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1 Abstract  

 

Previous research on music-evoked emotions has suggested that people experience 

heightened tension around expected musical events, which mediates peak-pleasurable 

emotions. Electronic dance music (EDM) break routines are short and highly emotive music 

motifs, which are proposed to increase tension to peak levels during build-up passages, prior 

to highly expected drop passages that evoke peak-pleasurable emotions when listeners’ 

expectations are fulfilled. Continuous tension ratings throughout EDM break routines are 

therefore useful to better understand tension patterns around music expectations and their 

relationship with peak-pleasurable emotions. Thirty-four participants listened to break 

routines, while continuously rating felt tension. Peak-pleasurable emotions were then 

measured once via the 2-dimensional space of valence and arousal after each break routine. 

Results showed that tension increased during build-up passages prior to expected drop 

passages, where it then decreased when expectations were fulfilled. While average tension 

did correlate with dimensions of peak-pleasurable emotions (valence, arousal, emotional 

strength, and emotional response), our data reflected continued feelings of average tension 

after break routines, rather than peak-pleasurable emotions as predicted. This suggests that 

tension is altered by music expectations, but that greater tension may not always increase 

peak-pleasurable emotions.  

Keywords: expectancy, tension, break routines, peak-pleasurable emotions 
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2 Introduction  

 

Music evokes a range of emotions, including peak-pleasurable emotions, defined as 

having high positive valence and arousal which mostly co-occur with physiological reactions, 

like ‘chills’ (Blood & Zatorre, 2001; Habibi & Damasio, 2014; Juslin & Sloboda, 2011; Mori 

& Iwanaga, 2017). One way music can evoke peak-pleasurable emotions is through the 

continuous alterations in levels of tension and relaxation induced through musical structure 

and expectations (Lehne et al., 2013; Meyer, 1956). Tension levels during music have been 

linked to peak-pleasurable emotions, such as excitement and happiness (Granot & Eitan, 

2011; Krumhansl, 2002; Robinson, 1994). However, while electronic dance music (EDM) 

break routines are one musical structure known to modulate emotion (Turrell et al., 2021), the 

way in which this happens is still little understood. One route could be through changes in 

tension. In this study we measured continuous tension ratings during presentation of break 

routines to understand the link between tension and emotions.  

Electronic dance music (EDM) break routines should be particularly suited to 

creating tension prior to highly expected moments, leading to strong peak-pleasurable 

emotions (Turrell et al., 2021). EDM songs often contain multiple break routines, lasting 

around 20s and featuring intense but highly expected changes in the song’s acoustic features 

and structure (Solberg, 2014; Solberg & Dibben, 2019). Break routines have three passages: 

the breakdown passage is where instrumental layers of the track, such as bass, are removed to 

reduce its intensity and groove. Then, the build-up passage occurs by gradually reintroducing 

the instrumental layers to build the track back up to a peak moment. Lastly the drop passage 

re-establishes the track’s main groove as the bass and bass drum are “dropped” back in 

(Butler, 2006; Solberg, 2014; Solberg & Dibben, 2019; Solberg & Jensenius, 2017; Turrell et 

al., 2021; see Supplementary Figure 1 for a visual example). Listeners, even those who are 

unfamiliar with EDM, should expect drop passages and the reintroduction of the song’s main 

groove after hearing a build-up to a peak moment and held in suspense, increasing tension 

and peak-pleasurable emotions (Margulis, 2005; Meyer, 1956; Solberg, 2014; Solberg & 

Dibben, 2019; Solberg & Jensenius, 2017;2019).  

Previous research has demonstrated that EDM break routine listening induces peak-

pleasurable emotions, such as excitement (Turrell et al., 2021). The special structure of build-

up passages delaying highly expected drop passages in EDM break routines can increase 
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valenced tension, as well as magnify peak-pleasurable emotions (Solberg, 2014; Solberg & 

Dibben, 2019). Music tension can refer to feelings of uncertainty, conflict, and instability 

over emotional motifs and approaching climaxes, where there is a desire for resolution and 

the formation of future expectations (Farbood, 2012; Lehne & Koelsch, 2015). Specifically, 

even listeners not very familiar with EDM break routines likely expect drop passages to occur 

but may be uncertain of exactly when and how, which increases the salience of delay and 

uncertainty, which thereby intensifies tension (Butler, 2006; Miller, 1967; Turrell et al., 

2021). This increased negative tension prior to expected drop passages can magnify peak-

pleasurable emotions when expectations are fulfilled (Huron, 2006; Turrell et al., 2021). 

EDM break routine structures of build-up and expected drop passages can therefore evoke 

strong peak-pleasurable emotions. 

One theory that can help explain why music structures, such as break routines, create 

expectations, tension, and peak-pleasurable emotions is the ITPRA model (Imagination, 

Tension, Prediction, Reaction, and Appraisal; Huron, 2006). Past experiences with any music 

type enable listeners to learn structures and thus predict future music motifs, which they then 

imagine. Such predictions create tension as the music can either violate expectations, leading 

to surprise, or can delay expectations, making listeners uncertain of when or how they may 

occur (Hunter & Schellenberg, 2010; Huron, 2006; Margulis, 2005; Meyer, 1956). When 

expectations are fulfilled, listeners experience decreased tension and instead feel peak-

pleasurable emotions, including excitement, satisfaction, and happiness, as well as co-

occurring physiological sensations, such as chills and elevated heart rate as their immediate 

reaction (Egermann & McAdams, 2013; Grewe et al., 2007; Lehne et al., 2013; Meyer, 1856; 

Solberg & Dibben, 2019; Steinbeis et al., 2006; Turrell et al., 2021; Zentner et al., 2008). 

Afterwards, listeners can appraise their emotive experience, learning the music’s structure 

and refining future predictions (Huron, 2006; Solberg, 2014; Turrell et al., 2021). This 

suggests that break routine structures create expectancy, which results in tension that 

subsequently mediates peak-pleasurable emotions, such as excitement (Huron, 2006; Meyer, 

1956; Turrell et al., 2021). 

Tension’s significant role in peak-pleasurable emotions is also potentially explained 

by contrastive valence in ITPRA (Huron, 2006). This captures the idea that greater prior 

tension levels lead to heightened peak-pleasurable emotions when expectations are fulfilled, 

as prior negative emotions, in this case tension, magnify subsequent positive experiences 

(Huron, 2006; Lehne & Koelsch, 2015). Thus, higher levels of and more abrupt changes in 



HOW TENSION MEDIATES EMOTIONS   

tension within build-up passages prior to expected drop passages should correlate with 

increased peak-pleasurable emotions, including happiness and pleasure, when expectations 

are fulfilled (Huron, 2006; Lehne et al., 2013; Miller, 1967). Therefore, increased tension 

within build-up passages prior to expected or predicted drop passages, may induce reactions 

of greater peak-pleasurable emotions when break routine expectations are correctly fulfilled, 

due to contrastive valence.  

Several researchers have applied ITPRA and contrastive valence when explaining 

musical peak-pleasurable emotions (Lehne & Koelsch, 2015; Pearce & Wiggins, 2012). 

While many studies have investigated valence and arousal, only a few studies investigated the 

effects of music on tension (Solberg & Dibben, 2019; Turrell et al., 2021). This is particularly 

important as tension is a fundamental aspect of ITPRA as well as contrastive valence. Break 

routines provide a particularly good opportunity to assess the extent to which music 

structures, expectations generated by structures, and tension created from expectations affect 

music-evoked peak-pleasurable emotions. Therefore, this study investigated the effects of 

music on tension using break routines.  

Furthermore, most of the prior studies required participants to respond once to each 

musical clip, which provides a limited understanding of effects of music on emotion. To 

provide a more granular measure of emotion, a few studies used continuous ratings of 

emotions (e.g., valence and arousal) during presentation of the music (Farbood, 2012; 

Krumhansl, 1997; Lehne et al, 2013; Madsen & Fredrickson, 1993; Vines et al., 2006). In this 

method participants are asked to indicate their felt emotions while listening to music. This 

provides a richer measure of felt emotion compared to a single rating. Importantly no study 

has investigated the continuous effect of music on tension. Therefore, the current study 

examined whether increased tension measured during break routines magnifies peak-

pleasurable emotions from drop passages that are expected and then fulfilled.  

Using a custom-built app, we measured tension levels continuously across break 

routines, in particular changes across build-up and drop passages, and assessed whether 

tension was predicted by peak-pleasurable emotions, as would presumably be derived from 

contrastive valence. Tension levels were measured continuously on a slider during break 

routine listening, and peak-pleasurable emotions ratings were once assessed using the 2-

dimensional space of valence and arousal at the end of the extract, as both high positive 

valence and arousal are indicative of peak-pleasurable emotions. Correlations between 
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average tension and emotional ratings were examined to assess the relationship between 

higher tension levels and greater peak-pleasurable emotions. Furthermore, studies have 

shown tension can be evoked by acoustic features and expectancy, and accompanied by a 

range of emotions, including happiness and fear (Krumhansl, 1997; Lehne et al., 2013). 

Therefore, using the same approach as in Turrell et al., 2021 we investigated the link between 

various acoustic features and tension.  

We hypothesised that continuously rated tension would increase during build-up 

passages prior to highly expected drop passages and then decrease during drop passages as 

expectations were fulfilled. We also predicted that higher average tension levels during break 

routines would correlate with increased peak-pleasurable emotion ratings. 

3 Method  

3.1 Participants  

Data for thirty-four participants were included in the analysis (31 females, age range 

17-32, M(SD) = 19.21(1.30)), which is in line with past research on this topic (Turrell et al., 

2021) (for details of the participants please see the Supplementary document). Participants 

ranged in musical experience from not playing an instrument to 9 or more years of playing 

(M(SD) = 2.80(2.04); Mdn = 0-1 years) and  the average rating (on the scale 1 “never heard” 

to 4 “often heard” ) of how often they listened to EDM was  M(SD) = 3.18(0.67); Mdn = 3; 

and to break routines was M(SD) = 3.15(0.70); Mdn = 3. Participants were required to have 

normal or corrected to normal vision and hearing, as well as have access to earphones or 

headphones, and an iPhone or Android mobile device to run the study paradigm. The protocol 

of the study was approved by the ethics committee at the University of Kent and participants 

gave written informed consent in accordance with the Declaration of Helsinki. 

3.2 Stimuli  

 Sixty EDM break routine clips were selected from a collection of 90 used in previous 

studies, including a range of EDM genres, such as Dub-step, House, and Trance (Turrell et 

al., 2021). The structure of the EDM break routines was taken from our past research Turrell 

et al (2021) (see also Solberg & Dibben (2019)) with 16s of breakdown and build-up and 6s 

of drop. Durations of EDM break routines varied between 18-22s with the moment of drop 

passages being between 12-16s and lasting 6s (see Supplementary Figure 1). The 4s jitter was 
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added to avoid habituation to the drop happening at a particular time and did not extend the 

stimuli for an unreasonable time. 

To investigate the relationships between musical features and subjective ratings the break 

routine clips were imported and analysed via the MIR toolbox (Lartillot, Toiviainen, & 

Eerola, 2008) for MATLAB. We extracted acoustic features related to dynamics (audio and 

global energy (RMS)), timbre (spectral flux, brightness and roughness), statistics (power 

spectrum), rhythm (beat clarity), and tonality (mode) (Solberg & Dibben, 2019). 

3.3 Tension & Emotion Recording  

 A continuous tension rating scale was used to record levels of felt tension throughout 

the break routine clips. It consisted of a horizontal scale, ranging from low tension (left) to 

high tension (right; see Figure 1a). Participants responded using one finger from their 

dominant hand to slide over the screen in response to their experienced tension levels as they 

listened to each break routine clip. Participants were required to put their finger on the middle 

of the scale at the beginning of each trial. They were instructed to keep their finger touching 

the screen throughout while indicating their felt tension. Finger movements to the right 

corresponded with an increase in tension, with maximum levels at the furthest right, and vice 

versa with low tension on the left. Participants were encouraged to use the full range of the 

scale and keep their finger steady if they felt no alterations in tension levels. The continuous 

tension ratings were measured at a sampling rate of 60 per second. 
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(a) 

 

(b) 

 

Figure 1. The custom-made software developed for iPhone and Android devices. (a) The continuous 

tension rating scale as displayed on participants mobile devices. The red dot appeared in the location 

where participants placed their finger to respond. (b) The 2-dimensional space of valence and arousal 

as displayed on participants’ mobile devices. 

 The 2-dimensional space of valence (the positivity or negativity of a feeling) and 

arousal (the alertness/stimulation of a feeling) was presented after each break routine clip, as 

soon as participants removed their finger from the continuous tension rating scale. Valence 

was on the horizontal axis and arousal on the vertical axis, both ranging from -100 to 100 as 

maximum scores around the outer edges of the space and 0 being the central point (see Figure 

1b). Participants would then tap where in the 2-dimensional space represented how they felt 

during listening to the break routine clip. Participants were instructed to answer as quickly as 

possible within 5s. Trials with no answer on this screen were removed from the analysis. Less 

than 2% of the trials were required to be removed based on no response.   

3.4 Procedure  

 The study was conducted online: The instructions were delivered via video 

conference calling and participants used their smartphone to respond. The web service 

Pavlovia was used to deliver the task online. Participants were asked to use either earphones 

or headphones. At the beginning of the study, they were presented with a sample song for 
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them to adjust their volume. They had the chance to replay the music if they did not hear the 

song or needed to readjust the volume. Each trial began with a 5s fixation cross, followed by 

a break routine clip. During the clip, participants continuously rated their felt levels of tension 

using their finger. They were told that “Tension can be defined as emotional or mental strain 

or a sense of apprehension and anticipation”. Following that, participants indicated their felt 

valence and arousal on the 2-dimentional space (see Figure 2). They were told that “Valence, 

on the horizontal axes, refers to how positive or negative you felt. Arousal, on the vertical 

axes refers to how stimulated/alert or unstimulated/not alert you felt”. Stimuli were randomly 

presented in two blocks with a minimum 30s break in between allowing participants to take 

as much rest as they need to. All participants listened to all 60 clips.  

 

Figure 2. Visual representation of each trial in the music paradigm with the fixation cross, break 

routine clip and continuous tension rating scale, and 2-dimensional response grid.  

3.5 Analysis 

To achieve ratings with similar durations across all clips, the continuous tension 

responses with 18-22 seconds duration were scaled and shifted to have exactly 20 seconds 

duration, with the beginning time of drop passages at 14 seconds. Following methods used by 

past researchers (Farbood, 2012; Krumhansl, 1996; Lehne & Koelsch, 2015), participants’ 

individual tension responses on the continuous slider rating scale were recorded. These 

ratings were averaged across participants over the time course of each break routine clip to 

extract a profile tension rating for each of the 60 clips across time. Valence and arousal 

ratings were also recorded and averaged for each break routine clip, which were then also 

used to calculate emotional strength (amplitude values) and emotional response (angle 

values; see Figure 3) ratings and averages. Emotional strength was a number between zero 

and 100×√2, with 100×√2 being the strongest feeling on the outer four corners of the 

response screen. The emotional responses were angles between 0 and 360°, with the right 

middle being zero, the top middle being +90°, the left middle being +180°, and finally the 

bottom middle being +270° (Figure 3). For example, excitement would have an emotional 

response angle of around 45°.   
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ÁÍÐÌÉÔÕÄÅ ÌÉÎÅ ÌÅÎÇÔÈȡὶ 

ÅÍÏÔÉÏÎ ÌÉÎÅ ÁÎÇÌÅȡ• ÅØÐÒÅÓÓÅÄ ÉÎ ÄÅÇÒÅÅÓ 

Figure 3. Calculation of emotional strength (amplitude) and emotional response (angle) based on 

polar analysis of valence and arousal. Emotional strength is a value between πȟρππЍς and 

emotional response is a value between 0 and 360°. 

To assess how tension ratings changed over break routine time, three Spearman’s rho 

correlations between median tension ratings (see samples shown in Figure 3) and time (whole 

break routine, 0-14s, and 14-20s) were run to assess the relationship between changes in 

tension and break routine segments. However, sudden changes in tension may be missed by 

correlations. Therefore four Wilcoxon signed-rank tests were conducted on tension ratings: 

(1) comparing average tension ratings for 1s at the beginning of break routines (0-1s) and 1s 

at the end of build-up passages (13-14s), (2) comparing average tension scores from the last 

second of build-up passages (13-14s) with the first second of drop passages (14-15s), (3) 

comparing tension ratings at the first second of drop passages (14-15s) with the last second of 

break routines (19-20s), and (4) comparing average tension ratings at the first (0-1s) and last 

second of break routines (19-20s). 

To examine whether higher tension ratings were correlated with greater peak-

pleasurable emotions, four Spearman’s Rho correlations between average tension ratings 

across the whole 20s of clips, and valence, arousal, emotional strength, and emotional 

response ratings were conducted. False discovery rate (FDR) correction for multiple 

comparison was used (Benjamini & Hochberg, 1995; Finner & Roters, 2001). 
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3.6 Access to Stimuli and Data 

For a full list of songs used to create break routine clips and their details, see the 

associated data via DOI link https://doi.org/10.17605/OSF.IO/YS3QD. Data can be requested 

from the corresponding author.  

4 Results  

4.1 Tension Graphs  

Each participant’s tension response to each break routine was shifted to begin from 

0s. Individual and median continuous tension ratings were plotted on axes of minimum 

tension (-100) to maximum tension (100) by time (0-20s) for each break routine (see Figure 4 

for examples of higher and lower individual and median tension ratings).  

(a) 

  

(b) 

 
 

Figure 4. Participants’ individual and median continuous tension ratings for four example break 

routines: a) two break routines with higher median tension ratings and b) two break routines with 

lower median tension ratings. Grey lines represent individual tension ratings. The solid red line 

represents median tension ratings across each break routine and the red shading shows standard error 

of the mean. The vertical dotted line indicates the beginning time of drop passages at 14s. 

The median of all tension ratings for all break routines were plotted as an overall 

visual representation of how tension levels changed across break routine build-up and drop 

passages. This showed a steady increase in tension ratings during build-up passages to a peak 

moment at the beginning of drop passages (around 14-15s) followed by a slight reduction 

(see Figure 5 and Figure 6).  

https://doi.org/10.17605/OSF.IO/YS3QD
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Figure 5. Median continuous tension ratings across and break routines. Grey lines show tension 

ratings for each clip. The solid red line represents median tension ratings and the red shading refers to 

standard error of the mean. The vertical dotted line indicates the beginning time of drop passages 

during break routines (14s).  

 

Figure 6. Frequency of peak median tension ratings across the time of break routines. This plot shows 

that the peak tension rating was around 14s, where the drop passage began.  

4.2 Tension and Time  

Continuous measures of tension ratings (as shown in Figure 5) significantly correlated 

with break routine time, rs(1198) = 0.942, p < 0.001 (60 samples/second × 20 seconds = 

1,200 samples), suggesting that tension ratings increased over the course of break routines. 

Results showed a significant positive correlation between tension and time during build-up 

passages (the first 14s) (rs(838) = 0.998, p < 0.001) and a significant negative correlation 

between tension and time within drop passages (the last 6s) (rs(358) = -0.853, p < 0.001). 

These results supported our hypothesis that tension would increase during build-up passages 

and then decrease within drop passages as musical expectations are fulfilled.  
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 Non-parametric Wilcoxon tests enabled the comparison of average tension ratings at 

significant time points during break routine structures. Average tension ratings for 1s 

segments at the beginning, the last part of build-up passages, the start of drop passages, and at 

the end were compared. Results showed that average tension ratings at the beginning of break 

routines (always as 0 on the tension scale) were significantly lower than tension ratings at the 

end of build-up passages and at the end of break routines (see Table 1 and Figure 7). This 

confirmed that tension ratings changed from 0 during break routines and showed that tension 

increased within build-up passages.  

Average tension ratings also increased significantly between the end of build-up 

passages and the beginning of drop passages (see Table 1 and Figure 7). Average tension 

ratings decreased between the start of drop passages and break routine endings but not 

significantly after FDR correction, suggesting less of a reduction or release in tension during 

drop passages (Table 1 and Figure 7). 

Table 1. Results from Wilcoxon signed-rank tests comparing tension ratings at different time points 

during break routines 

Comparison  Z p 

Beginning vs Build-up -5.54 <.001** 

Build-up vs Drop  -2.40 .016* 

Drop vs Ending  1.96 .050† 

Beginning vs Ending  -5.54 <.001** 

Notes. Beginning: the first second of break routines (0-1s); Build-up: the last second of build-up 

passages (13-14s); Drop: the first second of drop passages (14-15s); Ending: the last second of break 

routines (19-20s); †: effect no longer significant after FDR correction for multiple comparison; * p < 

.05; ** p <.001.  
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Figure 7. Bar chart of average tension ratings for the 1s segment of each break routine passage; 

Beginning: the first second of break routines; Build-up: the last second of build-up passages; Drop: 

the first second of drop passages; Ending: the last second of break routines. Error bars represent one 

standard error (SEM); † effect no longer significant after FDR correction for multiple comparison; * p 

< .05, ** p < .001 

4.3 Tension and Peak-Pleasurable Emotions 

 Correlations between average tension ratings with peak-pleasurable emotion 

dimension ratings (valence, arousal, emotional strength, and emotional response) indicated 

that tension levels were linked to rated emotions (see Table 2). Tension correlated positively 

with arousal, emotional strength, and emotional response ratings. However, tension correlated 

negatively with valence ratings, indicating the higher tension predicted stronger but more 

negative emotions. 

Furthermore, to check for possible associations between subjective ratings of tension 

and musical features, we carried out correlational analyses between subjective ratings and 

acoustic features in the break routine clips (see Table 2). Results of the analyses indicated no 

significant correlations between the ratings of tension and any of the acoustic features. 
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Table 2. Correlations between average tension ratings during break routines with peak-pleasurable 

emotion dimension ratings (valence, arousal, emotional strength, and emotional response) and various 

acoustic features 

  Average Tension 

Category Measure rs p 

Emotion Ratings Valence rs(58) = -.69 <.001** 

 Arousal  rs(58) = .92 <.001** 

 Emotional Strength rs(58) = .62 <.001** 

 Emotional Response  rs(58) = .91 <.001** 

Acoustic Features Audio rs(58) = -.14 0.271 

 Global Energy (RMS) rs(58) = -.13 0.289 

 Spectral Flux rs(58) = -.10 0.409 

 Brightness  rs(44) = .21 0.162 

 Roughness rs(58) < .01 0.954 

 Spectrum rs(58) = .02 0.859 

 Beat Clarity rs(58) = .06 0.613 

 Mode rs(58) = .19 0.126 

Notes. Brightness could not be calculated for some of the songs; rs: Spearman’s Rho coefficient; ** 

p<.001. 

4.4 Post-hoc Correlations between Break Routines 

Further Spearman’s rho correlations assessed whether previous break routines had a 

cumulative influence on subsequent break routines for tension, valence, arousal, emotional 

strength, and emotional response. Correlations were run between average tension ratings at 

the last second of previous break routines and the first second of subsequent break routines. 

Results indicated that prior ratings did not influence ratings in subsequent break routines, as 

indicated by small correlation coefficients and insignificant p values (see Table 3).  
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Table 3. Correlations between the last second of previous break routines and the first second of 

subsequent break routines for emotion ratings (tension, valence, arousal, emotional strength, and 

emotional response) 

Emotion Ratings rs(58) p 

Tension 0.18 .177 

Valence <.001 .998 

Arousal 0.16 .232 

Emotional Strength  0.26 .047† 

Emotional Response  0.18 .182 

Notes. rs: Spearman’s Rho coefficient; †: effect no longer significant after FDR correction for 

multiple comparisons. 

5 Discussion  

This study offered a novel exploration of tension and peak-pleasurable emotions 

during electronic dance music (EDM) break routines. Continuous tension ratings showed 

tension increased during build-up passages prior to highly expected drop passages, then 

decreased as expected drop passages were correctly fulfilled. Greater average tension 

positively correlated with arousal, emotional strength, and emotional response ratings, but 

negatively correlated with valence after each break routine. This suggested that higher 

tension during break routines correlated with stronger negative emotions, rather than peak-

pleasurable emotions (as indicated by greater arousal, emotional strength, emotional 

response, and lower valence ratings; Eerola & Vuoskoski, 2012; Russell, 1980; Salimpoor et 

al., 2009; Salimpoor et al., 2011). Therefore, tension changed across break routine structures 

as predicted but effects of increased and decreased tension across break routines on peak-

pleasurable emotions were contradictory to contrastive valence. 

5.1 Tension during break routines   

This study demonstrated that tension levels altered around break routine expectations 

in tension resolution patterns, such as tension curves. These suggest an optimal pattern of 

tension is created from musical expectations, with increased tension alongside greater 

anticipation and uncertainty prior to expected musical events, such as EDM break routines 

(Huron, 2006; Koelsch et al., 2019). Greater tension is accompanied by an increased desire to 

complete the tension curve by decreasing and releasing tension when expected music events 
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finally occur (Eerola & Vuoskoski, 2011; Sloboda & Juslin, 2001; Vines et al., 2005; You et 

al., 2021). Tension curves that are fully resolved, with equal increases and decreases in 

tension, can then evoke peak-pleasurable emotions, such as reward, pleasure, and liking 

(Lehne & Koelsch, 2014; Lehne & Koelsch, 2015; Steinbeis & Koelsch, 2008). This suggests 

that the elevated uncertainty created during the build-up passage of the break routine in the 

current study increased tension. Subsequently, the anticipation or desire to resolve tension  

intensified tension levels through expected drop passages.  

However, average tension ratings during break routines suggested a continued 

increase in tension between build-up and subsequent drop passages, contradicting the 

assumption that fulfilled music expectations would decrease tension. The increased tension 

seemed to only occur for the first few seconds of drop passages, indicating a possible 

postponed decrease in tension when processing fulfilled expectations. Delays of anywhere 

from 3 and 8s can occur between music processing, emotional experiences such as tension, 

and the actual occurrence of behavioral responses (Kim et al., 2010; Krumhansl, 1996; 

Schubert & Dunsmuir, 1999; Sloboda and Lehmann, 2001). Thus, decreased tension from the 

fulfilment of expected drop passages was not represented in average tension values taken 

from 1s into drop passages. However, decreased tension during drop passages, as reflected by 

correlations between tension and time, alongside median tension plots, did occur but after a 

delay of around 2-3s.  

5.2 Tension and Peak-Pleasurable Emotions   

5.2.1 Arousal   

Based on Table 2, higher average tension correlated with greater arousal ratings 

during break routines. Previous research suggests tension and arousal are similar constructs, 

some indicating that tension is equivalent to arousal. They are often used to describe or assess 

one another, such as ‘tension arousal’ and measuring muscle tension as an indication of 

arousal (Dillman Carpentier et al., 2007; Eerola et al., 2012; Granot & Eitan, 2011; Huron, 

2006; Kruhmansl, 1997; Rickard 2004; Rozin et al., 2004; Trolio, 1976). Tension is often 

considered a sub-emotion of arousal, meaning greater tension always co-occurs with 

increased arousal but high arousal may not always occur with greater tension (Lehne & 

Koelsch, 2015; Trost et al., 2012). Highly significant correlations found here between tension 

and arousal could therefore have derived from tension being a sub-emotion of arousal, 
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suggesting they increased simultaneously during break routines, rather than greater tension 

influencing arousal. 

The hierarchical organization of acoustic features and break routine structure can 

similarly evoke arousal and tension (Butler, 2006; Meyer, 1956; Schäfer & Sedlmeier, 2011; 

Solberg, 2014; Turrell et al., 2021). Acoustic features present during EDM break routines, 

such as fast pace, faster tempo, higher timbral roughness, and greater loudness induce higher 

arousal and tension during music (Dean et al., 2011; Dillman Carpentier et al., 2007; Droit-

Volet et al., 2013; Farbood & Price, 2017; Granot & Eitan, 2011). Such features can have a 

cumulative and interactive effect on arousal alongside break routine structures of delay and 

uncertainty prior to highly expected drop passages, enabling moments of tension and release 

(Butler, 2006; Farbood, 2012; Lehne et al., 2013; Lehne & Koelsh, 2015; Robinson, 1994). 

Our analysis, however, showed no significant correlation between the tension ratings and 

various acoustic features. Therefore, the strong correlation between tension and arousal 

ratings was not due to low-level acoustic features and break routine structure.  

5.2.2 Emotional strength   

 Another peak-pleasurable emotion dimension that closely links with tension, and is 

sometimes interchangeable with it, is the calculated emotional strength (amplitude values; 

Luck et al., 2008; Vuoskoski & Eerola, 2011). Tension and emotional strength often 

simultaneously increase during music and mediate music-evoked emotions (Hallam et al., 

2011; Juslin & Sloboda, 2011; Rickard, 2004; Rozin & Rozin, 2008). Emotional strength 

increases according to acoustic features, such as loudness, roughness, beat clarity, and 

spectral flux which combine into temporal music structures and often intensify during break 

routine build-up passages (Luck et al., 2008; Roda et al., 2014; Solberg, 2014; Turrell et al., 

2021). Music expectancy also links to emotional strength. This is akin to the scenario where 

the tension in anticipation of forthcoming key moments is intensified if the expected peak 

pleasure from fulfilling those expectations is greater (Lehne & Koelsch, 2015; Steinbeis et 

al., 2006; Turrell et al., 2021). This suggests that emotional strength and tension are 

comparable and occurred simultaneously during break routine passages, rather than 

representing peak-pleasurable emotions mediated from greater tension within break routines 

due to contrastive valence.  
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5.2.3 Emotional Response   

 The combination of valence and arousal to create emotional response, referring to the 

angle of ratings within the 2-dimensional space, also correlated with tension. Combinations 

of high arousal and positive valence represent emotions such as happiness and excitement, 

which appear in the top right quadrant of the 2-dimensional emotional space. Combinations 

of high arousal and negative valence like anger and tension, appear in the top left quadrant of 

the emotional space (Eerola & Vuoskoski, 2012; Hunter & Schellenberg, 2010; Remington et 

al., 2000; Russell, 1980). Greater tension during break routines shifted the angle of emotional 

responses to areas measuring higher arousal and valence but more likely corresponded to 

emotions with high arousal and greater negative valence, including tension and intensity 

(Cohrdes et al., 2017; Greenberg et al., 2015; Remington et al., 2000; Russell, 1980). 

Therefore, increased angles of emotional response ratings could suggest higher feelings of 

tension after break routines, rather than predicted peak-pleasurable emotions mediated by 

tension and fulfilled expected drop passages (Butler, 2006; Huron, 2006). 

5.2.4 Valence   

 Higher tension during break routines correlated with greater negative valence ratings, 

suggesting that higher tension does not always lead to peak-pleasurable emotions (Eerola & 

Vuoskoski, 2011; Garrido & Schubert, 2011). Break routine clips, compared to other genres 

of music, may have been more skewed to the perception of tension than peak-pleasurable 

emotions, like excitement, as they mostly included tension intensifying build-up passages (0-

14s; Butler, 2006; Lehne & Koelsch, 2015; Meyer, 1956; Solberg, 2014). However, drop 

passages, where peak-pleasurable emotions were proposed to be experienced, were shorter 

(14-20s; Butler, 2006; Solberg, 2014). Longer times listening to build-up passages, as well as 

participants rating how they felt during break routine listening, may have negatively skewed 

valence ratings, as participants predominately felt increasing tension. Therefore, negative 

valence ratings at the end of break routine clips may have correlated with tension levels due 

to them both measuring tension during break routine listening, instead of peak-pleasurable 

emotions mediated by this tension. To investigate this, future studies could look at varying 

the duration of different sections of break routine (i.e., breakdown, build-up and drop) as well 

as asking participants to rate their tension only during certain sections of the music.  

Also, shorter drop passages may have prevented tension curves from being fully 

resolved and tension completely released. Researchers have suggested that for music tension 

to evoke peak-pleasurable emotions, tension curves need to be fully completed with equal 
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amounts of increased and decreased tension before and after expected music events (Koelsch, 

2014; Sun et al., 2020a; Vines et al., 2005). When tension curves are not completed after 

fulfilled music expectations, the full sense of resolution and negative emotions are less likely 

to occur, such as further tension and anticipation (Lehne & Koelsch, 2015; Meyer, 1956; Sun 

et al., 2020a; Vines et al., 2005). Break routine clips used here may have not enabled the full 

completion of tension curves due to shorter drop passages, resulting in the continued 

experience of tension after break routine clips, and impeding peak-pleasurable emotions. 

Therefore, to investigate this further, break routine clips could be developed to control for 

duration of different sections of the clip, in particular drop passages.  

5.3 Future directions  

Not all tension ratings followed tension resolution patterns (increases during build-up 

passages and decreases in drop passages) as some break routines had negative tension values, 

indicating listeners decreased tension ratings during build-up passages. This suggests that 

sustained tension from previous break routines may have influenced ratings of later clips, 

making participants begin tension ratings in the middle of the continuous tension rating scale. 

However, post-hoc correlations between previous and subsequent break routine ratings 

indicated no significant relationships between tension or other emotional dimensions. Thus, 

higher starting tension ratings may have occurred due to other tension-inducing factors, such 

as anticipation for the next break routine clip, as well as other music elements present during 

break routines, including acoustic features (Farbood et al., 2012; Huron, 2006; Ilie & 

Thompson, 2006; Lehne et al., 2013). Future research could assess how tension levels are 

affected at the beginning of, across, and between break routines, using different stimuli such 

as silence or various music passages, like longer EDM break routine clips with equal times of 

build-up and drop passages or whole EDM tracks (Solberg & Dibben, 2019; Solberg & 

Jensenius, 2017). 

While tension was continuously recorded throughout break routines, peak-pleasurable 

emotion dimensions of valence, arousal, emotional strength, and emotional response were 

measured after each break routine clip. This makes fully understanding the relationship 

between tension and peak-pleasurable emotions during break routines more difficult, as 

emotional dimension ratings were completed post hoc. Future research could apply 

continuous measures of peak-pleasurable emotions, such as repeated 2-dimensional ratings, 

continuous sliders, or physiological measures (including heart rate and skin conductance) so 
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relationships between changing tension and emotional dimensions can be assessed throughout 

break routines, (Egermann et al., 2013; Rickard, 2004; Salimpoor et al., 2009; Schubert, 

2013; Soleymani et al., 2011).   

6 Open Practices Statement  

Associated data can be accessed via DOI link https://doi.org/10.17605/OSF.IO/YS3QD. 

7 Disclosure of interest 

The authors report no conflict of interest.  

https://doi.org/10.17605/OSF.IO/YS3QD


HOW TENSION MEDIATES EMOTIONS   

8 References  

 

Bigand, E., & Parncutt, R. (1999). Perceiving musical tension in long chord 

sequences. Psychological Research, 62(4), 237-254. 

Blood, A. J., & Zatorre, R. J. (2001). Intensely pleasurable responses to music correlate with 

activity in brain regions implicated in reward and emotion. Proceedings of the 

National Academy of Sciences, 98(20), 11818-11823. 

Brattico, E., & Pearce, M. (2013). The neuroaesthetics of music. Psychology of Aesthetics, 

Creativity, and the Arts, 7(1), 48. 

Butler, M. J. (2006). Unlocking the groove: Rhythm, meter, and musical design in electronic 

dance music. Indiana University Press. 

Cohrdes, C., Wrzus, C., Frisch, S., & Riediger, M. (2017). Tune yourself in: Valence and 

arousal preferences in music-listening choices from adolescence to old 

age. Developmental psychology, 53(9), 1777. 

Dai, S., Zhang, H., & Dannenberg, R. B. (2020). Automatic analysis and influence of 

hierarchical structure on melody, rhythm and harmony in popular music. arXiv 

preprint arXiv:2010.07518. 

Dean, R. T., Bailes, F., & Schubert, E. (2011). Acoustic intensity causes perceived changes in 

arousal levels in music: An experimental investigation. PloS one, 6(4), e18591. 

Dillman Carpentier, F. R., & Potter, R. F. (2007). Effects of music on physiological arousal: 

Explorations into tempo and genre. Media Psychology, 10(3), 339-363. 

Droit-Volet, S., Bueno, L. J., & Bigand, E. (2013). Music, emotion, and time perception: the 

influence of subjective emotional valence and arousal?. Frontiers in Psychology, 4, 

417. 

Eerola, T., Ferrer, R., & Alluri, V. (2012). Timbre and affect dimensions: Evidence from 

affect and similarity ratings and acoustic correlates of isolated instrument 

sounds. Music Perception: An Interdisciplinary Journal, 30(1), 49-70. 

Eerola, T., & Vuoskoski, J. K. (2011). A comparison of the discrete and dimensional models 

of emotion in music. Psychology of Music, 39(1), 18-49. 



HOW TENSION MEDIATES EMOTIONS   

Eerola, T., & Vuoskoski, J. K. (2012). A review of music and emotion studies: Approaches, 

emotion models, and stimuli. Music Perception: An Interdisciplinary Journal, 30(3), 

307-340. 

Egermann, H., Pearce, M. T., Wiggins, G. A., & McAdams, S. (2013). Probabilistic models 

of expectation violation predict psychophysiological emotional responses to live 

concert music. Cognitive, Affective, & Behavioral Neuroscience, 13(3), 533-553. 

Farbood, M. M. (2012). A parametric, temporal model of musical tension. Music 

Perception, 29(4), 387-428. 

Farbood, M. M., & Price, K. C. (2017). The contribution of timbre attributes to musical 

tension. The Journal of the Acoustical Society of America, 141(1), 419-427. 

Fernández-Sotos, A., Fernández-Caballero, A., & Latorre, J. M. (2016). Influence of tempo 

and rhythmic unit in musical emotion regulation. Frontiers in computational 

neuroscience, 10, 80. 

Fredrickson, W. E. (1999). Effect of musical performance on perception of tension in Gustav 

Hoist's First Suite in E-flat. Journal of Research in Music Education, 47(1), 44-52. 

Fredrickson, W. E., & Coggiola, J. C. (2003). A comparison of music majors' and nonmajors' 

perceptions of tension for two selections of jazz music. Journal of Research in Music 

Education, 51(3), 259-270. 

Garrido, S., & Schubert, E. (2011). Individual differences in the enjoyment of negative 

emotion in music: A literature review and experiment. Music Perception, 28(3), 279-

296. 

Gebauer, L., Kringelbach, M. L., & Vuust, P. (2012). Ever-changing cycles of musical 

pleasure: The role of dopamine and anticipation. Psychomusicology: Music, Mind, 

and Brain, 22(2), 152. 

Gingras, B., Pearce, M. T., Goodchild, M., Dean, R. T., Wiggins, G., & McAdams, S. (2016). 

Linking melodic expectation to expressive performance timing and perceived musical 

tension. Journal of Experimental Psychology: Human Perception and 

Performance, 42(4), 594. 



HOW TENSION MEDIATES EMOTIONS   

Gold, B. P., Pearce, M. T., Mas-Herrero, E., Dagher, A., & Zatorre, R. J. (2019). 

Predictability and uncertainty in the pleasure of music: a reward for learning?. Journal 

of Neuroscience, 39(47), 9397-9409. 

Granot, R. Y., & Eitan, Z. (2011). Musical tension and the interaction of dynamic auditory 

parameters. Music Perception, 28(3), 219-246. 

Greenberg, D. M., Baron-Cohen, S., Stillwell, D. J., Kosinski, M., & Rentfrow, P. J. (2015). 

Musical preferences are linked to cognitive styles. PloS one, 10(7), e0131151. 

Grewe, O., Nagel, F., Kopiez, R., & Altenmüller, E. (2007). Listening to music as a re-

creative process: Physiological, psychological, and psychoacoustical correlates of 

chills and strong emotions. Music Perception, 24(3), 297-314. 

Habibi, A., & Damasio, A. (2014). Music, feelings, and the human brain. Psychomusicology: 

Music, Mind, And Brain, 24(1), 92-102. doi:10.1037/pmu0000033 

Hallam, S., Cross, I., & Thaut, M. (Eds.). (2011). Oxford handbook of music psychology. 

Oxford University Press. 

Herremans, D., & Chuan, C. H. (2017, January). A multi-modal platform for semantic music 

analysis: visualizing audio-and score-based tension. In 2017 IEEE 11th International 

Conference on Semantic Computing (ICSC) (pp. 419-426). IEEE. 

Hunter, P. G., & Schellenberg, E. G. (2010). Music and emotion. In Music perception (pp. 

129-164). Springer, New York, NY. 

Huron, D. (2006). Sweet anticipation: Music and the psychology of expectation. Cambridge, 

MA, US: The MIT Press. 

Huron, D., & Margulis, E. H. (2010). Musical expectancy and thrills. In P. N. Juslin & J. A. 

Sloboda (Eds.), Handbook of music and emotion: Theory, research, applications (pp. 

575–604). Oxford University Press. 

Ilie, G., & Thompson, W. F. (2006). A comparison of acoustic cues in music and speech for 

three dimensions of affect. Music Perception, 23(4), 319-330. 

Jiang, J., Rickson, D., & Jiang, C. (2016). The mechanism of music for reducing 

psychological stress: Music preference as a mediator. The Arts in Psychotherapy, 48, 

62-68. 



HOW TENSION MEDIATES EMOTIONS   

Juslin, P. N., & Sloboda, J. (Eds.). (2011). Handbook of music and emotion: Theory, 

research, applications. Oxford University Press. 

Kim, Y. E., Schmidt, E. M., Migneco, R., Morton, B. G., Richardson, P., Scott, J., ... & 

Turnbull, D. (2010, August). Music emotion recognition: A state of the art review. 

In Proc. ismir (Vol. 86, pp. 937-952). 

Koelsch, S. (2014). Brain correlates of music-evoked emotions. Nature Reviews 

Neuroscience, 15(3), 170-180. 

Koelsch, S. (2015). Music‐evoked emotions: principles, brain correlates, and implications for 

therapy. Annals of the New York Academy of Sciences, 1337(1), 193-201. 

Koelsch, S., Rohrmeier, M., Torrecuso, R., & Jentschke, S. (2013). Processing of hierarchical 

syntactic structure in music. Proceedings of the National Academy of 

Sciences, 110(38), 15443-15448.  

Koelsch, S., Vuust, P., & Friston, K. (2019). Predictive processes and the peculiar case of 

music. Trends in Cognitive Sciences, 23(1), 63-77. 

Krumhansl, C. L. (1996). A perceptual analysis of Mozart's Piano Sonata K. 282: 

Segmentation, tension, and musical ideas. Music perception, 13(3), 401-432. 

Krumhansl, C. L. (1997). An exploratory study of musical emotions and 

psychophysiology. Canadian Journal of Experimental Psychology/Revue canadienne 

de psychologie expérimentale, 51(4), 336. 

Krumhansl, C. L. (2002). Music: A link between cognition and emotion. Current directions 

in psychological science, 11(2), 45-50. 

Lartillot, O., Toiviainen, P., & Eerola, T. (2008) A Matlab toolbox for music information 

retrieval. In C. Preisach, H. Burkhardt, L. Schmidt-Thieme, & R. Decker (Eds.), Data 

analysis, machine learning and applications: Proceedings of the 31st Annual 

Conference of the Gesellschaft Fur Klassifikation E. V. (Studies in classification, data 

analysis, and knowledge organization) (pp. 261–268). Dordrecht: Springer. 

Lehne, M., & Koelsch, S. (2014). Tension-resolution patterns as a key element of aesthetic 

experience: psychological principles and underlying brain mechanisms. Art, 

aesthetics, and the brain, 545. 



HOW TENSION MEDIATES EMOTIONS   

Lehne, M., & Koelsch, S. (2015). Toward a general psychological model of tension and 

suspense. Frontiers in psychology, 6, 79. 

Lehne, M., Rohrmeier, M., Gollmann, D., & Koelsch, S. (2013). The influence of different 

structural features on felt musical tension in two piano pieces by Mozart and 

Mendelssohn. Music Perception: An Interdisciplinary Journal, 31(2), 171-185. 

Lehne, M., Rohrmeier, M., & Koelsch, S. (2014). Tension-related activity in the orbitofrontal 

cortex and amygdala: an fMRI study with music. Social cognitive and affective 

neuroscience, 9(10), 1515-1523. 

Lerdahl, F. (1996). Calculating tonal tension. Music Perception, 13(3), 319-363. 

Lerdahl, F. (2001). Tonal pitch space. Oxford University Press, USA. 

Lerdahl, F., & Krumhansl, C. L. (2007). Modeling tonal tension. Music perception, 24(4), 

329-366 

Luck, G., Toiviainen, P., Erkkilä, J., Lartillot, O., Riikkilä, K., Mäkelä, A., ... & Värri, J. 

(2008). Modelling the relationships between emotional responses to, and musical 

content of, music therapy improvisations. Psychology of music, 36(1), 25-45 

Madsen, C. K., & Fredrickson, W. E. (1993). The experience of musical tension: A 

replication of Nielsen's research using the continuous response digital interface. 

Journal of Music Therapy, 30(1), 46-63.  

Margulis, E. H. (2005). A model of melodic expectation. Music Perception, 22(4), 663-714. 

McFee, B., Nieto, O., Farbood, M. M., & Bello, J. P. (2017). Evaluating hierarchical structure 

in music annotations. Frontiers in psychology, 8, 1337. 

Meyer, L. B. (1956). Emotion and meaning in music. In R. Aiello & J. A. Sloboda 

(Eds.), Musical perceptions. (pp. 3–39). New York, NY: Oxford University Press 

Meyer, L. B. (2020). Explaining music. University of California Press. 

Miller, M. D. (1967). Music and tension. Psychoanalytic review, 54(1), 141-156. 

Mori, K., & Iwanaga, M. (2014). Resting physiological arousal is associated with the 

experience of music-induced chills. International journal of psychophysiology, 93(2), 

220-226. 



HOW TENSION MEDIATES EMOTIONS   

Mori, K., & Iwanaga, M. (2017). Two types of peak emotional responses to music: The 

psychophysiology of chills and tears. Scientific Reports, 7, 46063. https://doi-

org.chain.kent.ac.uk/10.1038/srep46063 

Ockelford, A. (2006). Implication and expectation in music: A zygonic model. Psychology of 

Music, 34(1), 81-142. 

Paraskeva, S., & McAdams, S. (1997, September). Influence of timbre, presence/absence of 

tonal hierarchy and musical training on the perception of musical tension and 

relaxation schemas. In ICMC. 

Pearce, M. T., & Wiggins, G. A. (2012). Auditory expectation: the information dynamics of 

music perception and cognition. Topics in cognitive science, 4(4), 625-652. 

Remington, N. A., Fabrigar, L. R., & Visser, P. S. (2000). Reexamining the circumplex 

model of affect. Journal of personality and social psychology, 79(2), 286. 

Rickard, N. S. (2004). Intense emotional responses to music: a test of the physiological 

arousal hypothesis. Psychology of music, 32(4), 371-388. 

Robinson, J. (1994). The expression and arousal of emotion in music. The Journal of 

Aesthetics and Art Criticism, 52(1), 13-22. 

Roda, A., Canazza, S., & De Poli, G. (2014). Clustering affective qualities of classical music: 

Beyond the valence-arousal plane. IEEE Transactions on Affective Computing, 5(4), 

364-376. 

Rohrmeier, M. A., & Koelsch, S. (2012). Predictive information processing in music 

cognition. A critical review. International Journal of Psychophysiology, 83(2), 164-

175. 

Rozin, A., & Rozin, P. (2008). Feelings and the enjoyment of music. Behavioral and Brain 

Sciences, 31(5), 593-594. 

Rozin, A., Rozin, P., & Goldberg, E. (2004). The feeling of music past: How listeners 

remember musical affect. Music perception, 22(1), 15-39. 

Russell, J. A. (1980). A circumplex model of affect. Journal of personality and social 

psychology, 39(6), 1161. 



HOW TENSION MEDIATES EMOTIONS   

Salimpoor, V. N., Benovoy, M., Larcher, K., Dagher, A., & Zatorre, R. J. (2011). 

Anatomically distinct dopamine release during anticipation and experience of peak 

emotion to music. Nature neuroscience, 14(2), 257-262. 

Salimpoor, V. N., Benovoy, M., Longo, G., Cooperstock, J. R., & Zatorre, R. J. (2009). The 

rewarding aspects of music listening are related to degree of emotional arousal. PloS 

one, 4(10), e7487. 

Schäfer, T., & Sedlmeier, P. (2011). Does the body move the soul? The impact of arousal on 

music preference. Music Perception, 29(1), 37-50. 

Schubert, E. (2007). The influence of emotion, locus of emotion and familiarity upon 

preference in music. Psychology of Music, 35(3), 499-515. 

Schubert, E. (2013). Reliability issues regarding the beginning, middle and end of continuous 

emotion ratings to music. Psychology of music, 41(3), 350-371. 

Schubert, E., & Dunsmuir, W. (1999). Regression modelling continuous data in music 

psychology. Music, mind, and science, 298-352. 

Schubert, E., & Dunsmuir, W. T. M. (2004). Introduction to interrupted time series analysis 

of emotion in music. In S. Lipscomb, R. Ashley, R. O. Gjerdingen, & P. Webster 

(Eds.), Proceedings of the 8th International Conference on Music Perception and 

Cognition (pp. 445-448). Evanston, IL.  

Sloboda, J. A., & Juslin, P. N. (2001). Psychological perspectives on music and 

emotion. Music and emotion: Theory and research, 71-104. 

Sloboda, J. A., & Lehmann, A. C. (2001). Tracking performance correlates of changes in 

perceived intensity of emotion during different interpretations of a Chopin piano 

prelude. Music Perception, 19(1), 87-120. 

Smith, N. A., & Cuddy, L. (2003). Perceptions of musical dimensions in Beethoven's 

Waldsiein sonata: An application of Tonal Pitch Space theory. Musicae 

Scientiae, 7(1), 7-34. 

Solberg, R. T. (2014). “Waiting for the Bass to Drop”: Correlations between intense 

emotional experiences and production techniques in build-up and drop sections of 

electronic dance music. Dancecult: Journal of Electronic Dance Music Culture, 6(1), 

61-82. 



HOW TENSION MEDIATES EMOTIONS   

Solberg, R. T., & Dibben, N. (2019). Peak Experiences with Electronic Dance Music: 

Subjective Experiences, Physiological Responses, and Musical Characteristics of the 

Break Routine. Music Perception: An Interdisciplinary Journal, 36(4), 371-389. 

Solberg, R. T., & Jensenius, A. R. (2017). Pleasurable and intersubjectively embodied 

experiences of electronic dance music. Empirical Musicology Review, 11(3-4), 301-

318. 

Solberg, R. T., & Jensenius, A. R. (2019). Group behaviour and interpersonal 

synchronization to electronic dance music. Musicae Scientiae, 23(1), 111-134. 

Soleymani, M., Koelstra, S., Patras, I., & Pun, T. (2011, March). Continuous emotion 

detection in response to music videos. In Face and Gesture 2011 (pp. 803-808). IEEE. 

Steinbeis, N., & Koelsch, S. (2008). Shared neural resources between music and language 

indicate semantic processing of musical tension-resolution patterns. Cerebral 

Cortex, 18(5), 1169-1178. 

Steinbeis, N., Koelsch, S., & Sloboda, J. A. (2006). The role of harmonic expectancy 

violations in musical emotions: Evidence from subjective, physiological, and neural 

responses. Journal of cognitive neuroscience, 18(8), 1380-1393. 

Sun, L., Feng, C., & Yang, Y. (2020a). Tension experience induced by nested structures in 

music. Frontiers in Human Neuroscience, 14, 210. 

Sun, L., Hu, L., Ren, G., & Yang, Y. (2020b). Musical tension associated with violations of 

hierarchical structure. Frontiers in Human Neuroscience, 14, 397. 

Trolio, M. F. (1976). Theories of affective response to music. Contributions to Music 

Education, (4), 1-20. 

Trost, W., Ethofer, T., Zentner, M., & Vuilleumier, P. (2012). Mapping aesthetic musical 

emotions in the brain. Cerebral Cortex, 22(12), 2769-2783. 

Turrell, A. S., Halpern, A. R., & Javadi, A.-H. (2021). Wait For It: An EEG Exploration of 

Excitement In Dance Music. Music Perception: An Interdisciplinary Journal, 38(4), 

345-359. 

Turrell, A.S., Harlpern, A.R., Burke, S., Tozer, E., & Javadi, A.-H. (in preparation) Neural 

Correlates of Drops and Classical Music Changes: an EEG Exploration 



HOW TENSION MEDIATES EMOTIONS   

Vines, B. W., Krumhansl, C. L., Wanderley, M. M., & Levitin, D. J. (2006). Cross-modal 

interactions in the perception of musical performance. Cognition, 101(1), 80-113.  

Vines, B. W., Nuzzo, R. L., & Levitin, D. J. (2005). Analyzing Temporal Dynamics in 

Music:: Differential Calculus, Physics, and Functional Data Analysis 

Techniques. Music Perception, 23(2), 137-152. 

Vuoskoski, J. K., & Eerola, T. (2011). Measuring music-induced emotion: A comparison of 

emotion models, personality biases, and intensity of experiences. Musicae 

Scientiae, 15(2), 159-173. 

Vuust, P., & Kringelbach, M. L. (2010). The pleasure of music. Pleasures of the Brain, 255-

269. 

Vuust, P., & Witek, M. G. (2014). Rhythmic complexity and predictive coding: A novel 

approach to modeling rhythm and meter perception in music. Frontiers In 

Psychology, 5. doi:https://doi.org/10.3389/fpsyg.2014.01111 

Williams, L. R., Fredrickson, W. E., & Atkinson, S. (2011). Focus of attention to melody or 

harmony and perception of music tension: An exploratory study. International 

Journal of Music Education, 29(1), 72-81. 

You, S., Sun, L., Li, X., & Yang, Y. (2021). Contextual prediction modulates musical 

tension: Evidence from behavioral and neural responses. Brain and Cognition, 152, 

105771. 

Zentner, M., Grandjean, D., & Scherer, K. R. (2008). Emotions evoked by the sound of 

music: Characterization, classification, and measurement. Emotion, 8(4), 494-521. 

doi:10.1037/1528-3542.8.4.494  

 

 


