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Abstract
Many people experience emotions and visual imagery while listening to music. Previous research has identified cross-modal associations between musical and visual features as well as cross-cultural links between music and emotion and between music and visual imagery. However, few studies have simultaneously investigated cross-cultural links between music, visual imagery, and emotion in order to distinguish the role of cultural experiences in contrast to innatemore widespread perceptual capabilities. We hypothesize that there are cross-culturally consistent correlations between tempo changes and 1) visual density associations, and 2) arousal ratings. In this study, we investigate the relationship between emotional arousal and visual density induced by 6 musical excerpts differing in tempo and texture (solo vs group) in 72 participants infrom Japan, Iran, and Canada. By distinguishing between universality and culture-specificity of these associations, we aim (24 each). We hypothesize that there are cross-culturally consistent relationships between tempo changes and 1) visual density associations, and 2) arousal ratings. The aim of this study is to understand whether relationships between music, emotion, and visual imagery are cross-culturally universalconsistent or culturally specific. 

1. Introduction
Emotions and visual mental imagery are widespread responses to music in most cultures, yet the cross-cultural similarities and differences between musical features, emotions, and visual imagery remain poorly understood. Cross-modal audio-visual associations have been extensively studied and revealed evidence for consistencyinteractions between musical elements and visual features (Dolschied et al., 2022; Kussner 2014; Rusconi et al., 2006; Walker, 1987; GiannosAthanasopoulos and Moran, 2013; Chiba et al., 2023; Dolschied et al., 2021; Pitteri2022; Giannos et al., 2017; Athanasopoulos and Moran, 20132021; Kussner 2014; Kussner and Leech-Wilkinson, 2014; Palmer et al., 2013;  Pitteri et al., 2017;  Rusconi et al., 2006; Vines et al., 2006; Walker, 1987; Whiteford et al., 2018). Emotions have also been documented to interact with musical elements such as pitch and tempo (Hevner, 1937; Motte-Haber, 1968Dalla Bella et al., 2001; Hevner, 1937; Ilie and Thompson, 2011; Jaquet et al., 2014; Ramos et al. 2011; Dalla BellaMotte-Haber, 1968; Ramos et al., 2001 2011; Webster and Weir, 2005). On the other hand, cross-cultural research in musical emotions has discovered both consistency and diversity in emotion appraisal in music (Cowen et al., 2020; Balkwill, and Thompson, 1999; Thompson, 2010; FritzBalkwill and Thompson, 1999; Balkwill et al., 2004; Cowen et al., 2009; Balkwill2020;  Fritz et al., 20042009; Thompson, 2010). However, few studies (e.g., Palmer, 2013) have investigated the relationship between musical features, visual imagery, and emotions to understand universality and diversity in cross-modal associations. 

Audiovisual associations are shown to be mediated by “psychological and socio-cultural” elements (Taruffi and Kussner, 2022),, even though visual imagery is thought to be one of the underlying mechanisms for how musical emotion is induced (Juslin and Västfjäll, 2008).

We use metaphors from other domains to understand music as an abstract experience. Many music-related metaphors are related to other sensory experiences such as visuals. One of the ways of studying music-related visual imagery is through music to visual associations (Athanasopoulos, 2022) where visual metaphors such as height, size, roughness, horizontal placement, and color are presented to match with sonic stimuli. These cross-modal associations are shown to be mediated by factors such as musical training (Kussner and Leech-Wilkinson, 2014), and language (Dolschied et al., 2022). Additionally, research about music-based visual imagery has examined how musical features such as pitch, volume, and timethe representation of time in music are associated with visual imagery, and revealed correlations between musical and visual features such as pitch and spatial height (e.g. Athanasopoulos and Moran, 2013; Dolschied et al., 2022; Athanasopoulos and Moran, 2013; Kussner 2014; Tan and Kelly, 2004Eitan and Timmers, 2010; Kussner 2014; Rusconi et al., 2006; Eitan and Timmers, 2010Tan and Kelly, 2004), and horizontal time representation (Athanasopoulos and Moran, 2013; Kussner, 2014; Walker, 1987). There are other visual features such as visual density that are yet to be examined that will add to our understanding of audiovisual associations across individuals and cultures, as well as some of the underlying mechanisms behind these associations. 

On the other hand, there are other visual features whose association to music is understudied. For example, there have only been a few studies that examined the cross-modal relationship between musical and visual textures such as the study about the association between musical dissonance and visual roughness conducted by Gianno et al. (2021). Musical texture can refer to melodic, rhythmic, and harmonic layering of musical material (Sarrazin, 2016) and is often conceptualized with notions that describe visual texture such as dense/sparse, thick/thin, rough/smooth, etc. Additionally, visual textures are either plane or volumetric and a plane simple visual texture is characterized by three dimensions of directionality, size, and density (Caivano, 1990). Density, as Caivano (1990) states, “depends on the relation between the texturing elements and the background”. By examining the association between rhythmic density ( i.e. tempo)  and visual density, we aim to investigate this understudied aspect of cross-modal mappings that could add to our understanding of music-induced visual imagery and music cognition.

 Furthermore, musical features such as tempo and pitch have been found to impact the emotional qualities of musical excerpts (Gabrielsson and Juslin, 1996; Hevner, 1937; Ilie and Thompson, 2011; Jaquet et al., 2014; Ramos et al., 2011; Gabrielsson and Juslin, 1996; Juslin and Laukka, 2003; Juslin and Laukka, 2003; Ramos et al., 2011;  see also Scherer and Oshinsky, 1977). For example, these studies found evidence for correlations between faster tempo and happy feelings (e.g. Hevner, 1937, Hunter et al., 2010), and higher arousal rates for faster tempo (Ramos et al., 2011), as well as higher pitch correlations with higher mean of valence ratings (Jaquet et al., 2014). However, research concerning the relationship between musical features, visual features, and emotions is still quite limited as most studies tackle only two of these domains. There are several studies that have discussed how music to visual associations are mediated by emotions (Schloss et al., 2008; Tsang and Schloss, 2010Lindborg and Friberg, 2015; Palmer et al., 2013, 2016; WhitefordSchloss et al., 2018; Lindborg and Friberg, 20152008; Tsang and Schloss, 2010; Whiteford et al., 2018; ). One of the few cross-cultural studies involving music, visual features (color in this case), and emotions was done by Palmer et al. (2013) on US and Mexican participants. This study revealed that music to color associations are mediated by emotions across participants and cultures by asking their participants to pair classical music excerpts and colors from the Berkeley color project (Palmer and Schloss, 2010) as well as rating their emotional responses to each musical excerpt and color choices. However, studying cross modality in cultures outside of North America using music other than Western classical music would be useful in testing the generality of music-emotion-visual imagery interactions. 

It is widely agreed upon that music can induce strong emotions in the listeners. Moreover, prior research indicates that participants are sensitive to emotional cues from another musical culture (Balkwill et al., 2004; Balkwill and Thompson, 1999and Thompson, 1999; Balkwill et al., 2004) and can decode them without being familiar with the culture (Fritz et al., 2009). However, more cross-cultural studies on musical emotions are required to illuminate the universality of emotions (Juslin et al., 2016) as well as the interaction of musical features with emotions. A large review of cross-cultural responses to music highlights both universality and culture-specificity of musical emotions (Singh and Mehr, 2023). The majority of studies utilize either dimensional or categorical models of emotions. Dimensional emotions often involve two or three dimensions of affective states (e.g. Bradley and Lang, 1994; Faith &and Thayer, 2001; Gabrielsson & Lindström, 2010; Bradley and Lang, 1994; Wedin, 1972; Nielzén and Cesarec, 1981; Wedin, 1972) such as Russel’sRussell’s arousal and valence dimensions (RusselRussell, 1980), with arousal in particular. Arousal, in particular, is suggested to have cross-culturally general relationships with musical features such as tempo (see review in Singh & Mehr, 2023).  Categorical emotions, on the other hand, are based on  the basic emotion model (Darwin, 1872; Ekman, 1992; Izard, 2007) which consists of six or higher categories of emotion such as sadness, anger, happiness, fear, and disgust. Prior research has shown several categories of emotions which could mostly be detected by the listeners (Juslin and Laukka, 2004; Sloboda, 1992; Wells and Hakanen, 1991; Zentner et al., 2008). One way to empirically tackle these ideas is to conduct cross-cultural studies and measure both emotional models in order to gain insight into the mechanisms of emotion detection across cultures whether the innate auditory and physiological qualities or the role of culture-specific elements are involved. 
 
Importantly, most studies in the music cognition and perception literature incorporate mostly Western music and Western participants, and there is a need to test these findings in other cultures as well (Jacoby et al., 2020). Our study would contribute to the previous findings on the relation between cross-modal associations and emotion through the usage of traditional music from Iran and Japan in addition to Canadian folk music. Our choice of countries is based on our access to the local communities and having native speakers as coauthors who can facilitate the process of data collection. We delve deeper into thisthe relationship between musical tempo, visual density, and emotional arousal through a comparative experiment in Japan, Iran, and Canada to   discover the similarities and differences across these three seemingly different populations; countries with distinct language, cultural practices, scripts, and musical cultures. Our study will also make contributions to systematic empirical research on the significance of musical features in cross-modal associations (Eitan, 2017) by investigating relationships between musical tempo, visual density, and emotional arousal.  

     1.1. Study Aims and Hypotheses
Our study aims to understand cross-cultural relationships between musical features, visual imagery, and emotions in Japan, Iran, and Canada. Based on our pilot data, we plan to compare these three populations through collection and analysis of 1) music to visual density associations, and 2) emotion appraisal of excerpts manipulated in pitch and tempo. It is worth noting that implicit associations are very useful in cross-cultural studies as translations and naturally occurring connotations around language can be misleading and are preferably avoided (Athanasopoulos, 2022). Previous studies are also mostly conducted on Western participants and in most instances Western music. Our aim is to study some of the underrepresented regions and musical cultures in order to make a meaningful contribution to cross-cultural studies in music cognition and perception. By comparing solo and group excerpts, we plan to detect whether visual density associations are meaningfully and metaphorically associated with any of our musical variables which are tempo, pitch, and musical texture(solo vs group). Many cross-modal studies have studied the relation between music and visual stimuli yet visual density has not been studied to our knowledge. and rhythm complexity. 

By making a distinction between cross-cultural consistency and diversity in these correspondences and emotion appraisals, we aim to understand whether 1) we can find any innate/physiologically derived connectionconnections between the variables that could explain our cross-modal associations, and 2) tempo mediates emotion appraisals and visual imagery. 
 
Our hypotheses (Table 1) are listed as: 

1) 1) Increasing tempo consistently increases emotional arousal across cultures.Arousal ratings and tempo changes are positively correlated in Iran, Japan, and Canada. 
2) Increasing tempo consistently increases density of visual imagery across cultures.Visual density associations and tempo changes are positively correlated in Iran, Japan, and Canada. 
[image: ]
cultures. [image: ]
2) Increasing tempo consistently increases density of visual imagery across cultures. 

In our study, variation in rhythmic density (number of note onsets per second or (“tempo”[footnoteRef:0])) is captured through a selection of solo and group excerpts, which are also directly manipulated by speeding up/slowing down the recording in tempo.  Meanwhile, visual density is presented through horizontal straight lines against a white blank background and ranges from low to high on a scale from 1-5 (Fig. 2). For example, a higher number of lines within the same background area is equal to a higher density and vice versa. Visual density has yet to be empirically examined in cross-modal studies, however, it can provide some insight into music cognition across individuals and cultures since we use metaphors from visual textures to conceptualize musical complexity in terms of musical texture. [0:  For comparability with past research we use the term “tempo” to describe rhythmic density, but note that tempo is often defined in terms of beats per minute assuming a fixed pulse, which does not apply to some of the musical stimuli in our study, such as the ametric Japanese shakuhachi music (cf. Savage & Fujii, 2022). Our “rhythmic density” / “tempo” variable is also analogous to  the “temporal rate” variable used by Ozaki et al. (2023) to compare rhythmic density in music and speech.] 


Empirical research from Antovic (2009a) and Eitan and Timmers (2010) has found diverse cross-modal mappings concerning musical pitch. To some extent, their results supported conceptual metaphor theory (CMT: understanding of a concept from a specific domain through the usage of metaphors in another domain) brought forward initially by Johnson and Lackoff (1980), but also suggested other potential mechanisms for these cross-modal mappings (Antovic, 2011). In this instance, do we make sense of rhythmic density in music through a visual density metaphor? If we associate excerpts with higher rhythmic density with images with higher visual density, we will have some evidence that suggests CMT might be the underlying mechanism. Musical features which are abstract in nature are conceptualized through more familiar notions and understood metaphorically. On the other hand, embodied cognition of time (here highlighted as the passage of time in music) is another potential metaphorical mechanism through which we conceptualize tempo in music. It is not fully possible to use linguistic reasoning to understand how musical features such as tempo interact with visual density e.g. whether and how tempo changes alter these music to visual density associations; however, they can be attributed and supported by notions of Time-Metaphors and Space-Time Metonymies by Lackoff and Johnson. 

Lackoff and Johnson (1999) indicate that some metaphors for time are consistently found in different languages which explains how we relate motion to time i.e. we move in relation to other objects and people while time is passing. Through this idea of time-motion metaphor, our study might suggest that rhythmic density to visual density associations refer to the passage of time and the density of musical events represent the amount of motion through time (higher density of musical events attributed to more motion, and subsequently associated with more lines and in this case, higher visual density).






Table 1.

	Question
	Hypothesis
	Sampling Plan
	Analysis Plan
	Rationale for deciding the sensitivity of the test for confirming or disconfirming the hypothesis

	Conclusion-Interpretation given
 different outcomes
	Theory that could be shown
 wrong by the outcomes

	

How are music, visual imagery, and emotion related across cultures? 


	1) Increasing tempo consistently increases emotional arousal across cultures.
	Participant recruitment from Iran, Japan, and Canada (N=1424 per cultural group [4272 total]) will be done through snowball sampling. ( See appendix 1)
	We will test our hypotheses by performing paired t tests[footnoteRef:1]a cumulative link mixed model (CLMM) on our dependent variables (here, arousal) for high vs. low tempo versions of the 6 excerpts. [1: 



] 

	We will test this hypothesis three times for each of our two hypotheses: once for each cultural group, with sampleSample size decided for each group by power analysis assuming SESOI of d=.4an effect size of 1, power of 95%, and study-wide alpha= = .05 controlling for our two hypotheses (i.e., p<.025). (cf. Appendix 4 for details)
	If our predicted effect is significant in each of the three cultural groups, we will conclude that tempo-arousal relationships are cross-culturally general. If any effect is not significant, we will use equivalence testing to test whether the effect is statistically equivalent to 0 (|deffect size| < .41). If we find a significant effect in one or more cultures but a statistically equivalent result in one or more cultures, we will conclude the relationship is cross-culturally variable. If all three cultures give statistically equivalent results, we will conclude that tempo and arousal are consistently not related across cultures. If any tests are neither statistically significant nor statistically equivalent, we will interpret the results to be inconclusive. 

	If we find a consistent tempo-arousal correlationsrelationship, it would contradict cultural relativist theories. Conversely, if tempo and arousal are not consistently correlatedrelated, it would contradict  universalist theories about musical emotion-arousal correlations.associations.

	
	2) Increasing tempo consistently increases density of visual imagery across cultures.
	Same as H1, but for visual density instead of emotional arousal



	
	
	




1.2. Analysis Plan and pilot data results

We will perform paired t tests  to test our hypothesis on our dependent variables: arousal, density, emotion arousal across tempo changes in all cultures. Our pilot data(N=9) supports our hypotheses; however, we would need to measure a larger sample for sufficient power. Our hypotheses include:

1.2.1 Effects of tempo on arousal. We will test this by comparing the overall means of the arousal ratings for all excerpts in two high and low tempo conditions across all participant cultures. (Fig. 1A)

1.2.2 Effects of tempo on density. We will test this by comparing the overall means of the arousalvisual density ratings for all excerpts     in two high and low tempo conditions across all musical cultures and participant cultures. (Fig. 
1B)       [image: ]
[image: ][image: ][image: ]

                                          Fig 1A                                                                                  Fig 1B

Figure 1 (A and B): Pilot data for arousal and visual density ratings for 6 traditional instrumental excerpts(solo vs group) by nine participants.  Nine participants from Iran, Canada, and Japan (three from each culture) listened to 6 excerpts, one solo and one group excerpt from Iran, Canada, and Japan. The excerpts were all manipulated in tempo to reflect a 20% higher and lower tempo than the original. Figure 1A: Participants rated the arousal level for each solo and group excerpt on a scale from 1-5. Participants across all cultures associated excerpts manipulated into higher tempo with higher arousal levels and excerpts manipulated into lower tempo with lower arousal levels. The solo pieces which were slower in nature were also mostly associated with lower arousal and group excerpts were mostly rated higher for arousal since their tempo was higher. Figure 1B: Participants matched each excerpt with a visual image on a scale from 1-5 that they found most consistent with. The visual images consisted of visual textures differing in visual density represented by one horizontal line (scale 1) to 31 horizontal lines (scale 5). Participants across all cultures associated excerpts manipulated into higher tempo with higher density levels and excerpts manipulated into lower tempo with lower density levels. The solo pieces which were slower in nature  were also mostly associated with lower visual density and group excerpts were associated with higher density levels. 

2. Method
We plan to recruit participants from Japan, Iran, and Canada (n=1424 per group; see Power Analysis below), who are raised in these countries and are immersed in the culturewhose first language is Japanese, Farsi, or English, respectively, with any level of musical training. We selected 6 traditional instrumental excerpts between 10-20s, two from each country.  We divided them into two categories of solo and group based on the instrumentation. The instruments used in the excerpts include different strings and woodwinds. The solo pieces have slower tempos (meter-less Japanese and Iranian solo, and vague meter for Canadian solo) and the group excerpts are noticeably faster (Japanese group at 91, Iranian group at 132, and Canadian group at 98 BPM). The tempo of all 6 excerpts is separately manipulated in a way that it is lowered and raised by 20% for each excerpt. We selected these specific tempo after finding in our preliminary pilot analyses that these provided the optimal balance between maximizing acoustic differences while minimizing audible recording artifacts created by the manipulation process.

2.1. Materials
The experiment (Appendix 2) will be conducted as an online survey and participants will fill it out on their own device and space. Participants will choose their desired language, and start with the questions. TheySolo pieces involve a solo instrument (Japan: Shakuhachi, Iran: Ney, and Canada: Fiddle) and group pieces involve multiple instruments playing simultaneously (Japan: matsuribayashi (festival ensemble), Iran: kamanche and dohol (we will replace the pilot stimuli for Iranian group music with another for better audio quality. The new excerpt consists of Persian kamanche and tombak from Lorestan province, and claps), Canada: fiddle, banjo, mandolin, bass, and guitar). The solo pieces have slower tempos (meter-less Japanese and Iranian solo, and vague meter for Canadian solo) and the group excerpts are noticeably faster (Japanese group at 91, Iranian group at 132, and Canadian group at 98 BPM). The tempo of all 6 excerpts is separately manipulated in a way that it is lowered and raised by 20% for each excerpt. By comparing two excerpts manipulated equal amounts from the original rather than comparing the original with a modified version, both versions are equally different from the original and thus any differences due to the piece being heard faster/slower than intended should cancel each other out (if we compared the original with a modified version, the variable tempo would become confounded with the presence/absence of tempo manipulation). We selected these specific tempo after finding in our preliminary pilot analyses that these provided the optimal balance between maximizing acoustic differences while minimizing audible recording artifacts created by the manipulation process. The musical stimuli were manipulated in Audacity and various tempo changes (10-50%) were examined in order to find the optimal change that was noticeable enough and natural-sounding. There was a consensus among the co-authors that tempi manipulations greater than 20% had excessive sound artifacts while manipulations less than 20% were not different enough from the original. 
Since the solo and group excerpts differ not only in terms of solo/group but also in terms of tempo and other variables, it is not possible to compare solo vs. group recordings to draw strong conclusions about the effect of tempo or other variables. Instead, we will make such comparisons in a purely exploratory manner, and restrict our confirmatory hypothesis testing only to our controlled experiments manipulating tempo (i.e., the paired responses represent direct comparison of faster and slower versions of the same musical excerpt by the same participant).

2.1. Materials
The experiment (Appendix 2) will be conducted as an online survey and participants will fill it out on their own device and space in their respective native language. Since the surveys and scales we are using are not always translated to foreign languages, the co-authors will translate and help in data collection by reviewing the translations and making sure the study is clear and feasible in their native language. Participants will be randomly presented by the 1224with 24 excerpts, and asked to rate their arousal from a scale of 1-5. They also select an image of a visual texture (adapted from Langlois et al., 2014) which they think most represents the excerpt on a scale of 1-5. Participants will be presented with Fig 2 which is a series of 5 visual textures ascending in visual density represented by five circles with increasing numbers of parallel horizontal lines. Each circle has a diameter of 2cm. Texture one consists of one horizontal line in a circle. (Fig 2). The subsequent textures incorporate a steady increase in the number of horizontal lines leading to a steady increase in visual density levels. Y=2X+1 represents how the density increases, where Y is the number of lines in the next texture and X is the number of lines in the previous texture. These visual textures are generated through digital drawing. The excerpt will play on aEach excerpt can be played on loop while the participants are filling out the questions, and once ready to move to the next excerpt, a click on the next button can take the participants to the next excerpt. The experiment takes about 30-40 minutes. 
Fig 2. Adapted from the stimuli by Langlois et al. (2014).[image: ][image: ]


2.1.1. Exclusion criteria for musical sample and participant recruitment 
We plan to recruit participants who are 18 years old and above, are brought up in Iran, Canada, and Japan respectively and their native language is Farsi, English, and Japanese. Participants who do not pass the color and pattern recognition for reasons such as color blindness (cf. Appendix 2) before starting the experiment or those who do not complete each section will be excluded. There will be two attention check questions throughout to ensure accuracy of the responses. 

2.1.2. Independent variable
Our independent variable is tempo, which is manipulated by raising the tempo to be either 20% higher or 20% lower than the original tempo. 


2.1.3. Dependent variables
Our visual stimuli consists of a texture that varies in density on a scale of 1 to 5, 1 being the least dense with one line and 5 being the most dense. The number of lines increases density=X2+1 . Scale 1 has one line and scale 5 has 31 lines. Arousal ratings will be done using scales 1-5, 1 being very subdued and calm, and 5 being very excited or aroused.


2.2. Power analysis
Our power analysis (Appendix 4) estimated that we would require a sample of at least 84 paired responses24 participants from each of the three cultural groups (i.e., n=72 participants total) for our study to have 95% power to test our twoboth directional (one-tailed) hypotheses assuming a smallestan effect size of interest (SESOI) of Cohen’s d=.04 (Brysbaert, 20191, as defined for a power analysis with an ordinal outcome (Borders et al., 2022; for details see Appendix 4) while maintaining an overall false-positive rate of 5% (p < .025 after applying Bonferroni correction; see Data/Code availability statement for link to exact code). While effect sizes estimated from pilot data are by definition unreliable (Brysbaert, 2019; Albers & Lakens, 2018), we note that all of our pilot data groups demonstrated effect sizes greater than d=0.41 (minimum: d=0.58~1.2 [effect of tempo on arousal for Iranian participantsvisual density for solo music]; maximum: d=1.08~3.2 [effect of tempo on visual density for Canadian participantsgroup music]). Note that for our specific paradigm, each participant produces 6 paired responses (one pair for each of the 6 musical stimuli), and each cultural group will be tested separately, so we will need at least 84 / 6 = 14 participants x 3 = 42 participants total across all three cultural groups. 

Technically, this paradigm violates some of the assumptions of the statistical analysis. In particular: 1) our dependent variables are from 5-point Likert scales, rather than normally distributed continuous data; 2) the 6 paired responses from each participant are not independent of one another; and 3) by testing each hypothesis three times (one for each cultural group) and only confirming our predictions if all three tests are statistically significant, this has the effect of decreasing our true false positive rate while increasing our true false negative rate. We are not aware of a more appropriate analysis method that could incorporate these violations, but note that in practice points # 2 and #3 should partially balance one another out to avoid dramatically affecting our overall power analysis estimates

Our power analysis is based on a Cumulative Link Mixed Models (CLMM), to account for the fact that our dependent variables are from 5-point Likert scales, rather than normally distributed continuous data, and that the 6 paired responses from each participant are not independent of one another. While power analysis can be performed analytically for certain statistical tests such as t-tests and one-way ANOVA, for more complex models and factorial designs, a Monte Carlo simulation-based approach is required (Lakens & Caldwell, 2021). In this approach, a statistical model is defined with a specific effect size of interest. Multiple synthetic datasets are then generated based on this model, and the proportion of datasets that result in significant results (i.e. rejecting the null hypothesis) is computed. This proportion represents the Monte Carlo estimate of the test's power to detect the desired effect size. 

To do this, we simulated a population of 10000 participants (6 paired responses per participant, for a total of 120000 ratings of both visual density and arousal), and randomly selected 1000 samples from this simulated population. The size of each sample was adjusted until we reached the desired statistical power. For each sample, models to test both arousal and visual density ratings were fitted with fixed effects for Tempo (Low, High), Instrumentation (Group, Solo), Participant country (Iran, Canada, Japan), and music country (Iran, Canada, Japan) and their interactions, as well as random intercepts and slopes between Tempo conditions for each participant, ensuring a fair representation of the experimental design (Barr et al., 2013; DeBruine & Barr, 2021). However, since our hypotheses are focused solely on the effects of manipulating tempo, the power analysis primarily examines the contrast between Tempo conditions, independent of Instrumentation, participant country, and music country levels. 


Data/code availability
Our data and code are available at
 https://github.com/comp-music-lab/VisualEars 
Our musical stimuli are available at https://osf.io/pkvw2/?view_only=0894653041ba4375afdcaa3a1989fe71 
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Appendix 1

[Accepted version of the protocol will be translated into Farsi and Japanese.] This recruitment call will be distributed on Twitter and email.


Call for participants 

We are recruiting participants for a research study about music, visuals, and emotions. If you fit the criteria below, we would like to invite you to participate in our experiment. Please reach out at visualears.project@gmail.com if you are interested.


1. Your native language is English, you grew up in Canada, and you most associate with the Canadian culture.
2. You are 18 and above.
3. You have access to a computer/laptop/tablet/iPad and headphones. 

The experiment will take about an hour30-40 minutes and you will be compensated with $10. 

Thank you very much.


Appendix 2

[Accepted version of the protocol will be translated into Farsi and Japanese.]

Please wear headphones to do this experiment. It would be best to choose a place where you can complete the experiment without being distracted. Thank you for your participation!

Please select the matching pattern and color. ( In this section, we present two items from our color and visual stimuli and ask the participants to match it with appearing items on their screen to ensure inclusion of the participant.)

 
       1. Please listen to  24 short musical excerpts linked below and enter your response to each excerpt by selecting the appropriate number. 
https://www.dropbox.com/scl/fo/sr4j2ijkilwod9k4grejh/h?dl=0&rlkey=y4mdwxhnmteyl8ijg279rctlg
A) Using the colors in the image below, indicate one color that most represents each musical excerpt and come to your mind while listening to these excerpts. 
B) Using the textures below, indicate one texture that most represents each excerpt.
C) Rate the arousal using scales 1-5: 1 being very subdued and calm, and 5 being very excited.
D) Rate the valence using scales 1-5, 1 being very negative and 5 being very positive. 
E) Which of the following emotions best describes how the music makes you feel emotionally?  1-Happy     2-Excited      3-Angry       4-Afraid      5-Miserable     6-Sad     7-Tired      8-Relaxed
F) Rate your preference using scales 1-5, 1 for strongly dislike, 2, somehow dislike, 3, neither like nor dislike, 4, somehow like, and 5 strongly like.
G) For the first 6specified excerpts, enter Y if you have heard the piece before today, and N if you have not heard it before today.


	
	Most consistent colorArousal
scales 1-5: 1 being very subdued and calm, and 5 being very excited and aroused
	Most consistent texture
	Arousal
scales 1-5: 1 being very subdued and calm, and 5 being very excited and arousedMost consistent color
	Valence
scales 1-5: 1 being very negative and 5 being very positive
	Emotion categories
1-Happy   2-Excited      3-Angry       4-Afraid      5-Miserable   6-Sad     7-Tired     8-Relaxed
	Preference
scales 1-5 : 1 for strongly dislike, 2, somehow dislike, 3, neither like nor dislike, 4, somehow like, and 5 strongly like
	Familiarity
Yes or No

	CAExcerpt 1
	
	
	
	
	
	
	

	PT Excerpt 2
	
	
	
	
	
	
	

	ATExcerpt 3
	
	
	
	
	
	
	

	XEExcerpt 4
	
	
	
	
	
	
	

	DGExcerpt 5
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	DNExcerpt 8
	
	
	
	
	
	
	

	PLExcerpt 9
	
	
	
	
	
	
	

	EBExcerpt 10
	
	
	
	
	
	
	

	CPExcerpt 11
	
	
	
	
	
	
	

	DBExcerpt 12
	
	
	
	
	
	
	

	AZExcerpt 13
	
	
	
	
	
	
	

	CLExcerpt 14
	
	
	
	
	
	
	

	ETExcerpt 15
	
	
	
	
	
	
	

	ACExcerpt 16
	
	
	
	
	
	
	

	EGExcerpt 17
	
	
	
	
	
	
	

	XAExcerpt 18
	
	
	
	
	
	
	

	APExcerpt 19
	
	
	
	
	
	
	

	PEExcerpt 20
	
	
	
	
	
	
	

	4XZExcerpt 21
	
	
	
	
	
	
	

	DEExcerpt 22
	
	
	
	
	
	
	

	CNExcerpt 23
	
	
	
	
	
	
	

	PGExcerpt 24
	
	
	
	
	
	
	





Color
Palmer et al. 2013, PNAS.(Berkeley Color Project)[image: ]


Texture
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Colors
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Palmer et al. 2013, PNAS.(Berkeley Color Project)


















Textures
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Adapted from the stimuli by Langlois et al. (2014).

GOLD MSI: Please go to the appropriate version of Gold MSI below, and record your responses by selecting the most appropriate item. (Gold MSI will be translated into Farsi as well after In Principle Acceptance)

GOLD MSI English version

GOLD MSI Japanese version                                            Adapted from the stimuli by Langlois et al. (2014).

2. Do you have synesthesia? (Synesthesia is when one sensory input is experienced simultaneously in other senses, for example, sounds are heard and experienced as colors ) Yes/No
3. How many years of formal training in visual arts have you had? 
4. Age:   ….years/Prefer not to answer               Gender:     Male/Female/Other/Prefer not to answer
5. Please fill out the following questionnaire by selecting the most appropriate item. 

		 	 	 		
							
The Goldsmiths Musical Sophistication Index, v1.0
October 11, 2012 
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Appendix 3: Informed consent form


Study Name: Visualears Project
Researchers: 
Shafagh Hadavi (PhD student, Keio University; visualears.project@gmail.com; lead researcher)
Dr. Patrick Savage (Associate Professor, Keio University, psavage@sfc.keio.ac.jp; Principal Investigator)

Purpose of the Research: To explore the relationship between music, visuals, and emotion.
What You Will Be Asked to Do in the Research: You will be asked to use headphones, and listen to several excerpts of music and rate the emotional content (arousal/valence) on a scale from 1-5, and select from eight emotion categories. You will also be asked to pair each excerpt to various visual stimuli (visual textures, and a colour palette) and fill out a questionnaire about your musical and visual training.The experiment will take about 30-40 minutes.
Risks and Discomforts: We do not foresee any risks or discomfort from your participation in the research.  You have the right to not answer any questions.
Benefits of the Research and Benefits to You: You will be compensated for an hour of your time based on the standard rates of Keio University for research participation. Cross-cultural studies involving cross-modal research questions has the potential to reveal insights into human perception and cognition and may as a result, help in improving our understanding and developing practical applications to enhance the quality of human experience in various fields such as music and art therapy.
Voluntary Participation: Your participation in the study is completely voluntary and you may choose to stop participating at any time without any penalty. 
Withdrawal from the Study:  You can stop participating in the study at any time, for any reason, if you so decide. Your decision to stop participating, or to refuse to answer particular questions, will not affect your relationship with the researchers, or any other group associated with this project.  In the event you withdraw from the study, all associated data collected will be immediately destroyed wherever possible.
Confidentiality: By agreeing to participate in this research, you give consent to the use of your responses to be evaluated and included in an OSF repository online as well as a journal publication/academic presentation/conference. The data is anonymous and will remain anonymous.
Questions About the Research?  If you have questions about the research in general or about your role in the study, please feel free to contact through visualear.project@gmail.com.  This research has been reviewed and approved by the Keio University SFC Research Ethics Committee.  If you have any questions about this process, or about your rights as a participant in the study, please contact rinri@sfc.keio.ac.jp 
Legal Rights and Signatures:
I consent to participate in Visualears Project.  I have understood the nature of this project and wish to participate.  I am not waiving any of my legal rights by agreeing to participate in this experiment. .  

I agree     				I do not agree









Appendix 4: Detailed power analysis
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Please circle the most appropriate | 1 2 3 4 5 6 7

category: Completely | Strongly Disagree Neither Agree Strongly Completely
Disagree Disagree Agree nor Agree Agree

Disagree

21. I don’t spend much of my disposable 2 3 4 5 6 7

income on music.

22. 1 can tell when people sing or play out 2 3 4 5 6 7

of tune.

23. When I sing, I have no idea whether 2 3 4 5 6 7

I'm in tune or not.

24. Music is kind of an addiction for me - 2 3 4 5 6 7

I couldn’t live without it.

25. I don’t like singing in public because 2 3 4 5 6 7

I'm afraid that I would sing wrong notes.

26. When I hear a piece of music I can 2 3 4 5 6 7

usually identify its genre.

27. 1 would not consider myself a musi- 2 3 4 5 6 7

cian.

28. 1 keep track of new music that I come 2 3 4 5 6 7

across (e.g. new artists or recordings).

29. After hearing a new song two or three 2 3 4 5 6 7

times, I can usually sing it by myself.

30. I only need to hear a new tune once 2 3 4 5 6 7

and I can sing it back hours later.

31. Music can evoke my memories of past 2 3 4 5 6 7

people and places.
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Please circle the most appropriate category:
32. I engaged in regular, daily practice of a musical instrument (including voice) for0 /1 /2 / 3 / 4-5 / 6-9 / 10 or more years.
33. At the peak of my interest, I practiced 0 / 0.5 /1 /1.5 / 2 / 3-4 / 5 or more hours per day on my primary instrument.
34. T have attended 0 /1 /2 / 3 / 4-6 / 7-10 / 11 or more live music events as an audience member in the past twelve months.
35. I have had formal training in music theory for 0 / 0.5 /1 / 2 / 3 / 4-6 / 7 or more years.

36. T have had 0 / 0.5 /1 /2 / 3-5 / 6-9 / 10 or more years of formal training on a musical instrument (including voice) during my
lifetime.

37. Icanplay0 /1 /2 /3 /4 /5 /6 or more musical instruments.
38. I listen attentively to music for 0-15 min / 15-30 min / 30-60 min / 60-90 min / 2 hrs / 2-3 hrs / 4 hrs or more per day.

39. The instrument I play best (including voice) is -
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‘What is the Highest educational qualification you have attained?

O Did not complete any school qualification

O Completed first school qualification at about 16 years (e.g. GCSE/Junior High School)
O Completed Second qualification (e.g A levels/ High School)

O Undergraduate degree or professional qualification

O Postgraduate degree

O I am still in education

If you are still in education, what is the highest qualification you expect to obtain?

O First school qualification (e.g. GCSE / Junior High School)
O Post-16 vocational course

O Second school qualification (e.g. A-levels / High School)

O Undergraduate degree or professional qualification

O Postgraduate degree

O Not applicable
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Please tick one of the following:
Occupational status

O Still at School

O At University

O In Full-time employment

O In Part-time employment

O Self-employed

O Homemaker/full time parent
O Unemployed

O Retired

What is the musical genre you mainly listen to?
(tick only one box)

O Rock/Pop
0 Jazz

O Classical Music
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Please circle the most appropriate | 1 2 3 4 5 6 7

category: Completely | Strongly Disagree Neither Agree Strongly Completely
Disagree Disagree Agree nor Agree Agree

Disagree

1. I spend a lot of my free time doing 2 3 4 5 6 7

music-related activities.

2. I sometimes choose music that can trig- 2 3 4 5 6 7

ger shivers down my spine.

3. I enjoy writing about music, for exam- 2 3 4 5 6 7

ple on blogs and forums.

4. If somebody starts singing a song I 2 3 4 5 6 7

don’t know, I can usually join in.

5. I am able to judge whether someone is 2 3 4 5 6 7

a good singer or not.

6. I usually know when I'm hearing a song 2 3 4 5 6 7

for the first time.

7. I can sing or play music from memory. 2 3 4 5 6 7

8. I'm intrigued by musical styles I'm not 2 3 4 5 6 7

familiar with and want to find out more.

9. Pieces of music rarely evoke emotions 2 3 4 5 6 7

for me.

10. I am able to hit the right notes when 2 3 4 5 6 7

I sing along with a recording.
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Please circle the most appropriate | 1 2 3 4 5 6 7

category: Completely | Strongly Disagree Neither Agree Strongly Completely
Disagree Disagree Agree nor Agree Agree

Disagree

11. I find it difficult to spot mistakes in a | 1 2 3 4 5 6 7

performance of a song even if I know the

tune.

12. I can compare and discuss differences | 1 2 3 4 5 6 7

between two performances or versions of

the same piece of music.

13. I have trouble recognizing a familiar | 1 2 3 4 5 6 7

song when played in a different way or by

a different performer.

14. I have never been complimented for | 1 2 3 4 5 6 7

my talents as a musical performer.

15. T often read or search the internet for | 1 2 3 4 5 6 7

things related to music.

16. I often pick certain music to motivate | 1 2 3 4 5 6 7

or excite me.

17. I am not able to sing in harmony when | 1 2 3 4 5 6 7

somebody is singing a familiar tune.

18. I can tell when people sing or play out | 1 2 3 4 5 6 7

of time with the beat.

19. I am able to identify what is special | 1 2 3 4 5 6 7

about a given musical piece.

20. I am able to talk about the emotions | 1 2 3 4 5 6 7

that a piece of music evokes for me.





