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Abstract 

Background 

Participants in 2-interval rhythm reproduction tasks tend to produce patterns that are close to, 

but not quite simple integer ratios such as 1:1 and 1:2 [1, 2, 3, 4, 5]. Yet recent research suggests 

that statistical priors which constrain rhythm perception privilege simple integers across 

cultures [6].  

Aim and Methods 

Here we evaluate how culture may influence the reproduction of uneven rhythms. Two 

experiments of synchronized tapping with isochronous and uneven two-interval rhythms (short-

long), were run in Bulgaria, Germany, Mali, and Turkey (Table 1). Sub-groups were 

differentiated by expertise (musicians versus non-experts) and by stylistic orientation (Table 2). 

Table 1: Experiments 
Experiment pattern rate tested ratios participants 

1 1000 ms 1:3, 1:2, 2:3, and 1:1 136 
2 500 ms 1:2, 42:58, and 1:1 70 

 



Table 2: Participant sub-groups 
 Turkey Bulgaria Germany Mali 

trained musicians 
(instrumentalists) 

Turkish art 
musicians  

Western classical 
musicians 

conservatory 
students and 
professionals 

traditional drummers 

 folk musicians   
non- 
instrumentalists 

 folk dancers diverse traditional dancers 
   university students 

Results 

In the isochronous condition of Experiment 1, musicians showed significantly less variability 

than non-musicians across all groups (t(134)=7.1 p<0.0001). There was no significant effect 

for cultural background (F(3,135)=0.76 p=0.51). 

Comparing the biases in response to non-isochronous target rhythms in Experiment 1, we found 

significant main effect of group (F(8,254)=3.67 p<0.001) and ratio (F(2,254)=667 p<0.001) as 

well as a significant interaction (F(16,254)=4.62 p<0.001). The reproduction of the 1:3 and 2:3 

targets were both significantly distorted towards 1:2 (t(135)=18.7 p<0.001 and t(135)=23.8 

p<0.001). This suggests an “attractor” ratio near 1:2 to be culturally universal at the studied 

tempo (period rate=1000 ms). The reproduction of the 1:2 ratio itself did not involve bias overall 

(t(135)=0.83 p=0.41), but whereas musicians tended to slightly flatten the ratio, non-musicians 

sharpened it (t(134)=5.57 p<0.001). 

Experiment 2 tested musicians only due to task demands at the higher tempo. Overall biases 

showed significant main effect of group (F(3,66)=10.04 p<0.001) and ratio (F(1,66)=344.6 

p<0.001) as well as a significant interaction (F(3,66)=25 p<0.001). Responses to 1:2 were 

slightly flattened (t(69)=3.96 p<0.001), and were uniform across groups (F(3,66)=1.06 p=0.37). 

By contrast, reproduction of 42:58 short-long ratio systematically differed across groups 

(F(3,66)=25.82 p<0.001): Bulgarians and Germans strongly distorted it towards 1:2 (p<0.001 

for all groups) whereas Malians did not (Figure 1). The 42:58 ratio falls in the range of a 



prototypical “swing ratio” (long:short=57:43–60:40) of beat subdivision in Malian [7, 8, 9] but 

is not prominent in German or Bulgarian music at the studied tempo (period rate=500 ms). 

Conclusion 

Across a range of cultural backgrounds, our study finds a strong role for expertise in basic 

synchronization capacity and for the primacy of the simple integer ratio of 1:2 in the 

reproduction of uneven two-interval rhythms. However, we also uncovered an instance of sharp 

difference in the sensorimotor synchronization with more complex ratios. Malian musicians’ 

accurate reproduction of the non-integer 42:58 ratio indicates a strong impact of culture-specific 

experience on rhythm perception. 

 

Figure 1. Responses to the 33:67 and 42:58 ratios in Experiment 2.  X-axis represents the stimulus and Y-axis 
shows the responses separated by groups. The given values on both axes concern the first (short) of the two 
intervals (short-long) in percent of the overall two-interval pattern duration (33% for target 1 and 42% for target 
2); the dashed line represents an ideal (1:1) relation between target and response rhythms and thus marks the 
spots where a precise and unbiased response would correspond to a given target. 
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