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Eye Closure Interacts with Music to
Influence Vividness and Content of
Directed Imagery

Steffen A. Herff1,2 , Sophie McConnell3 , Julie L. Ji4,5

and Jon B. Prince3

Abstract
Goal-directed, intentional mental imagery generation supports a range of daily self-regulatory activities, such as planning,

decision-making, and recreational escapism. Many clinical interventions for mood and anxiety disorders also use imagery

and their effectiveness can be affected by an individual’s ability to manipulate vividness and content of mental imagery.

Prior literature points towards music as a promising candidate to influence imagination in such settings, but basic ques-

tions remain regarding how music affects mental imagery and how it interacts with basic, well-established parameters,

such as facilitatory effects of eye closure. One hundred participants listened to music and a silent control whilst perform-

ing a guided mental imagery task. Specifically, participants saw a short video of a figure journeying towards a landmark and

imagined a continuation of the journey with either closed or open eyes. After each trial, participants reported vividness

and content of their imagined journeys. Bayesian Mixed Effects Models obtained strong evidence of greater vividness,

duration, as well as distance travelled in music conditions compared to silent conditions. Additionally, interactive effects

of music and eye closure were found for both vividness and the emotional valence of imagined content, where music

effects were disproportionately amplified by eye closure. Findings further support music’s potential to manipulate the

perceptual, spatial-temporal, as well as emotional sentiment of deliberately generated mental imagery.
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Introduction
Deliberate mental imagery generation plays a key role in
action planning (Keller, 2012), simulating past and future
events (D’Argembeau & Van der Linden, 2006), and escap-
ism (Schäfer, Sedlmeier, Städtler, & Huron, 2013). Such
mental imagery is also a feature of evidence-based psycho-
therapeutic treatment for mood and anxiety disorders
(Hackmann, Bennett-Levy, & Holmes, 2011; Hirsch &
Holmes, 2007; Pearson, Naselaris, Holmes, & Kosslyn,
2015; Blackwell, 2019; Holmes, Arntz, & Smucker,
2007; Lang, 1977; McEvoy, Saulsman, & Rapee, 2018;
Mendes, Mello, Ventura, De Medeiros Passarela, & De
Jesus Mari, 2008; Pile, Williamson, Saunders, Holmes, &
Lau, 2021; Saulsman, Ji, & McEvoy, 2019). A key
concern is that whilst these therapies are remarkably effec-
tive (Arntz, 2012), their efficacy may be affected by
patients’ ability to alter vividness and content of mental

imagery (Johnsen & Lutgendorf, 2001; Mota et al., 2015;
Richardson & Taylor, 1982; Stopa, 2011). Consequently,
there is both basic and clinical utility in identifying
methods to scaffold vividness as well as imagery content,
and music has been identified as a promising candidate
for influencing both undirected mind-wandering as well
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as directed, intentional mental imagery (Dahl, Stella, &
Bjørner, 2022; Herff, Cecchetti, Taruffi, & Déguernel,
2021; Küssner, Eerola, & Fujioka, 2019; Taruffi &
Küssner, 2019). However, much is still unknown about
how music affects mental imagery, and how it interacts
with other core parameters of interest. Here, we are partic-
ularly concerned with exploring how music affects directed,
intentional (predominantly visual) mental imagery with and
without concurrent external visual information.

Music and Mental Imagery Generation
Mental imagery, both directed and undirected, is the repre-
sentation and accompanying experience of sensory infor-
mation without the direct concurrent external stimulus
(Kosslyn, Ganis, & Thompson, 2001; Pearson et al.,
2015). A large proportion of music listeners report that
they experience spontaneous imagery when listening to
music (Day, Thompson, & Boag, 2019; Küssner &
Eerola, 2019; Vuoskoski & Eerola, 2015). Music is a reli-
able inducer of spontaneous, undirected mind-wandering
(Herbert, 2013; see Taruffi & Küssner, 2019 and Küssner,
Eerola, & Fujioka, 2019 for reviews) and listening to
music increases the likelihood of mind-wandering episodes
to occur (Taruffi, 2021). The characteristics of the music
also shapes the content of such mind-wandering episodes
(Dahl et al., 2022), with heroic music, for example, being
predictive of exciting and positive thoughts, whereas sad
music is predictive of demotivating thoughts (Koelsch,
Bashevkin, Kristensen, Tvedt, & Jentschke, 2019). A
large online survey study found that spontaneous
music-induced imagery often contains common themes
such as concrete (e.g., landscapes) and abstract (e.g., pat-
terns and shapes) visual imagery (Küssner & Eerola,
2019). Furthermore, this music-induced undirected mind-
wandering can also result in imagined narratives whose
content is more similar between listeners of similar encul-
turation (Margulis, Wong, Simchy-Gross, & McAuley,
2019). A study showing that engagement with music is a
predictor of concurrent visual mental imagery further rein-
forces the causal link between music and imagination
(Presicce & Bailes, 2019). The strong empirical support
for spontaneous music-induced mental imagination
secured mental imagery a central role in current models
of music perception, theorizing that the evoked images con-
tribute to music’s ability to communicate complex emotions
(Balteș & Miu, 2014; Juslin & Sloboda, 2001; Juslin &
Vastfjall, 2008; Vuoskoski & Eerola, 2015).

In addition to music’s effect on non-directed mind-
wandering, music can also affect imagination in goal-
directed mental imagery tasks, highlighting its utility for
clinical settings (Nanay, 2018; for a review see Pearson
et al., 2015). This is because established and emerging
evidence-based interventions utilize goal-directed deliber-
ate mental imagery to expose clients to feared stimuli
(Mendes et al., 2008; Rothbaum & Schwartz, 2002),
rescript traumatic memories (Arntz, 2012; Holmes et al.,

2007), train more positive and concrete memory and
future thinking (Hallford et al., 2020; Hitchcock et al.,
2021; Pile, Smith, et al., 2021), modify interpretation
biases (Blackwell et al., 2015; Blackwell & Holmes,
2010; Hirsch et al., 2021; Ji et al., 2021), regulate mood
instability (Holmes, Hales, Young, & Di Simplicio,
2019), and reduce engagement in harmful behaviors
(Andrade, May, & Kavanagh, 2012; Di Simplicio et al.,
2020). Directed and intentional mental imagery generation
also underpins decision-making and motivated behavior, as
it enables individuals to experience a hypothetical future
situation to evaluate and prepare for possible outcomes
and potential reactions (Bulley & Irish, 2018; Lang, 1979;
Moulton & Kosslyn, 2009; Schacter, Addis, & Buckner,
2008; Taylor, Pham, Rivkin, & Armor, 1998).

Within the context of music, in a recent study participants
engaged in a directed mental imagery task that required imag-
ining the continuation of a visual inducer, namely a figure
walking towards a landmark (Herff, Cecchetti, et al., 2021).
These imagined continuations occurred either during concur-
rent music or a silent control condition. Similar to studies
exploring undirected mind-wandering, vividness ratings
were significantly higher when accompanied by
task-irrelevant background music. Furthermore, the music
also affected the content of the mental imagery, both in
terms of sentiment as well as physical properties of the imag-
ined content, such as the travelled distance and imagined time
passed. Accordingly, the effects of music are not limited to an
emotional coloring of the same mental imagery but extend to
altering basic attributes such as imagined orientation in both
time and space (see Herff, Cecchetti, Taruffi, & Déguernel,
2021, for an in-depth discussion). This finding generalizes
music’s ability to influence imagination from undirected
mind-wandering to goal-directed mental imagery generation.
This generalization is an important step for establishing
music’s potential to support evidence-based clinical psycho-
logical interventions that utilize mental imagery, which are
effective (Arntz, 2012), but their efficacy can be influenced
by the client’s ability to deliberately generate and manipulate
mental imagery (Mota et al., 2015; Stopa, 2011). Interestingly,
in the aforementioned directed mental imagery paradigm, par-
ticipants were asked to close their eyes, which is also a
common instruction for mental imagery therapies that are
music-based (e.g., Goldberg, 2013).

Imagination and Eye Closure
The use of eye closure to facilitate deliberate mental
imagery generation is a widespread assumption that has
also received scientific support. From a theoretical perspec-
tive, mental imagery is understood to rely on both memory
recall from specific memories or ideas (Day & Thompson,
2019) as well as working memory to construct coherent
imagery (Baddeley & Andrade, 2000; Gunter & Bodner,
2008). Closing one’s eyes reduces cognitive load by
freeing resources that would otherwise be occupied in mon-
itoring the external environment (Vredeveldt, Hitch, &
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Baddeley, 2011), thus facilitating visual imagery (Bartels,
Harkins, Harrison, Beard, & Beech, 2018) as well as crea-
tivity (Ritter, Abbing, & Van Schie, 2018). Various studies
have now investigated the detrimental effect of concurrent
visual information on both vividness as well as emotional
intensity (Andrade, Kavanagh, & Baddeley, 1997;
Engelhard, van den Hout, & Smeets, 2011; Engelhard,
van Uijen, & van den Hout, 2010; Kemps, Tiggemann,
Woods, & Soekov, 2004; Littel, van den Hout, &
Engelhard, 2016; van den Hout, Engelhard, Beetsma
et al., 2011; van den Hout, Engelhard, Rijkeboer, et al.,
2011). For example, in a study by Bartels et al. (2018), par-
ticipants performed a guided imagery task in which they
were instructed to imagine a sexual fantasy. The results
demonstrated that bilateral eye movement led to signifi-
cantly less vividness and sexual arousal in the imagery
task. Indeed, all the aforementioned studies report that
closed-eyes facilitates mental imagery compared to open-
eyes. The disruptive effect of concurrent visual information
on mental imagery has been harnessed by therapeutic tech-
niques such as Eye-Movement Desensitization and
Reprocessing (Shapiro, 1989; van den Hout & Engelhard,
2012; van den Hout, Engelhard, Beetsma et al., 2011) and
Tetris gameplay (James et al., 2015) to reduce intrusive dis-
tressing mental imagery. Whilst the facilitative effect of eye
closure on mental imagery is well established, its interac-
tion with other parameters that affect imagination, such as
music, has received far less scientific attention.

The studies reviewed above establish that both music
and eye closure seem to have facilitatory effects on
mental imagery. Whether these are simply additive or inter-
active, however, is unclear. The study closest related to the
topic is recent work by Hashim, Stewart, and Küssner
(2020). In their study, 35 participants listened to music
whilst either focusing on a blank screen or performing an
eye-movement distractor task that required visually track-
ing a flashing white square (Kemps & Tiggemann, 2007).
They found significantly higher prevalence of incidental
visual imagery as well as increased imagined vividness
when participants were not performing the concurrent
visual tracking task. This is an important finding, as it
shows that the aforementioned studies investigating the dis-
ruptive effect of concurrent visual information on mental
imagery also generalize to music-induced imagination.
However, as the interaction of music with concurrent
visual information was not a research question in the
study by Hashim et al. (2020), there was no silent control
condition. Furthermore, the study was concerned with undi-
rected rather than directed mental imagery and compared
the effect of a cognitively taxing and distracting visual
task (Kemps & Tiggemann, 2007; Kemps et al., 2004)
with another (less demanding) visual condition.
Therefore, their findings may not necessarily generalize to
the question of interest in the present study, which is
whether the absence of concurrent visual information
(closed-eyes) interacts with the presence of music to influ-
ence vividness and content in a directed imagination task.

Aims and Hypotheses
This study aims to further our understanding of the impact
of music and eye closure on deliberate mental imagery gen-
eration, a process used in cognitive therapies as well as self-
regulation. Specifically, the study investigates the main and
interactive effects of music and eye closure on the percep-
tual vividness, spatial-temporal characteristics, and emo-
tional sentiment of imagined content. For this, we borrow
a previously published music-based directed mental
imagery paradigm (Herff, Cecchetti, et al., 2021) that
requires participants to imagine the continuation of a
journey, but add an additional within-subjects manipulation
whereby participants perform the task with their eyes either
open or closed. As in the previous study, we operationalize
content both through the sentiment of the description of par-
ticipants’ imagined journey, as well as through physical
properties of the journey in form of imagined time and dis-
tance travelled. This study first tests whether prior findings
of the effects of music as well as eye closure can be repli-
cated. Additionally, this study design enables testing
whether effects of music and closed-eyes on imagination
are purely additive or whether they interact with one
another. Based on the reviewed literature, we hypothesise
the following (foreshadowing the findings in parentheses):

1. Imagery vividness is greater when listening to music
than silence (supported)

2. Closed-eyes trials show more vivid imagination
than open-eyes trials (supported)

3. Eye closure affects music conditions more than
silent conditions (supported)

4. Music (supported) and eye closure (supported) can
affect imagined travel distance

5. Music (supported) and eye closure (not supported)
can affect imagined time passed

6. Music (supported) and eye closure (supported) can
affect imagined sentiment

Method

Design
This study utilized a 2 × 3 within-subject design with the
factors Eye Closure (open-eyes vs. closed-eyes) and
Stimulus (silent control vs. relaxing music vs. arousing
music). Each participant performed the mental imagery
task once for each factor combination. The order was
fully randomized between participants. After the comple-
tion of the experiment, participants were asked to fill out
additional questionnaires as detailed below.

Participants
We collected data from N = 100 participants online from
the student population of Murdoch University, Perth,
Australia. The sample size was based on a prior study
using the same paradigm (Herff, Cecchetti, et al., 2021).
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Thirteen participants skipped through the experiment and
did not answer all the questions. These participants were
removed from the sample and 13 new participants were
recruited. The final sample of 100 participants had a
median age of 21 years (ranging from 17 to 59; the self-
identified gender distribution comprised 83 females, 11
males, two others, and four preferred not to disclose). All
participants provided informed consent. Participants were
reimbursed with course credit.

Stimuli
The auditory stimuli comprised two musical pieces and a
silent control condition. The musical stimuli were chosen
from a prior study (Kuan, Morris, & Terry, 2017): Gli
uccelli: II La colomba (The Birds: The Dove, composed
by Ottorino Respighi, performed by I Solisti Veneti, con-
ducted by Claudio Scimone, published by Erato Classics
S.N.C in 1988), Music from the Gadfly: XII The finale
(composed by Dimitri Shostakovich, performed by the
Ukraine National Symphony Orchestra, conducted by
Theodore Kuchar, published Naxos in 1997). The two
musical pieces were chosen as they adhere to the Western
classical music style, and representative of the same
idiom have previously shown strong effects in
music-induced imagination studies (Herff, Cecchetti,
et al., 2021). That said, other genres have also shown
strong effects of music on imagination, making this
choice somewhat arbitrary (Herff, Cecchetti, et al., 2021;
Herff, Taruffi, Cecchetti, & Déguernel, 2021; Koelsch
et al., 2019; Taruffi, 2021). More importantly, the pieces
were selected to be associated with a relaxing (piece by
Respighi) and an arousing (piece by Shostakovich) emo-
tional state, confirmed in the prior study for the two afore-
mentioned pieces (Kuan et al., 2017). We chose these two
emotional states because prior research has shown that per-
ceived arousal in music can have profound effects on
guided mental imagery tasks during music listening.
Specifically, if a guided mental imagery task is used to

practice an athletic task, relaxing background music
during imagery tends to facilitate later real-world perfor-
mance (Kuan, Morris, Kueh, & Terry, 2018). Whilst no
real-world athletic performance is required here from our
participants, we want to account for the possibility that
relaxing music simply facilitates imagination more than
arousing music does. Consequently, and based on prior lit-
erature, the relaxing song (Respighi) can be considered
more likely to produce an observable effect than the arous-
ing song (Shostakovich). By including both, we explored
whether potential effects are limited to ideal conditions,
that is, a relaxing musical background. To strike a
balance between trial number, mental imagery periods,
and study duration, participants heard the first 1min 45
sec of each piece, with a 100ms fade-out to avoid clipping.
The pyloudnorm Python library (Steinmetz, 2019) was used
to normalize the loudness of all stimuli to the common
value of −23 ± 5*10−7 LUFS, as per EBU R-128 (EBU,
2014). Both the duration choice and normalization
process were based on a previous study (Herff, Cecchetti,
et al., 2021).

A short visual inducer was used to guide participants’
imagination. We used the visual inducer from Herff et al.
(2021), namely a 15-s long video of the opening sequence
of the video game ‘Journey’ (with written permission of
Jenova Chen, CEO of ThatGameCompany, https://
thatgamecompany.com, see Figure 1). In the video, a
figure ascends a small hill (see Figure 1a). Once the
figure reaches the top of the hill, a vague (low-contrast)
landmark in the form of an illuminated mountain appears
in the far distance (see Figure 1b). The purpose of the
visual inducer is to provide a general frame to participants’
mental imagery by offering a clear start and direction for the
guided mental imagery task. After the short video, partici-
pants saw either a black screen with a white fixation
cross, or the instructions ‘Please close your eyes’. Note
that in previous studies investigating the effect of concur-
rent visual information on imagination, the disruptive test
condition required participants to track a moving target

Figure 1. Images from the visual inducer video. A figure ascending a small hill was visible (a). Shortly after the figure reached the top of

the small hill, a large but barely visible mountain (b), appeared in the far distance, and participants were instructed to imagine a

continuation of the journey towards the landmark, with their eyes either closed or fixated on a cross. Reproduced with permission

from Herff, Cecchetti, et al. (2021).
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intensity (Andrade et al., 1997; Engelhard et al., 2011 ,
2010; Kemps et al., 2004; Littel et al., 2016; van den
Hout, Engelhard, Beetsma et al., 2011; van den Hout,
Engelhard, Rijkeboer, et al., 2011), rather than fixating a
stationary target. Indeed, meta studies demonstrated the
additive disruptive effect of eye movement on mental
imagery (Lee & Cuijpers, 2013). However, here we deliber-
ately opted for the less disruptive effect of open-eyes
without moving target tracking to avoid potential floor-
effects in the silent control condition. We consider this a
more conservative approach, as any disruptive effect of
open-eyes observed in the present paradigm would likely
be further exacerbated when done with moving target
tracking.

Imagination Task
In each trial of the imagination task, participants were pre-
sented with the visual inducer and instructed to imagine a
continuation of the figure’s journey towards the landmark.
After 15 s of the visual inducer, a gong sound was heard,
indicating that the imagination period started. Ninety
seconds later, the same gong sound was played, indicating
that the imagination period was over. All instructions
appeared written on the screen. Participants were also
informed that after the video, they would either close
their eyes (indicated with the written instructions ‘Please
close your eyes’) between the two gong sounds or fixate
on a white cross that appeared on-screen. In each trial,
from the beginning of the video until the end of the imagi-
nation period, participants heard either one of the musical
pieces or a silent control condition. Participants heard
each musical piece and the silent control condition twice
(in open- and closed-eyes conditions) for a total of six
trials in fully random order. As with the previous study
using the same paradigm (Herff, Cecchetti, et al., 2021),
participants were instructed to ‘please treat every repetition
independently from one another. You can imagine a similar
or a totally different journey every time. This is entirely up
to you’ and that ‘there are no restrictions on your imagina-
tion, but please always keep the mountain in sight. This is
because after your imagination you will be asked a few
questions about the time and distance travelled in your
imagination, and the mountain can help you orientate’. In
each trial after the imagination period, participants were
prompted to answer the following questions using the key-
board. The available inputs varied depending on the ques-
tion and are indicated in brackets below:

1. How much time really passed between the two gong
sounds? (minutes, seconds)

2. How far away do you estimate the mountain to be at
the beginning of the journey? (kilometres, meters)

3. How much time passed in your imagination? (years,
months, days, hours, minutes, seconds)

4. How far did you travel in your imagination? (kilo-
metres, meters)

5. How vivid (clear) was the imagery you experienced
compared to experiences in real life? (numeric
response with 0 = not very clear and 100 = very
clear)

6. Please describe your imagination in as much detail
as possible. (free-format text box)

The first two questions were included to highlight the differ-
ence between real and imagined time and space, and indeed,
all participants gave different responses to the real and imag-
ined questions about time or space. Responses to the remain-
ing questions were used to address the present research
questions. Note, that we did not provide a formal definition
of ‘imagination’ to the participants, but rather let participants
interpret the instructions freely to avoid introducing biases.
However, based on participants’ free-format responses,
every participant engaged in visual mental imagery, as
intended. Additionally, some participants reported felt emo-
tions as well as other imagined sensory experiences such as
‘the sound of distant footsteps, accompanied with shouting’.
All descriptive responses and task instructions can be found
in the online supplement https://osf.io/b7wcr. The entire
experiment took between 30 and 60 min, depending on
how detailed participants’ free-format responses were.
After the last imagination trial, participants were prompted
to fill out two additional questionnaires.

Questionnaires
The Goldsmith-Musical Sophistication Index (Gold-MSI)
(Müllensiefen, Gingras, Musil, & Stewart, 2014) was the
first questionnaire participants completed after the main exper-
iment finished. It uses five subscales to determine participants’
active and passive engagement with music. In this study, we
did not have a hypothesis for musical training, but as some
prior studies found such effects (Presicce & Bailes, 2019),
we used the formal training subscale to control for them.
Regardless, we did not find any evidence for an effect of
musical expertise on the imagination task in the present study.

The second questionnaire was the Depression Anxiety
Stress Scale (DASS) (Lovibond & Lovibond, 1995), and
is not part of the present analysis. The results of this ques-
tionnaire will be reported elsewhere, together with the data
of other imagination studies that also collected DASS-21
ratings to investigate the effects of mood symptoms on
imagination across a series of multiple experiments.

Statistical Approach
We used Bayesian Mixed Effects Models to analyze the
data. All models were implemented using the brms
package (Bürkner, 2017, 2018) in R (R-Core-Team,
2013). Each model was provided with a weakly informative
prior in form of a t-distribution with a mean of 0, a standard
deviation of 1, and 3 degrees of freedom, and all continuous
variables were standardized to have a mean of 0 and a stan-
dard deviation of 1 (Gelman, Jakulin, Pittau, & Su, 2008).
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Both the prior and standardization are widely used in the
auditory as well as music cognition literature (Beveridge,
Cano, & Herff, 2021; Cecchetti, Herff, & Rohrmeier,
2021; Cecchetti, Herff, & Rohrmeier, 2022; Herff,
Dorsheimer, Dahmen, & Prince, 2022; Herff, Harasim,
Cecchetti, Finkensiep, & Rohrmeier, 2021; Herff et al.,
2020; MacRitchie, Breaden, Milne, & McIntyre, 2020;
Milne & Herff, 2020; Smit, Dobrowohl, Schaal, Milne, &
Herff, 2020; Smit, Milne, Sarvasy, & Dean, 2022). Based
on the research question at hand, each model then predicted
a given dependent variable (vividness, distance, time, or emo-
tional sentiment) whilst accounting for participant and trial
effects through random intercepts. We initially also included
the formal musical training subscale from the Gold-MSI in
each model; however, as it did not carry predictive value in
any model, we dropped this predictor for the final analyses.
Each model ran on four chains with 1,000 warm-ups and
10,000 iterations. To assess the hypotheses, we report model
coefficients (β), the estimated error of this coefficients (EEβ),
as well as the evidence ratio in favour of a given hypothesis
(Oddsβ>or<0). For convenience we denote effects than
can be considered ‘significant’ under an alpha level of 5%
with * (i.e., evidence ratio≥19; see Milne & Herff, 2020)

To estimate participants’ imagined sentiment, we used the
National Language Tool Kit (NLTK) (Loper & Bird, 2002)
to pre-process the free-format responses (filtering stop-
words, lemmatizing, and stemming) and the Valence
Aware Dictionary for sEntiment Reasoning (VADER)
model (Hutto & Gilbert, 2014) implemented in Python to
extract the sentiment from the pre-processed detailed descrip-
tions of the mental imagery provided by the participants in
each trial. Based on its inherent reference dictionary,
VADER maps lexical features to emotion polarity (contin-
uum from negative to positive) as well as intensity. These
word-wise sentiment scores were then averaged within a
given response and included in the statistical analysis,
where more positive values indicate more positive sentiment.
Participants varied greatly in their imagined distances and
times travelled, with journeys ranging from 1 meter to 900
kilometres, and 1 s to 15 years. As we are here primarily con-
cerned with relative imagined distance and time between
conditions, rather than absolute imagined distance or time,
we first log-scaled reported times and distances, and then
standardized them (mean = 0, SD = 1) for each participant.

The statistical approach and experimental design were
not pre-registered; however, they closely follow that of
prior work (Herff, Cecchetti, et al., 2021). All data and
scripts used for analysis are available through the Open
Science Framework (https://osf.io/b7wcr).

Results

Imagery Vividness is Greater When Listening to
Music Than Silence (supported)
Participants engaged in the task and used the full range of
the vividness scale (M = 44.60, SD = 28.42, Min = 1,

Max = 100). We predicted standardized Vividness using
Stimulus (factor with three levels: Silence, Respighi,
Shostakovich) as a predictor. As seen in Figure 2, both
music conditions led to higher vividness ratings than
the silence condition: Respighi (β = .49, EEβ = .07,
Odds(β>0) > 9999*), Shostakovich (β = .62, EEβ = .07,
Odds(β>0) > 9999*).

Closed-eyes Trials Show More Vivid Imagination Than
Open-eyes Trials (Supported)
To answer the second research question, we added
EyeCondition (Open vs. Closed) and the Stimulus x
EyeCondition interaction to Stimulus as predictors of
Vividness to the model used to address the previous
research question. Figure 3 shows that in all conditions,
Silence (β = .19, EEβ = .1, Odds(β>0) = 36.46*),
Respighi (β = .50, EEβ = .1, Odds(β>0) > 9999*), and
Shostakovich (β = .4, EEβ = .1, Odds(β>0) > 9999*),
the closed-eyes trials showed more vivid imagination.

Eye Closure Affects Conditions With Music More
Than Conditions With Silence (supported)
The above model further provided strong evidence that the
facilitating effect closed-eyes had on vividness is stronger
in both music conditions compared to the silence condition
(Respighi vs Silence: β = .31, EEβ = .14, Odds(β>0) =
67.97*; Shostakovich vs Silence: β = .24, EEβ = .14,
Odds(β>0) = 23.67*). This can be seen in Figure 4,
which shows the model’s predicted effects of closed-eyes
on vividness when listening to the three different stimuli,
expressed in standard deviations.

Figure 2. Raw mean vividness scores by stimulus. In all music

conditions, participants reported more vivid imagery compared

to the silence condition. Prior studies associated the Respighi

piece with relaxing, and the Shostakovich piece with an arousing

state. Error bars show 95% confidence intervals.

6 Music & Science

https://osf.io/b7wcr
https://osf.io/b7wcr


Music (supported) and Closed-eyes (supported) Can
Affect Imagined Travel Distance
Using the same model architecture as above but predicting
standardized log distance travelled instead, we obtained
strong evidence that in both music conditions, participants
imagined longer distances travelled compared to the
silence condition (Respighi vs Silence: β = .54, EEβ =

.09, Odds(β>0) = 9999*; Shostakovich vs Silence: β =

.83, EEβ = .09, Odds(β>0)> 9999*). Imagined travel dis-
tance also varied across music, with the arousing
Shostakovich piece being predictive of larger distances
travelled compared to the relaxing Respighi piece (β =
.38, EEβ = .12, Odds(β>0) = 1160.29*). Closed-eyes is
predictive of imagined distance travelled in the silence con-
dition (β = .23, EEβ = .12, Odds(β>0) = 35.33*), but we
did not obtain strong evidence for this to occur in either of
the music conditions (Respighi: β = .06, EEβ = .12,
Odds(β>0) = 2.34; Shostakovich: β = .18, EEβ = .12,
Odds(β>0) = 15.44). Figure 5 shows the predicted
changes in standardized log imagined distance travelled,
expressed in standard deviations.

Music (supported) and Closed-eyes (not supported)
Can Affect Imagined Time Passed
Using the same model architecture as above, but predicting
standardized log time imagined instead, we observed strong
evidence that both music conditions are predictive of
greater time passed in imagination compared to the
silence condition (Respighi vs Silence: β = .39, EEβ =
.09, Odds(β>0) = 9999*; Shostakovich vs Silence: β =
.37, EEβ = .09, Odds(β>0) = 9999*). We did not obtain
strong evidence for closed-eyes to affect any of the three
conditions (all Odds < 13.57). These results can be seen in
Figure 6, where both music conditions show larger times
travelled, but the height of the blue and red columns are
comparable. The Shostakovich piece shows descriptively
the largest difference between the closed-eyes and open-
eyes condition.

Figure 4. Conditional effects plot of the model’s predicted
effects (expressed in standard deviation) of eye closure on

vividness for each stimulus, whilst controlling for participant and

trial number as random effects. Prior studies associated the

Respighi piece with relaxing, and the Shostakovich piece with an

arousing state. The effect of eyes-closed is much stronger for

music conditions than the silent condition. Error bars show 95%

credible intervals of the model’s coefficients.

Figure 3. Raw mean vividness scores by stimulus and eye

condition. In all stimulus conditions, participants reported more

vivid imagery with closed- compared to open-eyes. This

difference is much larger in the music compared to the silence

conditions. Prior studies associated the Respighi piece with

relaxing, and the Shostakovich piece with an arousing state. Error

bars show 95% confidence intervals. Note that the mixed effects

analysis can account for much of the variability contained in the

error bars of the raw data depicted here.

Figure 5. Model’s predicted standardized log imagined distance

travelled based on stimulus and eye condition, whilst controlling

for participant and trial number random effects. The model

obtains strong evidence that both music conditions show larger

imagined distances travelled than the silence condition. The

arousing Shostakovich piece also showed larger distances than the

relaxing Respighi piece. Additionally, closed-eyes increased

imagined distance travelled, but only in the silent condition. Error

bars show 95% credible intervals of the model’s coefficients.
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Music (supported) and Closed-eyes (support) Can
Affect Imagined Sentiment
Using the same model architecture as above, but predicting
standardized imagined sentiment instead, we observed
strong evidence that imagined content during the relaxing
Respighi piece shows much more positive sentiment com-
pared to the silence condition (Respighi vs Silence: β =
.34, EEβ = .1, Odds(β>0) = 2768.23*) and the arousing
Shostakovich piece (Respighi vs Shostakovich: β = .26,
EEβ = .1, Odds(β>0) = 250.75*). No strong evidence
was obtained to set imagined sentiment apart during the
Shostakovich piece and silence condition (Shostakovich
vs Silence: β = .08, EEβ = .14 Odds(β>0) = 4.07). We
obtained strong evidence for closed-eyes to affect sentiment
positively in the Respighi piece (β = .34, EEβ = .14,
Odds(β>0) = 160.43*), but no strong evidence was
observed for an effect of closed-eyes on the Shostakovich
piece (β = -.13, EEβ = .14, Odds(β<0) = .20, or the
silence condition (β = -.08, EEβ = .14, Odds(β<0) =
.38). This can also be seen in Figure 7, where the
Respighi piece shows the most positive sentiment and is
also the only condition where a large difference between
the red and blue bar can be seen.

Discussion
That both music (Herff, Cecchetti, et al., 2021; Taruffi,
2021) and eye closure (Husnu & Crisp, 2011) can affect
imagination is well established, but it is less clear
whether/how they interact in the context of directed
mental imagery generation. We addressed this in the

present study and replicated as well as extended previous
findings. Eye closure and music affected both vividness
and content of mental imagery, but also interacted with
one another. In the following, we discuss first the main
effects of music and eye closure on mental imagery, then
their interaction, followed by the potential clinical
implications.

We replicate previous findings, showing that music can
affect mental imagery (Day et al., 2019; Herbert, 2013;
Herff, Cecchetti, et al., 2021; Herff, Taruffi, et al., 2021;
Koelsch et al., 2019; Küssner & Eerola, 2019; Küssner
et al., 2019; Taruffi & Küssner, 2019; Vuoskoski &
Eerola, 2015). Specifically and similar to previous studies
(Herff, Cecchetti, et al., 2021), we observe that music
affects imagery vividness. In the present study this led to
increased vividness compared to the silent control condi-
tion, though the direction of the effect is likely
stimulus-specific. Here, we used two stimuli - one relaxing
and one arousing musical piece. Prior work suggested that
the relaxing piece might be more suited in supporting
directed imagery (Kuan et al., 2017, 2018), however, for
the purposes of the present study, we found that both
pieces worked well in affecting imagination.

In the present study, we also replicated previous findings
showing that music can be used to manipulate both emo-
tional content (Taruffi, 2021) such as sentiment, as well
as physical properties of the imagined content, such as
imagined time and distance travelled (Herff, Cecchetti,
et al., 2021). For the latter it is important to note that an
imagery context does not distort representations of time
and space (Decety & Jeannerod, 1995; Wong, Manson,
Tremblay, & Welsh, 2013), making a systematic manipula-
tion thereof meaningful and measurable. Music conditions

Figure 6. Model’s predicted standardized log imagined time

travelled based on stimulus and eye condition, whilst controlling

for participant and trial number random effects. The model

obtains strong evidence that both music conditions show longer

imagined times travelled than the silence condition. Prior studies

associated the Respighi piece with relaxing, and the Shostakovich

piece with an arousing state. However, only weak to no evidence

for an effect of closed-eyes was observed. Error bars show 95%

credible intervals of the model’s coefficients.

Figure 7. Model’s predicted standardized sentiment of the

imagined content based on stimulus and eye condition, whilst

controlling for participant and trial number random effects. The

model obtains strong evidence that the relaxing Respighi piece

shows more positive sentiment than both the silence condition

and the arousing Shostakovich piece. The Respighi is also the only

condition in which closed-eyes affect imagined sentiment. Error

bars show 95% credible intervals of the model’s coefficients.
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systematically resulted in longer imagined time travelled
and further imagined distances travelled. One music condi-
tion also showed significantly more positive sentiment than
the silent condition. The findings highlight the profound
impact that music can have on cognition as it manipulates
fundamental systems, such as its well-established effects
on listeners’ emotion (Balteș & Miu, 2014; Juslin &
Sloboda, 2001; Juslin & Vastfjall, 2008; Vuoskoski &
Eerola, 2015), but also the somewhat more recent observa-
tion that it can be used to manipulate an individual’s orien-
tation in both real and imagined time and space
(Droit-Volet, Bigand, Ramos, & Bueno, 2010; Herff,
Cecchetti, et al., 2021; Schäfer, Fachner, & Smukalla,
2013).

Closed-eyes is widely assumed to facilitate imagination,
likely because concurrent visual tasks impede imagination
(Andrade et al., 1997; Bartels et al., 2018; Engelhard
et al., 2010, 2011; Kemps et al., 2004; Littel et al., 2016;
van den Hout, Engelhard, Beetsma et al., 2011; van den
Hout, Engelhard, Rijkeboer, et al., 2011). Here, we also
observe that across the silent and music conditions,
closed-eyes led to higher vividness scores. This finding
relates to prior research showing that demanding concurrent
visual tasks disrupt undirected imagination during music
listening (Hashim et al., 2020). Here, we generalize this
finding from undirected mental imagery to directed
imagery. Furthermore, we compared the removal of concur-
rent visual information (closed-eyes) with a less demanding
visual condition (fixation, rather than target tracking) to dis-
entangle the effects of visual information from those of task
demand.

Closed-eyes increased reported imagery vividness in all
conditions, however, this increase was substantially stron-
ger when participants listened to music. This is a crucial
observation, as this provides evidence that the effect of
music and closed-eyes are not independent and simply
additive, but instead interact with one another. This obser-
vation not only holds for vividness but imagined content
as well. Closed-eyes increased travel distance in the
silent, but not in the two music conditions. Curiously,
closed-eyes increased sentiment for only one of the music
conditions (compared to silence). We also did not obtain
strong evidence that eye closure affected imagined time in
any of the three conditions. Taken together, this pattern of
results shows that vividness, sentiment, imagined distance,
as well as time all capture different aspects of imagination
and are also affected differently by both musical features,
closed-eyes, and their interaction.

Potential Clinical Implications
Present findings on the impact of music and eye closure on
the perceptual, temporal-spatial, and emotional sentiment of
deliberately generated mental imagery may hold potentially
important implications for clinical psychology. As outlined
in the introduction, deliberate mental imagery generation is
an important feature in a range of established and emerging

evidence-based psychotherapeutic interventions (Andrade
et al., 2012; Arntz, 2012; Blackwell et al., 2015;
Blackwell & Holmes, 2010; Di Simplicio et al., 2020;
Hallford et al., 2020; Hirsch et al., 2021; Hitchcock et al.,
2021; Holmes et al., 2007 , 2019; Ji et al., 2021; Mendes
et al., 2008; Pile, Smith, et al., 2021; Rothbaum &
Schwartz, 2002). Depending on the treatment target,
mental imagery can be employed to promote emotion and
self-regulation by helping individuals upregulate helpful
emotions, thoughts, and behaviors, or downregulate
unhelpful ones. To upregulate affective and motivational
impact, music and eye closure may be employed to increase
vividness, duration, and psychological distance.
Alternatively, silence and external visual distractors may
be employed to reduce affective and motivational impact
for downregulation purposes. Such tools may be particu-
larly helpful for individuals at either end of the mental
imagery ability spectrum. Critically, the interactive effects
of music type and eye closure motivate future research to
advance the understanding of their potential to be used in
tandem to enable precise fine-tuning of internal mental rep-
resentations (Arntz, 2020).

Limitations and Future Directions
As the present study was not designed to disentangle func-
tional explanations, any proposed explanation for the
present findings remains speculative at this point. It could
be that the results are best described through a distraction-
based account, whereby closed-eyes reduces potential
visual distraction and non-invasive music blocks out poten-
tial distracting noise. Such a model would need to include
diminishing returns of additional distraction, irrespective
of modality, to account for the observed interactions
between music and eye closure. If this were the case, then
white-noise or noise-cancelling headphones without
sound should lead to comparable results with the music
condition here (an easily-testable hypothesis). However,
such an explanation would struggle to explain the differ-
ences observed here between the two music conditions
without strong assumptions about which song is more
effective in blocking out distraction. Alternatively, visual
information in the present task might indeed have func-
tioned as a distractor (Lee & Cuijpers, 2013) with
closed-eyes as a relief, whereas music might have affected
listeners’ emotional states (Juslin, 2013; Juslin & Sloboda,
2001; Smit et al., 2020) and associative memory (Jäncke,
2008). Accordingly, the observed effects would then be
the result of a complex interaction between emotional, asso-
ciative memory, and available cognitive resources.
Regardless of the possible cause of the observed findings,
it is likely that the strength and directionality of all effects
observed here are always subject to the precise stimuli
chosen. Ultimately, the ideal scenario would provide thera-
pists with non-invasive, yet fine-tuned control over the
imagined content and vividness of their clients.
Obviously, this would require a detailed understanding of
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how various musical and acoustical features affect imagina-
tion and interact with eye closure. We think such an inves-
tigation would be a worthwhile endeavor, possibly resulting
in accessible, cost-effective, and automated therapeutic
tools that pre-select – or even generate in real-time –
music with user-defined parameters such as induced imag-
ined vividness and sentiment. It is important to note that this
research is still in in its infancy, thus it is important to
conduct future studies to better understand how exactly
music affects imagination, and whether its effects could
translate to therapeutic context.

Conclusion
The present study shows that background music and eye
closure interact to affect directed mental imagery. Both
affected vividness and imagined content, and their combi-
nation offers the prospect of non-invasively fine-tuning
directed mental imagery. This prospect is promising and
shows that both music and closed-eyes in their combination
are well justified for escapism (Schäfer, Sedlmeier, et al.,
2013), activities such as role play (Padovani, Ferreira, &
Lelis, 2017), and potentially to further support evidence-
based therapies that utilize mental imagery.
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