of the victim prior to MIR, their history of psychotropic drug use (or lack thereof), their hyperactive or non-hyperactive personalities, and their level of concentration immediately preceding MIR.

Using the single-factor ANOVA, subgroups of the study population were compared to examine differences in frequency of MIR occurrence. The results were as follows (grouped by statistical significance): 

Factors that did not appear to distinguish overall frequency of MIR: 

· Having words present or not (F(1, 276) = .015, p < .90.).

· Having the whole in MIR or not (F(1, 270) = .055, p < .81.).

· Having a positive, neutral, or negative emotional state immediately before MIR (F(2, 262) = .500, p < .606.).

· Having used psychotropic and other "flashback" drugs or not (F(1, 260) = 2.35, p < .12.).

· Having a hyperactive, Type A personality or not (F(1, 219) = .482, p < .488.).

· Concentrating and having a high level of activity when MIR begins versus having an empty or “clear” mind (F(1, 226) = .010, p < .75.).

Factors that borderline distinguish people with regards to MIR frequency:

· Left-handers had MIR more than right-handers (F(1, 279) = 3.10, p < .079.).

· Females had MIR more than males (F(1, 279) = 3.23, p < .073.) (Incidentally, this replicates Kellaris’ finding: (Chi-sq = 7.2, df = 3, p = .06)).

· People with shorter MIR episodes had MIR more frequently than people with long MIR episodes (F(2, 276) = 1.89, p < .15.). 
Factors that do significantly distinguish people’s MIR frequency:

· The musically trained had MIR more often (F(1, 277) = 4.86, p < .028.)(This replicates Kellaris’ non-quantitative finding). 

· MIR decreased with age (as did the variance in MIR) (F(3, 276) = 6.60, p < .0002.).

· People who had multiple pieces in MIR had MIR more often (F(1, 223) = 42.5, p < .0000000004.).

· People who tapped or moved to MIR had MIR more often than non-movers and non-tappers (F(1, 263) = 13.38, p < .0003.).

· People who grew up in the UK had MIR more than people who grew up in the US (F(1, 209) = 31.67, p < .00000005.).


· People who reside in the UK, whether or not they grew up there until age 18, had MIR more than people who resided in the US or other countries (F(1, 276) = 11.34, p < .0000185.).



· Small differences in musical listening habits (such as (5 hours a week) did not demonstrate significant differences in overall MIR. However, people who listened infrequently (less than 10 hours a week) were significantly less likely than those who listened very frequently (30 hours or more a week) to get MIR (F(1, 98) = 11.56, p < .0009.).


· People who described MIR using primarily negative emotions were far more likely to have MIR episodes than individuals who described the phenomenon using positive terms (F(1, 188) = 5.15, p < .02).



· Caucasian individuals had more MIR episodes than non-Caucasian individuals (F(1, 233) = 3.65, p < .04)
.


None of the above variables show a significant difference when compared with the duration of a MIR episode. Therefore, it is assumed that the duration of MIR must be distinguished by factors currently untested, and may correlate highly with MIR-stopping strategy employment methods presented in the previous section.


From these findings, it becomes clear that MIR is a memory phenomenon. In order to explain and explore the phenomenon further, it is necessary to examine the contemporary theories of memory. Also, as indicated earlier, some of the present findings are utilized to challenge and extend those theories. 

CHAPTER 3: HOW MIR CHALLENGES AND EXPANDS MEMORY THEORY

This chapter will first provide a brief overview of how memory is believed to work at present. This overview and the profile from Chapter 2 will together form the necessary background for making the case that MIR challenges and expands several tenets of existing memory theory.

HOW HUMAN MEMORY IS BELIEVED TO WORK 

Systems concepts:

At present, theorists (for the most part) agree that several distinct systems comprise human memory. Schacter and Tulving, in a review chapter including the input of most major memory theorists, define a memory system by three criteria: 

1. “It is a set of interrelated brain processes that allow one to store and retrieve a specific type or class of information. 

2. It can be characterized in terms of lists of properties that describe its mode of operation. 

3. It can be dissociated from other systems on the basis of converging evidence from psychology and neuroscience.”
 

They believe at present that we have 5 memory systems: implicit memory (often called the perceptual representation system (PRS)), working memory (the preferred term for short-term memory), procedural memory, episodic memory, and semantic memory. 

In addition to each memory system, it is believed that memory can take different forms. A good example of memory form would be the difference between auditory and visual memory, or the difference between recall and recognition. These do not have to follow the specific set of criteria that Schacter and Tulving have set out above, but do describe differences in the way memory is expressed. Each memory system is believed to be independent from the others by theorists. However, most theorists believe that certain memory forms are distinct from each other: implicit memory is distinct from explicit memory (Glynn, 1999) and working memory is distinct from long-term memory (which is comprised of PRS, semantic, episodic, and procedural memory) (Baddeley, 1997, 2000, 2000b). Each memory system and the major forms will now be briefly introduced. 

Implicit memory (also called the Perceptual Representation System or PRS). 

Implicit memory refers to consciously unavailable memory that shapes and guides how a person attends or reacts to new stimuli. For example, when you read this sentence, you expect it to in a certain end way. The fact that the words “end” and “way” did not appear where you expected them to shows that your unconsciously stored rules for sentence structure were violated through implicit memory. How your unconscious memory expectations shape your perception is often called “priming.” It is believed that attention does not really mediate in the formation of implicit memory (Schacter, 1996). 

One of the reasons memory theorists believe that implicit memory is distinct from other systems is that it appears to remain intact even when primarily explicit memory systems (such as episodic and semantic memory) are disabled. Gaudreau and Peretz (1999) found that as people age they retain implicit memory but lose explicit memory for music. 

The opposite of implicit memory is explicit (sometimes called declarative) memory. Explicit memory refers to the conscious processing of information for long-term storage. 

Working memory 

It is believed that most memories that are not semi-permanent are working memories (formerly called short-term memory) (Baddeley, 2000). For example, when you are asked to retain a phone number for dialling purposes, you do not remember the number forever, just long enough to dial it.

Baddeley and Logie (1992) assert that working memory consists of the central executive and two slave systems (see Figure 3.1). These two slave systems are the visuospatial sketchpad, and the phonological loop. The visuospatial sketchpad is where you would hold a visual image of an event to gather information from it. The phonological loop is a short-term auditory store, where you can internally “repeat” auditory information to yourself for conscious processing. The phonological loop is of particular importance to the study of MIR, as it may comprise the seat for the verbal portion of MIR events.
 

Figure 3.1: Baddeley’s model of working memory. 

On the contrary, the term “long-term memory” refers to any procedural, episodic, implicit or semantic memories that have passed out of working memory into a semi-permanent store. 

Procedural memory

Procedural memory refers to memory of a certain sequence of events needed to recall an object in time, and is usually motor in nature. Remembering how to ride a bicycle or play a scale on the piano are good examples of procedural memory (Baddeley, 1997). 

Theorists argue that procedural memory is a separate system because the famous patient H.M., upon losing areas of his hippocampus and temporal lobe after surgery, was able to retain the ability to learn procedural memories but not episodic or semantic memories (Beggs et al., 1999). 

Semantic memory 

Semantic memory refers to our general knowledge about the world, and includes facts and figures that we do not remember learning at a particular time or place. It may be that each semantic memory we have is an average of several individual event memories processed with varying levels of conscious attention (Baddeley, 1997). 

Episodic memory

Episodic memory refers to specific memories linked to a time or place. Remembering a specific birthday party from childhood or the time you handed in your Ph.D. dissertation are good examples of episodic memories (Gray, 2001). 

Other important memory system concepts

Attention and explicit memory
It is believed that attention guides our explicit memory (which is comprised of working, episodic, and semantic memory formation processes). Attention mediates not only what information in our sensory memory enters working memory, but may also manipulate what in turn enters long-term memory. What might influence us to attend to a stimulus more? Cialdini (2001), one of the leading social psychology researchers on influence suggests that there are six categories that people may use to influence attention, and thus memory. They are: 

1) Reciprocity – if you feel indebted to a friend because they listened to your favourite music, you will likely attend more to theirs. 

2) Commitment and consistency – if you promise someone you will     watch a music video, you are more likely to attend to it. 

3) Social proof – if everyone else is listening to a certain song/tune, or you think everyone else is listening to a song/tune, you will listen more carefully.

4) Liking – you will listen and attend more closely to a certain piece of music if you think knowing something about it will make you more liked by others. 

5) Authority – if critics have given the music a positive review, you are likely to pay more attention to the music.

6) Scarcity – if a famous artist or performer only produces a small amount of music, you are more likely to pay attention to it when you get the opportunity to hear it. 

Baddeley (1997) adds that the more meaningful, active, bizarre, or familiar a musical stimulus is, the more likely one is to attend to it. Whether a stimulus follows either Baddeley’s (1997) or Cialdini’s (2001) categories is largely constrained by the hierarchy in memory created over one’s music listening history.
 This hierarchy in memory can help to explain cross-cultural differences in memory for certain musical features.
Crossing the working memory to long-term memory divide

Gray (2001) suggests that there are four major ways to increase the likelihood that stimuli will move from working to long-term memory. These are: 

1) Recitation – this is fairly self-explanatory 

2) Elaboration -- the more questions someone asks about a stimulus, the more likely they are to remember it long-term. 

3) Organization -- the more someone organizes or chunks information into bits that are individually meaningful, the more likely they are to form a long-term memory. 

4) Visualization -- the more someone imagines a stimulus, the more likely they are to elaborate and organize it for long-term memory storage. 

Now, having described most major systems and forms of memory, I will finish the introduction to memory by presenting some of the underlying neurophysiological concepts that govern memory theory. 

Neurophysiological concepts in memory:

Long Term Potentiation and conditioning

Short-term learning and memory requires a variety of temporary neuronal circuitry changes. These are usually represented through small changes within existing neurons. However, if someone wants to remember an event or fact for longer than approximately 30 seconds without active rehearsal, new protein synthesis must occur and connections between neurons must be strengthened through a process called Long Term Potentiation (LTP). During LTP, gene transcription becomes activated in the nucleus of a neuron, and through axonal growth, neurons are able to keep strong connections with other neurons for a sustained semi-permanent period of time (Gray, 2001). 

Kandel found that LTP is the process that underlies the conditioning by which most psychologists in the early 20th century believed learning occurred. Kandel demonstrated neurobiologically that the Hebbian mechanism, which basically states that “neurons that fire together wire together,” was true in snail (aplysia) brains. When an unconditioned stimulus elicits a neuronal response at the same instant as a conditioned stimulus, the unconditioned and conditioned stimuli will eventually act as retrieval cues for each other based on neuronal wiring as described by the Hebbian principle. The Hebbian principle and LTP are crucial to understanding MIR because they provide plausible mechanisms for how “cues” can elicit specific auditory memories (Beggs et al., 1999; Gray, 2001). 

The hippocampus

Glynn (1999) suggests that memory storage occurs as patterns of synaptic strengths distributed across nerve networks. The neocortical zone and the hippocampal zone in the brain together form a single such network for memory storage and consolidation. During the day, the hippocampus is flooded with sensory input from the neocortical zone. At night, during REM sleep, the hippocampus “sends” a similar number of signals back to the neocortical zone. As contribution from the hippocampal zone to activate neurons in the neocortical zone becomes unnecessary, it is believed that the storage of a long-term memory is complete. In short, the hippocampus acts as a temporary storage buffer for long-term memory. 

Any musical memory certainly involves the hippocampal to neocortical network. Huerta, Sun, Wilson, and Tonegawa (2000) found that the formation of temporal memory requires NMDA receptors within hippocampal CA1 pyramidal neurons. Yasuno et al. (1999) found that the fornix (connecting the frontal lobe to the hippocampus) is necessary for retrograde temporal order memory. 

Memory retrieval 

Knowledge that is stored in memory has different levels of "activation potential". The frequency with which a memory has been accessed and the strength of a memory’s connection to presented “cues” are the main factors which determine how well memories are retrieved (Tulving & Craik, 2000). In the case of MIR, the number of past retrievals and the nature of cues are of great importance in predicting MIR frequency and duration. 

Table 3.1: A quick review of memory

5 memory systems: 


Implicit



Working


Procedural



Semantic


Episodic

A few memory forms:


Auditory versus visual


Recall versus recognition

Other systems theorists deem distinct:


Implicit versus explicit (attention mediated)

Working versus long-term (recitation, elaboration, organization,      

visualization)

Long term memory requires LTP, often mediated by the hippocampal to neocortex pathway during REM sleep. Retrieving memories depend on cues and frequency of retrieval. 
HOW MIR CHALLENGES AND EXTENDS MEMORY THEORY

The previous section introduced an overview of systems memory theory and the neurophysiology of memory. These two “lenses” for viewing memory theory were chosen because they comprise the necessary background for understanding the arguments made in this section. Here, I will argue that MIR acts as a mnemonic device, that the neurophysiology of MIR mirrors that of REM sleep, and that MIR transcends the boundaries of the memory systems. These three together form evidence that support my hypothesis that MIR acts as a memory consolidation device. Then I consider the possibility that MIR is a new system of memory, which I term “audio-eidetic” memory. The existence of “audio-eidetic” memory and the localized neurophysiological regions active of musical imagery lead to the conclusion that MIR cannot be located in the phonological loop as it is presently conceived (Baddeley, 1997). 

MIR acts as a mnemonic device. 
Any stimuli that pairs with presented musical stimuli may be mnemonically remembered as a result of features inherent to the music. This is evident in 
MIR because 31 of my survey participants noted in free response that they had “figured out the words” of a song in MIR by mentally examining it. The music acted as a clear mnemonic for later retrieval and processing of the words.


While there are some critics of “music being automatically called a mnemonic device,” such as Yalch (1991),
 there is overwhelming evidence that certain music can cue other information. 

To demonstrate, consider a handful of the empirical findings: McElhinney and Annett (1996) found that musical accompaniment increases chunking of recalled words in a memory task. Claussen and Thaut (1997) found that music can be used as a mnemonic to improve the recall of multiplication tables. Balch, Bowman, and Mohler (1992) found that people’s memory can be affected by cuing certain background music. Farnsworth (1969) found that neurobiologically impaired children were able to learn more when music accompanied stimuli – indicating use of the music as a mnemonic device. When Intons-Peterson (1992) asked people to think of auditory images, visual images accompanied them 95% of the time. When visual images were requested, auditory images only accompanied 53% of the time. This supports a theory of auditory imagery as a mnemonic for cuing other information more strongly than other sensory systems. 
MIR appears to mirror the EEG/MEG patterns of REM sleep, and thus is a likely candidate for a waking memory consolidation device. 

A study by Cartwright, Butters, Weinstein, and Kroeker (1977) found that music listening before sleep increased the amount and quality of REM. This study led me to add a question to the survey instrument concerning how often people remembered their dreams. The results indicated that the more a person remembered their dreams (REM), the more MIR episodes they had (or at least reported having) (F(3, 274) = 3.242288, p < 0.022541.).
 How could this surprising finding be explained? To investigate, I looked at similarities between MIR states and REM sleep. In the process, I found that MIR appears to mirror the neurophysiological patterns of REM sleep, and thus is a strong candidate for a waking memory consolidation device. 

For years, researchers have known that REM sleep functions to consolidate information to be stored in long-term memory (Salorio, White, Piccirillo, Duntley & Uhles, 2002). If participants are trained on a motor or perceptual task, and then allowed to sleep through REM, they perform better than those not permitted REM sleep over the same interval (Smith, 1995). If one’s daytime activities include a lot of hand-eye coordination, that night, PET 

studies show that the same brain areas for the hand-eye coordination task are activated during REM sleep (Maquet et al., 2000).

What exactly is happening in REM to consolidate memory? The predominant theory, already introduced, is that during REM the hippocampus sends signals to neocortex where memories are believed to be semi-permanently stored for later retrieval (Wilson & McNaughton, 1994). To get information from the hippocampus to the neocortex requires a special type of burst – a γ-burst, a 35-45 Hz neuronal firing pattern. Buzsaki (1998), among others, demonstrated in a series of elegant experiments that mostly γ oscillations are responsible for hippocampal outputs during memory consolidation.

Interestingly, evidence exists that there are certain states in waking where γ-bursts increase for a short period of time from the hippocampus to the neocortex, suggesting that memory consolidation is occurring during the day. Bhattacharya and Petsche (2001) report studies that demonstrated that γ-bursts in waking individuals do indeed result in increased memory consolidation. Wilson and McNaughton (1994) find hippocampal bursts to the neocortex decline gradually during each post-behavior sleep session, suggesting that synaptic modification must occur during waking experience. γ-bursts have one other interesting property: they increase the amount of synchronicity in proximally unintegrated brain areas (Skoyles & Sagan, 2002). The more synchronicity that is exhibited across MEG readings, the more memory consolidation is demonstrated to occur.
MIR is a likely waking candidate for memory consolidation because imagining music has been shown to increase brain wave synchronicity (Zatorre & Halpern, 1999; Janata, 2001b; Zatorre, 2002) and music perception has been shown to increase γ-bursts (Bhattacharya, Petsche, & Pereda, 2001). Additionally, Uchida, Maehara, Hirai, Okubo, and Shimizu (2001) found that the highest proportion of γ-bursts in waking states occur in the medial temporal lobe, one of the areas of the associative auditory cortex that Zatorre implicates in auditory imagery (2002). Chrobak and Buzsaki (1996) found that γ-bursts are released from CA3 cells in the hippocampus in rats during eating, drinking, and awake immobility, similar to the types of events that elicit MIR episodes.
 Finally, MIR is of similar variability in duration and overall length of duration to episodes of REM sleep over a comparable period (see the Addendum to Chapter 2). 

Does the possible memory-consolidating role of MIR consolidate the song/tune memory itself or does it consolidate other types of memory? Because I provide evidence that MIR acts as a mnemonic device, I would argue almost any type of information could be consolidated during MIR. Experiments suggested in Chapter 4 will help to resolve this debate. 
MIR transcends boundaries marking existing memory systems, providing further support that MIR may constitute a waking memory consolidation device. 

The implicit/explicit divide

Glynn (1999), Schacter (1996), and Peretz, Gaudreau, and Bonnel (1998) argue that implicit and explicit memories are independent categories. However, Buchner and Wippich (2000) argue that this divide between implicit and explicit memory may be an experimental artefact. Baddeley (1997) and Baddeley and Andrade (2000) both note that memory retrieval involves two events: an active search process and a more automatic process whereby information “pops up out of nowhere.” This bipartite system may signal the ability of implicit and explicit memory to work simultaneously. Who is right? 

It appears that based on the profile of MIR that Baddeley’s view is the most reasonable, suggesting that implicit memory blends into explicit memory. MIR appears to begin in “unconscious” or “unavailable” thought. Survey participants very often noted that they had been humming or tapping before they realized MIR had begun. Quite often they commented that MIR appeared to move from the background of thought to the forefront. Participants did not have a lot of control over whether a MIR episode was about to begin, just as people do not have control over priming that occurs as a result of implicit memory. 

MIR appeared to move from this mode of “unconscious” thought to one of “conscious” thought in a continuous fashion. There did not appear to be a clear threshold that indicated that MIR had entered into conscious thought. Once MIR was in conscious thought, participants noted being able to “operate 
upon” the music to figure out where it came from or for subsequent memory encoding purposes. They were able to treat the incident as a theorist would characterize an explicit memory. Therefore, the existence and form of MIR suggests that implicit and explicit memories are part of a continuum with its threshold at the level of conscious perception. 

To provide additional evidence that both implicit and explicit memory are engaged in MIR, consider Pinker’s comment (Finke, 1989, p.7), “Mental imagery is instrumental in retrieving information about the physical properties of objects, or about physical relationships among objects, that was not explicitly encoded at any previous time.” It is quite possible that we have implicitly encoded a great deal of information about a musical stimulus that we bring to the forefront of explicit thought to further process. At this point, do we call the event in MIR an implicit or explicit memory? It appears that, as Baddeley earlier suggested (1997), we can engage both processes simultaneously using the same set of stored information. 

The working to long-term memory divide

Berz (1995) suggested that the theoretical working to long-term memory divide is not adequate to account for the perceptual processing of musical 
information. Similarly, because a MIR episode can happen any time between 0 seconds and 60 years after the initial hearing of a musical stimulus, it too eludes the theoretical divide between working and long-term memory. MIR occurring 1-30 seconds after exposure is too short for long-term memory to explain it, while MIR occurring 60 years after exposure is far too long for working memory to explain it. 

The typical duration of a MIR episode also suggests that it transcends the working to long-term memory gap. In my survey instrument, there were several individuals who had a MIR episode within 10 seconds after initial exposure to a musical stimulus, but the MIR episode lasted for weeks afterwards. Traditional conceptions of working and long-term memory are inadequate to account for this incredible memory feat. 

The semantic, episodic and procedural memory divide

The vast majority of memory theorists contend that semantic, episodic, and procedural memories are distinct systems. However, images seem to transcend the typical boundaries of semantic, episodic, and procedural memory. 
It became clear from the survey results that MIR contained components of all three memory systems. 238 could remember how long it was since hearing the song/piece before MIR, suggesting they had components of an episodic memory. However, many of these same individuals cited music they had performed numerous times. Almost certainly they had an idealized composite image of the piece, and not a specific performance of it in mind. This would suggest a semantic memory in MIR. Finally, the humming, subvocalization, and tapping evident in MIR and other 
auditory imagery suggest a motor or procedural memory of the musical piece is engaged during MIR. 
Summary/conclusion

It is clear from the experimental evidence in imagery studies and my survey that MIR transcends memory system boundaries. Because of this, at least two conclusions can be drawn: (1) current memory systems probably inadequately describe the music memory formation process (see next section) and (2) the integration of memory systems during MIR suggests that it would be an ideal seat for consolidation of memory, since it would be capable of integrating information from multiple dissociated brain regions.

Because MIR transcends memory system boundaries, and has high information resolution given minimum stimulus exposure, it may constitute its own centralized memory system. The cross-cultural commonalities that help to define music
 may play a significant role in the operation of this system, which I term “audio-eidetic” memory. 

Often, the resolution and complexity of information encoded in musical memory seems exceptional (Snyder, 2001). For example, I again refer to those survey participants who heard a song/tune once and immediately had a MIR episode for hours or days. In another study, I found that you could expose participants to over 60 complex melodies in one sitting, and they would still have a recognition response accuracy rate of over 75% when given a test that presented the 60 originals and 60 “one-note different” variations 30 minutes later (Bennett, 2001). Auditory imagery theorists have seen many “absolute” memories of pitch, tempo, and timbre (See Chapter 2 for details). 

Halpern (1992) notes that all major auditory imagery theorists conclude that auditory imagery must be a type and form of memory. Because of the high resolution of musical memory and the ability of MIR to transcend memory systems (see previous section) it is not unreasonable to suggest that MIR meets the criteria to constitute a new system of memory. I term this new system of quasi-absolute, central executive style memory “audio-eidetic” memory. For more evidence consider each of Schacter and Tulving’s criteria for a memory system: 

“1. It is a set of interrelated brain processes that allow one to store and retrieve a specific type or class of information.” Yes, MIR retrieves specific musical performances previously heard. It may also unconsciously retrieve cues present at the initial exposures that act to prime the direction of thought. 
“2. It can be characterized in terms of lists of properties that describe its mode of operation.” Yes, MIR’s properties and mode of operation are provided in the profile in Chapter 2. 
“3. It can be dissociated from other systems on the basis of converging evidence from psychology and neuroscience.”
 Yes, the comments of Halpern and other auditory imagery specialists, the section showing that MIR transcends typical memory systems, and the next section, which suggests the neurobiological location of MIR is distinct and separate from the phonological loop demonstrate that MIR is unlike any existing memory system.

Figure 3.2: A diagram representing the possible location of the MIR memory system in relation to other memory systems.

Thus, it seems that “audio-eidetic” memory reasonably passes the necessary criteria for being labelled a new memory system. Figure 3.2 provides a schematic positing MIR’s relationship to other systems and forms of memory. 

The term “eidetic” was very carefully chosen. In the traditional sense, eidetic memory is defined as the ability to provide detailed, vivid recollections of a complex visual scene. It is often commonly called “photographic memory.” However, it should be noted that the term “photographic memory” is a misnomer. Possessors of eidetic memory are merely able to recalling a significantly higher degree of information about a stimulus than their peers. Constraints on perception and cognition still limit the amount of complex information that may be encoded at one time (Arnaudo, 2002). Thus, it seems wholly appropriate that if a higher degree of information is encoded when 
music is a stimulus than when other auditory events are the stimulus, that musical imagery could be termed “audio-eidetic.”

To challenge those critics who discount eidetic-style memories (listed in Arnaudo, 2002), let me suggest an experimental scenario which has repeatedly shown change from non-eidetic to eidetic memory formation: Kandel found that in order to have long-term memory formation, something has to switch on gene transcription to activate axonal growth for LTP. It turns out that if the protein CREB1 is activated, genes will also activate, making the necessary proteins to build the synaptic connections that define LTP. 
Interestingly, but not surprisingly, if you inject fly brains with CREB1, they “learn” tasks after one trial that take other flies hundreds of trials (Mayford & Kandel, 2002). This demonstrates that even a single gene transcription can induce a high-resolution form of learning. It may be that the only factor stopping all people from having eidetic-level memory is that they are, for whatever reason, unable to turn on the gene transcription necessary for long-term memory formation.
 Kosslyn proposes that the reason eidetic memory seems to decline in adults is because they convert information into words for encoding, which may not activate the systems necessary for LTP. However, children are not capable of this limiting verbal memory because they do not have fully developed verbal abilities and thus have been shown to have 7.5 times the occurrence of eidetic memory (Arnaudo, 2002).

Now consider why audio-eidetic memory favours music, and specifically MIR. To do this, it is necessary to consider the features that define music.
 Consider the defining features explicated by Carterette and Kendall (1999, p.780), and originally stated by Dowling and Harwood (1986), and Sloboda in Deutsch (1999):

“Some possible universals [for music] are 

(a) a deep structured musical idea, 

(b) elementary auditory grouping strategies,

(c) the use of a stable reference pitch,

(d) the division of an octave into scale steps,

(e) the use of reference pulses,

(f) the induction of rhythmic patterns by an asymmetrical subdivision of time pulses.”

Music, unlike most other sensory stimuli, contains a rhythmic pattern that can act as a mnemonic device for procedural and semantic encoding. Additionally, the presence of multiple hierarchical levels, each discernable by elementary auditory grouping strategies makes it easier to “chunk” the incoming information. The presence of a stable reference pitch allows this hierarchy to be discerned almost immediately after presentation of a musical stimulus begins. Finally, the length of time music takes to be presented, and 
the gross number of repetitions in most music, suggests that the level of complexity of the incoming stimuli is minimized as information is integrated over time. All of these factors individually increase the likelihood moving information into long-term memory storage. Together, they could have a profound impact upon the speed with which, and the resolution with which musical information enters into long-term memory. 

Additionally, consider the form music takes. Music seems to carry a floating intentionality – it is a transferable medium that leads to multiple 
affordances (Cross, 2002). Greenfield (2000, p.100) notes that “Sounds however are not usually so tightly linked to a specific meaning…but sounds can far more easily remain abstract than can visual images at least, they can retain a far looser range of associations.” Music thus can associate with almost any stimuli. Emotional cues, brain rhythmic cues, motor cues, external rhythmic cues, word cues,
 and visual cues are all examples of information that could pair with music to aid it into long-term memory. 

Why does MIR store so quickly and not just any music? Because people “play though” images in MIR, over and over again, the same areas of their brain are engaged for a long temporal duration (this is exponentially compounded by the fact that the hierarchical constraints that hold together most music are in themselves often repetition of a simple structure or motive set). This gives ample time for the gene transcription necessary for LTP that will speed up the memory formation process. Thus, the combination of high structure in music and the temporally extended form of MIR could induce “audio-eidetic” style memory that transcend the boundaries of typical memory systems. Music, and MIR specifically, may act through this “audio-eidetic” memory system as a central executive for information processing between memory modalities. 
Unlike some types of auditory imagery, MIR is not neurobiologically seated among the same structures responsible for the phonological loop.

Baddeley’s model (1997) of the phonological loop suggests it is primarily used for verbal rehearsal. He (2000b) further suggests that the neurobiological structures activated during phonological loop processing include the perisylvian region of the left hemisphere and Broca’s area (which is also in the left hemisphere).

However, in multiple brain studies of music perception and cognition, neither Broca’s area or the left perisylvian region are active. Peretz (1996) found neurobiological evidence that a perceptual memory specific to music that can be lost without affecting word-processing. Most of the neurobiological structures activated during wordless music perception and cognition are in the right hemisphere (Zattore & Beckett, 1989; Zattore & Halpern, 1993; Plenger et al., 1996). 
Zatorre (2002) found that melodic processing seems to favour right auditory cortex activity, sequencing pitches in order implicates right frontal-lobe and temporal-lobe regions. When asked to imagine a familiar melody, Halpern and Zatorre (1999) found secondary auditory cortex activation, mostly in the right hemisphere. Zatorre, Halpern, Perry, Meyer, and Evans (1996) found that the inferior frontal polar cortex and right thalamus increased in activity during non-verbal musical imagery and perception tasks. Figure 3.3 shows some of the cortical areas implicated in the imagination of music. 

When the music contains words, as in most MIR episodes, Zatorre, Halpern, Perry, Meyer, and Evans (1996) found that the superior temporal cortex was active. Samson and Zatorre (1991) in a separate study found that the left temporal lobe appears to encode text, where right temporal lobe appears to encode music. This left hemisphere involvement during perception of music with words suggests that there may be some phonological loop engagement during MIR with words, but that phonological loop activation is secondary to the neurobiological path or loop for musical imagery. 

Finally, since MIR appears to transcend memory system boundaries and the phonological loop is only active during working memory together provide further support for the phonological loop being dissociated from MIR. When MIR is showing characteristics of long-term, procedural, or implicit memory, it cannot implicate the phonological loop, unless the theory surrounding the phonological loop is flawed.
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Figure 3.3: Figure shows main right cortical areas activated in musical imagery. Additional areas active in musical imagery include the thalamus (inside brain above the brain stem), the left frontal area, and the left temporal lobe (when there are words). Most word processing occurs in the left hemisphere, suggesting that the phonological loop is dissociated from wordless musical imagery.
CHAPTER 4: ADDITIONAL PROGRAMS OF RESEARCH

The arguments in Chapter 3 generate several plausible hypotheses that are amenable to empirical testing. Most of the following questions are drawn from Chapter 3, and each is followed by a possible experiment that could help to answer the question more thoroughly. A few additional questions are also posed with experiments. Together, conducting these experiments will flesh out the preliminary understanding of MIR provided by this dissertation. 

Is MIR seated in the phonological loop?

Experiment 1: In one condition pair complex information known to define phonological loop functioning (such as digits or auditory word strings) with MIR-eliciting music. In a second condition pair non-phonological loop information such as visual images with the same music used in the first condition. Then, following repeated mental rehearsal of the musical stimuli, test memory for the digit/word strings or the visual stimuli. If MIR is located in the phonological loop, performance should be worse on the digit and auditory word string memory test because of distraction effects known to disrupt phonological loop aided memory formation.

Is MIR really a mnemonic device?

Experiment 2: Present participants with a word list integrated into a simple tune. Then have two conditions, one where participants silently rehearse the tune, and one where they do not. Then examine recognition at specified intervals following the artificially induced MIR, recording response accuracy and latency in each condition. Compare the results from the two conditions to determine the extent of the mnemonic properties of MIR. 

Is the MIR/REM correlation strong?

Experiment 3: Ask participants to rehearse songs/tunes commonly recognized as MIR elicitors repeatedly in thought. Then employ MEG and EEG and examine for γ (and θ and ζ) bursts, which, if found, would provide additional support for MIR as a waking memory consolidation device. This could be paired with the next experiment suggested. 

Is MIR a memory consolidator?

Experiment 4: Condition one: present music and non-musical information simultaneously and have participants study the non-musical information. Then after a sufficient length of time, have participants rehearse the music silently repeatedly and then take a memory test on the non-musical information. Condition two: present the same music and non-music. Have the participants rehearse the music once and then take the memory test on the non-musical 
information (to subtract the possible difference explained by priming between condition one and condition two). Condition three: present the same music and non-music and allow no mental music rehearsal before a memory test. Compare the results from the different memory test conditions to cleanly discern the amount MIR contributes to improvements in memory of non-musical information paired with, but not integrated into, rehearsed music. 

Can we have more evidence that MIR is an “audio-eidetic” form of memory?

Experiment 5: Ask participants to write the names of musical pieces they get MIR episodes for. Then, tape record the participant singing the piece as accurately as they can in the tempo of the musical image. See how absolute the pitch and tempi are compared to the recording of the musical piece. 

Field research approach

Experiment 6: Do a content analysis of the notebooks of Freya Bailes at Sheffield University. She is having participants keep a written diary to check for patterns in their musical thoughts. I have been in contact with her over the course of this year. Use new findings to explicate patterns missing from the profile of MIR provided in Chapter 2. 

Does MIR correlate strongly with the most memorable music?

Experiment 7: Using features and findings from my previous study of hierarchy in musical memory,
 use a bottom-up approach. Build up music from scratch, one feature at a time, and one context at a time. Play to participants and have them record later MIR episodes using a time record device. See if the features that lead to higher musical recognition memory are correlated with those that appear in high-frequency MIR episodes. 

CONCLUSION
This dissertation coined the term Musical Imagery Repetition (MIR) to precisely define the universal phenomenon of music getting “stuck in the head.” MIR was defined as previously heard music that, while consciously unintended, repeats uncontrollably and pervasively in thought. An extensive Internet-based survey instrument collected information about MIR from 503 individuals in 33 countries. The first working definition of MIR, the first chronological profile of MIR, and the first evidence that different segments of the population differ in MIR frequency was presented. Additionally, the results indicated that MIR extended and challenged certain tenets of memory theory. Notably, similarities between REM and MIR, the ability of MIR to transcend the boundaries of established memory systems, and the ability of MIR to act as a mnemonic device suggested that MIR functions as a memory consolidation device. The high resolution of musical memory and the ability of MIR to transcend boundaries of traditional memory systems lead to the conclusion that MIR is a new memory system, which I called “audio-eidetic” memory. As this investigation was primarily a survey and literature review, additional empirical programs of research were proposed to further determine the validity of hypotheses that are raised in the discussion of MIR and memory. 


In the future, studies of MIR need to address whether MIR is one singular event, or several different events under the same descriptive term. It is possible that there are different types of MIR, just as there are different types of people who experience MIR in more or less frequency. 


Additionally, it may be that MIR links to other theoretical fields besides memory. MIR may offer musicological insight into the meanings and functions of music. MIR may offer insight into consciousness problems in philosophy. MIR may offer insight into the role of the body’s interaction with brain states.  MIR may help to build upon research on visual imagery repetition and visual imagery in motion. MIR may act as a multidisciplinary focal point for integrating several unmentioned independent academic fields.


Building a strong model containing rules on how to influence MIR would be useful. This way, the research could make the leap from the theoretical into real music that could be used to orchestrate MIR. Since MIR is a musical event in everyday life, knowing how it functions could allow it to be used for societal good. 

In short, to conclude, MIR offers a wealth of possible research and real-world opportunities beyond the scope of this dissertation. Here, I have merely provided the groundwork that will enable future study of this phenomenon. 
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Figure References.1: A picture of a real “ear worm,” further evidence that MIR is a more precise term to describe “Stuck Tune Syndrome.”

APPENDIX 1: SURVEY INSTRUMENT METHODOLOGY

To examine the MIR phenomenon thoroughly, a survey was created at http://www.geocities.com/seanbennett. It contained a total of 51 questions from which 54 statements or data points were collected. The survey was mailed to 15 psychologists for comments to ensure maximum internal validity, inter-rater reliability, and clarity of questions. 

2500 emails were collected from public sources: a cross-section of individual emails from chat rooms, emails from bulletin board services, emails from university faculty web-sites in a broad range of fields, and emails of musicians. I sent each an email reading: 

Hello! I hope you are having a wonderful February. I am currently doing neurobiology/musicology research on why certain songs get stuck in our heads at Cambridge University in England. I have randomly selected your email from a very large pool of academics, business people, musicians, and chat enthusiasts. It is my hope that the diverse group of people I am sending this email to will offer insight into the scientific study of this phenomenon. I was wondering if you had a few minutes at some point in the next few weeks, if you would be so kind as to fill out my 5-minute survey examining the song-stuckness phenomenon. In exchange for your kind contribution, if you provide your email address, I will gladly send you the results, which will include the top ways to get stuck songs OUT OF YOUR HEAD! It is my hope that we might all learn something about this interesting topic. The address with the survey is: http://www.geocities.com/seanbennett. If you have any questions or comments about the study, please do not hesitate to contact me by email.
Similar emails were sent to several list-serves at Harvard and Cambridge University. In total, approximately 4000 individuals received an email, representing individuals from at least 52 countries. 

The Internet was chosen as the deployment medium because it allowed a multinational study of the phenomenon at low cost. It also allowed a large sample size. This was crucial for having high enough power to reliably compare small minority subgroups (such as left-handers and LSD users). 

To offset the possibility of an Internet-user confound, paper surveys were administered to 50 individuals, 25 in the United States and 25 in the United Kingdom. Additionally, a question on the survey explicitly asked for details of Internet use to provide a further methodological check
. 

With some limitations, the survey order was counterbalanced for every 50 completed surveys. The demographic questions were always located after the questions about MIR to avoid priming. 

To ensure that people with MIR episodes were not the only ones to fill out the survey, an alternate survey was created at http://www.geocities.com/aristotlemichael. This survey contained almost exactly the same questions as the MIR survey, except all questions were changed to reflect visual image repetition (VIR). On the VIR survey, instead of asking if visual images ever got stuck in the head on question #25, the survey instead asked if music got stuck in the head. 50 VIR surveys were completed. 
The VIR data from the visual stuckness and music stuckness questions were compared with the MIR data to ensure that there was not a statistically significant difference between surveys. There was not (on the VIR survey, 96% experienced MIR and 66% experienced VIR, on the MIR survey, 98.2% experienced MIR and 64% experienced VIR). 

For the surveys, I used Freedback.com’s form generation software to collect responses and to send compiled emails with the masses of data to my Cambridge account. Then the data was transferred into Microsoft Excel spreadsheets, and numerical free responses were methodically coded for analysis.
 
There were 503 survey responses, including paper surveys. Out of the 503, 286 were complete enough or reliable enough
 for a full analysis. The 217 incomplete or unreliable surveys were not used in explicit data analysis, but the free responses were read and content analysed to help compile the profile of MIR. The completed surveys were mostly from the United States and the United Kingdom, and a total of 33 countries were represented. The age range of participants was 17-71 with a mean of 31 and a median of 24. 

Most of the numerical survey data could be analysed using simple count and percentage measurements. However, when I wanted to see if there was a difference in MIR frequency between certain sub-categories, single-factor ANOVA measurements were utilized. To determine MIR frequency, I took the data from question #12 (see Appendix 2). I encoded “seldom” as a 1, “occasionally” as a 2, “frequently” as a 3 and “very frequently” as a 4 for comparison purposes.

The free response data was coded by first collecting all the responses and reading them through twice. Then preliminary categories were formed for sorting data on a third read through. Through this process, I simulated a factor analysis using non-quantitative data. 

While all attempts were made to avoid the methodological problems that are often associated with self-report data (Rosenthal & Rosnow, 1991), the data and results provided by my survey and interviews may in fact be biased by the self-reports. This is why I have gone to great lengths to suggest empirical studies in the programs of research section of this dissertation that can offset this methodological limitation. However, it should be mentioned that the self-report bias may be somewhat offset by the fact that MIR is an introspective phenomenon. 

Additional problems arise when you consider that many participants could not always identify the name of the song/piece or the place they originally heard it. People are notoriously bad at estimating the number of times they have thought about something (Fidler, Zechmeister, & Shaughnessy, 1988). Therefore, in some instances, statistical analyses were 
performed on gross differences when numerical self-report is concerned. For example rather than comparing the 10 hour/week music listeners to the 11 hour/week music listeners, the measurements focused on differences between those who listened to 5 hours/week instead of 20. In these instances, the comparison groups utilized are clearly delineated in the text. 

APPENDIX 2: THE SURVEY INSTRUMENT

DIRECTIONS

Please answer the following questions as completely and accurately as possible. Incomplete surveys cannot be used. Remember that all of your submitted answers will be kept confidential. Thank you for your contribution to science. 

PART ONE


(1) Have you ever had a song, tune, or jingle “stuck in your head?” One that seemed to repeat itself in your mind? 
 [image: image7.wmf]

Yes
 [image: image8.wmf]

No
 [image: image9.wmf]

Unsure 
If you answered "no" or "unsure," please skip to and answer only Part One questions 17-20, 24b, 25, and Part Two questions 1-9. 

(2) If you answered “yes,” to question (1) what was the item stuck in your head the last time this happened?
 [image: image10.wmf]

A song with lyrics
 [image: image11.wmf]

A tune or melody without words
 [image: image12.wmf]A jingle or advertisement on television or the radio 

(3) Can you name or describe the specific song, tune, or jingle? If so, please name it here.
 [image: image13.wmf]

. 

(4) Did you have the whole song/tune/jingle stuck in your head? 
 [image: image14.wmf]

 Yes
 [image: image15.wmf]

 No
 [image: image16.wmf]Unsure 

(5) If no, could you please describe what parts of the song/tune/jingle were in your head.
 [image: image17.wmf]

. 

(6) Could you describe what you were doing when the song/tune/jingle first became noticeable in your thoughts?
 [image: image18.wmf]

. 

(6b) Could you describe your emotional state when the song/tune/jingle first became noticeable in your thoughts?
 [image: image19.wmf]

. 

(7) Do you know what caused the song/tune/jingle to get stuck in your head in the first place? If so, please describe.
 [image: image20.wmf]

. 

(8) About how long was the song/tune/jingle stuck in your head? 
 [image: image21.wmf]

 One Hour or less
 [image: image22.wmf]

 A Few Hours
 [image: image23.wmf]

 An Entire Day
 [image: image24.wmf]

 Two-Six Days
 [image: image25.wmf]

 One Week to One Month
 [image: image26.wmf]

 One Month to One Year
 [image: image27.wmf]

 More than One Year

(9) During this period, how frequently was the song/tune/jingle stuck in your head? 
 [image: image28.wmf]

All of the time
 [image: image29.wmf]

Some of the time
 [image: image30.wmf]Infrequently/Occasionally 

(10) Did the song/tune/jingle get stuck more frequently at certain times of day than others? If so, please describe.
 [image: image31.wmf]

.

(10b) Please estimate how many times total you had heard the song/tune/jingle before it became stuck.
 [image: image32.wmf]


(10c) Please estimate how much time passed between when you first heard the song/tune/jingle and when it became stuck.
 [image: image33.wmf]


(11) Do the questions on this survey make you get the song/tune/jingle stuck in your head again?
 [image: image34.wmf]

Yes
 [image: image35.wmf]

No
 [image: image36.wmf]

Unsure 

(11b) Do you ever find yourself moving, tapping, or keeping beat to the rhythm of the song/tune/jingle stuck in your head?
 [image: image37.wmf]

Yes
 [image: image38.wmf]

No
 [image: image39.wmf]

Unsure 

(11c) In general, do you find that you are usually doing something that requires a high level of mental activity when you notice a song is stuck in your head?
 [image: image40.wmf]

Yes
 [image: image41.wmf]

No
 [image: image42.wmf]

Unsure 

(12) In general, how often do you get songs/tunes/jingles stuck in your head? 
 [image: image43.wmf]

Seldom (less than once a month)
 [image: image44.wmf]

Occasionally (a few times a month)
 [image: image45.wmf]

Frequently (a few times a week)
 [image: image46.wmf]Very Frequently (once a day or more)

(12b) Do you ever have periods of time during which you have more than one song stuck in your head? If so, please estimate how much time elapses between the different songs being stuck.
 [image: image47.wmf]

. 

(13) Please type the three words you think best describe the feeling of getting a song/tune/jingle stuck in your head.
 A: [image: image48.wmf]

.
 B: [image: image49.wmf]

.
 C: [image: image50.wmf]

.

(14) Do you ever try to make a song/tune/jingle stuck in your head “go away?” If so, what did you do last time you tried to make a song "go away"?
 [image: image51.wmf]

. 

If you answer no, please skip to question (17). 

(15) If you answered "yes" to (14), did your strategy to get the song to "go away" work?
 [image: image52.wmf]

Yes
 [image: image53.wmf]

No
 [image: image54.wmf]Unsure 

(16) If your strategy in (15) worked, how long did it take to get the song/tune/jingle “unstuck” using your method? [image: image55.wmf]

.

(17) Please estimate how many hours a week you actively listen to music. [image: image56.wmf]


(17b) Please estimate how many hours a week you passively listen to music. [image: image57.wmf]


(18) Please estimate how many hours a week you watch television. [image: image58.wmf]


(19) Please estimate how many hours a week you listen to the radio. [image: image59.wmf]


(19b) Please estimate how many hours a week you use the Internet. [image: image60.wmf]


(20) Would you describe yourself as a Type A and/or as a hyperactive/highly-active person?
 [image: image61.wmf]

Yes
 [image: image62.wmf]

No
 [image: image63.wmf]

Unsure 

(21) Do you ever hum or sing the song/tune/jingle stuck in your head?
 [image: image64.wmf]

Yes
 [image: image65.wmf]

 No
 [image: image66.wmf]

Unsure 

(21b) If you answered yes to (21), did you start humming or singing before you consciously noticed it?
 [image: image67.wmf]

Yes
 [image: image68.wmf]

No
 [image: image69.wmf]

Unsure 

(22) Have you ever bought or downloaded a recording because you had a song/tune/jingle from it stuck in your head? 
 [image: image70.wmf]

Yes
 [image: image71.wmf]

No
 [image: image72.wmf]

Unsure 

(22b) Does a song/tune/jingle ever stay stuck in the background in your head even when you are trying very hard to focus on something else?
 [image: image73.wmf]

Yes
 [image: image74.wmf]

No
 [image: image75.wmf]

Unsure 

(23) How often can you identify the song/tune/jingle you have stuck in your head?
 [image: image76.wmf]

0-20% of the time
 [image: image77.wmf]

21-40% of the time
 [image: image78.wmf]

41-60% of the time
 [image: image79.wmf]

60-80% of the time
 [image: image80.wmf]

81-100% of the time
 [image: image81.wmf]

Unsure

(24) Describe what you think is happening when you first notice a song/tune/jingle is stuck in your head. Please try to come up with a serious explanation, even if you are only guessing.


 [image: image82.wmf]




(24b) Why do you think songs/tunes/jingles get stuck in people’s heads? Please try to come up with a serious explanation, even if you are only guessing. 


 [image: image83.wmf]




(25) Have you ever (please check all that apply): 
 [image: image84.wmf]

Had a visual image stuck in your head?
 [image: image85.wmf]

Had words/sentences that are not music stuck in your head?
 [image: image86.wmf]

Had a smell stuck in your head?
 [image: image87.wmf]

Had a physical/touch sensation stuck in your head?
 [image: image88.wmf]Had a taste stuck in your head?

PART TWO 

Please take a minute to finish the survey by answering the following demographic questions. 

(1) You are: (Male, Female) [image: image89.wmf]


(2) Your age: [image: image90.wmf]


(3) City, State, and Country of Residence: [image: image91.wmf]


(3b) City, State, and Country you lived in most before age 18: [image: image92.wmf]


(4) Your occupation: [image: image93.wmf]


(5) Highest schooling completed: [image: image94.wmf]

.

(6) Your Ethnicity or Race (optional): [image: image95.wmf]


(7) Are you left-handed or right-handed? [image: image96.wmf]


(8) Have you ever used LSD (acid) or some other psychotropic drug? (note: this survey is anonymous). [image: image97.wmf]


(9) Have you ever had formal musical training? [image: image98.wmf]


If you answered "yes" to (9), please answer (10), (11), (12), and (13). If you answered "no," please skip to (14). 

(10) How many years did you train? [image: image99.wmf]


(11) What instruments did you learn? [image: image100.wmf]


(12) How often you play/sing now (hours/week)? [image: image101.wmf]


(13) Have you ever had a song/tune/jingle you've performed or practiced stuck in your head?
 [image: image102.wmf]

Yes
 [image: image103.wmf]

No
 [image: image104.wmf]

Unsure 

(14) In general, how often do you remember content from your dreams after you wake up? 
 [image: image105.wmf]

Seldom (less than once a month)
 [image: image106.wmf]

Occasionally (a few times a month)
 [image: image107.wmf]

Frequently (a few times a week)
 [image: image108.wmf]Very Frequently (once a day or more)

(15) Your email (optional): [image: image109.wmf]


FINALLY: we are also researching how closely your song stuckness matches that of your friends. Could you please insert the names of 3 friends below? They will only receive one email from us and then their email address will be removed from our database.
 A: [image: image110.wmf]

.
 B: [image: image111.wmf]

.
 C: [image: image112.wmf]

.
To receive results and a description explaining this study, you must either list your email in (15) or send a separate email to sb394@cam.ac.uk with "STUDY DEBRIEFING AND RESULTS" in the subject line. The reason for this is because we wish to respect the confidentiality and anonymity of your responses on this survey if you do not choose to list your email above. 

Comparison between different types of imagery repetition (n = 286)





0.00%





20.00%





40.00%





60.00%





80.00%





100.00%





120.00%





1





Type of imagery repetition





Percent 


of people


who have


experienced


this type


of IR











 











Music (98.2%)





Words (64.2%)





Visual images (58.9%)





Taste (36.8%)





Touch (33.7%)





Smell (33.3%)





Words, not images (18.5%)





All senses (16.1%)





Only music (13.7%)





Image, not words (13.6%)





Most Effective MIR Stopping Techniques (n = 112) 
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� Summary of “Ultimate Melody” in Tales From the White Hart (1957) by science-fiction writer Arthur C. Clarke.


� To illustrate the ubiquity of folk-interest in this topic, consider that a recent search on Google.com indicated no less than 7,200 matches for the search terms “music stuck” and “song stuck.”


� Joachim Ringelnatz (1883-1934) referred to öhrwurm frequently in his children’s poems (Pape, 1974). 


� See Chapter 2. 


�  See Yalch (1991). 


� The following dissertation attempts to make progress on 1) and 2). 3) and 4) are expected to contribute more thoroughly to the Ph.D. dissertation. 


� It should be noted that there are serious ethical implications to identifying and utilizing information from this study. It is no an exaggeration to say that if this information was in the hands of the wrong multi-national business conglomerate or a less-than-ethically inclined government leader, that it could be exploited and misused. In the words of one survey participant, music stuckness "could be a form of social and/or thought control." Therefore I take great precaution in choosing which results to present in order to avoid outright exploitation of the findings. 


� Muzak.com already claims they use certain rules and models to tailor “music” for corporate use. 


� Again based on the early German references to öhrwurm. 


� He sent the survey to participants at four universities in four geographical regions in the United States. 587 complete responses were returned with an age range of 18-61, and a mean = 22.3 years (notice the college age bias). Males comprised 58.9% of respondents, females, 41.4%. A large majority of respondents were either business or music majors.


� People having MIR are referred to throughout as “victims” because they did not intend to have a MIR episode, nor do they generally report an affect in respect of MIR (see Detailed Results, Chapter 2 for quantitative results that support this statement). 


� While musicologists argue endlessly about the definition of timbre, it is fair to say that when two auditory stimuli, each with the same pitch and loudness, can be distinguished, they have different timbres.


� “She” is used throughout for consistency and because the results find that females experience MIR more than males (not to equate “she” with “victim” in a politically incorrect sense). 


� A possible explanation for my hypothesis is provided by Davies (1991): “But there is another way of manipulating subjective complexity, and we tried that too. Playing the same piece of music over and over again tends to lead the listener to find it progressively less complex, as it becomes more familiar and predictable.” It may be that the “rule of 9” could become the “rule of x” at varying levels of musical complexity. This could be experimentally tested.


� Kilgour, Jakobson, and Cuddy (2000) found that people are sensitive to presentation rate when forming memories of words and or music. When lyrics were spoken versus sung without rate considerations, all participants did better at identifying the sung lyrics in a memory recall task.





� The story tells how to activate the senses without their respective organ functioning (for example, how to hear without the ears).


� A possible neurophysiological model for how MIR operates could be made by considering Yui, Goto, Ikemoto, and Ishiguro (2000). They found that during flashbacks plasma norepinephrine levels increased markedly and flashbackers with a history of stressful events showed a further increase in 3-methoxytyramine levels. They hypothesized that stressful experiences induced sensitization to stress associated with noradrenergic hyperactivity, involving increased dopamine release, and thus triggering flashbacks. Could increased dopamine levels trigger MIR events? 


�Kellaris’ results were 19.6% for one hour or less, 35.2% for a few hours, 23.5% a whole day, 14.1% 2-6 days, and 7.5% one week or longer.








� Kellaris found, similarly, that the top five descriptors were (in order): annoying, frustrating, repetitive, distracting, and imitating. 		


� Kellaris similarly found that the majority of “desticking” techniques either fell into one of two categories: distraction strategies and replacement strategies. Out of those who had attempted a “desticking” technique, 63.7% were successful, 36.3% were unsuccessful or unsure.


� Butler and Ward (1988) made attempts to find a pitch memory eraser. They concluded that only time could truly influence “forgetting.”


� 19.13% found they must be doing something that requires a high level of mental thought to get MIR. 63.17% did not, and 17.69% were not sure, further confirming the inconclusive findings regarding Type A personalities. 


� Rubin, Rahhal, and Poon (1998) found that things learned in early adulthood (17-25) are remembered best. They tested participants from age 10-30.


� Until quite recently, the variety of radio available in the United Kingdom was somewhat limited compared to that in the United States. This homogeneity of musical choice may be partly responsible for increased MIR among British citizens and residents. Another possibility is that there could be a tendency for British to exaggerate their MIR frequency, or for Americans to underreport, or both. 


� p. 1457 Eichenbaum et al. (1999) in Zigmond et al. (1999). 


� Caramazza, Basili, Koller, and Berndt (1981) suggested that there is a phonemic input buffer and phonological output buffer in addition to the regular input/output relationship of sound that is supposed to characterize the phonological loop. Looping between these constitutes rehearsal. 





� Krumhansl (1990, 1991), Davies (1978), Wolpert (1990), Lerdahl and Jackendoff (1983), Serafine, Glassman, and Overbeeke (1989), Large, Palmer, and Pollack (1995), Dibben (1994), and my own work on cross-cultural differences in musical hierarchy formation (Bennett, 2001) explore in detail the ways in which hierarchical memory structures are formed over musical listening histories. 


� Yalch (1991) found that studies need to distinguish better between music presented with words and the actual processing of integrated text and music in jingles. However, while critical, he provides interesting scenarios in which mnemonics actually work when paired with music. Gingold and Abravanel (1987) found that inappropriate music (music that does not mirror the words trying to be learned) can actually disrupt the chunking process.


� How often do you remember your dreams? Seldom (less than once a month), 19.86%, MIR frequency = 2.351852. Occasionally (a few times a month), 40.07%, MIR frequency = 2.616071. Frequently (a few times a week), 31.56%, MIR frequency = 2.865169.


� Normally I would not use a rat study for neurobiological comparison, but given that the physiological pathway from hippocampus to neocortex is almost exactly the same in a rat as in homo sapien, its use seems acceptable here. 


� See Deutsch, 1999, p.780.


� From p. 1457 in Zigmond et al. (1999). 


� “Elizabeth” had an exceptional memory in all domains. This demonstrates that it is not impossible for some humans to have high resolution memory all of the time (Arnaudo, 2002). 


� Chomsky (2000) often asserts that English doesn’t exist, but we know it when we see it. Similarly, music may never perfectly fit a set of criteria but we will always be able to recognize it when we hear it.


� Crowder, Serafine, and Repp (1990) found that the two dominant models for explaining the text/music integration paradox are valid: each one changes the other slightly and the close proximity of the two allow for neural cuing.


� See Intons-Peterson (1992) for more information about distraction in the phonological loop. 


� Bennett (2001). 


� A random check of 5 questions to compare Internet surveys with non-Internet surveys yielded no significant differences. Therefore, it was concluded that the Internet was a viable medium for studying this phenomenon. Further, analysis of a question on the survey about amount of Internet use showed no significant correlation with MIR frequency. 


� For example, if someone replied 2-10 hours for “How many hours per week do you listen to music actively,” I would average 2 and 10 and enter 6 in the spreadsheet for data analysis purposes. 


� For most free response questions, I included a forced choice question so I could check the reliability of the participants. Data from 35 of the 217 surveys not analyzed were thrown out when three comparison questions which asked for the same information showed vastly different answers. 
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