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Great apes and children infer causal relations from patterns of variation and covariation
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Supplementary material

Experiment 1
Subjects
The nonhuman apes were housed at the Wolfgang Köhler Research Centre, Leipzig Zoo (Leipzig, Germany). Our ape sample consisted of 27 females and 11 males aged between 5 and 37 years (Mage 18.9 years). Our sample of 2.5-year-olds ranged between 2 years 5 months to 2 years 7 months (mean age 2 years and 6 months). The sample of 3-year-olds ranged from 2 years and 9 months to 3 years 3 months (mean age 3-0 years). The same number of boys and girls participated in the study.
The apes had participated in various cognitive tasks prior to the study. However, none of these previous studies involved a food dispenser similar to the current blicket detector or examined whether apes are sensitive to patterns of variation and covariation when making causal judgments. 
Supplementary results
Nonhuman apes. We included the condition, species, and the interaction between the two in the model as predictor variables (as well as the side of the 100% object and session as control variables). Overall, the full model was not significant as compared to the null model (likelihood ratio test: χ²=11.67, df=8, P=0.167).
When we removed the interaction between condition and species the model was significant compared to the null model (likelihood ratio test: χ²=10.48, df=4, P=0.033). More specifically, we found that condition had a significant effect on apes performance (likelihood ratio test: χ²=9.67, df=2, P=0.008) with apes performing better (i.e. apes chose 100% object more often) in the one-cause (z=2.55, P=0.011) and control (z=2.42, P=0.015) condition compared to the two-cause condition. We found no difference between the one-cause and control condition (z=0.28, P=0.779). In contrast, the other fixed effects had no significant effect on performance (likelihood ratio tests: Species: χ²=0.90, df=2, P=0.637; Side of 100% object: χ²=1.71, df=1, P=0.191; Session number: χ²=0.13, df=1, P=0.723).
[bookmark: _GoBack]Three-year-olds. We included the type of instruction, condition, and the interaction between the two in the model as predictor variables (as well as the side of the 100% object as control variable). Overall, the full model was not significant as compared to the null model (likelihood ratio test: χ²=6.02, df=5, P=0.304). When we removed the interaction of condition and instruction the model was not significant compared to the null model (likelihood ratio test: χ²=5.65, df=3, P=0.130) suggesting that there were no significant effects of the type of instruction or condition on 3-year-olds’ performance.


Experiment 5
Methods
Subjects. Fifteen chimpanzees, eight bonobos, and six orangutans participated in this experiment. All subjects had participated in Experiment 3 before.
Materials. The apparatus was the same as in Experiment 1. We used 24 novel objects as stimuli. 
Procedure and Design. Similar to experiment 3, subjects received a training and test phase. In this experiment, subjects could insert the objects on their own. We tied the compound stimuli together by means of a zip tie. The training consisted of AC+, AC+, BD-, BD-, C- demonstrations. The order of the compound stimuli was counterbalanced. After the compound demonstrations, the stimuli were split (by cutting the zip tie). Object D was removed from the platform and subjects could try out object C which did not activate the detector. Then subjects could choose between the remaining objects (A and B) on the platform. Subjects received one session with two trials. Those subjects who did not chose the correct object at least within two attempts received a second training session with novel objects. Three chimpanzees did not approach the apparatus and insert an object within four sessions and were excluded from analysis.
We administered the following test conditions: indirect screening off: AC+, AC+, BD+, BD+, C-; backward blocking: AC+, AC+, BD+, BD+, C+. After the subjects had inserted the compound stimuli, we split the compound stimuli, removed object D from the platform, and allowed the apes to try out object C. Then apes were allowed to choose between the objects A and B. 
Scoring and analysis. Same as in Experiment 1. 
Results
Training. Subjects did score above chance, neither in session one (N=26; M±SEM=48.1±5.2; t(25)=-0.37, p=0.713), session two (N=18; M±SEM=52.8±8.5; t(17)=0.32, p=0.749), nor overall (N=26; M±SEM=52.9.1±4.7; t(25)=0.62, p=0.542).
Discussion
The apes did score above chance levels in the training condition in which object A (together with object C) was twice associated with the effect and object B (together with object D) was twice inserted without activating the detector. The most likely explanation for apes’ failure is the increased complexity of the current demonstration phase with four objects concurrently on the platform and two different compound stimuli. 
