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Documentation for data files for McCormack, Frosch, Patrick, Lagnado JEP_LMC

The data files labelled McCormack, Frosch, Patrick, Lagnado JEP_LMC refer to the data from three experiments reported in the paper “Temporal and Statistical Information in Causal Structure Learning” to appear in the Journal of Experimental Psychology: Learning, Memory, and Cognition. A copy of the paper is provided. 
Note that: 
· There are three data files, each with the same structure that report the data for each of the three experiments reported in the paper. 
· Each file is an excel file that contains data plus a data key
· Note that adults did not have comprehension trials, so there is no data for this group under the column “Comprehension”.
· Age in month data is provided for the children only. 
Experiment 1
The first study pitted temporal pattern and statistical information against one another in causal structure learning. In the Congruent condition, temporal and statistical information were consistent with one another, with both suggesting the same causal structure. In the Incongruent condition the temporal and statistical information were inconsistent with one another and suggested different causal structures (e.g., the conditional dependencies and independencies suggested a common cause, but the temporal pattern was sequential, suggesting a causal chain structure). We also included a Statistical Information Only condition in which all events occurred simultaneously, to examine if participants would use statistical information alone to discriminate between the structures.
Participants. Children from three different school classes and one adult group participated in this study: 92 5-to-6-year-olds (M = 77 months, Range = 70–83 months), 69 6-to-7-year-olds (M = 88 months, Range = 83 –94 months), 64 7-to-9-year-olds (M = 100 months, Range = 95–114 months), and 74 adults. Participants completed one of three conditions: the Congruent condition (30 5- to 6-year-olds, 17 6- to 7-year-olds, 22 7- to 9-year-olds and 21 adults), the Incongruent condition (31 5- to 6-year-olds, 17 6- to 7-year-olds, 21 7- to 9-year-olds and 22 adults) or the Statistical Information Only condition (31 5- to 6-year-olds, 35 6- to 7-year-olds, 21 7- to 9-year-olds, and 31 adults).
Apparatus. A purpose built wooden box measuring 41 cm (long) x 32 cm (wide) x 20 cm (high), with an on-off switch at the front, was used. There were different colored lids for the box, each of which had three objects inserted on its surface that rotated on the horizontal plane when the experimenter activated a remote button. Each lid had three predetermined locations for these objects that formed an equilateral triangle of sides 24 cm. Unbeknownst to participants, the operation of the box was controlled by a laptop computer hidden inside it. In the Congruent condition, the components operated on three different temporal schedules according to the causal structure they were presenting. When a box displayed the common cause structure, the A component rotated for one second followed by a 0.5 second pause followed by the simultaneous rotation of components B and C which lasted for 1 second (simultaneous schedule). When a box displayed the causal chain structure, the A component rotated for one second followed by a 0.5 second pause followed by the one second rotation of component B, which was also followed by a 0.5 second pause and the one second rotation of component C (sequential schedule). The colours and shapes of the components were varied across participants and causal structures. Photographs of the box depicting the three possible causal structures were used at test overlaid with pictures of hands to indicate causal links 
Design. We employed a between-participants design, with participants assigned to one of the three conditions (data from the Statistical Information Only condition were collected at a later time point than the other two conditions but from a very similar population). Each participant was shown either two Congruent trials where timing and covariation information were consistent with the same causal structure (one common cause and one causal chain - either ABC or ACB - each consisting of 18 demonstrations), two Incongruent trials, or two Statistical Information Only trials in which all events occurred simultaneously. The order in which participants were shown each demonstration was randomized for each participant.
Three causal models were used to generate the patterns of statistical data for each condition: 
Model 1: Common cause (B←A→C)
Model 2: ABC Chain (A→B→C)
Model 3: ACB Chain (A→C→B)
Each model implies a different set of conditional independence relations and thus is in a separate Markov-equivalence class. For model 1, B is independent of C, conditional on A; for model 2, A is independent of C conditional on B; for model 3, A is independent of B conditional on C. This means that each model is in principle distinguishable on the basis of observational data alone. All models have the same parameters for the strengths of individual links (s = 0.66) and there are no spontaneous ‘uncaused’ effects (e = 0). 
Each model was used to generate a representative pattern of data to be presented to participants; each dataset consists of 18 trials.
Method. The children were tested individually and were first introduced to the box and asked to name the colour of each of the components. They were then shown three pictures, which were described to them as showing how the box might work. The pictures with the superimposed hands were explained to them (e.g., for Figure 2a the experimenter said “In this picture the blue one makes both the black one and the white one go, and the hands show that.”). Children were then asked comprehension questions that required identifying each of the three pictures that had just been shown to them, e.g., “Can you show me the picture where the blue one makes both the white one and the black one go?” When children made errors on the comprehension questions the pictures were described to them again and they were asked the comprehension questions again. 
	On completion of the comprehension questions the children’s attention was drawn to the on and off switch at the front of the box and they were asked whether the box was switched on or off (it was always off). They were then told “In a moment I am going to switch the box on and I want you to watch carefully what happens. Remember, you’ve got to figure out which of these pictures shows how the box goes. The [B] and [C] ones move but they don’t always work. So let’s switch the box on now”. The children then observed the appropriate 18 demonstrations of the box operating. After observing the 18 demonstrations, in all conditions they were asked to identify which of the three pictures “shows how the box really works”. The children then completed a maze task for a few minutes which served as a filler task before moving on to the second trial. The lid of the box was replaced with a different coloured lid and new components were introduced. Children were told that the new box may work the same or may work differently to the one they had already seen. The procedure for the adults was very similar with the following exceptions. Some of the adults were tested in pairs rather than individually, in which case responses were given in writing rather than verbally, and the short filler task for the adults consisted of an unrelated verbal reasoning task. Adults were not asked the initial comprehension questions.
Data File. The data file gives the following variables:
· Age group
· Age in months
· Number of comprehension trials required (children only)
· Whether response was correct on the common cause trial (0 or 1)
· Whether response was correct on the causal chain trial (0 or 1)
Experiment 2
In this experiment, we again varied whether this statistical information was accompanied by temporal information, by using three different conditions that differed in terms of whether intervention and/or temporal cues were provided. In the Intervention No Delay condition, participants saw generative interventions (i.e., interventions in which the experimenter selectively made components operate) on the same 3-component system used in Experiment 1. In this condition, the experimenter made each of the components operate in turn and allowed participants to observe the effect that this had on the other components in the system. No temporal order cues were provided, in that all events happened simultaneously (moving A also made B and C move at the same time). In this sense, the methodology was similar to that of Schulz et al. (2007) and Sobel and Sommerville (2009), who also used simultaneous events. The generative interventions themselves provided sufficient information to discriminate between causal chain and common cause structures (e.g., moving B will make C go if the structure is an ABC causal chain but not if it is a common cause structure; similarly, moving B will not make C go if A is a common cause of B and C). 
The second condition was a Time Only condition, in which participants were provided with temporal pattern information but not intervention information: when the experimenter switched on the box the components operated without interventions, but the temporal schedule of the operation of the components was either a synchronous one (A, followed by a delay, then B and C simultaneously) or a sequential one (A, followed by a delay, then B, then a further delay, then C for an ABC causal chain). The findings from the Congruent condition in Experiment 1 indicate that participants will assume that the former system is a common cause one, and the latter a causal chain. The third condition was an Intervention-Plus-Time condition. In this condition, participants observed the same interventions as in the Intervention No Delay condition, but they were also provided with consistent temporal information. So, for example, if the structure was an ABC causal chain, when A was intervened on by the experimenter, B moved after a short delay, and then C moved after a further delay (a sequential temporal schedule).
Participants. One hundred and forty children (68 girls) and eighty two adults took part in the study. Children were from two different school years: 6- to 7-year-olds (M = 80 months; Range = 74-86 months) and 7- to 8-year-olds (M = 92 months; Range = 86-98 months). Participants were assigned to one of three conditions (Intervention No Delay, N = 21 6- to 7-year-olds, 25 7- to 8-year-olds and 26 adults; Intervention Plus Time, N = 24 6- to 7-year-olds, 25 7- to 8-year-olds and 27 adults; and Time Only, N = 20 6- to 7-year-olds, 25 7- to 8-year-olds, and 29 adults).
Materials. The materials were identical to those used in Experiment 1. 
Design. We employed a between-participants design, with participants assigned to one of the three conditions in which their task was to discriminate between a common cause structure, an ABC causal chain, and an ACB causal chain. Although in Experiment 1, participants saw only one type of causal chain (either ABC or ACB), we included both of these chain types for all participants in Experiment 2. Thus, participants received three trials in total. Each participant was shown either three Time Only trials where they observed the operation of the box without the experimenter’s interventions (the common cause and the two causal chains, each consisting of three demonstrations), three Intervention No Delay trials in which the experimenter intervened on each component twice to demonstrate how it affected the other components but no temporal information was provided (in the sense that components rotated simultaneously), or three Intervention Plus Time trials in which the experimenter intervened as in the Intervention Only condition but the interventions were accompanied by the same temporal delays that were observed in the Time Only trials. The order in which participants were shown the interventions was randomized for each participant, and the order in which participants received each trial type was counterbalanced. 
Procedure
	Children were introduced to the box and answered comprehension questions as in Experiment 1. On completion of the comprehension questions the children’s attention was drawn to the on and off switch at the front of the box and they were asked whether the box was switched on or off (it was always off). In the Intervention Plus Time and the Intervention No Delay condition, children were then told “In a moment I am going to switch the box on and I want you to watch carefully what happens. For each shape I am going to show you what happens to the other shapes when I spin it.   Remember, you’ve got to figure out which of these pictures shows how the box goes. So let’s switch the box on now”. The children then observed the appropriate demonstrations of the box operating, with the experimenter intervening on each component separately by rotating it. These interventions were carried out twice for each component. Thus, for the common cause structure, children saw that operating A made both B and C go, but that operating B or C had no effect on the other components. For both the ABC and ACB causal chain, children saw that operating A made both B and C go; for the ABC chain they also saw that operating B made C go, but operating C did not make B go, whereas the reverse was true for the ACB causal chain.  
In the Time Only condition, children observed three demonstrations of the box components operating once the box had been switched on (as in Experiment 1), and the experimenter did not intervene to selectively operate any of the box components. After observing the demonstrations they were asked to identify which of the three pictures “shows how the box really works”. The children then completed an unrelated filler task (completing a maze) for a few minutes before moving on to the second trial. The lid of the box was replaced with a different coloured lid and new components were introduced. Children were told that the new box may work the same or may work differently to the one they had already seen. They then completed a second unrelated filler task before being introduced to a third box. 
The procedure for the adults was very similar with the following exceptions. Some of the adults were tested in pairs rather than individually, in which case responses were given in writing rather than verbally. Adults were not asked the initial comprehension questions and did not complete filler tasks.
Results
The data file gives the following variables:
· Age group
· Age in months
· Condition
· Number of comprehension trials required (children only)
· Whether response was correct on the common cause trial (0 or 1)
· Whether response was correct on the ABC causal chain trial (0 or 1)
· Whether response was correct on the ACB causal chain trial (0 or 1)
Experiment 3. 
In our third experiment, participants never saw A operating along with both B and C. Rather, the experimenter selectively disabled each component of the system in turn and demonstrated the effect that this had on the operation of the other components – what we have termed prevent-then-generate interventions. The result of this was that whenever A was operated, either B or C (but not both) had already been disabled by the experimenter. Removing the temporal information in Experiment 3 meant that participants only ever had one source of information with which to make their causal structure judgments, dependency information from observing interventions. We were interested in whether participants could make use of this information. 
Participants. Eighty eight children (42 girls) from three different school years took part in the experiment: 32 children aged 5 to 6 years (M = 72 months, Range = 62-78 months), 29 children aged 6 to 7 years (M = 85 months, Range = 80-90 months), and 27 children aged 7 to 8 years (M = 99 months, Range = 94-104 months). Children were recruited from and tested in their schools. Twenty five adults also participated.
Materials. The same apparatus was used as in Experiment 1, with one additional prop. In order to disable components of the causal system, a metal bar with a miniature stop sign affixed to one end was used. This resembled a stop sign commonly used as a road traffic signal. The metal bar could be inserted in to a small hole in any one of the components on the box’s surface that could be lined up with a hole in the box itself to secure it, preventing it from rotating
Method. Children were introduced to the box and pre-trained on the meaning of the response pictures as in Experiment 1. Following this, participants were shown the stop sign, and the experimenter explained that it could be used to disable a component from moving by inserting it into a hole in a component. The experimenter demonstrated this by putting the stop sign into the hole in the A component on the first box and showing it made it physically impossible for A to move. The experimenter then asked children to tell her whether the box was on or off (it was off), and then switched the box on. Following this, she told children: “I’m going to stop this shape from moving (pointing to one of the shapes) and show you what happens to the other shapes. I will do that for all shapes. So, for each shape I am going to show you what happens to the other shapes when I stop it from moving.” She then reminded children what their task was by saying “Remember, you’ve got to figure out which picture shows how this box really works. Are you ready now?”  She then disabled one of the shapes (counterbalancing whether it was A, B, or C), and, for each of the remaining two shapes, demonstrated twice what happened when she operated the other shape, counterbalancing which other shape was operated first. She then disabled a different component and again for each of the other remaining shapes demonstrated twice what happened when she operated the other shape, and then repeated this for the third component in the system. 
Thus, participants saw the effects of disabling A, B, and C on the operation of the other components. In three separate trials, children were shown the three different causal structures used in Experiment 2, and made their responses by selecting between the same set of three pictures. As in the first two experiments, a short unrelated distracter task was used in between demonstrating each structure, and children were told that each new box might work in the same way as the previous box or that it might work in a different way. The procedure for adults was very similar, although adults did not complete the comprehension pre-training. 
Results
The data file gives the following variables
· Age group
· Age in months
· Number of comprehension trials required (children only)
· Whether response was correct on the common cause trial (0 or 1)
· Whether response was correct on the ABC causal chain trial (0 or 1)
· Whether response was correct on the ACB causal chain trial (0 or 1)



