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Abstract 12 

Which information dominates in evaluating performance in music? Both experts and laypeople 13 
consistently report believing that sound should be the most important domain when judging music 14 
competitions, but experimental studies of Western participants rating video-only vs. audio-only 15 
versions of 6-second excerpts of Western classical performances have shown that in at least some 16 
cases visual information can play a stronger role. However, whether this phenomenon applies 17 
generally to music competitions or is restricted to specific repertoires or contexts is disputed. In 18 
this Registered Report, we focus on testing the generalizability of sight vs. sound effects by 19 
replicating previous studies of classical piano competitions with Japanese participants, while also 20 
expanding the same paradigm using new examples from competitions of a traditional Japanese folk 21 
musical instrument, the Tsugaru shamisen. For both classical piano and Tsugaru shamisen, we ask 22 
participants to choose the winner between the 1st- and 2nd- placing performers in 5 competitions 23 
and the 1st-place and low-ranking performers in 5 competitions (i.e., 40 performers total from 10 24 
piano and 10 shamisen competitions).  We will test the following three predictions twice each (once 25 
for piano and once for shamisen): 1) an interaction is predicted between domain (video-only vs. 26 
audio-only) and variance in quality (choosing between 1st and 2nd place vs. choosing between 1st 27 
and low-placing performers); 2) visuals are predicted to trump sound when variation in quality is 28 
low (1st vs. 2nd place); and 3) sound is predicted to trump visuals when variation in quality is high 29 
(1st vs. low-placings). Data from pilot experiments (n = 9 participants) suggest that participants are 30 
mostly able to correctly select the actual winning performers based on short excerpts at levels above 31 
chance. In Stage 2, we will collect a full sample of 155 participants in order to achieve 80% power 32 
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to detect effects of at least Cohen’s d1 = 0.4. Our results will reveal the generalizability of sight vs. 76 
sound effects to non-Western participants and musical traditions, and may have practical 77 
applications to evaluation criteria for performers, judges, and organizers of competitions, concerts, 78 
and auditions. 79 
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 81 
1. Introduction 82 

Music is often defined primarily in auditory terms (e.g., “humanly organized sound”; Blacking, 83 
1976). Indeed, sound is consistently reported to be the most important information for evaluating 84 
musical performance (Murnighan et al., 1991; Sloboda, Lamont, & Greasley, 2008). Yet there is 85 
also a rich literature across fields and methodological traditions showcasing the recognition that 86 
music is a multimodal phenomenon (Bergeron & Lopes, 2009; Vines et al., 2006; Leman, 2008; 87 
Savage et al., 2021). For example, visuals play an important role in evaluating musical 88 
performance, with elaborate costumes, make-up, and dancing characteristic of both traditional and 89 
contemporary music performance (Nettl, 2015). The popular international song competition is 90 
called “Eurovision”, not “Eurosound” (cf. Haan et al., 2005).  91 

Not only do visuals have the power to affect how it is that we hear the most basic aspects of musical 92 
sound (Thompson & Russo, 2007), visuals can also have societal consequences for hiring practices 93 
and issues of equity. In a seminal paper that has spurred policy changes, economists found that after 94 
the implementation of blind auditions by orchestral organizations, significantly more female 95 

 
1 This Stage 1 Registered Report is a proposed protocol designed to be used for 
collecting full data after the initial protocol has been reviewed and approved. It includes a 
power analysis to determine what is a reasonable number of participants to recruit to 
appropriately balance logistical feasibility against the risks of false negative and false 
positive results. This involves terminology that may be unfamiliar to some readers 
without a background in statistics (e.g., “Cohen’s d”; “80% power”). For accessible 
introductions to Registered Reports and power analysis, see Chambers (2019) and 
Braebart (2019), respectively.   
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musicians were hired (Goldin & Rouse, 2000). These findings underline how much the presence 114 
of visuals altered evaluations made of musicians and their performances. 115 

Experimental evidence demonstrating cross-domain effects of visual information on auditory 116 
perception in music has accumulated over the past few decades and continue to spur interest across 117 
fields (Wapnick et al., 1998; Bradley et al., 2006; Schutz et al., 2007; Goebl et al., 2009; Platz & 118 
Kopiez 2012, 2013; Tsay, 2013, 2014). Although the findings regarding cross-modal influences 119 
from work in music are consistent with those of evaluations made across a range of domains beyond 120 
music (Campanella & Belin, 2007; Collignon et al., 2008; de Gelder et al.,1999; McGurk & 121 
MacDonald, 1976), there is debate about the relative effects of the roles of visuals vs. sound in 122 
music competitions and how general such effects may be. For example, two studies of Western 123 
classical music competitions came to contrasting conclusions regarding the roles of sight vs. sound: 124 
Tsay (2013) argued that “people actually depend primarily on visual information when making 125 
judgments about music performance”, while Mehr et al. (2018) concluded from direct and 126 
conceptual replications of Tsay’s study that “the sight-over-sound effect holds only under limited 127 
conditions”. Yet reanalysis of Mehr et al.’s data suggests alternative possible interpretations (see 128 
below), and the generalizability of sight vs. sound effects beyond specific Western classical 129 
traditions and Western participants remains untested despite being arguably a question of even 130 
greater importance (Jacoby et al., 2020). 131 

1.1 Re-analysis of Mehr et al. (2018)’s “failure to replicate” Tsay (2013) 132 

Tsay (2013) found that, when choosing between 6-second excerpts of the 1st, 2nd, and 3rd-place 133 
performers in classical piano competitions, participants were able to choose correctly 46% of the 134 
time when watching silent videos without audio, compared to only 28% accuracy when listening 135 
to audio only without video (Tsay 2013 Experiment 3).  136 

Mehr et al. (2018) conducted a direct replication using mostly the same stimuli as Tsay (2013) 137 
Experiment 3 (9 of the 10 original sets of 1st-3rd placed performers), which they successfully 138 
replicated albeit with slightly weaker results (39% accuracy with video-only vs. 30% with sound-139 
only; data plotted in Fig. 1a). Mehr et al. also conducted two conceptual replications using different 140 
stimuli, which they argued represented a “failure to replicate” Tsay’s findings. However, Mehr et 141 
al. did not actually plot their data and relied only on selected statistical comparisons to argue that 142 
their results failed to replicate  Tsay’s. Specifically, they interpret the fact that video-only accuracy 143 
was not significantly above chance (50% in their modified design using only 1st and 2nd-place 144 
performances, rather than 33% in the original design using 1st-3rd place) as failure to replicate 145 
sight-over-sound effects. Yet when their data are visualized, it is clear that their Study 2 results 146 
(51% accuracy with video-only vs. 45% with audio-only) are qualitatively very similar to their 147 
Study 1 results (39% vs. 30%, respectively; Fig. 1b). Throughout their analyses, Mehr et al. only 148 
reported inferential statistics are one-sample t-tests comparing accuracy in each condition to 149 
chance, and do not report the statistics more theoretically relevant for sight-over-sound effects - 150 
namely the two-sample t-tests reported previously by Tsay (2013). When Mehr et al.’s data are 151 
reanalyzed using two-sample t-tests, both Study 1 and Study 2 replicate Tsay’s finding of greater 152 
accuracy with video-only vs. audio-only (Study 1: t = -4.5, Cohen’s d = 0.57, df = 243, p = 9.9 x 153 
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10-6; Study 2: t = -3.0, Cohen’s d = 0.42, df = 185, p (two-tailed) = 0.003). Thus, Mehr et al.’s 155 
claim that Study 2 failed to replicate Tsay’s findings is inaccurate. 156 

On the other hand, Mehr et al.’s claim that Study 3 failed to conceptually replicate Tsay is better 157 
supported by their data.  Specifically, when differences in performance quality were made clearer 158 
by comparing the winning performer with lower-ranked performers rather than 2nd place 159 
performers, higher accuracy was found with audio-only (68%) than video-only (45%; Fig. 1c; t = 160 
6.1, Cohen’s d = 1.2, df = 98, p = 2.6 x 10-8). Mehr et al.’s claim that “sight does not necessarily 161 
trump sound in the judgment of music performance” is thus clearly supported. However, this may 162 
be partially consistent with Experiment S3 in Tsay (2013), which found practically no difference 163 
in accuracy between video-only  and audio-only performances when using stimuli from youth (pre-164 
college) competitions where differences in quality are greater than found in professional 165 
competitions (Experiment S3-1: video-only 70% vs. audio-only 69%; Experiment S3-2: video-only 166 
56% vs. audio-only 53%). 167 
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 168 

Figure 1. Violin plots visualizing Mehr et al.’s (2018) previous experimental results of sight 169 
vs. sound effects in judging piano performances (data were not visualized in the original 170 
publication). Panels a-c correspond to Studies 1-3 (see text for details). Dots indicate 171 
individual participants (a: n=375 participants; b: n=300 participants; c: n=150 participants), 172 
large dots indicate means and bars indicate 95% confidence intervals. The colour legend 173 
indicates whether the 6-second excerpts participants played were audiovisual, audio-only, or 174 
visual-only. The y-axis indicates the percent of performers correctly choosing the winning 175 
performer. Dashed lines indicate chance levels (33% when choosing between 3 performers, 176 
50% when choosing between only 2). 177 

 178 
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1.1 Study aims and hypotheses: 179 

To examine the generalizability of sight vs. sound effects in music performance , we will replicate 180 
previous studies using stimuli from Western classical music with Japanese participants and then 181 
repeat the same paradigm using stimuli from competitions on the Tsugaru shamisen, a traditional 182 
Japanese folk musical instrument that GC (first author) has experience performing as a national 183 
champion (https://www.gakuto-chiba.com/profile1). 184 

The shamisen is a fretless chordophone (stringed instrument) similar to the Chinese sanxian, Arab 185 
oud, or European lute. Tsugaru shamisen is a folk shamisen genre  traditionally played by blind 186 
folk musicians called “Bosama” in northeastern Japan (Daijo, 1995). In recent decades, Tsugaru 187 
shamisen has become popular among the general populace throughout Japan, even featuring in the 188 
popular 2016 animated movie “Kubo and the Two Strings”.  Importantly for our purposes,  189 
thousands of Tsugaru shamisen performers compete annually in dozens of regional, national, and 190 
even international competitions (Hughes, 2008). The large collection of recorded and ranked 191 
performances thus allows us to collect examples analogous to those from Western classical 192 
competition previously used in the experiments described above to allow direct comparison 193 
between Western classical competitions and competitions in a traditional non-Western folk genre.  194 

  195 

Hypotheses 196 

Based on previous findings from Western classical competitions described above (Tsay, 2013; 197 
Mehr et al., 2018), we made the following three predictions for piano and Tsugaru shamisen 198 
competitions (i.e., 3 predictions x 2 instrument types = 6 predictions total): 199 

H1: We predict that there is an interaction effect between the modality factor (audio-only vs. video-200 
only) and the quality variance factor (low vs. high variance) such that sight vs. sound effects depend 201 
on the performance quality gap of competitors. (Null hypothesis: sight vs. sound effects do not 202 
depend on the performance quality gap of competitors). 203 

H2: We predict that visuals will dominate the judgment of piano performance among upper ranks 204 
(1st vs. 2nd place), due to low variance trials with relatively little differences in performance 205 
quality. (Null hypothesis: there is no difference between visual and audio judgments when variance 206 
in performer quality is low). 207 

H3: We predict that visuals will dominate the judgment of piano performance between upper and 208 
lower ranks (1st place vs. low-placing), where there are high variance trials with relatively greater 209 
differences in performance quality. (Null hypothesis: there is no difference between visual and 210 
audio judgments when variance in performer quality is high). 211 

In the event that our predictions are not statistically significant, we will evaluate support for the 212 
null hypothesis through the use of relative effect sizes and confidence intervals, which are 213 
conceptually similar to parametric equivalence testing but can be applied to non-parametric data 214 
(see Methods). (see Methods).  215 
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2. Methods 342 

We built upon standard designs of testing predictions of behaviors (Ambady & Rosenthal, 1993; 343 
Ballew & Todorov, 2007; Rule & Ambady, 2008; Todorov et al., 2005; Tsay, 2013; Tsay, 2014; 344 
Tsay 2021) in a within-subjects experiment to maximize statistical power and interpretability. Our 345 
experimental design was based on the literature on thin slices of behaviors (Amabile, Krabbenhoft, 346 
& Hogan, 2006; Ambady, Bernieri, & Richeson, 2000; Ambady & Rosenthal, 1993), especially the  347 
studies of visuals vs. sound in music competition evaluation described above (Tsay, 2013; Mehr et 348 
al. 2018). 349 

2.1 Stimulus choice 350 

2.1.1 Confirmatory sample 351 

To enable us to replicate and generalize previous studies we designed a paradigm that allowed us 352 
to compare our results as directly as possible with Tsay (2013) and Mehr et al. (2018) by having 353 
the same participants rate both piano and shamisen performance stimuli in the same experiment. 354 
However, each of the three paradigms reported in Mehr et al. used slightly different designs: Study 355 
1 used 9 out of 10 sets of excerpts of three performers (1st-3rd place) previously used by Tsay 356 
(2013); Study 2 used 10 sets of only two performers; and Study 3 used 5 sets of 2 performers (see 357 
https://osf.io/6nx4d for details). As Mehr et al. explain, this meant that they could not conclusively 358 
determine whether differences in their results were due to differences in experimental design or 359 
differences in the independent variables of interest (i.e., audio vs. visual domain or high vs. low 360 
variance).  361 

To avoid these confounds, we chose to unify our experimental design based on the paradigm with 362 
the smallest number of stimuli, namely the 5 pairs of performers used in Mehr et al.’s (2018) Study 363 
3 (high-variance condition). We thus collected analogous 6-second excerpts of performances from 364 
10 pairs of Tsugaru shamisen performers: 5 “high-variance” pairs (1st place and low-placing 365 
performers, as in Mehr et al. Study 3) and 5 “low-variance” pairs (1st and 2nd place performers, as 366 
in Mehr et al. 2018 Study 2). These performers were selected from different competitions so the 367 
1st-place performers would not overlap between the high-variance and low-variance conditions. 368 
For all Tsugaru shamisen performers, GC (1st author) selected an excerpt from the same portion of 369 
the opening of the piece “Tsugaru Jongara Bushi”, because it is the most famous piece among 370 
Tsugaru shamisen players, and it is a compulsory component of all competitions, which allows us 371 
to collect a large number of comparable samples. 372 

To choose 5 “low-variance” pairs from the 9 1st/2nd place performers previously used by Mehr et 373 
al. and Tsay, we removed four pairs that seemed least appropriate to compare. These included: 374 

-two sets of violin performances (all other performances were of piano and all our performances 375 
were also of a single instrument, Tsugaru shamisen) 376 

-one set including a 4-second clip rather than a 6-second clip after audience applause was edited 377 
out 378 

-one set including a 1st-place performer that overlapped with one of the sets used in Study 3. 379 
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Pilot experiments (see below) suggested that restricting the stimuli to only 5 of the 9 previously 384 
used by Tsay (2013, Study 3) and Mehr et al. (2018, Study 1) did not appear to change the main 385 
sight-over-sound result reported by both. 386 

This gave us a full set of 40 performances from 20 competitions for our main confirmatory analyses: 387 
5 low-variance piano, 5 high-variance piano, 5 low-variance shamisen, and 5 high-variance 388 
shamisen (Table 1).  389 

 390 

. 391 

Table 1 Overview of the experimental stimuli selected: 6-second excerpts from 40 
performances from 10 Tsugaru shamisen competitions and 10 classical piano competitions 
(see https://osf.io/nqkv8/ for detailed metadata). Piano excerpts were previously used by Tsay 
(2013) and/or Mehr et al. (2018; cf. https://osf.io/6nx4d/). 

 392 

ID Instrument Variance Competition Place Video excerpt 

1 Piano Low 1997 Van Cliburn International 1st https://osf.io/t6nvf/ 

2 Piano Low 1997 Van Cliburn International 2nd https://osf.io/py5d6/ 

3 Piano Low 2002 International Franz Liszt 1st https://osf.io/p8uy6/ 

4 Piano Low 2002 International Franz Liszt 2nd https://osf.io/f48kg/ 

5 Piano Low 2005 International Franz Liszt 1st https://osf.io/q859w/ 

6 Piano Low 2005 International Franz Liszt 2nd https://osf.io/psgct/ 

7 Piano Low 2008 San Marino 1st https://osf.io/ynxjk/ 

8 Piano Low 2008 San Marino 2nd https://osf.io/k2etj/ 

9 Piano Low 2009 Van Cliburn International 1st https://osf.io/mcb7w/ 

10 Piano Low 2009 Van Cliburn International 2nd https://osf.io/rxw7n/ 

11 Piano High 2009 Van Cliburn International 1st https://osf.io/yrb7j/ 

12 Piano High 2009 Van Cliburn International Semifinalist https://osf.io/mbgtz/ 

13 Piano High 2007 International Franz Liszt 1st https://osf.io/v5j3a/ 

14 Piano High 2007 International Franz Liszt 3rd https://osf.io/dqbcv/ 
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15 Piano High 2010 San Marino 1st https://osf.io/67c9f/ 

16 
Piano High 

2010 San Marino 
Earlier 
competitor https://osf.io/j2zv4/ 

17 Piano High 2013 Van Cliburn International 1st https://osf.io/vb4jq/ 

18 
Piano High 

2013 Van Cliburn International 
Preliminary 
competitor https://osf.io/6rnuy/ 

19 Piano High 2011 International Franz Liszt 1st https://osf.io/dg2wy/ 

20 Piano High 2011 International Franz Liszt Semifinalist https://osf.io/g7v3e/ 

21 Shamisen Low 2019 Michinoku (general women) 1st https://osf.io/cywh2/ 

22 Shamisen Low 2019 Michinoku (general women) 2nd https://osf.io/ydwcn/ 

23 Shamisen Low 2019 Michinoku (general men) 1st https://osf.io/gk7qe/ 

24 Shamisen Low 2019 Michinoku (general men) 2nd https://osf.io/rxsdg/ 

25 Shamisen Low 2019 Biwako (boys and girls) 1st https://osf.io/jg4x9/ 

26 Shamisen Low 2019 Biwako (boys and girls) 2nd https://osf.io/8bhvy/ 

27 Shamisen Low 2019 Biwako (senior) 1st https://osf.io/gcpe6/ 

28 Shamisen Low 2019 Biwako (senior) 2nd https://osf.io/y3m6f/ 

29 Shamisen Low 2019 Hirosaki (personal B) 1st https://osf.io/5fjy6/ 

30 Shamisen Low 2019 Hirosaki (personal B) 2nd https://osf.io/ntd2h/ 

31 
Shamisen High 2019 Michinoku (junior high school 

and high school students) 
1st 

https://osf.io/5vbjt/ 

32 
Shamisen High 2019 Michinoku (junior high school 

and high school students) 
8th 

https://osf.io/nsjmy/ 

33 Shamisen High 2019 Biwako (general women) 1st https://osf.io/b3j72/ 

34 Shamisen High 2019 Biwako (general women) 21~47th https://osf.io/x5hs2/ 

35 Shamisen High 2019 Biwako (beginner) 1st https://osf.io/p5uca/ 

36 Shamisen High 2019 Biwako (beginner) 21~50th https://osf.io/48tb2/ 

37 Shamisen High 2019 Hirosaki (youth C) 1st https://osf.io/dzxys/ 

38 Shamisen High 2019 Hirosaki (youth C) 9~57th https://osf.io/p26j8/ 
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39 Shamisen High 2019 Hirosaki (senior C) 1st https://osf.io/fn4cr/ 

40 Shamisen High 2019 Hirosaki (senior C) 8~31th https://osf.io/8m7a6/ 

 436 

2.1.1 Exploratory sample 437 

Tsay (2013) and Mehr et al. (2018) used a between-subjects design where different participants 438 
independently rated audio-only, visual-only, or audio-visual stimuli, but the same participant did 439 
not evaluate different domains. However, to increase statistical power and comparability we 440 
designed ours to be within-subjects, so the same participant evaluates all examples across all 441 
domains. To eliminate the possibility of order effects by which participants’ judgments of audio-442 
only or video-only samples would be affected if they had previously seen the audiovisual condition, 443 
we chose to focus our confirmatory analysis only on the key conditions of interest - audio-only vs. 444 
visual-only - and present these stimuli first. For exploratory comparison, audiovisual examples 445 
were also included at the end of the experiment, but these are not included in our confirmatory 446 
hypothesis testing. (The order of stimuli within the audio-only/video-only block and the audiovisual 447 
block is randomly determined.) 448 

Also, although we chose to use 1st and 2nd-place performers from Mehr et al.’s Study 1 in order 449 
to allow us to also compare with Tsay (2013) who originally reported these stimuli, we also added 450 
stimuli from Mehr et al.’s Study 2 in order to allow exploratory analysis of the effect of changing 451 
the precise stimuli used. To choose a matched set of 5 pairs from the original 10 prepared by Mehr 452 
et al., we again excluded violin performances and also excluded two sets that included partial 453 
overlap with the stimuli used in Experiment 1 (i.e., the 6-second excerpts only differed by 454 
including/excluding 1-2 seconds). Thus each participant evaluates a total of 50 6-second excerpts 455 
from 25 pairs (40 performances / 20 pairs confirmatory [Table 1], 10 / 5 exploratory), and each 456 
performance is evaluated in three different formats; audio-only (confirmatory), video-only 457 
(confirmatory), and audiovisual (exploratory, saved for after the randomized audio-only/video-only 458 
block). This gives 50 excerpts x 6 seconds x 3 domains = 15 minutes worth of stimuli. This took 459 
pilot participants approximately 45 minutes to listen/watch and evaluate. The full pilot experiment 460 
can be accessed at https://gakuto101207.github.io/.  461 

2.2 Independent variable 462 

We have two independent variables: 1) stimulus domain (Audio-only vs. Visual-only [plus Audio-463 
Visual for exploratory analysis]) and 2) the ranking gap of two performers as a proxy of the variance 464 
in their performance quality (High-variance and Low-variance). As a factorial design analysis, our 465 
experiment belongs to the repeated measures two-factor crossed design (domain × variance) where 466 
each factor has two factor-levels. Incidentally, studying the interaction effects brought by musical 467 
instrument/genre (Western classical piano vs. Japanese folk Tsugaru shamisen) is not within the 468 
scope of our hypotheses so this is not counted as a factor, but we will add this into our factorial 469 
design model in the exploratory analysis. Participants will be randomly assigned 9 tasks, 3 from 470 
each of these types. In the Audio-only condition, only the sounds of “Tsugaru Jongara Bushi” by 471 
the three players are heard in succession, with no visual input. In the Visual-only condition, only 472 
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the three players are displayed on the video screen in succession, with no auditory input. In the 509 
AudioVisual condition, three performance videos with sound are presented. In these three 510 
conditions, participants are asked to evaluate all performances.  511 

2.3 Dependent variable 512 

The dependent variable will be the percentage of participants correctly choosing the 1st-placed 513 
performer in a two-choice forced-choice paradigm. As described above, participants will be asked 514 
to choose the actual 1st-place winner five times in each domain × variance combination. Therefore, 515 
the dependent variable will be metric discrete data taking values of 0.0 (no correct choices), 0.2, 516 
0.4, 0.6, 0.8 and 1.0 (all correct choices). This data will not necessarily approximate the normal 517 
distribution, so we will adopt nonparametric testing approaches (while also reporting parametric t-518 
tests to enable exploratory comparison with Tsay’s and Mehr et al.’s original analyses). After being 519 
presented with all tasks,  participants then provide demographic information including gender, age, 520 
and musical experience. 521 

2.4 Statistical analysis 522 

2.4.1 H1 (prediction of interaction effects between the domain and the variance) 523 

We will use a rank-based procedure factorial design which is designed for the general 524 
nonparametric testing of treatment effects (Noguchi et al., 2012; Friedrich et al., 2017; Brunner et 525 
al., 2018). The null hypothesis is that the interaction effect of the two factors (i.e. the domain and 526 
variance) is zero. The ANOVA-type statistic will be used as a test statistic and we rely on the R-527 
package nparLD for its calculation for repeated measurements (Noguchi et al., 2012). Regarding 528 
the use of nparLD, it is known that the ANOVA-type statistic does not lead to asymptotically 529 
correct statistical decisions (Friedrich et al., 2017). However, we consider it is still useful for the 530 
following two reasons. Firstly, Friedrich et al. (2017) proposed to use a wild bootstrap method to 531 
improve the asymptotic correctness of the ANOVA-type statistic but they also mentioned that both 532 
the classical way of calculation by nparLD and their wild bootstrap method brought similar 533 
conclusions even though the latter method is more accurate. Furthermore, Umlauft et al. (2019) 534 
remarked from their simulations that the classical ANOVA-type statistic can still be relied on for 535 
global testing (i.e. testing the existence of interaction effects rather than post-hoc analysis) and our 536 
test is 2 × 2 factorial design, so the theoretical issue of the ANOVA-type statistic is not practically 537 
relevant in this study.  538 

2.4.2 H2-H3 (prediction of the dominant domain for each variance condition) 539 

We will use a studentized permutation test for the nonparametric paired data (Konietschke & Pauly, 540 
2012) which is designed for the nonparametric Behrens-Fisher problem and is not requiring 541 
symmetry in the distribution as like the Wilcoxon signed-rank test. Formally, this method tests the 542 
relative effect q = 0.5 as a null hypothesis which means there is no difference between the paired 543 
data. In this study, we predict q > 0.5 as a one-tailed alternative hypothesis (i.e. a particular domain 544 
condition yields a higher percent correct). In H1, the two samples to be compared are the low-545 
variance × visual-only condition and the low-variance × audio-only condition paired by 546 
participants. Similarly, the high-variance × visual-only condition and the high-variance × audio-547 
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only condition paired by participants are the target two samples of H2. The R-package nparcomp 578 
(Konietschke et al., 2015) will be used for the implementation. 579 

 580 

2.4.3 Significance level of Type-1 error 581 

Because we are testing six predictions (3 each for piano and shamisen), we will use a Bonferroni 582 
correction to maintain an overall Type-1 Error alpha level of .05 (i.e., the critical significance p-583 
value for each test will be set to .0083). 584 

2.4.4 Evaluation of the support for the null hypothesis 585 

If we fail to reject the null hypothesis for H2 or H3, we will conduct tests analogous to equivalence 586 
testing (Schuirmann, 1987; Lakens, 2017) based on the above nonparametric test methods. The 587 
original idea of the equivalence testing was developed for the t-test, and the test is performed by 588 
constructing the confidence interval around the test statistic (i.e. t-statistic) and then checking 589 
whether the prespecified equivalence interval falls within the confidence interval. If yes, then the 590 
difference between the two groups is considered not exceeding the minimal meaningful difference 591 
expressed by the equivalence interval, and the two groups are deemed statistically equivalent.  592 

Since the above nonparametric test methods involve the calculation of rank statistics which can 593 
provide an estimate of the relative effect, we will report the relative effect with its 90% confidence 594 
intervals as the effect size of each experiment, and we will assess the support for the null hypothesis 595 
by checking whether the confidence interval overlaps with the equivalence interval we consider 596 
meaningful. The reason for using 90% is to create a confidence interval same as the two one-sided 597 
tests procedure used in the equivalence testing (Schuirmann, 1987; Lakens, 2017). Specifically, we 598 
set the relative effect’s equivalence interval of [0.39, 0.61] as the smallest effect size, corresponding 599 
to Cohen’s d of +-0.4 (Ruscio, 2008), which is often considered a reasonable estimate of a “Smallest 600 
Effect Size Of Interest” (SESOI) for purposes of power analysis (Brysbaert, 2019; see additional 601 
justification of effect size in the “Power analysis” section below). 602 

Regarding H1, we will create a confidence interval for the equivalence testing in a similar way to 603 
the methods proposed for fixed-effects ANOVA (Smithson, 2001; Campbell & Lakens, 2021). To 604 
be more precise, we will conduct the test according to the following steps if we fail to reject the 605 
null hypothesis for H1. Firstly, we calculate a finite denominator degrees of freedom of the 606 
ANOVA-type statistic (Brunner et al., 1997) which is set as infinity at the calculation of p-value 607 
(i.e. ). Secondly, the non-centrality parameter of the underlying F-distribution is 608 
obtained and the 5% quantile value of F statistics is derived from the non-central F-distribution. 609 
Thirdly, the partial eta squared corresponding to the derived F statistics is calculated using the 610 
equation (4) of Smithson (2001) with the adjustment of positive bias (Mordkoff, 2019). We 611 
confirmed the use of Smithson (2001)’s equation can reproduce the 90% CI [0.31, 0.82] of partial 612 
eta squared presented in Lakens (2013)’s exemplary analysis of repeated measures ANOVA. 613 
Finally, by constructing a confidence interval of 5-100% of partial eta squared, we judge the non-614 
inferiority of effect by whether a pre-specified threshold does not exist in this interval as similar to 615 
Campbell & Lakens (2021). We will use 0.01 for the threshold which is a borderline of the small 616 
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effect of eta squared (Kirk, 1996). We acknowledge that eta squared and this 0.01 is basically used 637 
for between-subjects design so it is not compatible with our experimental design. Conceptually, it 638 
is recommended to set a meaningful “no effect” borderline from an ecological reason such as based 639 
on just noticeable differences (Lakens et al., 2018). Though there is no data we can rely on to set 640 
the threshold for the sight-vs-sound effect under within-subjects paradigms, we hope our study can 641 
be a basis for more precise analysis of performance judgment undertaken in future research. 642 

 643 

2.5 Power analysis 644 

A priori power analysis requires estimating the effect size before collecting data, which is 645 
notoriously difficult (Brysbaert, 2019). In this paper, we rely in part on previously published data 646 
from several hundred participants from Tsay’s (2013) original study and Mehr et al.’s (2018) direct 647 
and conceptual replications. Because replications tend to more accurately estimate effect sizes than 648 
first publications due to publication bias (Open Science Collaboration, 2015), we focus on Mehr et 649 
al.’s data over Tsay’s. We will set acceptable false negative and false negative parameters based 650 
on commonly used power guidelines of 80% and a family-wise alpha level of 0.05 (i.e., .0083 for 651 
each of 6 hypothesis test; see above for rationale). 652 

As described in section 1.1, re-analysis of Mehr et al.’s data using using the parametric t-tests 653 
originally used by Tsay and by Mehr et al. suggests a range of effect sizes ranging from a minimum 654 
of Cohen’s d = 0.42 (for Study 2) to 0.57 (for Study 1 directly replicating Tsay) to 1.2 (for Study 655 
3). When these data are reanalyzed using the non-parametric methods planned for our confirmatory 656 
analysis, these correspond to relative effect sizes ranging from 0.62 (Study 2) to 0.64 (Study 1) to 657 
0.80 (Study 3). Since all data in our within-subjects experiment are collected from the same 658 
participants, our necessary sample size will be determined only by the smallest effect size of 659 
interest. Given that the smallest effect size found previously (Cohen’s d = 0.42) is slightly larger 660 
than the value of 0.4 often cited as an approximation of the “smallest effect size of interest” (SESOI; 661 
Lakens, 2017), we will use the more conservative SESOI of d = 0.4, corresponding to a minimum 662 
relative effect of 0.61, giving a required sample size of n=155 participants. Note that this estimate 663 
is based on a between-subjects design, so because within-subjects designs are considered to 664 
potentially have higher power than between-subjects designs (Lakens, 2013) this is likely a 665 
conservative overestimate of the true sample needed to achieve power of 80%. 666 

Regarding the interaction effect, we obtained a partial eta squared of 0.20 from the ANOVA-type 667 
statistics. By using this value as an input of G*Power (Faul et al., 2009), the required sample size 668 
was estimated as 53 participants in total. This estimation was based on the fixed-effects ANOVA 669 
setting as in the above presumptions. Since this estimate gives a substantially lower minimum 670 
sample size than described above, we will again use the more conservative estimate of n=155 671 
participants described above.      672 

2.6 Participants 673 

Participants will be native Japanese speakers 18 and older who have no hearing or visual disabilities 674 
and who have read and consented to the online experiment. They will be recruited from Keio 675 
University and the surrounding communities through a combination of social media, printed flyers, 676 
and word-of-mouth advertisements. Participants will be reimbursed Keio University’s standard rate 677 
(currently ¥1,050, approximately US$10). We ask them to respond to basic demographic items 678 
(e.g., Age, Gender, Native Tongue, general musical instrument experience, experience 679 
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listening/performing Tsugaru shamisen, piano, or other music; and free response regarding factors 844 
they felt were relevant to evaluating piano and shamisen performances) after the experiment, and 845 
the online experiment will take approximately 45 minutes for completion. 846 

2.7 Video editing method 847 

All piano videos were taken directly from the supplementary materials published by Mehr et al. 848 
(2018). To edit the new Tsugaru shamisen videos, GC (1st author) used a video editing software 849 
called DaVinci Resolve. The Tsugaru shamisen tournament video included the tournament, 850 
category name, performer name, etc., so we masked these details. We also magnified the video to 851 
allow better viewing of the performers' movements, and adjusted the focus of footage such that 852 
performers would be in the center of the screen. Moreover, because sound volume between Tsugaru 853 
shamisen competition videos and Piano competition videos in our experiment was quite different, 854 
GC used a sound editing software called ffmpeg and matched max-volume to about -10dB. We 855 
also corrected for extraneous noises to maintain appropriate sound quality. Experimental stimuli 856 
excerpts and full original videos can be viewed at https://osf.io/p9fvs. 857 

2.8 Pilot data 858 

Pilot experiment data (n = 9 participants) were collected. Figure 3 shows pilot data for the 859 
percentage selected as the actual winner in each confirmatory condition (Audio-only and Visual-860 
only ). Most importantly, our results suggest that in most cases participants are able to correctly 861 
identify the actual winners at levels substantially greater than the 50% chance level using either 862 
audio-only or video-only stimuli (with the possible exception of low-variance shamisen condition). 863 
Even given this small amount of data, it suggests that the previous piano results by Tsay (2013) 864 
and Mehr et al. (2018) may be replicable with our new within-subjects design and unified criteria 865 
of 5 pairs per condition. Data of Tsugaru shamisen also suggest a possibly similar tendency to the 866 
piano data, though the effect appears weaker. Though we need to take into account the small amount 867 
of sample, these pilot data suggest that our experimental paradigm should be able to collect 868 
meaningful data to allow us to evaluate whether our hypotheses are supported. 869 
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904 

 905 

Figure 3. The top figure is the violin plots of the pilot data (n = 9). Black diamonds indicate 906 
mean values. Dashed lines indicate paired data from the same participant. The bottom two 907 
figures show the relative effects of piano (left) and shamisen (right), and the bars are 95% 908 
confidence intervals based on the ANOVA-type statistics. Dashed lines (q = 0.5) indicate there 909 
is no effect. When the equivalent test is performed, confidence intervals will be calculated 910 
differently which is based on a studentized permutation test. 911 

2.9 Exploratory analyses 912 

Currently, three exploratory analyses are planned. Firstly, we will also perform comparative 913 
analysis with the Audio-Visual condition data. Secondly, regarding the piano, we will also collect 914 
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data using the stimuli of Mehr et al. (2018)’s Experiment 2, so we will check whether the same 915 
sight-over-sound effect is replaced using stimuli different from the ones used in the confirmatory 916 
analysis and in Tsay’s (2013) original analysis.  Lastly, we will explore whether there may be 917 
differences in the sight-vs-sound effects for each of the 25 individual competitions (20 confirmatory 918 
+ 5 exploratory). 919 

Table 2 | Registered Report design planner 

Question Hypothesis Sampling 
plan 

Analysis plan Interpretat
ion given 

  (e.g. power 
analysis) 

 outcome 

Does the 
dominance of the 
domain (audio or 
visual) depend on 
the variance in the 
performance 
qualities in 
performance? 

H1: There is an 
interaction effect 
between the modality 
factor (audio-only vs. 
video-only) and the 
quality variance factor 
(low vs. high 
variance) such that 
sight vs. sound effects 
depend on the 
performance quality 
gap of competitors.  

n = 155 (the 
rationale is 
given in 2.4) 

Nonparametric 
repeated 
measurements using 
rank-based 
procedures and the 
ANOVA-type 
statistic (α = .0083). 

There is/ 
is not an 
interactio
n between 
the 
domain 
and the 
variation 
in 
performan
ce quality. 

Which type of 
information, if 
any, has greater 
impact on the 
evaluation of 
piano performance 
in music? 

H2: Visuals dominate 
the judgment of 
performance between 
upper ranks (1st vs. 
2nd place), due to  the 
low variance in trials. 

A studentized 
permutation test for 
the nonparametric 
paired data of rate 
selecting actual 
winner in audio-only 
vs. video-only 
conditions (α 
= .0083). 
Equivalence testing 
if non-significant (α 
= .0083, 0.39 > 
relative effect ≤ 0.61) 

Visuals or 
sound 
does/does 
not  domi
nate when 
judging 
between 
upper and 
lower 
ranks. 

(Same as above) H3: Sound dominates 
the judgment of piano 
performance between 
upper and lower ranks 

Same as above.  
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(1st place vs. low-
placing), due to the 
high variance in trials. 

(H1-H3 are each tested twice: once replicating previous stimuli from piano competitions and 
once using novel stimuli from Tsugaru shamisen competitions) 
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