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Abstract

Mental imagery is a highly common component of everyday cognitive functioning. While substantial progress is being made in

clarifying this fundamental human function, much is still unclear or unknown. Amore comprehensive account of mental imagery

aspects would be gained by examining individual differences in age, sex, and background experience in an activity and their

association with imagery in different modalities and intentionality levels. The current online study combined multiple imagery

self-report measures in a sample (n = 279) with a substantial age range (18–65 years), aiming to identify whether age, sex, or

background experience in sports, music, or video games were associated with aspects of imagery in the visual, auditory, or motor

stimulus modality and voluntary or involuntary intentionality level. The findings show weak positive associations between age

and increased vividness of voluntary auditory imagery and decreased involuntary musical imagery frequency, weak associations

between being female and more vivid visual imagery, and relations of greater music and video game experience with higher

involuntary musical imagery frequency. Moreover, all imagery stimulus modalities were associated with each other, for both

intentionality levels, except involuntary musical imagery frequency, which was only related to higher voluntary auditory imagery

vividness. These results replicate previous research but also contribute new insights, showing that individual differences in age, sex,

and background experience are associated with various aspects of imagery such as modality, intentionality, vividness, and fre-

quency. The study’s findings can inform the growing domain of applications of mental imagery to clinical and pedagogical settings.
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Introduction

Mental imagery supports several aspects of healthy as well as

pathological cognition and has received considerable interest

in cognitive psychology research. Different kinds of imagery

relate to a range of processes such as memory recall and future

thinking (Moulton & Kosslyn, 2009; Schacter et al., 2007),

decision-making (Pham et al., 2001), navigation (Bocchi

et al., 2017), and mental training (Clark et al., 2012), but also

pathological symptomatology (e.g., obsessive-compulsive

disorder, posttraumatic stress disorder; American Psychiatric

Association, 2013). Pearson (2007) describes mental imagery

as the simulation or re-creation of perceptual experience in the

absence of a corresponding direct external stimulus from the

physical environment. Similar to perception and action, imag-

ery can be experienced in different sensory and stimulus mo-

dalities, for example, the visual, auditory (music, speech, and

environmental/artificial sounds), olfactory, gustatory, and tac-

tile, as well as movement (which is thought to include propri-

oceptive and visual elements). Additionally, imagery onset

can be voluntary – when we deliberately generate a specific

image, as well as involuntary – when imagery emerges in the

mind spontaneously, with no intention to experience it.

Imagery imitates perception (or action) in several ways.

Although there are certain differences between the two in

underlying cognitive mechanisms and neural brain areas, the

similarity between perception or action and imagery is evident

in the overlap of the brain areas that are active for visual (e.g.,

Chen et al., 1998; Ishai et al., 2000; Johnson& Johnson, 2014;

Kosslyn et al., 1999; O'Craven & Kanwisher, 2000; Stokes
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et al., 2009), auditory (e.g., Aleman et al., 2005; Halpern,

2001; Herholz et al., 2012; Schaefer et al., 2011, 2013; Tian

et al., 2018; Watanabe et al., 2020), and motor modalities

(Jeannerod, 2001; Munzert et al., 2009).

Despite substantial progress in research on various aspects

of imagery, such as the typology of stimulus modality and

intentionality level (cf. Schaefer, 2014b, 2017), possible func-

tions (Schacter et al., 2007), and neural correlates (Kosslyn

et al., 1999), there are still important questions to be answered.

How do specific aspects of imagery such as vividness, or

frequency, in different stimulus modalities and intentionality

levels, relate to individual characteristics such as age, sex, and

background experience in an activity? To what extent do dif-

ferent stimulus modalities and intentionality levels of imagery

relate to each other? These questions are of particular impor-

tance for obtaining a more cohesive account of the imagery

experience, rather than focusing only on a unimodal perspec-

tive. Although previous work has looked at individual differ-

ences in, for example, musical imagery (Bailes, 2007, 2015;

Beaty et al., 2013), investigating imagery in different stimulus

modalities and intentionality levels in a single study would

have important implications for applied research to further

harness imagery’s full potential, for example, in clinical set-

tings (e.g., as part of Cognitive Behavioural Therapy; Pearson

et al., 2013), and in pedagogy for mental training and skill

acquisition (Halpern & Overy, 2019). The current study

attempted to shed light on these issues.

Aspects of mental imagery

Imagery is conceptualized and studied as a multidimensional

experience that incorporates various aspects. We here refer to

these aspects of imagery as any characteristic of an imagery

type, such as stimulus modality, intentionality, phenomeno-

logical qualities such as vividness, or descriptives such as

frequency of occurrence or use. The degree to which the liter-

ature addresses different aspects of imagery varies depending

on the level of intentionality of the imagery. For example,

studies on voluntary imagery most commonly measure its

vividness. The aspect of vividness refers to the clarity and

realism of the imagery (Childers et al., 1985), or its similarity

to the actual percept or movement (Lacey & Lawson, 2013;

Marks, 1973). In contrast, studies on involuntary imagery

have primarily focused and measured aspects directly related

to the everyday experience such as its frequency – that is, how

often it occurs over a period of time (Floridou et al., 2015;

Ortiz de Gortari & Griffiths, 2016). However, which individ-

ual factors relate to these aspects of imagery is still unclear.

Individual differences in mental imagery

Individuals use imagery to varying degrees in everyday life.

From visualizing simple daily tasks such as a shopping list

(Bassett et al., 2008) to more complicated activities such as

mentally rehearsing before a concert the musical material and

the movements associated when playing the instrument

(Bailes, 2007; Clark et al., 2012), imagery is an integral

supporting function for these processes. However, it is worth

noting that a small percentage of the general population re-

ports that they cannot voluntarily form visual imagery, a con-

dition termed “aphantasia” (Zeman et al., 2015). As such,

individual differences in imagery have been mostly studied

in relation to general characteristics common to everyone,

such as the demographics of age and sex, and more specifi-

cally to activities that likely involve imagery use, such as

background experience in sports or music.

Regarding demographics, and more specifically age, the

evidence is currently unclear on whether aspects of voluntary

imagery (e.g., vividness) or involuntary imagery (e.g., fre-

quency) are part of the processes that deteriorate with age,

such as working memory, or of processes that generally do

not decline, such as vocabulary or world knowledge (cf. Park

et al., 2002). The few existing findings on voluntary auditory

and motor imagery suggest that reported vividness is not re-

lated to age (Lima et al., 2015; Malouin et al., 2010;Willander

& Baraldi, 2010). Involuntary musical imagery frequency ap-

pears to decrease as age increases (Floridou et al., 2019;

Liikkanen, 2012), although Bailes (2015) reported an in-

crease; however, this study investigated involuntary and vol-

untary musical imagery conjointly. To our knowledge there

are no corresponding studies regarding everyday involuntary

visual imagery. These results suggest that specific aspects of

imagery in different imagery stimulus modalities may be dif-

ferentially associated with aging.

Findings related to how the sexes experience imagery are

mixed. Some studies show that females report higher imagery

vividness than males for the voluntary visual (Campos &

Fuentes, 2016; Halpern, 2015; McKelvie, 1995) and auditory

(Sacco & Reda, 1998) modalities, which could indicate either

differences in processes or in reporting styles between the

sexes. However, other studies find no differences between

the sexes for voluntary visual and motor imagery, and volun-

tary as well as involuntary auditory imagery (Campos &

Campos-Juanatey, 2014; Campos & Fuentes, 2016; Campos

& Pérez-Fabello, 2011; Ernest, 1983; Floridou et al., 2015;

Gissurarson, 1992; Halpern, 2015; Sheehan, 1967b;

Willander & Baraldi, 2010).

Imagery is an important cognitive tool for mental training

in various activities; therefore, its link to background experi-

ence in a related domain has received a fair amount of research

attention. Individual differences in imagery and background

experience in sports and music have been studied extensively.

Findings from sports research show that athletes report

more vivid visual and motor imagery than do non-athletes

(Di Corrado et al., 2014; Hall, 2001; Isaac & Marks, 1994),

whilst musicians report more vivid auditory imagery than
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non-musicians (Aleman et al., 2000; Campos & Fuentes,

2016; Cohen et al., 2011; Hishitani, 2009; Hubbard, 2010;

Janata & Paroo, 2006; Keller & Koch, 2008; Moreno et al.,

2008; Oxenham et al., 2003; Seashore, 1938). Individuals

with increased musical training report more frequent involun-

tary musical imagery (Hyman Jr. et al., 2013), although en-

gagement with music (e.g., going to gigs, listening to music),

not necessarily associated with formal musical training, is a

stronger predictor of the occurrence of this type of imagery

(Liikkanen, 2012). An additional promising population for

research on background experience and imagery are individ-

uals who play video games. Gamers make extensive use of

voluntary visual andmotor imagery when playing and in prep-

aration for video games (Achtman et al., 2008), and report

frequent involuntary visual and musical imagery related to

the video game in their everyday life (Game Transfer

Phenomena; Ortiz de Gortari, 2019). However, this popula-

tion has been largely neglected so far in the imagery literature.

Research into individual differences in background experi-

ence and imagery suffers from important issues that restrict

the generalizability of the findings. First, the samples studied

are mostly students, meaning that the range of ages and years

of experience in an activity are limited. Secondly, the mea-

surement of the variable of background experience across

studies is characterized by several weaknesses: (a) it is primar-

ily investigated as a binary factor, for example, comparison of

athletes versus non-athletes or musicians versus non-

musicians; (b) the criteria used to define comparison groups

vary greatly between studies (i.e., the number of training

years); and (c) the studies do not take into consideration indi-

viduals who might not be professionals or students but engage

with the activity informally as part of a hobby. Our study took

a novel approach and explored a sample with a wide age-

range and used a background experience index that reflected

the frequency, duration, and recency of engagement in various

activities such as sports, music, and video games. Using this

approach, we aimed to investigate how certain demographics

and general background experience in an activity are linked to

imagery aspects.

Imagery modalities and intentionality levels

Research on imagery to date is typically confined to a single

stimulus modality (e.g., specific perceptual modalities or the

motor domain), mostly the visual, and a single intentionality

level, usually the voluntary. However, imagery can be con-

ceptualized as unimodal or multimodal, when it includes, re-

spectively, single or multiple stimulus modalities concurrently

or in succession (e.g., when visual imagery of someone

playing a musical instrument overlaps with the auditory im-

agery of the music the instrument produces or followed by the

clapping of the audience). Multimodal imagery is often iden-

tified as most useful in practical settings such as pedagogy

(e.g., Davidson-Kelly et al., 2015; Nanay, 2018). Existing

studies and questionnaires that acknowledge and partly ad-

dress the multiple unimodal imagery types are the Bett’s

Questionnaire upon Mental Imagery (QMI; Betts, 1909), a

shorter version of QMI (Sheehan, 1967a), and the Plymouth

Sensory Imagery Questionnaire (Andrade et al., 2014), all of

which measure vividness of imagery in several modalities.

These studies and questionnaires provide support both for

modality-general and modality-specific imagery mechanisms.

Initial findings from studies that have used self-report mea-

sures other than the above suggest that visual, auditory, motor,

and spatial imagery aspects such as vividness are all associat-

ed with each other (Tarampi et al., 2015; for overviews, see

Hubbard, 2013, 2019; Hubbard & Ruppel, 2021).

The link between visual and auditory imagery is demon-

strated in self-report studies (Campos, 2017; Campos &

Pérez-Fabello, 2011; Gissurarson, 1992; Willander &

Baraldi, 2010) as well as in neuroimaging findings where

activity in specific brain networks (Daselaar et al., 2010;

McNorgan, 2012) and individual areas (Lima et al., 2015)

underlie both stimulus modalities. Nevertheless, neural areas

activated differentially for specific modalities have also been

reported (Daselaar et al., 2010; McNorgan, 2012), in many

cases overlapping with modality-specific areas involved in

actual perception or movement (cf. Kosslyn et al., 2001). In

addition, Godøy (2019) suggested a possible link between

auditory and motor imagery, a suggestion supported by the

activation of various neural areas also involved in movement,

when musical imagery is experienced (e.g., Zatorre &

Halpern, 2005). An explanation that had been previously put

forward for the similarities in musical and motor imagery

relates to their common temporal aspect (Schaefer, 2014a) as

music unfolds in time (Margulis, 2013), and the sharing by

temporal and movement processing of multiple brain areas

(cf. Schubotz et al., 2000; Teki et al., 2011).

A one-sided approach in research, similar to focusing on

only a single imagery modality, is also seen with regard to the

intentionality of imagery initiated voluntarily rather than in-

voluntarily; there is a substantially larger body of work inves-

tigating deliberate, effortful imagery as compared to work

focusing on everyday and common cases of spontaneous, in-

voluntary imagery. Up until recently, researchers did not dis-

tinguish between involuntary and voluntary experiences, gen-

erally grouping both experiences together. Therefore, similar-

ities between imagery modalities were attributed to the mo-

dality of the perceived stimulus and not the level of intention-

ality of the imagery. Furthermore, involuntary imagery was

mostly studied in subsamples of the population as part of

psychopathology symptoms typically related to intrusive

thoughts and memories (Berry & Laskey, 2012; Holmes

et al., 2004; Smith, 2018), hallucinations in conditions such

as in Parkinson’s disease, post-traumatic stress disorder, and

schizophrenia (Benson& Park, 2013; Bryant &Harvey, 1996;
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Matthews et al., 2014; Shine et al., 2015), as well as in con-

ditions such as Charles Bonnet Syndrome and aura in mi-

graines (Jan & del Castillo, 2012; Schott, 2007), and to atyp-

ical conditions such as synesthesia (Craver-Lemley& Reeves,

2013). One of the few everyday common, non-clinical forms

of involuntary imagery is musical imagery that comes to mind

spontaneously and repeatedly. Also known as “an earworm”

(Beaman & Williams, 2010; Williamson et al., 2012), this

form of imagery has been studied extensively and in relation

to other involuntary and voluntary mental processes. The few

available findings suggest similarities between the frequency

of involuntary musical imagery and other forms of involun-

tary and voluntary cognition, such as spontaneous mind-

wandering (Floridou, 2016), pointing out to a potential

intentionality-general mechanism (e.g., retrieval-specific

mechanism) underlying voluntary and involuntary cognition

forms. Furthermore, relations between the frequency of invol-

untary musical imagery and the vividness of voluntary audi-

tory imagery have also been reported (Floridou et al., 2015),

which could be attributed to the same stimulus modality. This

underlines that further research is needed on everyday com-

mon forms of mental imagery.

Taken together, the findings suggest that there may be both

general and specific imagery mechanisms and processes, re-

lated to the stimulus modality and intentionality level of im-

agery. However, which aspects of imagery are most closely

associated with each other is still unclear as there are no stud-

ies investigating a range of imagery in various combinations

of stimulus modalities and intentionality levels. Most research

on imagery has been confined within the boundaries of a sin-

gle modality and intentionality level. In this study, we includ-

ed measures of imagery in various stimulus modalities and

intentionality levels rather than studying them in isolation

and independently of each other, as has generally been the

case in previous research. Our approach has the advantage

of increasing conceptual and methodological understanding

of imagery experiences.

The present study

The key goal of the current study was to investigate imagery in

three stimulus modalities, the visual, auditory, and motor, and

two levels of intentionality, voluntary and involuntary. The

first question that was addressed is whether individual differ-

ences in age, sex, and background experience in sports, music,

and video games are associated with self-reported imagery

aspects, such as vividness and frequency. We anticipated that

vividness of voluntary auditory imagery and vividness of vol-

untary motor imagery would not correlate with age (Lima

et al., 2015; Malouin et al., 2010; Willander & Baraldi,

2010), while involuntary musical imagery frequency would

decrease with increasing age (Floridou et al., 2019;

Liikkanen, 2012). We had no specific predictions regarding

the relations between age and involuntary or voluntary visual

imagery due to the absence of relevant literature. Regarding

sex, we predicted that females would report increased vivid-

ness of visual imagery compared to men (Campos & Fuentes,

2016; Halpern, 2015; McKelvie, 1995), whilst for auditory

and motor imagery we predicted no association with sex

(Campos & Campos-Juanatey, 2014; Campos & Fuentes,

2016; Ernest, 1983; Gissurarson, 1992; Halpern, 2015;

Sheehan, 1967b; Willander & Baraldi, 2010).

In line with previous findings, we expected that increased

background experience with sports would associate with

higher vividness of visual and motor imagery (Di Corrado

et al., 2014; Hall, 2001; Isaac & Marks, 1994), increased

background experience with music would correlate with

higher vividness of voluntary auditory imagery and frequency

of involuntary musical imagery (Aleman et al., 2000; Campos

& Fuentes, 2016; Cohen et al., 2011; Hishitani, 2009;

Hubbard, 2010; Janata & Paroo, 2006; Keller & Koch,

2008; Liikkanen, 2012; Moreno et al., 2008; Oxenham

et al., 2003; Seashore, 1938), and background experience

with video games, which are usually accompanied with mu-

sical soundtracks, would positively associate with increased

involuntary visual and musical imagery frequency (Ortiz de

Gortari, 2019). In addition, we expected that domain-specific

background experience would account for any relation ob-

served between the relevant imagery stimulus modality and

age and sex, as findings show that engagement with an activ-

ity decreases with age (e.g., older ages report lower levels of

musical sophistication, which is a multi-faceted concept

encompassing several music-related skills and behaviors, in-

cluding formal musical training, as well as engagement with

music at an informal level; Müllensiefen et al., 2014) and for

some activities, there are sex biases (e.g., males report

increased video game engagement; Shaw, 2012)

The second question we examined is whether there is a rela-

tion between imagery stimulus modalities and intentionality

levels. Based on insights from previous studies, we hypothesized

that therewould be positive correlations between the vividness of

visual and auditory imagery (Campos, 2017; Campos & Pérez-

Fabello, 2011; Gissurarson, 1992; Tarampi et al., 2015;

Willander & Baraldi, 2010), as well as between the vividness

of auditory vividness and motor imagery (Schaefer, 2014a;

Tarampi et al., 2015). In terms of intentionality, we predicted that

voluntary auditory imagery vividness would correlate to frequen-

cy of involuntary musical imagery (Floridou, 2016; Floridou

et al., 2015), while we had no prediction concerning the relation

across other intentionality levels due to the lack of literature.

To answer the above questions, we employed an online

self-report battery of psychometrically valid and reliable ques-

tionnaires about imagery in the visual, auditory, and motor

stimulus modalities, in both intentionality levels where possi-

ble. Moreover, we assessed information about age, sex, and

background experience in sports, music, and video games in a
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sample representative of the Dutch population in terms of age

and sex.

Method

Participants

Participants were recruited via social media, recruitment

websites, personal networks, and posters at various public

spaces (e.g., university library) in the Netherlands. A total of

690 individuals commenced participation in the online survey

and of these 2961 completed all questions. The questionnaires

related to imagery were part of a larger survey also examining

placebo- and nocebo-like effects, which were not analyzed for

the purposes of the present study.We excluded 17 participants

(i.e., 5.7% of the data) based on quality criteria either related to

the wider survey or specific to the imagery study, which were

the following: (a) total survey completion duration (less than

one-third of the median duration of 33 min; five participants);

(b) an indication of not reading and/or not understanding all or

most of the questions (based on two items at the end of the

survey; one participant); (c) incorrect responses to one or two

(out of two) attention filter questions (nine participants); (d)

non-fluency in Dutch (based on an item in the demographic

section of the survey; one participant); and (e) missing age

(one participant). The total sample included in the final anal-

ysis consisted of 279 participants (149 females, 53.41%) rang-

ing in age from 18 to 65 years (M = 41.12, SD = 14.18), and

was representative of the Dutch population in terms of age and

sex.2 The completion rate was similar to that of other online

studies (Burgard et al., 2020; Floridou et al., 2019;

Müllensiefen et al., 2014; Peerdeman et al., 2018). The sample

was primarily of Dutch nationality (94.27% Dutch, 2.15%

multiple, 3.58% other) and generally highly educated

(65.95% tertiary, 33.69% secondary, 0.36% primary).

Participants who completed all questions could opt to take part

in a gift voucher raffle (1 × €100, 10 × €20).

Ethics statement

The larger study received ethical approval from the

Psychology Research Ethics Committee of Leiden

University, the Netherlands (application number CEP 16-

0226/99). All participants provided informed consent online

via checkboxes on the first page of the survey before com-

mencement of the study.

Materials

Measures

We administered the following battery of self-report imagery

questionnaires in the Dutch language3:

Visual imagery The Vividness of Visual Imagery

Questionnaire (VVIQ; Marks, 1973) measures the vividness

of visual imagery. Participants are asked to imagine four

scenes (relative/friend, rising sun, a shop, and a landscape)

and visualize four different aspects of each (e.g., color, shape),

amounting to 16 items in total. Vividness ratings range from 1

(Perfectly clear and as vivid as normal vision) to 5 (No image

at all, you only “know” you are thinking of the object). The

instructions ask participants to imagine the scenes with their

eyes closed. In the first validation study (Campos et al., 2002)

that followed the development of the original questionnaire

(Marks, 1973), good internal consistency was found (α = .88).

The Spontaneous Use of Imagery Scale (SUIS; Reisberg

et al., 2003) measures the general occurrence of imagery in

everyday life. The original scale has 12 items (e.g., “When I

think about visiting a relative, I almost always have a clear

mental picture of him or her”), which measure a general fac-

tor, and uses a 5-point rating scale (1 = Never appropriate; 5 =

Always completely appropriate). In the validation study of the

Dutch version (Nelis et al., 2014), items 1, 3, and 6 were

excluded based on their low psychometric qualities, leaving

a total of nine items with good internal consistency (α = .73),

which was adopted for the current study as well.

Auditory imagery The Bucknell Auditory Imagery Scale

(BAIS; Halpern, 2015) is a self-report measure of voluntary

auditory imagery for musical, verbal, and environmental

sounds, with two subscales, Vividness (BAIS-V) and

Control (BAIS-C). Each subscale has 14 items,4 which

prompt participants to construct auditory mental imagery

and rate it on Vividness (e.g., “a trumpet playing the opening

of ‘Happy Birthday’”) and Control (e.g., “the ease of imaging

a change from a trumpet to a violin”) on a 7-point scale

(Vividness: 1 = No image present at all; 7 = As vivid as the

actual sound; Control: 1 = No image present at all; 7 =

Extremely easy to change the image). The original validation

study (Halpern, 2015) reports good internal consistency for

both subscales (BAIS-V, α = .83; BAIS-C, α = .81). In the

1
For stable correlation estimates n should generally approach 250

(Schönbrodt & Perugini, 2013).
2
Matching the Dutch population age and sex distribution according to the

state statistics found here: http://statline.cbs.nl/StatWeb/publication/?VW=

T&DM=SLNL&PA=37296ned&D1=a&D2=0,10,20,30,40,50,60,%28l-1%

29,l&HD=130605-0924&HDR=G1&STB=T

3
All the measures of which no Dutch translation was yet available were

translated into Dutch through a forward- and back-translation procedure

(Behling & Law, 2000).
4
In correspondence with the BAIS author (Andrea Halpern), item 6 was

changed from a baseball game to a soccer game (more common in the

Netherlands) and item 8 was changed fromBeethoven’s fifth to “a symphony”

(to avoid unfamiliarity). These cross-language and -culture differences are

common, as stated by Halpern (2015), who reports similar modifications in

other languages.
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current study we only included the Vividness subscale in the

analysis, given the focus of the other utilized measures.

The Involuntary Musical Imagery Scale (IMIS; Floridou

et al., 2015) measures four phenomenological characteristics

of recurring involuntary musical imagery (Negative Valence,

Movement, Personal Reflections, and Help; 15 items; 5-point

response scale from 1 = Never to 5 = Always). In addition,

three items independent of the scale but commonly used

alongside it measure other characteristics of involuntary mu-

sical imagery such as frequency of retrieval (1 = Never to 6 =

Almost continuously), duration of the section (e.g., chorus,

verse, entire piece) of the piece of music retrieved (1 = Less

than 5 seconds to 5 =More than 1 minute), and duration of the

episode (i.e., a period of time when one particular musical

section and any additional sections of the same piece appears

and is repeated; 1 = Less than 10 minutes to 5 = More than 2

hours). Only involuntarymusical imagery frequencywas used

for the purposes of our study.

Motor imagery The Vividness of Movement Imagery

Questionnaire (VMIQ-2; Roberts et al., 2008) assesses vivid-

ness of movement in three different ways: (1) third-person

imagery perspective of the self, as if the individual is watching

themselves performing the movement (External Visual

Imagery, VMIQ-EVI); (2) first-person visual imagery per-

spective, as if the individual is looking out through their

own eyes while performing the movement (Internal Visual

Imagery, VMIQ-IVI); and (3) the feeling of carrying out the

movement (Kinesthetic Visual Imagery, VMIQ-KVI). VMIQ-

2 has 12 items and their response ratings are on a 5-point scale

(1 = Perfectly clear and vivid as normal vision/feel of

movement to 5 = No image at all, you only know that you

are thinking of the skill). The instructions ask participants to

imagine and rate the vividness of items first in VMIQ-EVI,

then VMIQ-IVI, and finally VMIQ-KVI. In the original vali-

dation study (Roberts et al., 2008), high internal consistency

was found for all subscales (VMIQ-EVI, α = .95; VMIQ-IVI,

α = .95; VMIQ-KVI, α = .93).

Background experience Background experience in sports

(sports in general, including dancing), music (playing an in-

strument/singing), and video games (video games of any kind)

was measured with three items for each activity: (1) frequency

of engaging in the activity during the last year (response scale

from 1 = Never to 5 = Daily); (2) duration (in months and

years) of engaging in the activity at least once a week (open-

ended); (3) recency (in months and years) of engaging in the

activity at least once a week (open-ended).

Procedure

The overall survey was implemented online in Qualtrics

(https://www.qualtrics.com). First, participants read the

information about the study and provided their consent to

participate. The presentation of the consent form and

demographic questions was in a fixed order, whilst the

presentation of the imagery questionnaires was randomized.

At the end, participants were debriefed about the purposes of

the studies. The median total completion duration of the

survey was 33 min (including the measures taken for the

larger study mentioned above).

Statistical analyses

First, we reversed the scores of all items of VVIQ and VMIQ-

2 as indicated by the scoring system of each questionnaire.

Next, we calculated the scores of each measure and its sub-

scales based on the sum of its items. Then, we developed a

background experience index for each domain separately. We

did this by calculating the sum of three items related to back-

ground experience, that is, frequency, duration (values con-

verted to months and then normalized by dividing each score

with the maximum value of the participant pool), and recency

(values converted to months, then reversed as lower numbers

indicated more recent involvement and then normalized by

dividing each value by the maximum score of the participant

pool). In the Online Supplementary Material (Tables 1, 2 and

3) we also report descriptives and further analyses with the

composite scores we calculated for the following variables:

BAIS Total (based on the average scores of the two subscales

BAIS-V and BAIS-C) and VMIQ-2 Total (by adding up the

scores of the three subscales of VMIQ-2 EVI, IVI, KVI).

We analyzed the data using IBM SPSS Statistics (Version

24). We ran Spearman correlations to investigate associations

of age, sex, and background experience with imagery aspects

such as vividness and frequency, as the data were not normal-

ly distributed. We corrected for multiple testing using the

Holm-Sidak method (Aickin & Gensler, 1996). Using the r

metric, effect sizes of .10, .30, and .50 were considered small,

medium, and large, respectively (Cohen, 1988).We ran partial

correlations to explore if any relations observed between age

or sex and imagery were explained by background experience

in the relevant imagery modality.

Results

Descriptive statistics

Descriptive statistics are presented to provide context and op-

portunities for comparisons to previous literature. The presen-

tation of all descriptives from the imagery measures is in

Table 1. The current descriptives and Cronbach’s alpha reli-

ability values for all imagery measures are comparable to

those found in the original measurement validation studies

as reported in the Materials section. In our sample, 2.5% of
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participants scored ≤ 30 in VVIQ, which is the threshold score

for individuals with aphantasia (Wicken et al., 2019; Zeman

et al., 2015), in line with previous reports of its prevalence,

estimated to lie around 2.4% of the general population (Faw,

2009). In addition, in Fig. 1 we present a histogram displaying

the distribution of participants’ ages. There was a relatively

large age range in our sample (18–65 years), and a bimodal

distribution with a satisfactory representation of all age

groups. Finally, the presentation of descriptive statistics for

the background experience indices is given in Table 2 (the

sample sizes for each background experience index vary due

to the exclusion of participants with no background

experience in each activity).

Individual differences in imagery: Bivariate
correlations

To explore our first research question, concerning the relation

of imagery aspects with individual differences, we examined

the associations between age, sex, and background experience

in sports, music, and video games with all imagery measures

(Table 3). Increasing age was weakly associated with higher

vividness of voluntary auditory imagery (BAIS-V, r(279) =

.14, p = .017) and with decreased frequency of involuntary

musical imagery (IMIS (frequency), r(279) = -.12, p = .042).

Age was not associated with any of the measures related to

voluntary and involuntary visual imagery (VVIQ, r(279) =

.11, p = .058; SUIS, r(279) = .04, p = .507) or voluntary motor

imagery (VMIQ-EVI, r(279) = .02, p = .726, VMIQ-IVI,

r(279) = -.09, p = .12, VMIQ-KVI, r(279) = .02, p = .668).

We observed weak correlations between sex and voluntary

as well as involuntary visual imagery (VVIQ, r(279) = .15,

p = .010; SUIS, r(279) = .20, p = .001), indicating that females

reported experiencingmore vivid voluntary andmore frequent

involuntary visual imagery. We found no relations between

sex and vividness of voluntary auditory and motor imagery

nor frequency of involuntary musical imagery (BAIS-V,

r(279) = -.03, p = .568; VMIQ-EVI, r(279) = -.016, p =

.795; VMIQ-IVI, r(279) = -.06, p = .355; VMIQ-KVI,

r(279) = .04, p = .486; IMIS (frequency), r(279) = -.03, p =

.599).

The background experience indices regarding music and vid-

eo games were moderately and weakly associated with increased

frequency of involuntary musical imagery (IMIS

(frequency), r(132) = .30, p < .001 and r(104) = .25, p = .010,

respectively). We did not observe any further relations.

In Tables 1 and 2 of the Online SupplementaryMaterial we

present descriptives of and correlations between all subscales

of the imagery measures we used and which are not presented

here (e.g., BAIS-C), as well as composite scores of scales

(e.g., BAIS Total, VMIQ-2 Total), with age, sex, and back-

ground experience in sports, music, and video games.

Individual differences in imagery: Partial correlations

To follow up our first research question we explored whether

background experience in an activity could explain the relations

of age and sex with imagery aspects. First, we calculated partial

correlations between age and vividness of voluntary auditory

imagery (BAIS-V), as well as frequency of involuntary musical

imagery (IMIS frequency), while controlling for musical experi-

ence (Background Experience Index). When controlling for

background experience in music, the magnitude of the correla-

tion between age and vividness of voluntary auditory imagery

(BAIS-V, r(130) = .15, p = .090), and age and frequency of

Table 1 Descriptive statistics for all imagery measures (n = 279)

Modality Intentionality Measure Aspect Minimum Maximum M SD α

Visual Voluntary VVIQ Vividness 16 80 62.47 10.92 .93

Visual Involuntary SUIS Frequency 11 44 29.57 6.16 .76

Auditory Voluntary BAIS-V Vividness 1.21 7 4.71 1.13 .91

Auditory: Musical Involuntary IMIS Frequency 1 6 3.70 1.36 N/A

Motor: External Voluntary VMIQ-EVI Vividness 12 60 42.86 12.30 .97

Motor: Internal Voluntary VMIQ-IVI Vividness 12 60 46.97 12.30 .96

Motor: Kinesthetic Voluntary VMIQ-KVI Vividness 12 60 46.70 10.80 .96

Note. Minimum, Maximum, Mean (M), Standard Deviation (SD), and Cronbach’s Alpha (α)

VVIQVividness of Visual Imagery Questionnaire, SUIS Spontaneous Use of Imagery Scale,BAIS-VBucknell Auditory Imagery Scale - Vividness, IMIS

InvoluntaryMusical Imagery Scale (frequency), VMIQ-EVIVividness ofMotor Imagery Questionnaire – External Visual Imagery,VMIQ-IVIVividness

of Motor Imagery Questionnaire - Internal Visual Imagery, VMIQ-KVI Vividness of Motor Imagery Questionnaire - Kinesthetic Visual Imagery

Table 2 Descriptive statistics for background experience indices

Background experience indices Minimum Maximum M SD

Sports (n = 214) 1.81 7.00 5.37 1.19

Music (n = 133) 1.03 7.00 4.34 1.82

Video games (n = 107) 1.18 6.61 4.18 1.74

Note. Minimum, Maximum, Mean (M), and Standard Deviation (SD)
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involuntary musical imagery (IMIS (frequency), r(130) = -.13, p

= .150), remained approximately unchanged, indicating that mu-

sical experience does not explain the relations between age and

vividness of voluntary auditory imagery nor frequency of invol-

untary musical imagery. Next, we explored whether the back-

ground experience in video games could partially account for the

relation of sex with vividness of visual imagery. The magnitude

of the correlations remained approximately unchanged, indicat-

ing that background experience did not account for the relation of

sex with vividness of voluntary (VVIQ; r(104) = .17, p = .089)

nor frequency of involuntary visual imagery (SUIS; r(104) = .22,

p = .023).

The relation between imagery stimulus modalities
and intentionality levels: Bivariate correlations

To explore our second research question, concerning the rela-

tions between imagery modalities and intentionality levels, we

calculated correlations between all imagery measures

(Table 4). First, we see that, within stimulus modalities but

across intentionality levels, the visual imagery measures cor-

related moderately with each other (VVIQ and SUIS, r(279) =

.31, p < .001) and the auditory measures correlated weakly

with each other (BAIS-V and INMI frequency, r(279) = .14,

p = .021). Concerning stimulus modalities, we observed

Table 3 Spearman correlations of all imagery measures with age, sex, and background experience index of sports, music, and video games

Stimulus Intentionality Measure Age

(n = 279)

Sex (female;

n=279)

Background experience index

Sports

(n = 214)

Music

(n = 133)

Video games

(n = 107)

Visual Voluntary VVIQ .11 .15* .07 .11 .03

Visual Involuntary SUIS .04 .19** -.01 .11 .03

Auditory Voluntary BAIS-V .15* -.05 .04 .15 -.03

Auditory: Musical Involuntary IMIS -.12* -.03 .09 .30** .25**

Motor Voluntary VMIQ-EVI .05 -.01 .10 .01 -.06

VMIQ-IVI -.06 -.05 .04 .03 .10

VMIQ-KVI .05 .05 .08 -.004 .12

VVIQVividness of Visual Imagery Questionnaire, SUIS Spontaneous Use of Imagery Scale,BAIS-VBucknell Auditory Imagery Scale - Vividness, IMIS

InvoluntaryMusical Imagery Scale (frequency), VMIQ-EVIVividness ofMotor Imagery Questionnaire – External Visual Imagery,VMIQ-IVIVividness

of Motor Imagery Questionnaire - Internal Visual Imagery, VMIQ-KVI Vividness of Motor Imagery Questionnaire - Kinesthetic Visual Imagery

* p < .05. ** p < .01
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Fig. 1 Histogram displaying the distribution of participants’ ages (Skewness SE = .15, Kurtosis SE = .29)
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primarily strong and some moderate correlations between all

modalities, that is, visual and auditory imagery (VVIQ and

BAIS-V: r(279) = .46, p < .001; SUIS and BAIS-V: r(279)

= .32, p < .001), visual and motor imagery (VVIQ and VMIQ-

EVI: r(279) = .43, p < .001; VVIQ and VMIQ-IVI: r(279) =

.41, p < .001; VVIQ and VMIQ-KVI: r(279) = .48, p < .001;

SUIS and VMIQ-EVI: r(279) = .25, p < .001; SUIS and

VMIQ-IVI: r(279) = .25, p < .001; SUIS and VMIQ-KVI:

r(279) = .20, p = .001) as well as auditory and motor imagery

(BAIS-V and VMIQ-EVI: r(279) = .46 , p < .001); BAIS-V

and VMIQ-IVI: r(279) = .50 , p < .001); BAIS-V and VMIQ-

KVI: r(279) = .46 , p < .001).

In relation to intentionality, we see that all voluntary mea-

sures correlatedmoderately to strongly with each other (VVIQ

and BAIS-V: r(279) = .46, p < .001; VVIQ and VMIQ-EVI:

r(279) = .43, p < .001; VVIQ and VMIQ-IVI: r(279) = .41, p

< .001; VVIQ and VMIQ-KVI: r(279) = .48, p < .001; BAIS-

V and VMIQ-EVI: r(279) = .46 , p < .001; BAIS-V and

VMIQ-IVI: r(279) = .50 , p < .001; BAIS-V and VMIQ-

KVI: r(279) = .46 , p < .001). The involuntary measures

(SUIS and IMIS frequency: r(279) = .10, p = .11) did not

correlate with each other. With regard to relations between

intentionality measures, we see that involuntary visual imag-

ery (SUIS) correlated weakly to moderately with all voluntary

measures (visual imagery, VVIQ: r(279) = .31, p < .001; audi-

tory imagery, BAIS-V: r(279) = .46, p < .001; motor imagery,

VMIQ-EVI: r(279) = .25, p < .001; VMIQ-IVI: r(279) = .25, p

< .001; VMIQ-KVI: r(279) = .20, p < .001), whilst, as reported

above, involuntary musical imagery (IMIS frequency) correlat-

ed weakly only with voluntary auditory imagery (BAIS-V and

IMIS (frequency), r(279) = .14, p = .021).

Discussion

Themain question of the current study was whether individual

differences in age, sex, and background experience in sports,

music, and video games are associated with self-reported

aspects of imagery in various modality and intentionality

levels . Fi rs t , we found that increas ing age was

weakly associated with higher vividness of voluntary auditory

imagery and lower frequency of involuntary musical imagery,

but not with any of the other imagery stimulus modalities and

intentionality levels. Second, females reportedmore vivid vol-

untary and more frequent involuntary visual imagery. Third,

more background experience with music as well as video

games were associated with increased frequency of involun-

tary musical imagery, but no other relations were seen for

background experience and imagery. Finally, we found that

background experience in a specific activity did not account

for any of the observed relations of the demographics of age

and sex with various imagery aspects.

The second question of our study was whether there is a

relation between imagery stimulus modalities and intentionality

levels. All stimulus modalities (visual, auditory, and motor) did

correlate with each other, as well as with all intentionality levels

(voluntary and involuntary) within modalities, except for invol-

untary musical imagery frequency, which only correlated with

vividness of voluntary auditory imagery. These findings repli-

cate previous results but also bring some novel key information.

Below we synthesize the findings in relation to the existing

literature and discuss their implications for future research.

Individual differences in imagery

The slight increase of reported vividness of voluntary auditory

imagery with age that we observed is puzzling as previous

research (Lima et al., 2015) using the same measure did not

find such a relation, while corresponding correlations for im-

agery with age in other stimulus modalities did not follow the

same direction. A research project with two studies on the

topic (Schenker, 2018) found support for both our and Lima

et al.’s (2015) findings. One potential explanation could lie in

the difference between the sample size of our study (n = 279)

and the Lima et al. (2015) study (n = 74), with the latter being

Table 4 Spearman correlations between all mental imagery measures (n = 279)

VVIQ VMIQ-

EVI

VMIQ-

IVI

VMIQ-

KVI

BAIS-

V

IMIS

SUIS .31** .25** .25** .20** .32** .10

VVIQ .43** .41** .48** .46** .00

VMIQ-EVI .67** .50** .46** .06

VMIQ-IVI .68** .50** .14*

VMIQ-KVI .46** .11

BAIS-V .14*

SUIS Spontaneous Use of Imagery Scale, VVIQ Vividness of Visual Imagery Questionnaire, VMIQ-EVI Vividness of Motor Imagery Questionnaire –

External Visual Imagery, VMIQ-IVI Vividness of Motor Imagery Questionnaire - Internal Visual Imagery, VMIQ-KVI Vividness of Motor Imagery

Questionnaire - Kinesthetic Visual Imagery,BAIS-VBucknell Auditory Imagery Scale - Vividness, IMIS InvoluntaryMusical Imagery Scale (frequency)

* p < .05. ** p < .01
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too small to detect weaker effects of individual differences.

Other possible explanations could relate to differences in other

demographic factors between the studies such as age range,

education level, and culture, which future studies should in-

vestigate. Our findings should also be interpreted with cau-

tion, as the size of the correlation is small and of course it does

not imply causality. Interestingly, age was not associated with

vividness of visual imagery. As previous research has reported

age-related reductions in other visual imagery aspects such as

manipulation (Craik & Dirkx, 1992), and rotation and main-

tenance (Dror & Kosslyn, 1994), this could further indicate

that different imagery aspects or levels of abstraction in the

task (i.e., naturalistic voluntary imagery tasks vs. abstract ex-

perimental imagery tasks) within the same modality depend

on separate mechanisms differentially associated with aging.

Clearly, further research is needed to assess various imagery

aspects in relation to aging. Increasing age was weakly asso-

ciated with reductions in frequency of involuntary musical

imagery, a finding that corresponded with our expectations

and most previous literature (Floridou et al., 2019;

Liikkanen, 2012). An increasing number of studies suggest a

reduction in the reported frequency of involuntary cognition

with age (Maillet & Schacter, 2016; Seli et al., 2017), which

has been attributed to a general decrease in cognitive resources

in older adults (Craik, 1986). However, this suggestion cannot

explain the lack of relation between age and the remaining

imagery measures (or even weak increases for voluntary au-

ditory imagery), which could be an indication of how the

frequency of involuntary imagery, as opposed to other aspects

of imagery, for example vividness, relies on different cogni-

tive systems that may be differentially associated with aging.

Next, we investigated the relation between sex and imag-

ery. Our findings agree with existing literature and confirm

our hypotheses that females report higher vividness of volun-

tary visual imagery (Campos & Fuentes, 2016; Halpern, 2015;

McKelvie, 1995) and that there would be no relation with the

other stimulus modalities and intentionality levels (Campos &

Campos-Juanatey, 2014; Campos & Fuentes, 2016; Campos

& Pérez-Fabello, 2011; Ernest, 1983; Gissurarson, 1992;

Halpern, 2015; Sheehan, 1967b; Willander & Baraldi,

2010). Our findings also extend the literature by demonstrat-

ing that females report more involuntary visual imagery. An

explanation for females reporting increased vividness of visu-

al imagery but no other stimulus modalities in either intention-

ality level could suggest that vividness of visual imagery taps

into different mechanisms than the other imagery modalities.

This finding could also be attributed to sex hormones, and

more specifically progesterone, which has been attributed a

role in visual imagery vividness (Wassell et al., 2015) and

visual perception (Broverman et al., 1981; Wijayanto et al.,

2009).5 Finally, a methodological issue worth noting is that, in

research on sex, gender, and imagery, the exact questions

posed to participants are rarely reported and that, when gender

is asked, the findings reported are mostly binary. Furthermore,

in many such cases, sex and gender are used interchangeably,

which may affect the results with regard to both how partici-

pants define themselves, and how the results are interpreted in

terms of cognitive differences in relation to sex and gender.

Regarding domain-specific background experience, we ob-

served small to moderate associations only between increased

background experience in music and video games, and more

frequent involuntary musical imagery. Previous studies have

identified similar relations between musical training and en-

gagement, as well as video games use, with higher frequency

of involuntary musical imagery (Floridou et al., 2015; Ortiz de

Gortari & Griffiths, 2016). A possible speculative explanation

for the lack of association between any background experi-

ence and other imagery modalities might be that background

experience does not necessarily boost self-reported vividness,

but does increase the amount of time individuals spend think-

ing about the relevant activity, even if involuntarily. This re-

lation could only be captured by the item of frequency of

involuntary musical imagery, as the remainingmeasures focus

on vividness. Future research should explore this possibility

and measure the frequency of imagery in other stimulus mo-

dalities in daily life.

Our results about the lack of effect of background experi-

ence in music on vividness of auditory imagery agree with

Hubbard and Ruppel (2021), who used the same questionnaire

as in our study (BAIS), but contradict the findings of previous

studies that found increased vividness of non-musical auditory

imagery in musicians (Aleman et al., 2000; Campos &

Fuentes, 2016; Cohen et al., 2011; Hishitani, 2009;

Hubbard, 2010; Janata & Paroo, 2006; Keller & Koch,

2008; Moreno et al., 2008; Oxenham et al., 2003; Seashore,

1938) and visual and motor imagery in athletes (Di Corrado

et al., 2014; Hall, 2001; Isaac & Marks, 1994). This discrep-

ancy could be due to the different measures of background

experience, as well as measures of imagery, used in previous

studies and ours, or to the use of a continuous measure of

experience as in our study where we did not find an effect

rather than a dichotomous measure (dichotomizing

continuous data could inflate type 1 error/false positives to

observe a difference that is not apparent in continuous data;

Altman & Royston, 2006; Austin & Brunner, 2004) as in

previous studies that found an effect. A potential explanation

for the lack of associations between imagery aspects and back-

ground experience comes from the auditory imagery litera-

ture, specifically musical imagery. Interestingly, other studies

show low to moderate correlations between musical training

and general auditory imagery abilities but higher correlations

between musical training and musical imagery (Herholz et al.,

2012; Pfordresher & Halpern, 2013; Zatorre et al., 2010).

These findings suggest that individuals who are experienced5
We would like to thank an anonymous reviewer for this suggestion.
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with music score higher in imagery aspects specifically for

music (the activity that they have gained experience in), rather

than in imagery aspects in the general imagery modality

(auditory) or a different one (e.g., visual). Gelding et al.

(2015) suggested that it is the use of strategy in musical im-

agery, rather than simply musical experience, that leads to

better performance of musicians in musical imagery tasks.

An alternative explanation could be that individuals who do

not already experience vivid auditory or musical imagery

might not choose music as an activity to acquire experience

in, or do not use a musical imagery strategy.6 Future studies

could explore different types of background experience with

an activity (e.g., different types of sports or musical instru-

ment), which could reflect more fine-grained differences be-

tween imagery aspects.

Finally, background experience with music and video

games did not account for the age-related changes in vividness

of voluntary auditory imagery or frequency of involuntary

musical imagery, or sex-related changes in voluntary and in-

voluntary visual imagery, respectively. Future studies should

explore other factors that have been suggested to explain the

relation of imagery with aging and sex, such as meta-

awareness of the occurrence and the role of sex hormones,

respectively.

The relation between imagery modalities and
intentionality levels

Our second research question concerned the relation between

stimulus modalities and intentionality levels of imagery. Our

results replicate previous preliminary findings of commonali-

ties between multiple imagery stimulus modalities (cf.

Tarampi et al., 2015) and confirm our hypotheses regarding

associations between the vividness of visual and auditory as

well as auditory and motor imagery modalities. They also

extend previous findings demonstrating a strong relation be-

tween the vividness of visual and motor imagery. A possible

explanation for this could be related to multimodal perception,

since our perception of the real world is rarely unimodal

(Bertelson & de Gelder, 2004; O’Callaghan, 2014; Spence

et al., 2004), suggesting that a similar mechanism may operate

in the case of imagery (Nanay, 2018).

Although not directly assessed in our study, mental imag-

ery modalities can frequently co-occur (e.g., visual imagery of

a car can be accompanied by auditory imagery of the engine

sound; also see Intons-Peterson, 1983; Spence & Deroy,

2013), something that could boost their association even when

measured independently of each other as multiple unimodal

imagery types. Furthermore, BAIS, which is an auditory im-

agery measure, in the instructions also uses visual imagery

when constructing the context of auditory imagery. As for

VMIQ-2, although it measures movement, only one subscale

assesses kinesthetic aspects and the rest are associated to vi-

sual imagery when observing movement of others or the par-

ticipant, for example, VMIQ-EVI and VMIQ-IVI, which

could also explain the correlations we found between all sub-

scales of VMIQ-2 and VVIQ. Our findings provide support

for an underlying stimulus modality-general mechanism in

relation to vividness of visual, auditory, and motor stimulus

modalities. Previous studies have implicated the long-term

memory as well as the working memory as the underlying

systems for vividness of visual and auditory imagery

(Baddeley & Andrade, 2000). However, more research is

needed to extend this hypothesis to motor imagery, preferably

measuring imagery in experimental settings (cf. Gelding et al.,

2015) at the moment it occurs. If the relations reported here

are confirmed and their mechanisms are identified, this would

have implications for transfer effects between modalities and

relevant health interventions (e.g., in movement rehabilitation

where auditory imagery cues are used effectively to regularize

movement; Satoh & Kuzuhara, 2008; Schaefer et al., 2014).

Our findings about the level of intentionality and the in-

volvement of general and specific mechanisms are not con-

clusive. Even though all indices of voluntary imagery were

intercorrelated, the two measures of involuntary imagery were

not. One potential explanation for this is that the measures we

used for visual (SUIS) and auditory musical (IMIS frequency)

imagery assess different aspects of intentionality (automatic

completion vs. frequency of occurrence, respectively), while

voluntary measures focus on the same aspect (e.g., vividness).

Future studies should consider and develop robust methods to

measure the time course as well as co-occurrence and/or

switch between stimulus modalities and intentionality levels.

Some imagery occurrences are purely unimodal, or associated

with one intentionality level, and others might be multimodal

or move on a continuum of intentionality, starting involuntari-

ly and continuing voluntarily or vice versa (for mind-wander-

ing, see Seli et al., 2016; Smallwood, 2013; for musical imag-

ery, see Cotter et al., 2019), as well as for instances that start as

visual and switch to auditory imagery.

Limitations

When discussing the present results, some limitations should

be considered. First, the magnitude of the correlations is gen-

erally modest and should be interpreted with caution. Second,

running multiple correlations, as we did, could increase Type

1 error, although we used the Holm-Sidak method to correct

for multiple correlations and interpreted the findings using the

r metric instead of alpha values. Third, although we used mea-

sures most relevant to the intentionality of imagery it is clear

that there is a need for the development of measures of imag-

ery that will take the intentionality aspect into account in

6
We would like to thank Tim Hubbard for suggesting this alternative

explanation.
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relation to all stimulus modalities, as has been done recently in

the research of other experiences such as mind-wandering,

where studies have used questionnaires distinguishing be-

tween the two levels of intentionality and which have revealed

different behavioral and neural correlates (Carriere et al.,

2013). Although IMIS is straightforwardly about involuntary

experiences, SUIS can be considered a mix of involuntary,

automatic, as well as the voluntary use of visual imagery,

which makes the need for the development of fine-grained

measures imperative. Fourth, scores on various imagery stim-

ulus modality scales often correlate quite highly with each

other, which could indicate an issue of convergence validity.

This could either result from the relation between all imagery

stimulus modalities, or be related to the development of the

measures representing a considerable overlap in the measure

construction, such that they might not be able to distinguish

fine-grained differences between stimulus modalities. Finally,

an issue inherent in all self-report measures relates to whether

the observed relations are truly associatedwith changes in age,

or reflect the reporting style of participants. Future studies

should take this into consideration and either provide mea-

sures of confidence or social desirability as proxies related to

the validity of the reports.

Conclusions

Our findings demonstrate that individual differences in age,

sex, and background experience in a related activity are asso-

ciated to varying degrees with different aspects of mental im-

agery. Furthermore, our study supports the idea of stimulus

modality general mechanisms, at least for vividness of visual,

auditory, and motor modalities; however intentionality-

general and -specific mechanisms should be further explored.

These findings do not support a need for applications in clin-

ical or pedagogical domains to be adjusted for age (at least

within the range included here), and suggest that background

experience may in these cases also not give cause to expect

large differences in imagery aspects.

Supplementary Information The online version contains supplementary

material available at https://doi.org/10.3758/s13421-021-01209-7.

Author Note Georgia A. Floridou is now at the Department of Music,

University of Sheffield, Sheffield, United Kingdom. Georgia A. Floridou

was supported by a British Academy Postdoctoral Fellowship (pf160109)

and two research visit grants to Leiden University by the Society for

Education, Music, and Psychology Research (SEMPRE), and the

Experimental Psychology Society (EPS). We would like to thank

Frouke van Hardeveld de Jong for her contribution to the study as part

of her MSc thesis, Mladena Aleksic for assisting with the technical

editing of the manuscript, and Prof. Andrea R. Halpern for comments

on an earlier version of the manuscript. Preliminary findings of this study

have been disseminated at the 25th Anniversary Conference of the

European Society for the Cognitive Sciences of Music (ESCOM),

Ghent, Belgium.

Declarations

Conflicts of Interest None.

References

Achtman, R. L., Green, C. S., & Bavelier, D. (2008). Video games as a

tool to train visual skills. Restorative Neurology and Neuroscience,

26(4-5), 435–446.

Aickin, M., & Gensler, H. (1996). Adjusting for multiple testing when

reporting research results: The Bonferroni vs Holm methods.

American Journal of Public Health, 86(5), 726–728. https://doi.

org/10.2105/AJPH.86.5.726

Aleman, A., Nieuwenstein, M. R., Böcker, K. B., & de Haan, E. H. F.

(2000).Music training andmental imagery ability.Neuropsychologia,

38(12), 1664–1668. https://doi.org/10.1016/s0028-3932(00)00079-8

Aleman, A., Formisano, E., Koppenhagen, H., Hagoort, P., de Haan, E.

H. F., & Kahn, R. S. (2005). The functional neuroanatomy of met-

rical stress evaluation of perceived and imagined spoken words.

Cerebral Cortex, 15(2), 221–228. https://doi.org/10.1093/cercor/

bhh124

Altman, D. G., & Royston, P. (2006). The cost of dichotomising contin-

uous variables. Bmj, 332(7549), 1080. https://doi.org/10.1136/bmj.

332.7549.1080

American Psychiatric Association. (2013). Diagnostic and statistical

manual of mental disorders (5th ed.). https://doi.org/10.1176/appi.

books.9780890425596

Andrade, J., May, J., Deeprose, C., Baugh, S.-J., & Ganis, G. (2014).

Assessing vividness of mental imagery: The Plymouth Sensory

Imagery Questionnaire. British Journal of Psychology, 105(4),

547–563. https://doi.org/10.1111/bjop.12050

Austin, P. C., & Brunner, L. J. (2004). Inflation of the type I error rate

when a continuous confounding variable is categorized in logistic

regression analyses. Statistics in medicine, 23(7), 1159–1178.

https://doi.org/10.1002/sim.1687

Baddeley, A. D., & Andrade, J. (2000). Working memory and the vivid-

ness of imagery. Journal of Experimental Psychology: General,

129(1), 126–145. https://doi.org/10.1037/0096-3445.129.1.126

Bailes, F. (2007). The prevalence and nature of imagined music in the

everyday lives of music students. Psychology of Music, 35(4), 555–

570. https://doi.org/10.1177/0305735607077834

Bailes, F. (2015). Music in mind? An experience sampling study of what

and when, towards an understanding of why. Psychomusicology:

Music, Mind, and Brain, 25(1), 58–68. https://doi.org/10.1037/

pmu0000078

Bassett, R., Beagan, B., & Chapman, G. E. (2008). Grocery lists:

Connecting family, household and grocery store. British Food

Journa l , 110(2 ) , 206–217 . h t tps : / /do i .o rg /10 .1108 /

00070700810849916

Beaman, C. P., & Williams, T. I. (2010). Earworms (stuck song syn-

drome): Towards a natural history of intrusive thoughts. British

Journal of Psychology, 101, 637–653. https://doi.org/10.1348/

000712609X479636

Beaty, R. E., Burgin, C. J., Nusbaum, E. C., Kwapil, T. R., Hodges, D. A.,

& Silvia, P. J. (2013). Music to the inner ears: Exploring individual

differences in musical imagery. Consciousness and Cognition,

22(4), 1163–1173. https://doi.org/10.1016/j.concog.2013.07.006

Behling, O., & Law, K. S. (2000). Translating questionnaires and other

research instruments: Problems and solutions. Sage Publications.

https://doi.org/10.4135/9781412986373

Benson, T., & Park, S. (2013). Exceptional visuospatial imagery in

schizophrenia; implications for madness and creativity. Frontiers

40 Mem Cogn (2022) 50:29–44

https://doi.org/10.3758/s13421-021-01209-7
https://doi.org/10.2105/AJPH.86.5.726
https://doi.org/10.2105/AJPH.86.5.726
https://doi.org/10.1016/s0028-3932(00)00079-8
https://doi.org/10.1093/cercor/bhh124
https://doi.org/10.1093/cercor/bhh124
https://doi.org/10.1136/bmj.332.7549.1080
https://doi.org/10.1136/bmj.332.7549.1080
https://doi.org/10.1176/appi.books.9780890425596
https://doi.org/10.1176/appi.books.9780890425596
https://doi.org/10.1111/bjop.12050
https://doi.org/10.1002/sim.1687
https://doi.org/10.1037/0096-3445.129.1.126
https://doi.org/10.1177/0305735607077834
https://doi.org/10.1037/pmu0000078
https://doi.org/10.1037/pmu0000078
https://doi.org/10.1108/00070700810849916
https://doi.org/10.1108/00070700810849916
https://doi.org/10.1348/000712609X479636
https://doi.org/10.1348/000712609X479636
https://doi.org/10.1016/j.concog.2013.07.006
https://doi.org/10.4135/9781412986373


in Human Neuroscience, 7(756), 1–11. https://doi.org/10.3389/

fnhum.2013.00756

Berry, L.-M., & Laskey, B. (2012). A review of obsessive intrusive

thoughts in the general population. Journal of Obsessive-

Compulsive and Related Disorders, 1(2), 125–132. https://doi.org/

10.1016/j.jocrd.2012.02.002

Bertelson, P., & de Gelder, B. (2004). The psychology of multimodal

perception. In C. Spence & J. Driver (Eds.), Crossmodal space and

crossmodal attention (pp. 141–177). Oxford University Press.

Betts, G. H. (1909). The distribution and functions of mental imagery.

Teachers College, Columbia University.

Bocchi, A., Carrieri, M., Lancia, S., Quaresima, V., & Piccardi, L. (2017).

The key of the maze: The role of mental imagery and cognitive

flexibility in navigational planning. Neuroscience Letters, 651,

146–150. https://doi.org/10.1016/j.neulet.2017.05.009

Broverman, D. M., Vogel, W., Klaiber, E. L., Majcher, D., Shea, D., &

Paul, V. (1981). Changes in cognitive task performance across the

menstrual cycle. Journal of Comparative and Physiological

Psychology, 95(4), 646–654. https://doi.org/10.1037/h0077796

Bryant, R. A., & Harvey, A. G. (1996). Visual imagery in posttraumatic

stress disorder. Journal of Traumatic Stress, 9(3), 613–619.

Burgard, T., Bošnjak, M., & Wedderhoff, N. (2020). Response Rates in

Online Surveys With Affective Disorder Participants. Zeitschrift für

Psychologie, 228(1), 2151–2604. https://doi.org/10.1027/2151-

2604/a000394

Campos, A. (2017). A research note on the factor structure, reliability,

and validity of the Spanish version of two auditory imagery mea-

sures. Imagination, Cognition and Personality, 36(3), 301–311.

https://doi.org/10.1177/0276236616670892

Campos, A., & Campos-Juanatey, D. (2014). Correlations and sex differ-

ences in seven sensory modalities of imagery. North American

Journal of Psychology, 16(3), 587–594.

Campos, A., & Fuentes, L. (2016). Musical studies and the vividness

and clarity of auditory imagery. Imagination, Cognition and

Personality, 36(1), 75–84. https://doi.org/10.1177/0276236

616635985

Campos, A., & Pérez-Fabello, M. J. (2011). Some psychometric proper-

ties of the Spanish version of the Clarity of Auditory Imagery Scale.

Psychological Reports, 109(1), 139–146. https://doi.org/10.2466/

04.08.24.PR0.109.4.139-146

Campos, A., González, M. A., & Amor, A. (2002). The Spanish version

of the Vividness of Visual Imagery Questionnaire: Factor structure

and internal consistency reliability. Psychological Reports, 90(2),

503–506. https://doi.org/10.2466/pr0.2002.90.2.503

Carriere, J. S. A., Seli, P., & Smilek, D. (2013). Wandering in both mind

and body: Individual differences in mind wandering and inattention

predict fidgeting. Canadian Journal of Experimental Psychology/

Revue Canadienne de Psychologie Expérimentale, 67(1), 19-31.

https://doi.org/10.1037/a0031438

Chen, W., Kato, T., Zhu, X.-H., Ogawa, S., Tank, D. W., & Ugurbil, K.

(1998). Human primary visual cortex and lateral geniculate nucleus

activation during visual imagery. NeuroReport, 9(16), 3669–3674.

https://doi.org/10.1097/00001756-199811160-00019

Childers, T. L., Houston, M. J., & Heckler, S. E. (1985). Measurement of

individual differences in visual versus verbal information process-

ing. Journal of Consumer Research, 12(2), 125-134. http://www.

jstor.org/stable/254345

Clark, T., Williamon, A., & Aksentijevic, A. (2012). Musical imagery

and imagination: The function, measurement, and application of

imagery skills for performance. In D. Hargreaves, D. Miell, & R.

MacDonald (Eds.), Musical imaginations: Multidisciplinary per-

spectives on creativity, performance and perception (pp. 351–

365). Oxford University Press.

Cohen, J. (1988). The effect size index: d. Statistical power analysis for

the behavioral sciences, 2(1), 284–288.

Cohen, M. A., Evans, K. K., Horowitz, T. S., & Wolfe, J. M. (2011).

Auditory and visual memory in musicians and nonmusicians.

Psychonomic Bulletin & Review, 18(3), 586–591. https://doi.org/

10.3758/s13423-011-0074-0

Cotter, K. N., Christensen, A. P., & Silvia, P. J. (2019). Understanding

inner music: A dimensional approach to musical imagery.

Psychology of Aesthetics, Creativity, and the Arts, 13, 489–503.

https://doi.org/10.1037/aca0000195

Craik, F. I. M. (1986). A functional account of age differences in mem-

ory. In F. Klix & H. Hagendorf (Eds.), Human memory and cogni-

tive capabilities: Mechanisms and performances (pp. 409–422).

Elsevier.

Craik, F. I. M., & Dirkx, E. (1992). Age-related differences in three tests

of visual imagery.Psychology and Aging, 7(4), 661–665. https://doi.

org/10.1037/0882-7974.7.4.661

Craver-Lemley, C., & Reeves, A. (2013). Is synesthesia a form of mental

Imagery? In S. Lacey & R. Lawson (Eds.), Multisensory imagery

(pp. 185–206). Springer. https://doi.org/10.1007/978-1-4614-5879-

1_10

Daselaar S. M., Porat Y., Huijbers W., & Pennartz C. M. A. (2010).

Modality-specific and modality-independent components of the hu-

man imagery system. NeuroImage, 52(2), 677–685. https://doi.org/

10.1016/j.neuroimage.2010.04.239

Davidson-Kelly, K., Schaefer, R. S., Moran, N., & Overy, K. (2015).

“Total inner memory”: Deliberate uses of multimodal musical im-

agery during performance preparation. Psychomusicology: Music,

Mind & Brain, 25(1), 83–92. https://doi.org/10.1037/pmu0000091

Di Corrado, D., Guarnera, M., & Quartiroli, A. (2014). Vividness and

transformation ofmental images in karate and ballet. Perceptual and

motor skills, 119(3), 764–773. https://doi.org/10.2466/22.24.PMS.

119c30z6

Dror, I. E., & Kosslyn, S. M. (1994). Mental imagery and aging.

Psychology and Aging, 9(1), 90–102. https://doi.org/10.1037//

0882-7974.9.1.90

Ernest, C. H. (1983). Imagery and verbal ability and recognition memory

for pictures and words in males and females. Educational

Psychology , 3(3-4), 227–244. https://doi.org/10.1080/

0144341830030307

Faw, B. (2009). Conflicting intuitions may be based on differing abilities:

Evidence from mental imaging research. Journal of Consciousness

Studies, 16(4), 45–68.

Floridou, G. A. (2016). Investigating the relationship between involun-

tary musical imagery and other forms of spontaneous cognition

[Doctoral thesis, Goldsmiths, University of London]. Goldsmiths

Research Online. https://pdfs.semanticscholar.org/91da/

a98fb3c13a9fbac8fa5b8943fa19a0ea378d.pdf

Floridou, G. A., Williamson, V. J., Stewart, L., & Müllensiefen, D.

(2015). The Involuntary Musical Imagery Scale (IMIS).

Psychomusicology: Music, Mind, and Brain, 25(1), 28-36. https://

doi.org/10.1037/pmu0000067

Floridou, G. A., Halpern, A. R., &Williamson, V. J. (2019). Age-related

changes in everyday forms of involuntary and voluntary cognition.

PsyArXiv. https://doi.org/10.31234/osf.io/6e4ch

Gelding, R. W., Thompson, W. F., & Johnson, B. W. (2015). The pitch

imagery arrow task: Effects of musical training, vividness, and men-

tal control. PloS ONE, 10(3), Article e0121809. https://doi.org/10.

1371/journal.pone.0121809

Gissurarson, L. R. (1992). Reported auditory imagery and its relationship

with visual imagery. Journal of Mental Imagery, 16(3–4), 117–122.

Godøy, R. I. (2019). Thinking sound-motion objects. In M. Filimowicz

(Ed.), Foundations in sound design for interactive media: A multi-

disciplinary approach (pp. 161–178). Routledge.

Hall, C. (2001). Imagery in sport and exercise. In R. N. Singer, H. A.

Hausenblas, & C. Janelle (Eds.), Handbook of sport psychology

(2nd ed., pp. 529–549). Wiley.

41Mem Cogn (2022) 50:29–44

https://doi.org/10.3389/fnhum.2013.00756
https://doi.org/10.3389/fnhum.2013.00756
https://doi.org/10.1016/j.jocrd.2012.02.002
https://doi.org/10.1016/j.jocrd.2012.02.002
https://doi.org/10.1016/j.neulet.2017.05.009
https://doi.org/10.1037/h0077796
https://doi.org/10.1027/2151-2604/a000394
https://doi.org/10.1027/2151-2604/a000394
https://doi.org/10.1177/0276236616670892
https://doi.org/10.1177/0276236616635985
https://doi.org/10.1177/0276236616635985
https://doi.org/10.2466/04.08.24.PR0.109.4.139-146
https://doi.org/10.2466/04.08.24.PR0.109.4.139-146
https://doi.org/10.2466/pr0.2002.90.2.503
https://doi.org/10.1037/a0031438
https://doi.org/10.1097/00001756-199811160-00019
http://www.jstor.org/stable/254345
http://www.jstor.org/stable/254345
https://doi.org/10.3758/s13423-011-0074-0
https://doi.org/10.3758/s13423-011-0074-0
https://doi.org/10.1037/aca0000195
https://doi.org/10.1037/0882-7974.7.4.661
https://doi.org/10.1037/0882-7974.7.4.661
https://doi.org/10.1007/978-1-4614-5879-1_10
https://doi.org/10.1007/978-1-4614-5879-1_10
https://doi.org/10.1016/j.neuroimage.2010.04.239
https://doi.org/10.1016/j.neuroimage.2010.04.239
https://doi.org/10.1037/pmu0000091
https://doi.org/10.2466/22.24.PMS.119c30z6
https://doi.org/10.2466/22.24.PMS.119c30z6
https://doi.org/10.1037//0882-7974.9.1.90
https://doi.org/10.1037//0882-7974.9.1.90
https://doi.org/10.1080/0144341830030307
https://doi.org/10.1080/0144341830030307
https://pdfs.semanticscholar.org/91da/a98fb3c13a9fbac8fa5b8943fa19a0ea378d.pdf%20
https://pdfs.semanticscholar.org/91da/a98fb3c13a9fbac8fa5b8943fa19a0ea378d.pdf%20
https://doi.org/10.1037/pmu0000067
https://doi.org/10.1037/pmu0000067
https://doi.org/10.31234/osf.io/6e4ch
https://doi.org/10.1371/journal.pone.0121809
https://doi.org/10.1371/journal.pone.0121809


Halpern, A. R. (2001). Cerebral substrates of musical imagery. Annals of

the New York Academy of Sciences, 930(1), 179–192. https://doi.

org/10.1111/j.1749-6632.2001.tb05733.x

Halpern, A. R. (2015). Differences in auditory imagery self-report predict

neural and behavioral outcomes. Psychomusicology: Music, Mind,

and Brain, 25(1), 37–47. https://doi.org/10.1037/pmu0000081

Halpern, A. R., & Overy, K. (2019). Voluntary auditory imagery and

music pedagogy. In M. Grimshaw-Aagaard, M. Walther-Hansen,

& M. Knakkergaard (Eds.), The Oxford handbook of sound and

imagination (Vol. 2, pp. 391–407). Oxford University Press.

https://doi.org/10.1093/oxfordhb/9780190460242.013.49

Herholz, S. C., Halpern, A. R., & Zatorre, R. J. (2012). Neuronal corre-

lates of perception, imagery, and memory for familiar tunes. Journal

of Cognitive Neuroscience, 24(6), 1382–1397. https://doi.org/10.

1162/jocn_a_00216

Hishitani, S. (2009). Auditory Imagery Questionnaire: Its factorial struc-

ture, reliability, and validity. Journal of Mental Imagery, 33(1–2),

63–80.

Holmes, E. A., Brewin, C. R., & Hennessy, R. G. (2004). Trauma films,

information processing, and intrusive memory development.

Journal of Experimental Psychology: General, 133(1), 3–22.

https://doi.org/10.1037/0096-3445.133.1.3

Hubbard, T. L. (2010). Auditory imagery: Empirical findings.

Psychological Bulletin, 136(2), 302–329. https://doi.org/10.1037/

a0018436

Hubbard, T. L. (2013). Auditory aspects of auditory imagery. In S. Lacey

& R. Lawson (Eds.), Multisensory imagery (pp. 51–76). Springer.

https://doi.org/10.1007/978-1-4614-5879-1_4

Hubbard, T. L. (2019). Some anticipatory, kinesthetic, and dynamic as-

pects of auditory imagery. In M. Grimshaw-Aagaard, M. Walther-

Hansen, &M. Knakkergaard (Eds.), The Oxford handbook of sound

and imagination (Vol. 1, pp. 149–173). Oxford University Press.

https://doi.org/10.1093/oxfordhb/9780190460167.013.8

Hubbard, T. L., & Ruppel, S. E. (2021). Vividness, Clarity, and Control

i n Aud i t o ry Image ry . Imag ina t i on , Cogn i t i on and

Personality. Advance online publication. https://doi.org/10.1177/

02762366211013468

Hyman, I. E., Jr., Burland, N. K., Duskin, H. M., Cook, M. C., Roy, C.

M., McGrath, J. C., & Roundhill, R. F. (2013). Going Gaga:

Investigating, creating, and manipulating the song stuck in my head.

Applied Cognitive Psychology, 27(2), 204–215. https://doi.org/10.

1002/acp.2897

Intons-Peterson, M.J. (1983). Imagery Paradigms: How Vulnerable are

They to Experimenter's Expectations? Journal of Experimental

Psychology: Human Perception and Performance, 9, 394–412.

https://doi.org/10.1037/0096-1523.9.3.394

Isaac, A. R., & Marks, D. F. (1994). Individual differences in mental

imagery experience: Developmental changes and specialization.

British Journal of Psychology, 85(4), 479–500. https://doi.org/10.

1111/j.2044-8295.1994.tb02536.x

Ishai, A., Ungerleider, L. G., & Haxby, J. V. (2000). Distributed neural

systems for the generation of visual images. Neuron, 28(3), 979–

990. https://doi.org/10.1016/S0896-6273(00)00168-9

Jan, T., & del Castillo, J. (2012). Visual hallucinations: Charles Bonnet

syndrome. Western Journal of Emergency Medicine, 13(6), 544–

547. https://doi.org/10.5811/westjem.2012.7.12891

Janata, P., & Paroo, K. (2006). Acuity of auditory images in pitch and

time. Perception & Psychophysics, 68(5), 829-844. https://doi.org/

10.3758/BF03193705

Jeannerod, M. (2001). Neural simulation of action: A unifying mecha-

nism for motor cognition. NeuroImage, 14(1), S103–S109. https://

doi.org/10.1006/nimg.2001.0832

Johnson, M. R., & Johnson, M. K. (2014). Decoding individual natural

scene representations during perception and imagery. Frontiers in

Human Neuroscience, 8, Article 59. https://doi.org/10.3389/fnhum.

2014.00059

Keller, P. E., & Koch, I. (2008). Action planning in sequential skills:

Relations to music performance. The Quarterly Journal of

Experimental Psychology, 61(2), 275–291. https://doi.org/10.1080/

17470210601160864

Kosslyn, S. M., Pascual-Leone, A., Felician, O., Camposano, S., Keenan,

J. P., Thompson, W. L., Ganis, G., Sukel, K. E., & Alpert, N. M.

(1999). The role of area 17 in visual imagery: Convergent evidence

from PET and rTMS. Science, 284(5411), 167–170. https://doi.org/

10.1126/science.284.5411.167

Kosslyn, S. M., Ganis, G., & Thompson, W. L. (2001). Neural founda-

tions of imagery. Nature Reviews Neuroscience, 2(9), 635–642.

https://doi.org/10.1038/35090055

Lacey, S., & Lawson, R. (2013). Imagery questionnaires: Vividness and

beyond. In S. Lacey & R. Lawson (Eds.),Multisensory imagery (pp.

271–282). Springer. https://doi.org/10.1007/978-1-4614-5879-1_10

Liikkanen, L. A. (2012). Musical activities predispose to involuntary

musical imagery. Psychology of Music, 40(2), 236–256. https://

doi.org/10.1177/0305735611406578

Lima, C. F., Lavan, N., Evans, S., Agnew, Z., Halpern, A. R.,

Shanmugalingam, P., Meekings, S., Boebinger, D., Ostarek, M.,

McGettigan, C., Warren, J. E., & Scott, S. K. (2015). Feel the noise:

Relating individual differences in auditory imagery to the structure

and function of sensorimotor systems. Cerebral Cortex, 25(11),

4638–4650. https://doi.org/10.1093/cercor/bhv134

Maillet, D., & Schacter, D. L. (2016). From mind wandering to involun-

tary retrieval: Age-related differences in spontaneous cognitive pro-

cesses. Neuropsychologia, 80, 142–156. https://doi.org/10.1016/j.

neuropsychologia.2015.11.017

Malouin, F., Richards, C. L., & Durand, A. (2010). Normal aging and

motor imagery vividness: Implications for mental practice training

in rehabilitation. Archives of Physical Medicine and Rehabilitation,

91(7), 1122-1127. https://doi.org/10.1016/j.apmr.2010.03.007

Margulis, E. H. (2013). On repeat: How music plays the mind. Oxford

University Press. https://doi.org/10.1093/acprof:oso/97801

99990825.001.0001

Marks, D. F. (1973). Visual imagery differences in the recall of pictures.

British Journal of Psychology, 64(1), 17–24. https://doi.org/10.

1111/j.2044-8295.1973.tb01322.x

Matthews, N. L., Collins, K. P., Thakkar, K. N., & Park, S. (2014).

Visuospatial imagery and working memory in schizophrenia.

Cognitive Neuropsychiatry, 19(1), 17–35. https://doi.org/10.1080/

13546805.2013.779577

McKelvie, S. J. (1995). The VVIQ as a psychometric test of individual

differences in visual imagery vividness: A critical quantitative review

and plea for direction. Journal of Mental Imagery, 19(3–4), 1–106.

McNorgan, C. (2012). A meta-analytic review of multisensory imagery

identifies the neural correlates of modality-specific and modality-

general imagery. Frontiers in Human Neuroscience, 6, Article

285. https://doi.org/10.3389/fnhum.2012.00285

Moreno, S., Marques, C., Santos, A., Santos, M., Castro, S. L., & Besson,

M. (2008). Musical training influences linguistic abilities in 8-year-

old children: More evidence for brain plasticity. Cerebral Cortex,

19(3), 712–723. https://doi.org/10.1093/cercor/bhn120

Moulton, S. T., & Kosslyn, S. M. (2009). Imagining predictions: Mental

imagery as mental emulation. Philosophical Transactions of the

Royal Society B: Biological Sciences, 364(1521), 1273–1280.

https://doi.org/10.1098/rstb.2008.0314

Müllensiefen, D., Gingras, B., Musil, J., & Stewart, L. (2014). The mu-

sicality of non-musicians: An index for assessing musical sophisti-

cation in the general population. PloS ONE, 9(2), Article e89642.

https://doi.org/10.1371/journal.pone.0089642

Munzert, J., Lorey, B., & Zentgraf, K. (2009). Cognitivemotor processes:

The role of motor imagery in the study of motor representations.

Brain Research Reviews, 60(2), 306–326. https://doi.org/10.1016/j.

brainresrev.2008.12.024

42 Mem Cogn (2022) 50:29–44

https://doi.org/10.1111/j.1749-6632.2001.tb05733.x
https://doi.org/10.1111/j.1749-6632.2001.tb05733.x
https://doi.org/10.1037/pmu0000081
https://doi.org/10.1093/oxfordhb/9780190460242.013.49
https://doi.org/10.1162/jocn_a_00216
https://doi.org/10.1162/jocn_a_00216
https://doi.org/10.1037/0096-3445.133.1.3
https://doi.org/10.1037/a0018436
https://doi.org/10.1037/a0018436
https://doi.org/10.1007/978-4614-1_4
https://doi.org/10.1093/oxfordhb/9780190460167.013.8
https://doi.org/10.1177/02762366211013468
https://doi.org/10.1177/02762366211013468
https://doi.org/10.1002/acp.2897
https://doi.org/10.1002/acp.2897
https://doi.org/10.1037/0096-1523.9.3.394
https://doi.org/10.1111/j.2044-8295.1994.tb02536.x
https://doi.org/10.1111/j.2044-8295.1994.tb02536.x
https://doi.org/10.1016/S0896-6273(00)00168-9
https://doi.org/10.5811/westjem.2012.7.12891
https://doi.org/10.3758/BF03193705
https://doi.org/10.3758/BF03193705
https://doi.org/10.1006/nimg.2001.0832
https://doi.org/10.1006/nimg.2001.0832
https://doi.org/10.3389/fnhum.2014.00059
https://doi.org/10.3389/fnhum.2014.00059
https://doi.org/10.1080/17470210601160864
https://doi.org/10.1080/17470210601160864
https://doi.org/10.1126/science.284.5411.167
https://doi.org/10.1126/science.284.5411.167
https://doi.org/10.1038/35090055
https://doi.org/10.1007/978-1-4614-5879-1_10
https://doi.org/10.1177/0305735611406578
https://doi.org/10.1177/0305735611406578
https://doi.org/10.1093/cercor/bhv134
https://doi.org/10.1016/j.neuropsychologia.2015.11.017
https://doi.org/10.1016/j.neuropsychologia.2015.11.017
https://doi.org/10.1016/j.apmr.2010.03.007
https://doi.org/10.1093/acprof:oso/9780199990825.001.0001
https://doi.org/10.1093/acprof:oso/9780199990825.001.0001
https://doi.org/10.1111/j.2044-8295.1973.tb01322.x
https://doi.org/10.1111/j.2044-8295.1973.tb01322.x
https://doi.org/10.1080/13546805.2013.779577
https://doi.org/10.1080/13546805.2013.779577
https://doi.org/10.3389/fnhum.2012.00285
https://doi.org/10.1093/cercor/bhn120
https://doi.org/10.1098/rstb.2008.0314
https://doi.org/10.1371/journal.pone.0089642
https://doi.org/10.1016/j.brainresrev.2008.12.024
https://doi.org/10.1016/j.brainresrev.2008.12.024


Nanay, B. (2018). Multimodal mental imagery. Cortex, 105, 125–134.

https://doi.org/10.1016/j.cortex.2017.07.006

Nelis, S., Holmes, E. A., Griffith, J. W., & Raes, F. (2014). Mental

imagery during daily life: Psychometric evaluation of the

Spontaneous Use of Imagery Scale (SUIS). Psychologica Belgica,

54(1), 19–32. https://doi.org/10.5334/pb.ag

O’Callaghan, C. (2014). Not all perceptual experience is modality specif-

ic. In D. Stokes, M. Matthen, & S. Biggs (Eds.), Perception and its

modalities (pp. 133–165). Oxford University Press. https://doi.org/

10.1093/acprof:oso/9780199832798.003.0006

O'Craven, K. M., & Kanwisher, N. (2000). Mental imagery of faces and

places activates corresponding stimulus-specific brain regions.

Journal of Cognitive Neuroscience, 12(6), 1013–1023. https://doi.

org/10.1162/08989290051137549

Ortiz de Gortari, A. B. (2019). Game Transfer Phenomena: Origin,

development and contributions to the videogame research field.

In A. Attrill-Smith, C. Fullwood, M. Keep, & D. J. Kuss (Eds.),

The Oxford handbook of cyberpsychology (pp. 532–556). Oxford

University Press. https://doi.org/10.1093/oxfordhb/9780198

812746.013.29

Ortiz de Gortari, A. B., & Griffiths, M. D. (2016). Prevalence and char-

acteristics of Game Transfer Phenomena: A descriptive survey

study. International Journal of Human-Computer Interaction,

32(6), 470–480. https://doi.org/10.1080/10447318.2016.1164430

Oxenham, A. J., Fligor, B. J., Mason, C. R., & Kidd, G., Jr. (2003).

Informational masking and musical training. The Journal of

Acoustical Society of America, 114(3), 1543–1549. https://doi.org/

10.1121/1.1598197

Park, D. C., Lautenschlager, G., Hedden, T., Davidson, N. S., Smith, A.

D., & Smith, P. K. (2002). Models of visuospatial and verbal mem-

ory across the adult life span. Psychology and Aging, 17(2), 299–

320. https://doi.org/10.1037/0882-7974.17.2.299

Pearson, D. G. (2007). Mental imagery and creative thought. In I. Roth

(Ed), Imaginative minds (pp. 187-212). Oxford University Press.

Pearson, D. G., Deeprose, C., Wallace-Hadrill, S. M. A., Burnett Heyes,

S., & Holmes, E. A. (2013). Assessing mental imagery in clinical

psychology: A review of imagery measures and a guiding frame-

work. Clinical Psychology Review, 33(1), 1–23. https://doi.org/10.

1016/j.cpr.2012.09.001

Peerdeman, K. J., Tekampe, J., Van Laarhoven, A. I. M., van

Middendorp, H., Rippe, R. C. A., Peters, M. L., & Evers, A. W.

M. (2018). Expectations about the effectiveness of pain-and itch-

relieving medication administered via different routes. European

Journal of Pain, 22(4), 774–783. https://doi.org/10.1002/ejp.1163

Pfordresher, P. Q., & Halpern, A. R. (2013). Auditory imagery and the

poor-pitch singer. Psychonomic Bulletin & Review, 20(4), 747–753.

https://doi.org/10.3758/s13423-013-0401-8

Pham, M. T., Meyvis, T., & Zhou, R. (2001). Beyond the obvious:

Chronic vividness of imagery and the use of information in decision

making. Organizational Behavior and Human Decision Processes,

84(2), 226–253. https://doi.org/10.1006/obhd.2000.2924

Reisberg, D., Pearson, D. G., & Kosslyn, S. M. (2003). Intuitions and

introspections about imagery: The role of imagery experience in

shaping an investigator’s theoretical views. Applied Cognitive

Psychology, 17(2), 147–160. https://doi.org/10.1002/acp.858

Roberts, R., Callow, N., Hardy, L., Markland, D., & Bringer, J. (2008).

Movement imagery ability: Development and assessment of a re-

vised version of the Vividness ofMovement Imagery Questionnaire.

Journal of Sport and Exercise Psychology, 30(2), 200–221. https://

doi.org/10.1123/jsep.30.2.200

Sacco, G., &Reda,M. (1998). The Italian form of the Questionnaire upon

Mental Imagery (QMI). Journal of Mental Imagery, 22, 213–228.

Satoh, M., & Kuzuhara, S. (2008). Training in mental singing while

walking improves gait disturbance in Parkinson’s disease patients.

European Neurology, 60(5), 237–243. https://doi.org/10.1159/

000151699

Schacter, D. L., Addis, D. R., & Buckner, R. L. (2007). Remembering the

past to imagine the future: The prospective brain. Nature Reviews

Neuroscience, 8(9), 657–661. https://doi.org/10.1038/nrn2213

Schaefer, R. S. (2014a). Images of time: Temporal aspects of auditory and

movement imagination. Frontiers in Psychology, 5, Article 877.

https://doi.org/10.3389/fpsyg.2014.00877

Schaefer, R. S. (2014b).Mental representations inmusical processing and

their role in action-perception loops. Empirical Musicology Review,

9, 161–176. https://doi.org/10.18061/emr.v9i3-4.4291

Schaefer, R. S. (2017). Music in the brain: Imagery and memory. In R.

Ashley & R. Timmers (Eds.), The Routledge companion to music

cognition (pp. 25–35). Routledge

Schaefer, R. S., Vlek, R. J., & Desain, P. (2011). Music perception and

imagery in EEG: Alpha band effects of task and stimulus.

International Journal of Psychophysiology, 82(3), 254–259.

https://doi.org/10.1016/j.ijpsycho.2011.09.007

Schaefer, R. S., Desain, P., & Farquhar, J. (2013). Shared processing of

perception and imagery ofmusic in decomposed EEG.NeuroImage,

70, 317–326. https://doi.org/10.1016/j.neuroimage.2012.12.064

Schaefer, R. S., Morcom, A. M., Roberts, N., & Overy, K. (2014).

Moving to music: Effects of heard and imagined musical cues on

movement-related brain activity. Frontiers in Human Neuroscience,

8, Article 774. https://doi.org/10.3389/fnhum.2014.00774

Schenker, A. K. (2018). Components of auditory imagery in healthy

aging. [Master’s thesis, Bucknell University]. Bucknell Digital

Commons. https://digitalcommons.bucknell.edu/masters_theses/

204

Schönbrodt, F. D., & Perugini, M. (2013). At what sample size do cor-

relations stabilize? Journal of Research in Personality, 47(5), 609–

612. https://doi.org/10.1016/j.jrp.2013.05.009

Schott, G. D. (2007). Exploring the visual hallucinations of migraine

aura: The tacit contribution of illustration. Brain, 130(6), 1690–

1703. https://doi.org/10.1093/brain/awl348

Schubotz, R. I., Friederici, A. D., & von Cramon, D. Y. (2000). Time

perception and motor timing: A common cortical and subcortical

basis revealed by fMRI. NeuroImage, 11(1), 1–12. https://doi.org/

10.1006/nimg.1999.0514

Seashore, C. E. (1938). Psychology of music. McGraw-Hill.

Seli, P., Risko, E. F., Smilek, D., & Schacter, D. L. (2016). Mind-

wandering with and without intention. Trends in Cognitive

Sciences, 20(8), 605–617. https://doi.org/10.1016/j.tics.2016.05.

010

Seli, P., Maillet, D., Smilek, D., Oakman, J. M., & Schacter, D. L. (2017).

Cognitive aging and the distinction between intentional and unin-

tentional mind wandering. Psychology and Aging, 32(4), 315–324.

https://doi.org/10.1037/pag0000172

Shaw, A. (2012). Do you identify as a gamer? Gender, race, sexuality,

and gamer identity. News Media and Society, 14(1), 28–44. https://

doi.org/10.1177/1461444811410394

Sheehan, P. W. (1967a). A shortened form of Betts’ Questionnaire upon

Mental Imagery. Journal of Clinical Psychology, 23(3), 386–389.

https://doi.org/10.1002/1097-4679(196707)23:3<386::AID-

JCLP2270230328>3.0.CO;2-S

Sheehan, P.W. (1967b). Visual imagery and the organizational properties

of perceived stimuli. British Journal of Psychology, 58(3–4), 247–

252. https://doi.org/10.1111/j.2044-8295.1967.tb01081.x

Shine, J. M., Keogh, R., O’Callaghan, C., Muller, A. J., Lewis, S. J. G., &

Pearson, J. (2015). Imagine that: Elevated sensory strength ofmental

imagery in individuals with Parkinson’s disease and visual halluci-

nations. Proceedings of the Royal Society B: Biological Sciences,

282(1798), 20142047. https://doi.org/10.1098/rspb.2014.2047

Smallwood, J. (2013). Distinguishing how from why the mind wanders:

A process–occurrence framework for self-generated mental activity.

Psychological bulletin, 139(3), 519–535. https://doi.org/10.1037/

a0030010

43Mem Cogn (2022) 50:29–44

https://doi.org/10.1016/j.cortex.2017.07.006
https://doi.org/10.5334/pb.ag
https://doi.org/10.1093/acprof:oso/9780199832798.003.0006
https://doi.org/10.1093/acprof:oso/9780199832798.003.0006
https://doi.org/10.1162/08989290051137549
https://doi.org/10.1162/08989290051137549
https://doi.org/10.1093/oxfordhb/9780198812746.013.29
https://doi.org/10.1093/oxfordhb/9780198812746.013.29
https://doi.org/10.1080/10447318.2016.1164430
https://doi.org/10.1121/1.1598197
https://doi.org/10.1121/1.1598197
https://doi.org/10.1037/0882-7974.17.2.299
https://doi.org/10.1016/j.cpr.2012.09.001
https://doi.org/10.1016/j.cpr.2012.09.001
https://doi.org/10.1002/ejp.1163
https://doi.org/10.3758/s13423-013-0401-8
https://doi.org/10.1006/obhd.2000.2924
https://doi.org/10.1002/acp.858
https://doi.org/10.1123/jsep.30.2.200
https://doi.org/10.1123/jsep.30.2.200
https://doi.org/10.1159/000151699
https://doi.org/10.1159/000151699
https://doi.org/10.1038/nrn2213
https://doi.org/10.3389/fpsyg.2014.00877
https://doi.org/10.18061/emr.v9i3-4.4291
https://doi.org/10.1016/j.ijpsycho.2011.09.007
https://doi.org/10.1016/j.neuroimage.2012.12.064
https://doi.org/10.3389/fnhum.2014.00774
https://digitalcommons.bucknell.edu/masters_theses/204
https://digitalcommons.bucknell.edu/masters_theses/204
https://doi.org/10.1016/j.jrp.2013.05.009
https://doi.org/10.1093/brain/awl348
https://doi.org/10.1006/nimg.1999.0514
https://doi.org/10.1006/nimg.1999.0514
https://doi.org/10.1016/j.tics.2016.05.010
https://doi.org/10.1016/j.tics.2016.05.010
https://doi.org/10.1037/pag0000172
https://doi.org/10.1177/1461444811410394
https://doi.org/10.1177/1461444811410394
https://doi.org/10.1002/1097-4679(196707)23:3<386::AID-JCLP2270230328>3.0.CO;2-S
https://doi.org/10.1002/1097-4679(196707)23:3<386::AID-JCLP2270230328>3.0.CO;2-S
https://doi.org/10.1111/j.2044-8295.1967.tb01081.x
https://doi.org/10.1098/rspb.2014.2047
https://doi.org/10.1037/a0030010
https://doi.org/10.1037/a0030010


Smith, E. T. (2018). Interdependent concepts and their independent uses:

Mental imagery and hallucinations. Perspectives on Science, 26(3),

360–399. https://doi.org/10.1162/posc_a_00278

Spence, C., & Deroy, O. (2013) Crossmodal Mental Imagery. In Lacey

S., Lawson R. (Eds), Multisensory Imagery. Springer. https://doi.

org/10.1007/978-1-4614-5879-1_9

Spence, C., Pavani, F., & Driver, J. (2004). Spatial constraints on visual-

tactile cross-modal distractor congruency effects. Cognitive,

Affective, & Behavioral Neuroscience, 4(2), 148–169. https://doi.

org/10.3758/CABN.4.2.148

Stokes, M., Thompson, R., Cusack, R., & Duncan, J. (2009). Top-down

activation of shape-specific population codes in visual cortex during

mental imagery. Journal of Neuroscience, 29(5), 1565–1572.

https://doi.org/10.1523/JNEUROSCI.4657-08.2009

Tarampi, M., Khanukayev, B., & Schaefer, R. (2015, July 22-25).

Imagine that: The relationship between imagery measures and im-

agery types [Poster Session]. 37th Annual Meeting of the Cognitive

Science Society, Pasadena, CA, United States.

Teki, S., Grube, M., Kumar, S., & Griffiths, T. D. (2011). Distinct neural

substrates of duration-based and beat-based auditory timing.

Journal of Neuroscience, 31(10), 3805–3812. https://doi.org/10.

1523/JNEUROSCI.5561-10.2011

Tian, X., Ding, N., Teng, X., Bai, F., & Poeppel, D. (2018). Imagined

speech influences perceived loudness of sound. Nature Human

Behaviour, 2(3), 225–234. https://doi.org/10.1038/s41562-018-

0305-8

Wassell, J., Rogers, S. L., Felmingam, K. L., Bryant, R. A., & Pearson, J.

(2015). Sex hormones predict the sensory strength and vividness of

mental imagery. Biological Psychology, 107, 61–68. https://doi.org/

10.1016/j.biopsycho.2015.02.003

Watanabe, H., Tanaka, H., Sakti, S., & Nakamura, S. (2020).

Synchronization between overt speech envelope and EEG

oscillations during imagined speech. Neuroscience Research, 153,

48–55. https://doi.org/10.1016/j.neures.2019.04.004

Wicken, M., Keogh, R., & Pearson, J. (2019). The critical role of mental

imagery in human emotion: Insights from aphantasia. BioRxiv.

https://doi.org/10.1101/726844

Wijayanto, T., Tochihara, Y., Wijaya, A. R., & Hermawati, S. (2009).

Combined factors effect of menstrual cycle and background noise

on visual inspection task performance: A simulation-based task.

Journal of Physiological Anthropology, 28(6), 253–259. https://

doi.org/10.2114/jpa2.28.253

Willander, J., & Baraldi, S. (2010). Development of a new Clarity of

Auditory Imagery Scale. Behavior Research Methods, 42(3), 785–

790. https://doi.org/10.3758/BRM.42.3.785

Williamson, V. J., Jilka, S. R., Fry, J., Finkel, S., Müllensiefen, D., &

Stewart, L. (2012). How do “earworms” start? Classifying the ev-

eryday circumstances of Involuntary Musical Imagery. Psychology

of Music, 40(3), 259–284. https://doi.org/10.1177/030573

5611418553

Zatorre, R. J., &Halpern, A. R. (2005). Mental concerts:Musical imagery

and auditory cortex. Neuron, 47(1), 9–12. https://doi.org/10.1016/j.

neuron.2005.06.013

Zatorre, R. J., Halpern, A. R., & Bouffard, M. (2010). Mental reversal of

imagined melodies: A role for the posterior parietal cortex. Journal

of Cognitive Neuroscience, 22(4), 775–789. https://doi.org/10.1162/

jocn.2009.21239

Zeman, A., Dewar, M., & Della Sala, S. (2015). Lives without imagery –

Congenital aphantasia. Cortex, 73, 378–380. https://doi.org/10.

1016/j.cortex.2015.05.019

Publisher’s note Springer Nature remains neutral with regard to jurisdic-

tional claims in published maps and institutional affiliations.

44 Mem Cogn (2022) 50:29–44

https://doi.org/10.1162/posc_a_00278
https://doi.org/10.1007/978-1-4614-5879-1_9
https://doi.org/10.1007/978-1-4614-5879-1_9
https://doi.org/10.3758/CABN.4.2.148
https://doi.org/10.3758/CABN.4.2.148
https://doi.org/10.1523/JNEUROSCI.4657-08.2009
https://doi.org/10.1523/JNEUROSCI.5561-10.2011
https://doi.org/10.1523/JNEUROSCI.5561-10.2011
https://doi.org/10.1038/s41562-018-0305-8
https://doi.org/10.1038/s41562-018-0305-8
https://doi.org/10.1016/j.biopsycho.2015.02.003
https://doi.org/10.1016/j.biopsycho.2015.02.003
https://doi.org/10.1016/j.neures.2019.04.004
https://doi.org/10.1101/726844
https://doi.org/10.2114/jpa2.28.253
https://doi.org/10.2114/jpa2.28.253
https://doi.org/10.3758/BRM.42.3.785
https://doi.org/10.1177/0305735611418553
https://doi.org/10.1177/0305735611418553
https://doi.org/10.1016/j.neuron.2005.06.013
https://doi.org/10.1016/j.neuron.2005.06.013
https://doi.org/10.1162/jocn.2009.21239
https://doi.org/10.1162/jocn.2009.21239
https://doi.org/10.1016/j.cortex.2015.05.019
https://doi.org/10.1016/j.cortex.2015.05.019

	Individual differences in mental imagery in different modalities and levels of intentionality
	Abstract
	Introduction
	Aspects of mental imagery
	Individual differences in mental imagery
	Imagery modalities and intentionality levels
	The present study

	Method
	Participants
	Ethics statement
	Materials
	Measures

	Procedure
	Statistical analyses

	Results
	Descriptive statistics
	Individual differences in imagery: Bivariate correlations
	Individual differences in imagery: Partial correlations
	The relation between imagery stimulus modalities and intentionality levels: Bivariate correlations

	Discussion
	Individual differences in imagery
	The relation between imagery modalities and intentionality levels
	Limitations
	Conclusions

	References


