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Inducing and manipulating earworms

Abstract

Involuntary musical imagery (INMI), drearworms”, refersto the ubiquitous experience of a
musical fragment coming into the mind without effort and then repeating. Studies have
provided conflicting reports regarding the relationship between INMI and cognitive load,
such the effect of a systetitacognitive load increase on INMI occurrence and duration
remains unknownn the present study, 200 participants watched and immediately evaluated
two non-dialogue, music-only film trailers. Subsequently, they either closed their eyes for 5
mins (Baseline)pr engagedn one of three dot tasks (Easy, Medium, and Hafdparying
challenge and attentional demand (low, medium and high cognitive load, respgctively
Finally, they completed a nov@Vind Activity Questionnairg, which allows for indirect
sampling of INMI experiences rather than direct questioning. A second Mind Activity
Questionnaire wscompleted 24 hours later. Overall, a significant negative linear trend was
found.At Baseline, 65% of people reportadexperience of INMI. This rate reductal

32.5%in the Easy condition with further reductions obsernvedoth Medium and Hard
conditions, which did not differ significantly froeachother. Measures of INMI frequency,

the number of tunes experiencsiNMI, and INMI duration followed the same pattexs

the induction ratesn the 24-hour follow-up, 21% of participants reported INMI experiences.
This study supports the hypothesis that INMI occurrence, frequency, and duratiotorelate
spare cognitive capacity and demonstratescologically valid laboratory paradigm for

covertly inducing and documenting INMI experiences.

Keywords: spontaneous cognition, involuntary musical imagery, earworms, cognitive load



Inducing and manipulating earworms

Introduction

A large proportion of our thoughts are spontanepusature (Killingsworth &
Gilbert, 2010; Song & Wang, 2012). Within this broad category, involuntary musical
imagery (INMI hereafter)is experiencedby over 90% of peopleat least once a week
(Liikkanen, 2012a). Colloquially knowras “earworms, INMI describes the internal
experience of a short musical piece, which cotoethe mind unintended and then repeats

itself (Floridou, Williamson, Stewart, & Mullensiefen, 2015; Williamsormlet2012).

To date, research on INMI has focused on the phenomenological experience. The
duration ofan INMI episodeis reportedto range from a few minute® several hours
(Beaman & Williams, 2010) anthmiliar music with lyricsis experiencedas INMI more
often than instrumental music (Liikkanen, 2012a). The valence attributi®&MI is mostly
positive (Beaman & Williams, 2010; Floridou & Miullensiefen, 2015; Halpern & Bartlett,
2011; Hymaret al., 2013) although peoplsan be significantly troubledy the experience
and employ amelioration strategies sumh listening to the INMI music or distracting

themselves with otr music or verbal activities (Williamson at, 2014).

Several factors are associated with the onset of the INMI experience. Willi@hson
al. (2012) found that recent and repeated expdsutee musids a prevalent INMI trigger.
This finding accords withLiikkanen’s (2012a) and Beaman amdilliams’ (2010) reported
associations between INMI frequency and everyday musical engagement. Other factors
related to INMI onset as reported by Williamson et al. (2012) are memory triggers
(association, recollection, and anticipation), affective states (mood, stress, and surprise) and

low attention states (dreams and mind wandering).

Retrospective and experience sampling studies have found a propensity fotolINMI

occurin low attention states (Floridou & Miillensiefen, 2015, Liikkanen, 2012a, Williamson
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etal., 2012), where individuals are engageanonotonous and undemanding tasks. Similar
mind states have been identifiagda trigger for other forms of spontaneous cognitions such
as involuntary autobiographical memories, involuntary semantic memories, and mind
wandering (Berntsen, Staugaard, & Sorensen, 2013; Killingsworth & Gilbert, 2010,
Kvavilashvili & Mandler, 2004; Mazzoni, Vannucci, & Batool, 2014; McKiernBMAngelo,
Kaufman, & Binder, 2006; Shlagman & Kvavilashvili, 2008; Vannucci, Batool, Pelagatti &
Mazzoni, 2014; Vannucci, Pelagatti, Hanczakowski, Mazzoni, & Rossi Paccani. 2015
controlled lab studies, undemanding low attention tasks (e.g. loakan{jxation cross) have
been used successfully induce a resting state associated with the onset of mind wandering
(Masonetal., 2007; McVay & Kane, 2009; Teasdalal., 1995).

While muchcan be learned about INMI from self-report and diary studigsis
importantto be ableto induce INMI within a controlled laboratory context order to
investigate the reliability of retrospective self-reports sméearn more about the cognitive
factors that play a role its onset, maintenana® termination.Sofar, three studies that have
attemptedo induce INMlin the laboratory have reported their induction rates, indicating, for
the most part, that INMtan be triggered easilin the majority of people (32% induction
rate, Byron & Fowles, 2013; 65%, Floridou, Williamson, & Mullensiefen, 2012; 75%,
Hymanetal., 2013.

Floridou et al. (2012) compad two INMI induction procedures, namely music
exposure and memory triggers, where participants were asksuamplete written missing

song lyrics.We selected songs that were either high or ilmheir potentiato trigger INMI,

based on INMI reports from a retrospective survey (http://www.earwormery.com; see

Floridou et al., 2015; Mdullensieferet al., 2014; Williamsonet al., 2012; 2014). Post
induction, participants complete a rin visual task and were then askdédthey had

experienced INMI during thaime. Both induction paradigms and sets of songs were equally
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successfuln inducing INMI. There was also a global recency effect indicating that the last
heard song was most likely be experiencedsINMI.

Building on these findings Byron and Fowles (2013) investiytite effect of music
exposure timeline (recent and repeated) and levels of processing (autobiographical and
semantic) on INMI induction. Participants were expaseligh or low familiarity songs and
answered questions about either toag’s connectionto their life (autobiographical) or
general questions about the song (semariicthe endof the session participants reported
on INMI occurrence and triggers. Reports were collected 6 times a day for the following 3
days, and the results revealed INMI induction effects of song familiarity anacsed®ut not
levels of processing.

Taken together, tise studies have established the following findings that both align
with self-reports and that are relatexithe designor analysisof the present study: INMI
induction through music exposur® highly effective; recency, the tendentty experience
INMI relating to the last piece of music heatid,a common and consistent featafelNMI
induction; familiarity with music improves the chances of INMI induction; INfdhappear
many hours afteaninitial induction.

Laboratory studies have also investigated the cognitive factors that influence
successful INMI induction. Hymaet al. (2013) investigated the role of cognitive load, the
extentto which a task requires executive resources sisaforking memory. After a period
of music exposure, participants completed either easy or challenging Sudoku puzzlgs or eas
or challenging anagrams. They then reported on the duration of songs repiayieig head
during the tasks.In both experiments, the authors found that INMI duration was higher
during both easy and challenging tasks. While this finding seanbsfirst sight,
counterintuitive, the authors suggest that spare cognitive resources were presetit

conditions, dugo boredom (easy condition) or task abandonment (challenging condition).
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Thus, while the easy and challenging tasks were intetweeflect conditions of low and

high cognitive load respectively, the levels of load across the two tasks had simdts. effe
This situation precludes any clear conclusions from being drawn concerning the impact of
cognitive load on INMI induction and motivates further enquiry into this question looking not

only INMI duration, but also occurrence and frequency.

The present study

The main aim of the present study wasnvestigate the role of graded cognitive load on
INMI induction following musical exposure. Drawing on working memory theory (Baddeley
& Hitch, 1974; Baddeley, 2002¥e designed a dot task which, accordioghe instruction
given, involved sustained attention throughout the tasks and more specifically (1) visual
attention only, (2) visual attention and phonological memory, or (3) visual attention,
phonological memory, and executive control. These three tasks etpataditions of low,
medium, and high cognitive load and will henceforth be refetwesk “Easy’, “Mediun,

and “Hard’ conditions, respectivelyBy comparing INMI occurrence, frequency, and
duration across these three conditiamswell asa “Baselin€ conditionin which there was

no cognitive taskwe soughtto test the hypothesis that INMI dimini$as cognitive load

increases.

An additional aim of the present study was introduce a method of probing
participants about their INMI experiences an indirect (covert) way,n contrastto all
previous INMI laboratory induction studies (Beametral., 2015; Byron & Fowles, 2013;
Campbell & Margulis, 2015; Floridoet al., 2012; Hymaret al., 2013) whereat the pointof
probing, participants were aware that INMI was the focus of interest because they were aske
whether the music they had been exposetiad beer‘stuck” in their mind.An indirect

approach, where the participastunaware of the experimental goatspreferableto direct
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questioning regarding INMI anés more comparabléo studies of involuntary memory
related phenomena sues mind-pops, mind wandering, and involuntary autobiographical
memories where participants are askeu report general task unrelated thoughts
(Kvavilishvili & Mandler, 2004; Schooleet al., 2011; Vannucci, Pelagatti, Hanczakowski,
Mazzoni, & Rossi Paccani, 2015~urthermore, comparative research between INMI and
spontaneous cognitioms other modalities (visual, verbal) will enhance understanding about
INMI’s unique characteristicgs well as providing indicationsas to their function.In the
present study both a direct aad indirect approactio INMI probing were employedin

orderto allow comparison of both methods.

Method

Participants

A total of 200 patrticipants (116 female), rangingage from 17-65 (M = 23.9, SD =
8.2) took part, either for course credit or £5 compensation. They were first year
undergraduate psychology students or self-selected students, staff or visitors of Goldsmiths,
Universityof London. The study protocol was approvgdhe Ethics Committee of
Goldsmiths, Universitypf London,UK. All participants gave written informed consent for

their participatiorin the study.

Stimuli

For the music exposure, two original film trailers with prominent soundtracks were
used. For variety and balanee selected one film trailer that contained music with lyrics

(film “Pretty Womaii, 1990) and the other featured instrumental music (fdasino
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Royal€’, 2006). The clips were matchedduration (approximately 90 seconds) and neither

had any verbal content.

Material

A “Film Appraisal Questionnaitgsee Appendid) was developedp measure
participants’ familiarity, liking, engagement, and emotional respdongifferent aspects of

the film clips, using a 5-point Likert scale.

In orderto probe indirectly for INMI experiences, a néind Activity
Questionnairéwas developed (see Appendix B). This assessment method first probed
participants about general mind wanderifi@id your mind wandeto any aspect of the film
during the period of silence/while playing the dot garhdf the answer wasyes’ then the
remaining questions prompted participaitseport any visual, musical or speech-based
mental imagery, respectively, that had occurred during thegost exposure task.
Information regarding non-musical imagery (visuals and speech) was reguesteerto
support the covert nature of the study and mask our specific interest regarding INMI.
Participants were also askedestimate how much of therbin time period had been
occupiedby each typef imagery,to report the specific content of any imagery, &nd
indicate the level of control they fett the initiation of the imagery. For the last question a 7-
point rating scale was used (1deliberately generated this imagéry7. “The imagery

happened outside afy control’).

For the direct paradigm (see Appen@ixparticipants were askefdthey had
experienced any INMI during the silence period drigles, they were also asked report
the percentagef time they had been occupié&y the INMI aswell asto identify the music

(artist and/or title) that was experiencaiNMI.
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A version of the‘Mind Activity Questionnairg was createtb capture participants
thoughtsin the 24 hours period after the epftthe experimental session and timee they

received the e-mail prompa complete the questionnaire (Appendix

Procedure

One hundred and sixty participants were randomly assignaae of each of the four
‘Indirect conditions (Baseline, Easy, Medium, Hard; 40 participants each). Participants were
randomly allocated and testadgroups and were told that the experiment was dtitlihs
andAttention”. All participants watched both trailers (Pretty Woman and Casino Royale)
with order of presentation counterbalanced. Immediately following each trailer, participants

were given a Film Appraisal Questionnaire faocomplete.

After filling in the Film Appraisal Questionnaire, participants completed one of the
four 54min post exposure tasks, which corresponetieir assigned attention and cognitive
load manipulation (Baseline, Easy, Medium, and Hadrdjhe Baseline condition,
participants closed their eyes fomn and were alerteldy the experimenter when the task
was completedn the Easy, Medium, and Hard conditions participants engagegiersion
of a 5min dot task. All dot tasks involved the presentation of a singlematscreen, one
per 1 second (the pace of which did not match the beat of the film trailer music); either blue
or redin colour. For the Easy condition (low cognitive loa@y and blue dots were
presentedh strict alternatioratthe set rate of one per second and participants were tasked
make a mark on their paper evédiryie they saw a blue doit the end of the presentation
they were asketb addup the total number of marks they had made and write the total on
their response form. For the Medium condition (medium cognitive load), the red and blue
dots were presented random order and participants were adikecbunt the blue dots

silentlyin their mind (making no marks) and report the tatahe end of the task. For the



10
Inducing and manipulating earworms

Hard condition (high cognitive load), red and blue dots were presentaddom order and
participarts were askedo count backwards threes from one thousand ediche they saw a

blue dot.At the end of this task participants reported the last number they had counted.

After all groups had completed theintin post-exposure task they were given the
Mind Activity Questionnaire¢o completen silence Following the Mind Activity
Questionnaire, participants were asKetthey knew the purpose of the experiment, st

to volunteer details about the supposed aim.

In additionto these four conditions, a fifth group of 40 participants tookipdtte
‘Direct’ condition, which was identicéd the Baseline condition but instead of completing
the Mind Activity Questionnaire, they respondedlirect questions about their INMh a
manner comparable previous INMI induction studies. This allowed for a comparison of
Baseline INMI rates between the more traditional direct questioning versus our novel indirect

method.

Following completion of the Mind Activity Questionnaifid = 160) or the direct
guestioningN = 40), participants were asked for conderiie contacted 24 hours later.
Thosein the Indirect conditions who gave consent recearednline link24 hours after the
end of the experimental session, prompting theoomplete the Mind Activity
Questionnaire with respettd the content of their thoughts during the gashours since the
end of the testing sessionndirect paradigm; responses received - Baseline: N = 7, Easy: N
= 14, Medium: N = 12, Hard: N = 20). Once again participants were &skeportif they
knew the purposef the study. Participants of the Direct paradigm were @eanbline link
asking them directlyf they experienced INMh the last 24 hours, how frequently and which

tune (responses receivedDirect”: N=8). Finally, all participants were debriefed and
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compensated for their participation. A visual representation of the proasihure seenn

Figure 1.

Experimental checks

The three dot counting tasks were triale@dvance of the main study orderto
confirm that they effectively manipulated cognitive load. Forty individuals who did not take
partin the main study completeth online survey where they participatadll three tasks,
in counterbalanced order (no film trailers were presented). After completing each dot task,
participants rated two statements using a 5-point Likert scabelicate how &) challenging
and (b) attentionally demanding they found each task. Two repeated measures ANOVA with
a Greenhouse-Geisser correction indicated significant differences between all three
conditions (challenge: F (1.75, 68.27) = 52.47, p< 0.001; attention: F (1.61, 62.77) = 39.33,
p< 0.001). Post hoc tests using Bonferroni correction revealed that the Easy condition was
significantly different comparetd the Medium condition (challenge: 1.80 + .91 vs. 2.30 +
1.18, p=.015; attention: 3.20 £.91 vs. 3.70 * 1.0, p=.024) and the Hard condition (challenge:
3.85 £ 1.23, p< 0.001; attention: 4.52 +.784, p< 0.001). There was also a significant
difference between the Medium and Hard conditions (challenge: 1.80 + .91 vs. 3.85 £ 1.23,
p< 0.001; attention: 3.20 +.91 vs. 4.52 +.784, p< 0.001). The same pattern was seen
regardless of whether participants were rating tasks on level of challenge or attention
required.In theEasy condition, 26 people were 100% accurate, 12 people within a 10%

above or below the right score, and 2 abovieelow that 10%ln the Medium condition, 19
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people were 100% accurate, 17 were within a 10% below or above the correct score, and 4
were above or below that 10%a.the Hard condition, only 7 were 100% accurate, 22 were

within 10% below or above the correct answer and for 11 their scores were above or below
that 10% criterion. These results showcase the fact that the results from the three cognitive

load tasks did not reach the criteria for a ceiling effect.

Results

INMI occurrence

The data of primary interest for the hypothesis came from the Mind Activity
Questionnaire. Successful INMI induction was deetodthve occurred a participant
reported musical imagery during thentn post induction session (or the following 24
hours) where they also experienced a lack of coitrits initiation (rated 4 and above on the
7-point controllability scale)As a result a binary variable was created for successful INMI
induction (Yes=1) and unsuccessful INMI induction (No#0)additionto this binary data,
participants gave estimates of the percentage of time they had experienced INMI during the 5

min post-trailer period, and thile and/or artist of the music experien@siNMI.

Baseline induction rate for the Direct questioning method was 60% versus 65% for
the Mind Activity Questionnaire. INMI induction ratasmeasuredby the Mind Activity
Questionnairé across the Easy, Medium, and Hard conditions were 32.5%, 25%, and 20%
respectively. @erall INMI induction rate for all 4ndirect conditions together was 35%. The
Pretty Woman soundtrack accounted for 63dfdNMI experiences while Casino Royale

accounted for the remaining 36.9%.
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Effect of Cognitive Load on INMI Occurrence and Frequency

Three binomial logistic regressions were perforrweggredict INMI occurrence using
cognitive load (4 levels; Baseline, Easy, Medium, and Hasd)predictor and a different

reference category for the contrast etite (15=Baseline, 2= Easy, §= Medium).

The model was statistically significayf(3)=2105, p<.001, explained 17%
(Nagelkerke R) of the variancén INMI occurrence, and correctly classified 71.7% of the
cases. Sensitivity was 45.6% and specificity 8&.Bhis effect was driveby a difference
between the Baseline condition and the other conditions (Baseline vs. Easy, p = .006;
Baseline vs. Medium, p <.001; Baseline vs. Hard, p <.001). There were no significant
differences between the Easy and Medium ($2r, Easy and Hard (p 4.8), or Medium and

Hard (p = .59) conditions.

A Poisson regression model was tampredict INMI frequency (counts faach
INMI tune; 0, 1, and 2) based on varying levels of cognitive load. The means and variances
of INMI Frequency withireachlevel of cognitive load are similar, satisfying the assumption
of equidispersion. Cognitive loan the model, overalis statistically significany? (3) =
25.91, p < .001 and while cognitive load increaisegiachcondition, INMI frequency
decreased (Baseline (95% CI, 2109,68), Easy (95% CI, .78 4.17), Medium (95% ClI,
.49t0 3.16). Pairwise comparisons using Bonferroni corrections indicated that the Baseline
condition differed significantly from the Easy (p = .01), Medium (p = .001), and Hard (p <
.001) conditions. There were no further significant differences between any of the remaining

conditions. INMI frequency counts feachconditioncanbe seein Figure 2.
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INMI
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Figure 2. INMI frequencyO = No tune experiencedsINMI; 1 = One tune from the
induction experiencedsINMI; 2 = Both tunes from the induction were experienasd
INMI) per cognitive load condition.

Effect of Cognitive Load on INMI Duration

The variable of interest for INMI Duration comes from a 0%-100% open-ended rating
scalein the Mind Activity Questionnaire, which asked pedpleate‘Percentage dfme on
musical imagery Data were not normally distributed Kruskall-Wallis H wasonductedo
compare the effect of cognitive load on INMI duration (4 levels: Baseline, Easy, Medium,
and Hard). Values are mean ranks unless stated otherwise. Distributions of INMI Duration
were not similar for all conditiongasassessebly a visual inspection of a boxplot. There was
a significant effect of cognitive load on INMI duratigi(3) = 23.35, p<.0005. Post hoc
pairwise comparisons were performed udngn’s (1964) procedure with a Bonferroni
correction for multiple comparisons. Adjusted p-values are presented. The post-hoc analysis
showed thathe main effect was driveny a difference between the Baseline condition

(103.6) and the other conditions (Easy: 77.17, p = .02; Medium: 67.16, p < .001; Hard: 67.44,
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p <.001). There were no furthgignificant differences between INMI duration and any other
condition. A Jonckheere Terpstra trend analgsifNMI duration confirmed the existence of
a significant, negative linear trend, J (3) = 3,437, z = -4.37, p < .0005, indicatiag that
cognitiveloadincreased, median INMI duration decreasids resultcanbe seern Figure

3.

504

40—

30~

20+ S

95% Cl INMIduration
|
|

10+ }__//‘Q

T T T T
Bazeline Low Medium High

Cognitive Load

Figure 3. Median duration and confidence intervals (95%) of mean INMI duration per

cognitive load condition.
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Effects of Film Appraisal on INMI Occurrence

As part of the Film Appraisal Questionnaire participants were asked about their
familiarity and liking for aspects of the film trailers including the visuals and the nassic,
well astheir levels of engagement and emotional response. Binary logistic regression
revealed that only one factor significantly influenced INMI occurrence; the dexgndach
participants reported liking the visuals of the first film they had éatrer Pretty Woman or
Casino Royale) (p = .04) predicted INMI occurrence. The more participants liked the visuals
of the first film the more likely they wete report experiencing INMI for that music during
the 5min after watching that film clip. The same relationship was not observed for the

second filmin the order of presentation.

24-hour Follow-up

A follow-up was conductetb determine the impact of the INMI inductianthe 24
hours following the testing session. 11 out of the 54 participants who completed the second
Mind Activity Questionnaire (online version) reported experiencing INMI after the testing
sessiorn(21%). All of the INMI reports were relateid the film trailers that had been viewed
the previous day. A binomial logistic regressioaspwerformedo predict INMI occurrence
in the following 24-hour period, similarkp the analysis on INMI occurrengethe lab. The
model yielded no significant effect of cognitive ldadegardto the 24 hour subsequent

INMI occurrenceg®(3)=3.12, p = .37.

A Fisher’s Exact Test was ruto examinef individuals who reported experiencing

INMI in the lab straight after induction would be more likielgxperienceat againin the 24
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hour period after the experimental session. There was no significant association between

INMI reportedin the lab and occurrence of INMI 24 hours later p = .075.

Recency effect

Given the prevalence of recency effdatshe INMI induction literature, a post hoc
check wasperformedo determinaf presentation factors within the Indirect paradigm
revealed any systematic differences. A chi-square test of goodness-of-fit was petormed
test for the presenad a recency effect on INMdccurrence, whereby the music from the
second film trailer was more liketp bereportedasINMI (30 times; 69.8%) compared the
music from the first trailer (13 times, 30.2%). Again, the data from the two presentation
orders were not equally distributeg?(@, N=43) = 12.3, p < .002), indicating a significant

recency effect.

Discussion

Involuntary musical imagery (INMis a ubiquitous experience that people often
reportin situations of low cognitive load (Floridou & Mensiefen, 2015; Hymaetal.,
2013; Liikkanen, 2012a; Williamsoet al., 2012), a pattern also obserwedther forms of
spontaneous cognition (Berntsen, Staugaard, & Sorensen, 2013; Killingsworth & Gilbert,
2010, Kvavilashvili & Mandler, 2004). However, a recent empirical study (Hysbhah,
2013) found that INMI duration was longatrboth the low and high ends of a cognitive load
continuum. Are-examination of the relationship between INMI occurrence, frequency, and
duration and cognitive load was necessargrderto ascertain the impact of a graded

cognitive load increasen INMI experience.
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The present study employed a novel, ecologically valid INMI induction procedure,
based on previous INMI induction techniques (Byron & Fowles, 2013; Floatiaiu 2012;
Hymanetal., 2013), whereby participants were expaseaausic.In the present paradigm
the music was heawkpart of two film trailes, in orderto mask the musical nature of the
study. Our paradigm also used a novel method for dgyenbbing INMI experiencan
contrasto previous studies, which have all used direct questioning. The resulting Baseline of
65% INMI induction rate compares favoralbdythe rates reported direct paradigms, which
include 65% (Floridowetal., 2012) and 75% (Hymaatal., 2013) An exceptiorno this
patternis the 32% direct induction rate obtaineglByron and Fowles (2013). This
discrepancy could be attributealexperimental design. The present study probed for INMI
while participants were stiih the lab (asn Floridouetal., 2012 and Hymaet al., 2013)
while Byron and Fowl€g2013) induction rate comes from post-experimental questioning.
The rate they obtained ig, fact, more comparabte the 24-hour INMI induction rate of
21% obseveth the present study. This finding speaédshe decay ratef INMI in memory

after music exposure.

The 65% Baseline induction rate obtaimedhe present study suggests that the INMI
film induction paradigm functioneaisan effective INMI trigger.It is notable that none of the
participants guessed the aim of the experiment, oteitige covert nature of the paradigm,
combined with the indirect questioning affordsdthe Mind Activity Questionnaire. The
occurrence of INMIn the present study cannot, therefore, be attribisteelsponse demand
characteristics. In general, the nature of experimental instructions regarding involuntary
processess animportant factoto considelin future researctgsstudies of involuntary
autobiographical memory taconfirmed that suggestions within instructi@as change the
frequency and characteristics of such memories (Barzykowski, 2014; Vannucci, Batool,

Pelagatti, & Mazzoni, 2014).
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There are several additional positive asptxrthe new Mind Activity Questionnaire.
The occurrence of induced INMI was comparébléhat obtainedby direct questioning using
the same film induction paradigm (65% vs. 60%), suggesting that the Mind Activity
Questionnaire would ban effective tool for future INMI laboratory studies where indirect
probing wouldbe critical, including for within-subjects designs and longitudinal work.
Furthermore, the Mind Activity Questionnaire allows participantste their level of
perceived contrah the initiation of their musical imagery enabling researcteers
differentiate between involuntary and voluntary musical imagery, and potettiatynpare
these two experiences. Another advantage of the Mind Activity Questiomtiegit canbe
usedto compare INMI to other involuntary memory experiences that are primarily visual or
verbalin nature.

The main empirical findings from the present study retathe comparison of INMI
experiences across the indirect conditions (Baseline vs. Easy,medid Hard conditions).
It is evident that even a low level of attention and cognitive loaskswificientto
significantly reduce INMI occurrende the present paradigrasreflectedin the significant
differencein INMI rates between the Baseline and Easy condition (65% versus 33%),
comparedo the lower rates of INMI induction for the Medium and Hard conditions (25%
and 20% respectively). Our second measure, INMI frequency, followed a similar pattern
where the Baseline conditioraasignificantly different from the other 3 cognitive load
conditions. Finally, our third measuo& INMI duration also showed a significant negative
linear trend with increasing cognitive load. Taken together, these findings indicate that low
attention statés a basic requirement that precedes increased chance of INMI occurrence,
replicating a finding from a probe-caught experience sampling study (Floridou &
Miullensiefen, 2015). These trends are afsaccordance with self-reports from the INMI

literature (Liikkanen, 2012a), and findings from the broader Task Unrelated Thought (TUT)
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literature where TUTs were significantly reduced when secondary tasks were relatively
simple and lown load, and then increased consistently with larger cognitive load (M&son

al., 2007; Teasdaletal., 1993; Teasdalet al., 1995).

A key difference between the Baseline and the other three conditions teldtes
presence or absence of basic visual input since the Baseline condition requitedeyes
closed We attemptedo isolate the impact of basic visual input on INMiadding a post
hoc condition where 40 people were astakleep their eyes open and simply watch the dots.
Despite clear instructiorts the contrary however, 60% of participants reported that they
were unableo refrain from stimulus monitoring, making the task akithe Easy condition.
This issue will require a specific methodological focuany future research that investigates

the role of basic visual input during INMI induction.

Thereis a contrast of note between the findings of the present study and the results of
Hymanetal. (2013) who reported a quadratic trend across two levels of load manipulation,
wherebyINMI duration was longeat both high and low ends of the cognitive load
continuum. This discrepan©anbe explainedby the challenges associated with
manipulating task-related cognitive load. One such challsngeintaining a consistent level
of load across a task our study attention was required consistently throughout thim 5
post exposure period) orderto successfully perform the dot counting talskcontrasin
Hymanetal.’s (2013) studywhere either Sudoku tests or anagrams were litseds not
possibleto guard against wavering attentiastime elapsed. Additionally, wavering
boredom/ anxiety inducdaly perceived levels of varying intra-task difficulty could be a
factor. Since these factors are impossibleontrol across each participant, thisra strong
argument for the use of multiple cognitive load conditions (asthe four usedh the

present study), a task that requires constant focus, and the use of large participant samples.
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It is notable that our Medium and Hard conditions placed additional demands on
phonological processing comparedBaseline and Easy conditions doghe requiremertb
keep a mental count on the dots presented, and that these tasks were associated with the
lowest INMI induction rates. This interestingn view of literature concerning the
circumstances under which INMI mag suppressed or terminatdd.a naturalistic study,
using self-report data, Williamsat al. (2014) found that distraction via phonological-based
tasks suclasreading, word puzzles and conversing were rep@sedfectivein reducing or
eliminating unwanted INMI. The similarity between suppression of Iidihe point of
induction (i.e. the present study) and cessation (Willianesah, 2014) lead# the
hypothesis that INMI may have a cognitive origin within the phonological memory system.
This hypothesiss supportedy Hymanetal. (2013), who found that verbal distractions
(anagram task) lead shorter INMI durations compared visual distractions (Sudoku task)
andby Beamaret al. (2015) who reported that articulatory suppression (gum chewing) was
associated with fewer reports of INMI compatec motor activity that was unrelatealthe
phonological system (finger tapping). Future studies of this hypothesis woultbneed
systematically manipulate the phonological content of secondaryttelségestedt the

point of INMI induction andaspart of INMI cessation attempts.

In additionto our hypothesis regarding the impact of increasing cognitive load on
INMI occurrencewe carried out post hoc analyssdeterminaf INMI induction was
affectedby our choiceof stimuli or method of presentation. Althougle did not directly
control or test for the type of music usadhe induction paradigm, the film trailer that
contained music with lyrics (Pretty Woman) was repoagkdNMI on roughly twiceasmany
occasions compared the film trailer containing instrumental music (Casino Roydies.
impossibleto draw conclusions about the type of the music experieasi®tMI| sincewe

did not use a rangaf music with and without lyrics however, our finding agrees with
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previous studies that have shown music with lyisesxperienced more frequentg INMI

comparedo instrumental music (Halpern & Bartlett, 2011; Hynemal., 2013; 2015).

The recency effect observedthe present studg alsoin accordance with previous
findings (Beaman & Williams, 2010; Byron & Fowles, 2013; Hynedal., 2013; Floridowet
al., 2012, Liikkanen, 2012b). Furthermore, the absence of any relationship between
familiarity or liking of the musién the film trailers and INMI patterns of occurrence accords
with reports that some musgreporedasINMI after only one exposure, even when said
musicis disliked (Williamsoretal. 2012). The lack of consistency between liking and
familiarity effects and INMis alsoin agreement with Byron and Fowl¢2013) report of a

recency effect for unfamiliar music.

In summary, the present paper has presented a novel and effective paradigm for
inducing and indirectly probing INMI experienceswell asa method for modulating their
likelihood of occurrence, frequency, and duration via systematic change in cognitive load.
We have replicated several INMI induction features and have demonstrated a direct linear
relationship between reduced INMI occurrence, duration and frequency, and increasing
cognitive load. Overall, the data suggest that even a slight ineneasgnitive loads
suficient to help prevent INMI, supporting the hypothesis that INMI occurrence

characteristics relate spare cognitive capacity.



23
Inducing and manipulating earworms

Acknowledgements

We would liketo thank the Science Museum, London and especially Corinne Burns for
giving us theime and spacéo collect data for the pilot studht the“Who Am 1?” galleryas

part of the“Live Sciencé project. Additionally Michelle Dickinson and Annick Odom for
their helpcallecting the pilot datat the Science Museum and Zaariyah Bashir who imported

part of the data.

Disclosur e Statement
The funders had no role study design, data collection, and analysis, decisigublish, or

preparation of the manuscript.



24
Inducing and manipulating earworms

References

BaddeleyA. D. (2002). Fractionating the central executiveD. Stuss &R. T. Knight
(Eds.), Principles of frontal lobe function (pp. 2260). New York: Oxford
University Press.

BaddeleyA. D., & Hitch, G. J. (1974). Working memornyin G. A. Bower (Ed.), Recent

advance#n learning and motivation (Vol. 8, pp.-490). New York: Academic Press.

Beaman(C. P., & Williams,T. I. (2010). Earworms (stuck song syndrome): towards a natural

history of intrusive thoughts. British Journal of Psychgldd1(4), 637-653.

Byron, T. P., & Fowles]. C. (2013). Repetition and recency increases involuntary musical
imagery of previously unfamiliar songs. Psychology of Music 0(0): 1-15. doi:
10.1177/0305735613511506

Dunn,O. J.(1964). Multiple comparisons using rank sums. Technometrics, 6, 241-252.

Floridou, G.A., & Miillensiefen, D. (2015). Environmental and mental conditions predicting
the experience of involuntary musical imagery: An experience sampling method
study. Consciousness and Cognition, 33,-438.

Floridou,G. A., Williamson,V. J., & Millensiefenp. (2012, July). Contracting earworms:
The roles of personality and musicalily.E. CambouropoulosC. TsougrasP.
Mavromatis, &K. Pastiadis (eds.), Proceedings of the 12th International Conference
on Music Perception and Cognition and the 8th Triennial Conference of the European
Society for the Cognitive Scienc€ Music, Thessaloniki, Greece, 5H.8.

Halpern,A. R., & Bartlett,J.C. (2011). The persistence of musical memories: A descriptive
study of earworms. Music Perception, 28, -4243.

Hymanl. E. Jr, BurlandN. K., Duskin,H. M., Cook,M. C., Roy,C. M., McGrath,J.C., &

Roundhill,R. F. (2013). Going Gaga: Investigating, creating, and manipulating the



25
Inducing and manipulating earworms

song stuckn my head. Applied Cognitive Psychology, 27 (2): 2045. doi:
10.1002/acp.2897.

Killingsworth, M. A., & Gilbert,D. T. (2010). A wandering ming anunhappy mind.
Science, 330, 932.

Kvavilashvili, L., & Mandler,G. (2004). Out of ons mind: A study of involuntary semantic
memories. Cognitive Psychology, 48,494.

Liikkanen,L. A. (2012a). Musical activities predispasenvoluntary musical
imagery. Psychology of Music, 40(2): 2356.

Liikkanen,L. A. (2012b). Inducing involuntary musical imageAn experimental study.
Musicae Scientiae, 16(2): 23234. doi: 10.1177/1029864912440770.

Mace,J.H. (2007). Involuntary memory. Malden: Blackwell Publishing.
doi:10.1002/9780470774069.fmatter

Mason,M. F., NortonM. I., Van Horn J.D., WegnerD. M., Grafton,S.T., & MacraeC.
N. (2007). Wandering minds: The default network and stimulus-independent thought.

Science, 315, 39395. doi:10.1126/science.1131295

Song, X., & WangX. (2012). Mind wanderingh Chinese daily livesan experience

sampling study. PloS ONE 7:e44423 10.1371/journal.pone.0044423.

TeasdaleJ].D., Dritschel B. H., Taylor,M. J., Proctor, L., LloydC. A., Nimmo-Smith, I., &
BaddeleyA. D. (1995).Stimulus- independent thought depends on central executive

resources. Memory & Cognition, 23, 55b9.

Teasdale).D., Proctor, L., LloydC. A., & BaddeleyA. D. (1993). Working memory and
stimulus-independent thought: Effects of memory load and presentation rate.
European Journal of Cognitive Psychology, 5,-411838.

doi:10.1080/09541449308520128



26
Inducing and manipulating earworms

Vannucci, M., Batool, I., Pelagatti, C., & Mazzoni, G. (2014). Modifying the frequency and

characteristics of involuntary autobiographical memories. PloS one, 9(4), e89582.

Williamson,V. J., Jilka,S.R., Fry, J., Finkel, S., Mullensiefen, D., & Stewart(2012).
How do‘‘earworm$’ start? Classifying the everyday circumstances of involuntary
musical imagery. Psychology of Music, 40, 2884.

Williamson, V. J., LiikkanenL. A., Jakubowski, K., & Stewart,. (2014). Sticky tunes:
How do people readb involuntary musical imagery? PLoS ONE 9(1), e86170.

doi:10.1371/journal.pone.0086170



27
Inducing and manipulating earworms

Appendices

A. Film Appraisal Questionnaire
Ratethefilm clips
Please circle a number from the following scalegfachstatement:

1) Strongly agree

2) Moderately agree

3) Neither agree nor disagree
4) Moderately disagree

5) Strongly disagree

Please focus on tHdm clip content rather than the quality of the recording.

Film 1

The film clip was very engaging 1 2 3 4 5
The film clip was very emotional 1 2 3 4 5
| liked the musian the film clip 1 2 3 4 5

| liked the visualsn the film clip 1 2 3 4 5

| have seen this film and knatvwell 1 2 3 4 5

| have heard this music and knavwvell 1 2 3 4 5
Film 2

The film clip was very engaging 1 2 3 4 5
The film clip was very emotional 1 2 3 4 5
| liked the musidn the film clip 1 2 3 4 5

| liked the visualsn the film clip 1 2 3 4 5

| have seen this film and knatvwell 1 2 3 4 5

| have heard this music and kndvwvell 1 2 3 4 5
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B. Mind Activity Questionnaire

Profile of Mental Activity
It is perfectly normal for the mintb wander while your eyes are closed. You may have been
thinking of things on purpose or thoughts may have popped into your head outside of your
control.

1) Did your mind wandeto any aspeobf the film clips during the period of
silence/when you were playing the dot game? (please circleryém)

YES NO

If “NO”, then please skifp the next page an@uestion 2

If “YES”, then please fill out the following sectiotwstell us which aspects of the film clips
ertered your thoughts

Visual mental imagery (V) - “thoughts in the form of images”

- Percentage dfme on visual imagery

- What images did you see (if any)? Please provide a brief description.

- Rate the level of control over these thoughts frofhdeliberately generated this
imagery)to 7- (the imagery happened outsidemf control)

1 2 3 4 5 6 7

Language mental imagery (L) - “Imagined speech”

- Percentage dfme on speech imagery

- What speech did you hear (if any)? Please provide a brief description including name
of speakeif you know them (including it was your own voice).
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- Rate the level of control you had over the imagery frafindeliberately generated
this imagery)o 7- (the imagery happened outsidexf control)

1 2 3 4 5 6 7

Musical mental imagery (M) - “Imagined melody, song and/or a rhythm”

- Percentage dfme on musical imagery

- What music did you hear (if any)? Please identify or describe the ihtsectitle/
artistis unknownto you.

- Rate the level of control you had over the imagery frdiindeliberately generated
this imagery)}o 7- (the imagery happened outsidexf control)

1 2 3 4 5 6 7

Question 2

Do you have any preconceived idesto what this experimens about? (please tick one
answer)

No, | have not considered the purpose of the experiment other than what | was told

Yes, | have thought about the purpose of the experiment

If you ticked YES above then please provide a sumwofaygur thoughts

“I think the experiment was about
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Follow up request

We would liketo be ablgo contact yoluby emailin around 24 hoursmeto ask you a small
number of follow-up questions, similar those which you have answered today. You are
under no obligatiomo respond buive would really appreciate your hetip complete our
study.

We will never pass on your email address and your responses would remain completely
confidentialat all times.

If you would liketo volunteerto help with the follow up then please write your email here

C. Direct Paradigm Questionnaire

Did you experience any earworms during the period of silence?
An “earworn? (or Involuntary Musical Imagery$ a short section of music that comes into
your mind_without effort (ifs involuntary; without any intentioto retrieve or recall the
music) and then repedty itself (immediately repeatedt least once, on a loop, without you
consciously tryingo replay the music).

YES NO

If “YES”, then please fill out the following sectitémtell us more information about the
music that entered your mind.

- Percentage dfme during the silence period
that you experienceahn earworm/earworms

- What music did you experienesan earworm/earworms? Please identify the tune or
do your besto describe the musit the title/ artisis unknownto you
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Follow up request
We would liketo be ableto contact yowby emailin around 24 hoursmeto ask you a small
number of follow-up questions, similar those which you have answered today. You are
under no obligatiomo respond buive would really appreciate your hetp complete our
study.

We will never pass on your email address and your responses would remain completely
confidentialat all times.

If you would liketo volunteerto help with the follow up then please write your email here

D. 24-hour “Mind Activity Questionnaire”

“It is perfectly normal for your mintb have wandered bact& the film clips that you saw
yesterday. You may have been thinking about the film clips on purpose or thoughts about
them may have popped into your head outside of your cohtrttiis questionnaireve

are interestedh any mental imagery (thoughts) that you have experieimcedationto

the film clips, since seeing them yesterday. Have you thought about the content of the

film trailers over the last 24 hours? (i.e. the sights or the scunds)

In the last 24 hours have you experienced any thoughts containing visual mental imagery
relationto the film clips?

Yes No

What images did you see? Please provide a brief description.
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Rate the level of control over these thoughts frofhdeliberately generated this imagety)
7 (the imagery happened outsidg control).

1 2 3 4 5 6 7

How frequently would you estimate that your mind wandéoddis visual imagery? From 1
(very infrequently}o 7 (very frequently).

1 2 3 4 5 6 7

In the last 24 hours have you experienced any thoughts containing musical mental imagery
relationto the film clips?
Yes No

What music did you hear? Please identifglescribe the musi€ the title/artisis unknown
to you.

Rate the level of control over these thoughts frofhdeliberately generated this imagety)
7 (the imagery happened outsidg control).

1 2 3 4 5 6 7

How frequently would you estimate that your mind wandéodtis musical imagery? From
1 (very infrequently}o 7 (very frequently).

1 2 3 4 5 6 7
In the last 24 hours have you experienced any thoughts containing speech mentalimagery

relationto the film clips?
Yes No

What speech did you hear? Please provide a brief description including name of the speaker
if you know them (including it was your own voice).

Rate the level of control over these thoughts frofhdeliberately generated this imagety)
7 (the imagery happened outsidg control).

1 2 3 4 5 6 7
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How frequently would you estimate that your mind wandéodtlis speech imagery? From 1
(very infrequentlyto 7 (very frequently).

1 2 3 4 5 6 7

Have you had any additional thoughts or ideas about the nature or aim of thislfsiuety?
then please describié;no, then type "no".
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Figure Captions

Figure 1. Visual representation of the experimental procedure.

Figure 2. Mean INMI duration (in percentagethe 5-minute post exposure task for each

condition.





