Abstract

Human imagination is generative and creative yet deeply rooted in culture and familiarity.
Recent studies have quantified the effects of culture on stories that are imagined during music
listening, but the music used in previous work was always drawn from a tradition familiar to
participants from at least one of the cultures. Here we report the first study of imagined stories to
music written in a musical system that is novel to participants from each culture, thus allowing
for a direct comparison of narratives prompted by the same set of excerpts that is comparably
unfamiliar to both groups. Music composed in the Bohlen-Pierce scale was presented to
participants from two geographically-defined cultures: Boston, USA and Beijing, China. We also
examined how individual differences, such as in musicality and sensitivity to musical reward,
might affect narrative engagement and semantic content of the imagined stories as measured by
tools from natural language processing. Results showed that semantic spaces of music-evoked
imaginings differed between Boston and Beijing cohorts. While both cultures were similarly
engaged by the story response task, differences emerged in the semantic content of the imagined
stories. . Boston participants who reported being more absorbed by music wrote more
unconventional stories, whereas Beijing participants who reported more emotional responses to
music wrote more conventional stories. These results reveal the roles of culture and individual

differences in modes of narrative engagement and imagination during music listening.
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Introduction

Imagination is a core cognitive capacity that underlies human artistic, scientific, and technical
creation (Finn & Wylie, 2021; Vygotsky, 2004). Far from being a passive idling of the mind,
imagination is a cognitive act that involves generative thought, and relies on neurocognitive
mechanisms, such as perception, attention, and memory, that have developed throughout a
lifespan of culturally organized experiences (Pelaprat & Cole, 2011). It can involve thinking
about things as they were or might be but are not in the present environment (Liao and Gendler,
2019), and can call on mental imagery in any modality, whether conscious or unconscious,
voluntary or involuntary (Nanay, 2023).

Human imagination is also deeply rooted in culture (Zittoun & Gillespie, 2015). Culture has been
deemed “the collective programming of the mind” that distinguishes the members of one group
or category of people from others (Hofstede, 2001). The contents of imagination, in particular,
often draw from resources such as stories, ideas, and images derived from cultural artifacts
(Zittoun & Cerchia, 2013). In that sense, culture serves as a mediator of imagination, and cultural
artifacts contribute to the structure and content of imagined stories (Vygotsky, 2004; Pelaprat &
Cole, 2011).

Music plays an important role in both reflecting and shaping culture. Composers and musical
artists have long drawn from the structural and acoustic features associated with particular
musical traditions to convey a sense of cultural identity. For example, the nineteenth-century
composer Claude Débussy used piano techniques such as pedaling to simulate the timbre of the
Javanese gamelan in Pagodes (Parker, n.d.); K-pop artists moved from the more traditional
pentatonic scale to diatonic scales to signal Western urbanization (Lie, 2012); and choices in

instrumentation, melodic, rhythmic, and scale structures are all used in rap and hip hop music to



project the cultural identity of marginalized minorities in Cuba, France, Italy, New Zealand and
South Africa (Bennett, 2017). Empirical studies have shown that rhythm patterns from music
within individual cultures tend to mirror patterns found in that culture’s language (Patel &
Daniele, 2003), suggesting that part of the way music signals cultural identity may come from
adopting linguistic patterns within the culture.

One form of imagined response during music listening is the generation of music-evoked mental
imagery (Taruffi & Kiissner, 2019; Jakubowski, 2020). This imagery can at times constitute a
form of stimulus-independent mind wandering, at other times it is closely shaped by the music
(Herff, Cecchetti, Taruffi & Déguernel, 2021; Herff, McConnell, Ji & Prince, 2022). This
imagery tends to be reflective of the music’s conveyed emotions (Koelsch et al., 2019), and
shaped by individual differences (Floridou, Peerdeman & Schaefer, 2022).

Within the general category of music-evoked imagery, one domain in which structural and
acoustic features of music from different traditions are known to serve as cues is the generation
of fictional imagined stories while listening (Margulis, Williams, et al., 2022). People from
multiple cultures have been shown to imagine stories during music listening (Margulis et al.,
2019; Margulis, Wong, et al., 2022; Margulis & McAuley, 2022). Culture affects the stories that
are imagined during music listening: participants from Arkansas and Michigan in the US, when
listening to Chinese and Western classical musical excerpts, imagined broadly similar stories to
individual excerpts, but participants from Dimen in China imagined stories that were quite
different for those same excerpts (Margulis et al, 2022). However, the music used in these
studies was always drawn from a tradition familiar to participants from at least one of the
cultures. When one culture is more familiar with the music than the other culture, comparisons

between generated narratives across cultures is difficult, as familiarity itself may affect imagined



content (Lancashire, 2017; Margulis 2017). To disentangle familiarity from imagined content,
one solution is to present participants with material that is dissimilar to both cultural traditions.
One salient structural feature of many musical traditions that can signal cultural identity is the
musical scale, a set of notes that are arranged in ascending or descending order of pitch. Most
musical scales are organized around the octave, which features a 2:1 ratio in frequency. For
example, a musical A that is one octave above the A that is 220 Hz is 2 x 220 Hz = 440 Hz.
Within this 2:1 frequency ratio, different cultures use different collections of step sizes. For
example, the equal-tempered chromatic scale divides this 2:1 ratio into 12 logarithmically-even
steps, and the common-practice Western major diatonic scale has eight unequal-sized steps
traversing this 2:1 ratio. Other cultures divide the octave in different ways. For example, the
traditional Javanese slendro scale has five pitches spaced approximately equally over the octave,
whereas the Chinese pentatonic scale uses five uneven step sizes over the octave, resulting in
pitches that approximate whole-integer ratios of 1:1, 8:9, 4:5, 2:3, and 3:5 in frequency. These
scales can function as signals of cultural identity in music — for example, Chen Gang’s Butterfly
Lovers Violin Concerto (1959) uses a prominent pentatonic scale structure to signal a Chinese
cultural identity within the context of a Western orchestral instrumentation.

A much less common musical scale is the Bohlen-Pierce scale, an artificial musical scale that
was discovered when Heinz Bohlen and John Pierce independently questioned the necessity of
the octave by exploring the ramifications of a 3:1 instead of 2:1 ratio. The Bohlen-Pierce scale
features 13 logarithmically even steps of a 3:1 frequency ratio, and some of its intervals
approximate low-integer ratios such as 3:5 and 5:7 (Krumhansl, 1987; Mathews et al., 1988).
While the BP scale is mostly unknown across cultures, a small subculture of microtonal

composers such as John Chowning, Max Mathews, and Georg Hajdu have adopted the BP scale



and developed notation systems for experimental compositions (Hajdu, 2015). Despite being
relatively little known and regarded as non-standard musical practice (Hajdu, 2015), listeners are
reliably and rapidly able to learn the structure of the BP scale from a single session of listening
(Loui et al., 2010). This learning includes developing sensitivity to its spectral and temporal
content (Loui, 2022), and showing brain signatures of learning that bear similar patterns as
within-culture music after just 20 minutes of exposure (Loui et al., 2009).

For the present study we asked the following questions: Do individuals from different cultures
readily imagine stories for music from an unfamiliar tuning system? If so, how consistent within
and between cultures are these imaginings, and what individual and cultural differences predict
the consistency or conventionality of these imaginings? While the effects of culture may
accumulate over the lifespan, it is also nonlinear with age, as research on immigrant populations
suggests that there may be sensitive periods for acculturation over the lifespan (Cheung et al,
2011; Bierwiaczonek et al, 2021). Individual differences in music reward sensitivity and music
training are prevalent in many cultures (Mullensiefen et al, 2014; Mas-Herrero et al, 2013; Saliba
et al, 2013; Sadakata et al, 2022) and also vary with age (Mullensiefen et al, 2014; Belfi et al,
2020). This is subserved by developmental plasticity in the reward system especially in
adolescence and young adulthood (Davidow et al, 2016; Fasano et al, 2022). While the same
reward system may be involved in autobiographical memory for music (Barrett & Janata, 2016),
and may be linked to the reminiscence bump effect of stronger autobiographical associations for
music from adolescence and young adulthood (Belfi & Jakubowski, 2021), the roles of
development and individual differences in musical engagement on imagined narratives are

relatively unknown. We hypothesize that developmental maturation and individual differences in



musical engagement would affect the vividness of imagined content during music listening, and
that would vary between cultures.

Here we report the first study of imagined stories to music written in a tradition that is novel to
participants from each culture tested. This allows for a direct comparison of narratives prompted
by the same set of excerpts, each of which uses a style that is unfamiliar to both groups. Music
composed in the Bohlen-Pierce scale was presented to participants from two geographically
defined cultures: Boston, USA and Beijing, China. After hearing each excerpt, participants wrote
down the story they imagined, and completed the Narrative Engagement Scale (NES) (Margulis,
2017) in which they rated the ease, clarity, and vividness of the imagined story. To test the
hypothesis that age and musical engagement would affect imagined content for each culture, we
applied cross-linguistically validated individual difference measures for musical background and
training, perceptual skills, emotional engagement, and reward sensitivity in addition to collecting
demographic variables on both groups of participants (Mullensiefen et al, 2014; Lin et al, 2021;
Wang et al., 2021; Cardona et al, 2022). By combining these individual differences measures
with tools from natural language processing to analyze the content of the stories, the present
work addresses hypothesized differences in music-evoked imaginings both within and between

cultures.

Methods

Participants
Participants were recruited in two cohorts: a US American, specifically Boston-based cohort
from Northeastern University (hereafter “the Boston cohort”), and a Chinese, specifically

Beijing-based cohort from Beijing Normal University (hereafter “the Beijing cohort”).



Both groups were recruited and tested online. The Boston cohort (n = 241) was recruited and
tested in English via Psylink, a website that allows students to participate in online studies in
return for course credit. Participants indicated their identified gender, race and ethnicity
categories as specified by guidelines published by the US National Institutes of Health
(https://www.nih.gov/nih-style-guide). 141/241 participants identified as female, 91 participants
as male, 3 as non-binary, and 6 did not provide an answer. 89/241 participants identified as
White/Caucasian, 62 as Asian, 35 as Black, 35 as Hispanic or Latino, 2 as American Indian or
Alaska Native, 1 as Native Hawaiian or Pacific Islander, 11 as belonging to two or more races. In
terms of first language, 179/241 participants identified their first language as English, 14 as
Spanish, 11 as Mandarin, 7 as Chinese, 4 as French, 4 as Russian, 4 as Vietnamese, 3 as Haitian
Creole, 3 as Hindi, 2 as Portuguese, and 1 as each of Amharic, Cantonese, Harari, Japanese,
Kannada, Korean, Polish, and Romanian.

The Beijing cohort (n = 213) was recruited via WeChat, a Chinese instant messaging app, and
tested in Chinese in return for payment. A poster containing a QR code was sent in several group
messages of Beijing college students, who subsequently shared this code via word of mouth and
personal WeChat messages. 137/213 participants identified as female, 68 as male, and 8 did not
answer. All participants identified as being from China. 135/213 participants identified their first
language as Han Chinese, 71 as Chinese, 3 as Mandarin, and 1 as Szechuanese. Both cohorts
were tested online using written instructions on Qualtrics. The Boston cohort was tested in
English whereas the Beijing cohort was tested in simplified Chinese (written Hanzi characters)
using instructions translated from English by one of the authors (Y.O.) who is a native Mandarin

speaker, and checked by all authors.



Stimuli

Musical stimuli for this study consisted of eight recorded excerpts ranging from 20 to 90 seconds
long, that were composed in the Bohlen-Pierce scale. These included four solo-clarinet
compositions that were composed by our lab for another study (Kathios et al., 2022) and excerpts
from four recorded music performances that were composed for a music festival on the Bohlen-
Pierce scale in 2010 (Johnson, 2010). The recorded music performances were: Reminiscences by
Steven Yi, Bohlen-Pierce Pan Flute World Premiere Folk Tune by Arturo Raffaele Grolimund,
Hogquetus by Johannes Kretz, and Beyond the Horizon by Georg Hajdu. Table 1 lists the excerpts
along with their assigned numerical labels with which we will refer to them in all subsequent

analyses. The full recordings are available online: http://bohlen-pierce-conference.org/concert-1

and the selected stimuli for this study, along with analysis code and data, are available on

https://osf.io/qjy8h/. Notably, the stimuli were generally unfamiliar, and did not differ in

familiarity between US and Chinese groups: In a norming study for another study (Kathios et al
in review), we obtained familiarity ratings from a Chinese sample (n = 156) and a US sample (n
= 169), where participants rated familiarity using a Likert-scale ranging from 1 (‘not familiar at
all’) to 6 (‘very familiar’) for each melody. Both groups rated the melodies as low on familiarity
(Chinese sample mean = 2.89, 95% confidence interval = 2.68 — 3.09; US sample mean = 2.86 ,
95% confidence interval = 2.64 — 3.09). Familiarity ratings showed no difference between
groups, as assessed using a mixed effects model treating participants as a random intercept (3 =

0.02, t(322) = 0.21, p = 0.83).


http://bohlen-pierce-conference.org/concert-1
https://osf.io/qjy8h/
https://www.biorxiv.org/content/10.1101/2022.06.17.496615v2
https://www.biorxiv.org/content/10.1101/2022.06.17.496615v2

Excerpt | Title Composer Duration
1 BP Clarinet 11 Euan Zhang 0:20
2 BP_Clarinet 16 Euan Zhang 0:20
3 BP_Clarinet 18 Euan Zhang 0:20
4 BP Clarinet 21 Euan Zhang 0:20
5 Bohlen-Pierce Pan Flute World Arturo Raffaele 1:30
Premiere Folk Tune Grolimund
6 Hoquetus Johannes Kretz 0:45
7 Reminiscences Steven Y1 1:34
8 Beyond the Horizon Georg Hajdu 0:25

Table 1. Musical excerpts used in the study.

Procedure

Both cohorts were tested online using a survey on Qualtrics in English for the Boston cohort, and
in Chinese for the Beijing cohort. Participants first provided informed consent in accordance
with Northeastern University’s approved IRB protocol. After informed consent, participants
answered basic demographic questions (age, gender identity, race, ethnicity). They then began
the listening task. The listening task consisted of eight trials, presented in randomized order
without replacement. For each trial, participants were first instructed to listen to a musical

excerpt, then they were given the following Story Response Question (SRQ, Margulis et al,

2022):




“Sometimes when people listen to music, they imagine an accompanying story, or elements of a
story. Did you imagine a story or elements of a story while listening to this music? Elements of a
story include characters, events, and settings.” [Yes or no]

[If yes] Please describe the story you imagined in as much detail as possible, but do not spend
more than about a minute on the response.

[If no] Why do you think this music didn’t trigger an imagined story for you? What were you
thinking about/experiencing while listening? Answer these questions in as much detail as
possible, but do not spend more than about a minute on the response.

After the Story Response Question, participants completed the Narrative Engagement Scale
(Busselle & Bilandzic, 2009), adapted with permission for use with music (Margulis, 2017). The
NES includes four statements about each excerpt, which participants rated on a 7-point Likert-
like scale ranging from “strongly disagree” to “strongly agree”: 1) It was easy to imagine a story
while listening to the music. 2) I imagined a vivid story. 3) [ imagined a story with a clear
setting, characters, and events. 4) [ imagined a story while the music was playing, not afterwards.
After the SRQ and the NES, participants completed a battery of surveys to assess individual
differences in music reward sensitivity, general physical anhedonia, and musical engagement.
The battery consisted of the Extended Barcelona Music Reward Questionnaire (eBMRQ)
(Cardona et al., 2022), the Physical Anhedonia Scale (Chapman et al., 1976), and the Goldsmiths
Musical Sophistication Index (Gold-MSI) (Miillensiefen et al., 2014).

The e BMRQ grew from the BMRQ (Mas-Herrero et al., 2013), a 20-item scale that consisted of
six subscales used to measure individual differences to multiple aspects of reward sensitivity to
music: sensorimotor, music seeking, emotion evocation, mood regulation, and social reward. The

absorption to music subscale was later added as four additional items to capture the tendency to
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experience music-driven states of cognitive immersion (Cardona et al., 2022). The BMRQ has
been translated into Chinese (Wang et al., 2021); here we used a new Chinese translation and
kept all questions of the BMRQ (instead of removing items that did not fit the factor structure as
in Wang et al). We additionally translated the four items of the absorption subscale and added it
to form the Chinese e BMRQ. The resulting Chinese version of the e BMRQ is available on

https://osf.i0/qjy8h/.

The Gold-MSI refers to music-related behaviors, skills, and achievements (Miillensiefen et al.,
2014). Its self-report measure is a 38-item scale that captures self-reported musicality along five
subscales: musical engagement (9 items), perceptual ability (9 items), musical training (7 items),
emotion (6 items), and singing ability (7 items). It has been translated to Chinese (Lin et al.,
2021); we used the English version for the Boston cohort and the Chinese version for the Beijing

cohort.

Data analysis

Since we were interested in cultural level effects and their relationship to individual differences
in narrative engagement with music, we compared the semantic similarity between stories
provided by individual participants and the typical story based on all responses to an excerpt by
all participants within each location. Stories provided in response to the same music excerpt at
the same geographic location were combined into a single nardoc, as in Margulis et al (2022).
Nardocs were created for each of the eight excerpts heard at each of the two geographic locations
(Boston or Beijing) in order to capture the narrative themes typically experienced when a person
from a particular location hears a particular excerpt. Stories from Beijing participants were

translated into English by a professional translator blind to the hypotheses of the study.
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Preprocessing of the story texts followed the methods used in Margulis et al. (2022) and was
done in Python version 3.6.2 (Python Software Foundation, https://www.python. org/). First, we
identified and manually corrected misspelled words. Narrative texts were then stripped of all
punctuation and capitalization, and English stop-words from Natural Language Toolkit version
3.5 (Bird et al., 2009) were removed. We also removed words that referenced acoustic features
of music excerpts (instrument names from a catalog of the world’s musical instruments and
music traditions, e.g., “Chinese” and “Western”) and words that stemmed from task instructions

29 ¢¢

(e.g., “imagine,” “music,” and “story”); see Table S1 in Supplementary materials for the full list.
Finally, we used lemmatize() from the Gensim package version 3.8.3 (R Rehurek & P Sojka,
2010) to convert words to their dictionary forms so that inflected forms of words were treated as
the same word. Unlike in Margulis et al. (2022), we included words that were only mentioned a
single time across all nardocs because the embedding space approach in the present paper was

not limited by term frequency in the same manner as the term frequency inverse document

frequency measure used in the previous study.

We measured the semantic relationships between individual stories and nardocs by projecting
text into a word embedding space based on a word2vec model pretrained on the Google News

dataset (https://code.google.com/archive/p/word2vec/). The model provided a means to obtain

feature vectors for words that reflect semantic similarities based on a large corpus of ~3 million
words and phrases rather than relying on the smaller collection of stories provided in response to
the excerpts (~26,000 words). The closer two words are in embedding space, the greater the
semantic similarity. Each word within a story was projected into the 300-dimensional semantic

space defined by the pretrained model. Proper nouns referring to specific people and places
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missing from the Google News dataset were excluded from further analysis (see Table S2 from
Supplementary materials for complete list of excluded nouns). We calculated the average
location in semantic space for each story by averaging across embeddings for each word in a
story. We calculated the average location in semantic space for each nardoc, representing the
average story or the consensus narrative, by averaging across the average embeddings for each
participant’s story, resulting in each person’s story receiving equal influence within a nardoc.
Thus, each story (at the level of individual participants) and nardoc (at the level of music
excerpts) were transformed into a 300-dimensional feature vector that represented the semantic
content of the unique composition of words in every story and nardoc.

Margulis et al. (2022) used the same approach to visualize the semantic relationships between
nardocs. In the present paper, we extended this approach by comparing the similarity between
embedding space vectors for individual stories and nardocs, rather than using the term frequency
inverse document frequency approach used in Margulis et al. (2022) to examine nardoc
similarity. Using word embeddings allowed us to avoid the sparse feature vectors that arise from
relying on term frequency to characterize individual stories that are much shorter in length than
nardocs. Research has shown that taking the average of embedding space vectors across words is
an effective way to capture semantic similarities between sentences and paragraphs, though the
method ignores the order of words within a document (Arora et al., 2017).

We used cosine similarity to measure the semantic similarity between story and nardoc feature
vectors, as in Margulis et al. (2022). Cosine similarity measures the cosine of the angle between
two feature vectors, and varies between 0 and 1, where 1 indicates maximum similarity (an angle
of 0 degrees between the vectors), and 0 indicates minimum similarity (the vectors are at 90

degrees). We used the cosine similarity measure to identify how semantically similar any
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individual’s story was to the within-culture nardoc (i.e., the typical story prompted by that
excerpt for that cohort) as well as the similarity between nardocs.

Following the visualization method used in Margulis et al. (2022), we used principal components
analysis (PCA()) as implemented in the Scikit-learn package version 0.21.3 (Pedregosa et al.,
2011) to simultaneously reduce the dimensionality of all story and nardoc feature vectors within-
culture to 50 before further reducing to two-dimensional space using the Scikit-learn
implementation of t-distributed stochastic neighboring entities (T-SNE()), and, finally, plotting
the two-dimensional nardoc vectors for each location. We used the default TSNE() parameters
with perplexity set to 30 and random state set to 5. While the relationships between feature
vectors in this space are interpretable (e.g., the closer two points are in embedding space, the
greater the semantic similarity), the reduced dimensions for the space are not interpretable.
While stories from both locations were projected into the same embedding space, each location
was visualized separately, thus, the axes and semantic spaces represented cannot be directly

compared across figures.

We further measured individual factors contributing to semantic conventionality and narrative
engagement using multiple linear regression models. We defined linear regression models to test
for individual differences on two outcome measures: narrative engagement as operationalized by
average score on the NES, and semantic conventionality as operationalized by cosine similarity
from the within-culture consensus narrative, averaged across excerpt trials for each participant.
For each outcome measure, our model included the predictor variables of demographics (age,
gender), musical skills and expertise (Gold-MSI, 5 subscales: active engagement, perceptual

abilities, musical training, singing abilities, emotions), individual differences in reward
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sensitivity (extended BMRQ, 6 subscales: absorption to music, music seeking, social reward,

sensorimotor, mood regulation, emotion evocation). It was important from a theoretical

perspective for narrative engagement and semantic conventionality to each be considered both as

an outcome measure and also as a predictor of the other variable. As such, the model for

narrative engagement also included semantic conventionality as a predictor, and the model for

semantic conventionality also included narrative engagement as a predictor. Data from the

Boston and Beijing cohorts were entered into separate models to allow for different patterns of

individual differences across cultures. Variance inflation factors were below 4 for all four models

(2 cohorts: Boston and Beijing, x 2 outcome variables: semantic conventionality and narrative

engagement).

Results
Cohort Boston Beijing

Mean SD Mean SD

N 241 213
age 19.11 1.82 23.19 5.78
eBMRQ Absorption 3.14 0.76 3.70 0.82
eBMRQ Emotion Evocation 4.01 0.88 4.23 0.60
eBMRQ Music Seeking 3.85 0.78 3.95 0.76
eBMRQ_ Mood Regulation 4.54 0.60 4.45 0.60
eBMRQ_Sensorimotor 4.13 0.83 3.76 0.77
eBMRQ Social Reward 3.80 0.83 4.01 0.68
eBMRQ all 3.91 0.57 4.02 0.52
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PAS 12.88 6.86 13.03 7.16
Gold-MSI_Active Engagement 4.12 1.09 3.56 1.00
Gold-MSI Perceptual Ability 5.02 1.03 4.69 1.00
Gold-MSI_Music Training 3.09 1.52 2.75 1.03
Gold-MSI_Emotion 5.43 1.03 5.27 0.98
Gold-MSI Singing Ability 4.34 1.23 3.71 1.15
Gold-MSI_General Sophistication 3.90 1.09 3.65 1.02
NES avg. 3.80 1.08 3.77 1.06
Avg. # Words /Subject * 52.14 33.12 63.34 39.82

Table 2 sample size and descriptive summary statistics on word count, narrative engagement,
and individual difference measures for the two tested geographic locations. Further descriptive
summary statistics on nardoc composition and length are given in Table S3 in Supplementary
materials. * Note: Excerpts missing a story were removed before averaging # of words per

excerpt.

Table 2 shows descriptive summary statistics on all tested variables. It was exceedingly common
to imagine stories even for unfamiliar music, as 98.2% of participants (237/239 from Boston and
211/213 from Beijing) reported stories for at least one excerpt. Visualizing these stories as word
clouds (Fig. 1) revealed some similarities and some differences in frequently used words across
cultures: in response to Excerpt 7 (Reminiscences by Steven Yi), the Boston cohort reported
stories involving a mysterious someone moving in space or something in a dark space, such as a
room or water or the ocean. The Beijing cohort reported stories involving a person, often a

woman, in a dark forest moving slowly at night.
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Figure 1. Word clouds in response to Excerpt 7 (Reminiscences by Steven Yi).

A 2D visualization of the semantic space for the Boston cohort’s stories showed that the first
four excerpts clustered together, and the last four excerpts clustered together (Fig. 2a). This was
confirmed by the heat map of semantic similarity as indexed by cosine distances, which showed
high semantic similarity across the first four excerpts (lower right quadrant of Fig. 3). Since the
first four excerpts were all shorter solo clarinet clips whereas the others were longer and used
fuller orchestration, timbre and duration appear to play important roles in how these clips shaped

the Boston cohort’s imagined narratives.

<insert Figure 2 here>

17



Boston

BP_Clarinet_16_Var_0
BP_Clarinet_18 Var 0
BP_Clarinet_21_Var_0
ne_stim17
ne_stim18
ne_stim19
ne_stim20

BP_Clarinet_11_Var 0 Bel] | n g

o~ WwWrRRE

Figure 2. Visualizations of imagined stories in semantic space for the Boston and Beijing

cohorts.

The same visualization applied to (translated) stories from the Beijing cohort revealed a different
pattern of clustering across excerpts (Fig. 2 right panel). Here, excerpts 3 and 5 clustered
together, and excerpt 7 occupied a space that was separate from all the other excerpts, again
confirmed by the heatmap showing pairwise semantic similarity across excerpts in Figure 3
(upper left quadrant). Since excerpt 7’s primary difference from the other excerpts was the
inclusion of slower rhythmic gestures, this clustering implies that rhythmic gestures influence
the narratives of the Beijing cohort more than the Boston cohort.

These cross-cultural differences in relative distances between excerpts suggests that the same set
of comparably unfamiliar excerpts prompted participants in Beijing and Boston to imagine
different patterns of stories. This was confirmed by directly comparing the average cosine

similarity for all participants across pairs of excerpts and within and between the cultures, as
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shown in Figure 3. This showed on average lower cosine similarity between cultures (Boston and
Beijing, the off-diagonal quadrants) than within cultures (Boston-Boston and Beijing-Beijing, the
diagonal quadrants). The finding of higher cosine similarity in imagined narratives for within-
culture than for between-culture comparisons is statistically significant for all excerpts as
confirmed by a paired t-test comparing the distributions of average cosine similarity within- and
between-cultures: t(127) = 16.16, p < .0001. This replicates the key finding in Margulis et al

(2022) and extends it to the present unfamiliar stimuli.

<insert Figure 3 here>
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diagonal than the off-diagonal). Averaged within-culture and between-culture similarity are
summarized on the right panel.
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Computing the cosine similarity (ranging from 0, which is completely dissimilar, to 1, which is
exactly the same) between each participant’s generated story and the average story allowed us to
quantify the individual differences in semantic conventionality for each participant’s generated
story for each excerpt. Comparing the distribution of cosine similarities across excerpts revealed
that for every excerpt, the Beijing cohort showed consistently lower cosine similarities between
individual stories and the excerpt’s average compared to the Boston cohort (1(447) = 7.739, p
<.001; Fig. 4a-b).

This difference in levels of consensus arose despite similar narrative engagement across cultures:
NES scores did not differ between the Boston and Beijing cohorts (t(433) = 0.32, p =.749; Fig.
4e). Consistent with prior work (Margulis et al., 2022), this reinforces the notion that narrative
engagement and narrative consensus can operate independently. Individual excerpts can be
highly narratively engaging even when they do not inspire consensus around the details of the
imagined story, and vice versa.

Cross-cultural differences in the semantic conventionality, i.e. cosine similarity to the within-
culture consensus narrative, were further quantified as a difference in skew and kurtosis in the
trial-by-trial data between the cohorts: the Chinese cohort showed less of a rightward skew (less
negative skewness) and a flatter distribution (lower kurtosis; more platykurtic) in cosine
similarity (Fig. 4c-d). This difference suggests that individual excerpts prompted stories that
traversed a broader semantic space across excerpts in the Beijing participants compared to the

Boston participants.

<insert Figure 4 here>
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Distribution of narrative engagement scale scores do not differ between the cohorts, confirming

that the cross-cultural differences in generating consensus are not explained by differences in

narrative engagement to the task.
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Semantic conventionality, i.e. the average cosine similarity between individual participants’
stories and the within-culture consensus story across excerpts, was predicted positively by
narrative engagement (NES score) in both cohorts (Boston: standardized beta = .14, t=2.19, p
=.029; Beijing: standardized beta = .26, t = 3.74, p = <.001). In other words, participants of both
cohorts who reported imagining more vivid and immediate stories also tended to report stories
that were closer to the consensus narrative. In the Beijing cohort, semantic conventionality was
also positively predicted by the emotion subscale of the Gold-MSI (beta = 0.25, t=2.17, p
=.031) and negatively predicted by age (beta =-0.19, t =-2.96, p = .004). Thus, among Beijing
participants, those who were older wrote less conventional stories, whereas those who reported
being more emotionally engaged by music wrote more conventional stories. In the Boston
cohort, semantic conventionality was negatively predicted by the absorption subscale of the
eBMRQ (beta = -0.174, t = -2.15, p = .033): those who reported being more absorbed by the
music wrote less culturally conventional stories.

Considering narrative engagement as the outcome measure, narrative engagement (average NES
score) was positively predicted by semantic conventionality in both cohorts (Boston: beta =
0.143,t=2.19, p = .029; Beijing: beta = 0.25, t = 3.74, p <.001). In the Boston cohort, narrative
engagement was also positively predicted by age (beta=0.14,t=2.18, p=.03), i.e. Boston
participants who self-reported imagining clearer and more vivid stories (high average NES score)
also tended to be older, and to write more conventional stories.

In the Beijing cohort, narrative engagement was also negatively predicted by the perceptual
ability subscale of the Gold-MSI (beta =-0.25, t =-2.1, p = .037). In other words, Beijing

participants who reported being more narratively engaged (higher NES score) tended to write
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more conventional stories, but also self-identified as having lower ability to recognize fine-

grained perceptual differences in music.

Discussion

We used an unfamiliar musical system, combined with cross-cultural testing and analytical tools
from natural language processing, to probe cross-cultural and individual differences in mental
imagery during music listening. We observed some cultural differences in the semantic content
of imaginings given this unfamiliar music, with imagined stories showing different clusterings in
semantic space for the Beijing and Boston cohorts. The same set of excerpts prompted different
stories in the Beijing cohort and the Boston cohort, suggesting that the mapping between
acoustic features and imagined stories might differ across cultures. Semantic conventionality of
the imaginings to the within-culture average story, as determined by cosine distances to the
within-culture consensus narrative, were high overall but were lower in the Beijing cohort than
in the Boston cohort. Semantic conventionality was predicted by narrative engagement in both
cultures, but was additionally inversely predicted by age in the Beijing cohort and by absorption
in the Boston cohort. Narrative engagement was positively related to age in the Boston cohort,
and negatively related to self-reported perceptual abilities in the Beijing cohort. We interpret
each of these findings below.

Cross-cultural differences in consensus and narrative engagement

We observed different levels of semantic conventionality despite similar narrative engagement
across cultures: notably a larger, more varied semantic space among Beijing participants, and a
narrower, less varied semantic space among Boston participants. Although narrative engagement
and semantic conventionality were significantly predictive of each other in both cultures, the

Beijing cohort showed lower cosine similarities to the Beijing consensus narratives than the

23



Boston cohort to the Boston consensus narratives, whereas narrative engagement was similar
across the two samples. While narrative engagement reflects self-reported vividness, ease, and
clarity of imaginings, it is agnostic of the content of the imagining itself. In contrast, cosine
similarity from consensus narrative reflects semantic conventionality, i.e. the semantic distance
of each participant’s imaginings from their cultural norm as derived from these samples. Thus,
individual participants’ semantic conventionality may reflect their adherence to cultural norms
based on the semantic content of imaginings, which past studies have shown to be rooted in
culture in multiple domains including music (Margulis, Wong, et al., 2022; Zittoun & Gillespie,
2015). Future work is needed to determine the extent to which narrative engagement and
semantic conventionality tap into overlapping constructs.

Here, we see lower adherence to cultural norms in the semantic content of music-evoked
imaginings in the Beijing cohort than in the Boston cohort. This may be driven by heterogeneity
across our samples on individual differences measures including age (Table 2). Future studies are
needed to recruit more similar samples in age across cultures. If the differences could replicate
with more similar age groups across cultures, it could reflect broader cultural differences in
music-evoked imaginings. Previous work has noted epistemological differences across Eastern
and Western cultures, specifically the idea that Euro-American culture emphasizes analytic
modes of thought, whereas Chinese culture emphasizes holistic thought (Nisbett et al., 2001).
Holistic and analytic epistemologies may differentially influence the music-driven imagination.
While Greco-Roman epistemology emphasizes the use of logic and reasoning as ideal ways to
capture the truth, East Asian thought is heavily influenced by a Confucian epistemology, which
emphasizes dialectic thinking, and remaining open to multiple interpretations of truths (as

iconized for example by the yin-yang as a symbol of harmony). Perhaps because of these cultural
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differences, Boston participants may have tended to view the task of imagining stories to music
as a problem to be solved, producing a single, more consistent and coherent, “correct” type of
story. In contrast, Beijing participants may have regarded imagining stories as more of a creative
task, an opportunity to explore possible scenarios, thus resulting in a looser interpretation of the
musical surface to derive a wider, more diffusely distributed semantic space. It is possible that
the Chinese participants were treating the task as more of an opportunity to expound upon their
poetic skills whereas the US participants were treating the task as more of a problem to be
solved. Alternatively, these results may reflect other differences between the Boston and Beijing
cohorts: although both groups of participants were university students, the Boston cohort
participated in return for course credit whereas the Beijing cohort participated for payment (see
Participants). While these recruitment strategies were chosen to maximize comparability across
the samples given that participation in return for course credit was not an option for the Beijing
cohort in this particular study, this difference may have nevertheless affected the motivational
structures through which the two cohorts of participants viewed the study. Future studies should
aim for recruitment strategies that maximize meaningful and reproducible comparisons across
cultures, while continuing to include diverse cross-cultural samples for a more holistic
understanding of music and imagination (Savage et al., n.d.).

Narrative engagement and perceptual acuity

Narrative engagement was inversely predicted by self-identified perceptual ability in Chinese
participants. The perceptual ability subscale of the Gold-MSI asks for one’s ability to judge the
intonation and rhythmic accuracy of musical performances (some example items include “I can
tell when people sing or play out of tune” or “I can tell when people sing or play out of time with

the beat” (Miillensiefen et al., 2014)). The finding that Chinese participants with high perceptual
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acuity are less likely to report being narratively engaged provides further support for the idea that
there are multiple ways to engage with music listening (Thompson et al., 2022): while
participants who report higher perceptual acuity could be listening for more technical aspects of
the excerpts, such as tuning, phrasing, or instrumentation, it is the participants with lower

perceptual acuity who tend to automatically and simultaneously imagine a vivid story with ease.

Individual differences in conventionality and creativity

Semantic conventionality was positively predicted by narrative engagement in both cohorts. We
observed evidence that age carries predictive value for music induced mental imagery; however,
the direction of effects differed between the two cohorts. While age predicted narrative
engagement, but not conventionality, in the Boston cohort, age predicted conventionality, but not
narrative engagement in the Beijing cohort. Furthermore, the effect directionalities were
inverted. Specifically, narrative engagement increased with age in the Boston cohort, but
semantic conventionality decreased with age in the Beijing cohort: older Boston participants
more readily identified themselves as imagining vivid stories, whereas older Beijing participants
provided more semantically unconventional stories. This finding could be interpreted by
conceptualizing low semantic conventionality as higher originality or even higher creativity. As
the present task calls for linguistic knowledge as well as some degree of creativity and
imagination, it evokes divergent thinking as well as convergent thinking processes (Zhang et al.,
2020). Like other creative tasks, the ability to imagine stories to music leads to some new ideas
that can arise as novel associations, as well as other ideas that are generated by exploiting
structural features of existing conceptual spaces for each individual within their culture (Boden,
1994). Along similar lines, higher semantic distance between words has been linked to verbal

creativity (Olson et al., 2021). The simultaneous importance of creativity and conventionality is
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especially apparent in cultural tasks that require social learning (Jagiello et al., 2022), such as
music perception and production (Loui & Margulis, 2022; Savage et al., 2021). One speculative
interpretation of these results is that within an individualistic culture such as the US, higher
absorption to music is related to higher creativity. In contrast, in a collectivistic culture such as in
China, individuals who react more emotionally to music may more readily pick up on its
structural features to generate a more conventional story, whereas older adults may be less
compelled to conform to conventions and more compelled to be creative. Although speculative at
this point, if these differences between individualistic and collectivistic cultures hold, one
prediction is that they would also extend to other countries and other cultures that vary by
collectivism scale (Hofstede, 2010) independent of language use. While the present results are
first to observe individual differences to music-evoked imaginings, future work could
disentangle the effects of age and emotional sensitivity in other creative tasks, while also

following up on the observed cultural differences in other creative tasks.

Limitations

There are methodological challenges in this study, many of which are consistent with
psychological research on culture more broadly (Van De Vijver & Leung, 2000). One main
limitation is that as a result of the recruitment process, the Boston cohort is necessarily more
homogeneous: the Boston participants were all university students from the same university,
pursuing an introductory Psychology course likely towards their degree. This can be seen in a
smaller spread of age in the Boston cohort, as the SD in the Beijing cohort is larger than that of
the Boston cohort. This difference in recruiting confounds the findings; as such, the findings
would need further replication to increase our confidence in cross-cultural differences as well as

within-group individual differences that differ between cultures. Future studies are needed to
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recruit more similar samples in age across cultures. Additionally, the NLP tools relied on in the
study are currently limited to the English language; translation from Chinese introduced extra
noise into the data. Researchers are currently working to expand linguistic diversity in natural
language processing and future studies may be able to improve power by performing analyses
directly in the original languages. Despite these limitations, the finding that individuals reported
imagined stories in both cultures is robust and replicates previous work (Margulis et al, 2022),
and the relationship between narrative engagement and semantic conventionality is relatively
robust and replicated in the current samples from both cultures.

Conclusions

Taken together, this paper shows that music composed using the unfamiliar Bohlen-Pierce scale
can elicit imagined stories that are rich in narrative content. Participants from different cultures
make use of different musical cues to generate imagined stories. While both cultures were
similarly narratively engaged by the story response task, the Boston participants showed higher
semantic conventionality whereas the Beijing participants showed a wider spread of semantic
content in the stories. These results reveal individual as well as cultural differences in modes of

narrative engagement and imagination during music listening.
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