Notes on McCormack Bramley Frosch Patrick Lagnado submitted
This document provides notes on the data file “McCormack Bramley Frosch Patrick Lagnado submitted”, a manuscript which is currently under review. A copy of the paper is available on request from the first author. 
The data file takes the form of an excel file with a key to the variables. 
Summary.
[bookmark: _GoBack]Five-to-eight-year-olds intervened on a three-variable causal system to discover whether it was a common causal structure or one of two causal chains. Even the youngest children were accurate when the structure was a common cause, probably due to employing a simple temporal heuristic. From 6-7 years, children were able to use information from their interventions to identify a causal chain. Two other sets of children were shown the same interventions as the children from the first group who carried out the interventions themselves. These were in two groups: a yoked self condition, who carried out the interventions but as instructed by the experimenter, and a yoked other condition who observed the experimenter carry out the interventions. Levels of performance were not reduced in a task in which children did not select and carry out interventions themselves, indicating no advantage for self-directed learning. 
Participants
Self condition: Three groups of children took part in the study from three different school years: 21 5- to 6-year-olds (M = 72 months, Range = 64-80 months), 31 6- to 7-year-olds (M = 86 months, Range = 80-93 months) and 25 7- to 8-year-olds (M = 98 months, Range = 93-103 months). 
Yoked self and yoked other condition: Three groups of children took part in this part of the study. There were 28 5- to 6-year-olds (M = 75 months, Range = 70-81 months), 62 6- to 7-year-olds (M = 87 months, Range = 81-93 months) and 50 7- to 8-year-olds (M = 99 months, Range = 91-105 months). Half of the children in each group were assigned to the yoked-intervene condition and half to the yoked-observe condition. 
Materials. The study used a purpose built wooden box measuring 41 cm (long) x 32 cm (wide) x 20 cm (high), which had an on/off switch located at the front. There were three different colored lids for the box. Two of these had three colored/patterned shapes (e.g., circle, rectangle, star) inserted on its surface that rotated independently on the horizontal plane; a separate lid was used in pretraining and had only two shapes inserted on its surface. The colours and shapes of the components were varied across participants and causal structures. On each of the two lids used in testing, the three shapes formed an equilateral triangle of sides 24 cm. Each object had a small hole that aligned with a hole in the lid of the box. There was a miniature “Stop” sign affixed to the top of a metal rod that could be inserted through the hole on any object into the corresponding hole in the box. The “Stop” sign was red and white, resembling a standard traffic sign. When it was inserted into an object it completely prevented the object from moving. Each of the three objects could be rotated by hand; the rotation of the other objects was then controlled by a laptop hidden inside the apparatus which participants were unaware of. Participants could also insert the stop sign into any one of the three objects to prevent it from moving. A set of photographs was used during the learning phase which participants used to indicate which intervention they were going to make on the system; there photographs depicting each object on the box and in addition photographs of each of the objects with the stop sign inserted into them. Photographs of the whole box with its three objects depicting three possible causal structures were used at test: one common cause and two causal chains. These photographs were overlaid with pictures of hands to indicate causal links. 
Procedure. The pretraining procedure used a lid on the box that had two colored shapes inserted on its surface; its purpose was to demonstrate that some shapes caused others to move but that the stop sign could be used to prevent a shape from moving. Children were initially asked to name the colors of the shapes, and then the experimenter drew children’s attention to the on/off switch at the front, which was set at the “off” position. She then switched the box on and manually rotated one of the two shapes (X). This had no effect on the other shape (Y) which remained stationary, and the experimenter pointed this fact out to children. Following this, she rotated the other shape (Y), which resulted in the first shape (X) simultaneously rotating. She explained to children that “Some shapes are made to move by others”. The experimenter then switched the box off and introduced children to the “Stop” sign, which she inserted into X to stop it from moving. She then switched the box on again and rotated Y, which this time had no impact on the movement of X because it was prevented from moving by the stop sign. Following this, the lid was removed from the box, and replaced by a different colored lid with three different shapes on it. Children were asked to name the color of the shapes and were told that their job was to figure out how the box worked. They were introduced to the three test pictures depicting the three different causal structures, and the experimenter told them that one of these pictures definitely showed how the box worked, and that they needed to figure out which was the right picture for this box. The experimenter described each picture in turn (e.g., “In this picture, the red one makes the blue one go, and the blue one makes the white one go, and the hands show that”). Following these three descriptions, children were then asked a set of three comprehension questions (e.g., “Can you show me the picture where the red one makes the blue one go and the blue one makes the white one go?”. The majority of children answered these questions correctly first time, but if they did not answer all three questions correctly, the experimenter repeated the initial descriptions and asked the comprehension questions again. This procedure was repeated again if necessary. 
Procedure for the self condition: 
Following this pretraining, the experimenter switched on the box, and explained to children that now they were going to figure out how the box worked. Children were told that they could do one of two things: either “You can move a shape to see if it makes other shapes move” or “You can stop a shape from moving by putting the stop sign in and then see what happens when you move another shape”. The order in which the experimenter described each of these options was counterbalanced. It was explained to children that before they carried out each intervention, they had to point to a card indicating what they intended to do. For example, if they wanted to move the black shape, they had to initially point to a card depicting the black shape. If they wanted to use the stop sign, they were told to point to a card depicting the relevant shape with the stop sign in it, and then to a card of the shape they wanted to move. Children were told that they had 12 goes “to start with” in order to try to figure out how the box worked, and that each time they moved a shape counted as one go. It was made clear that using the stop sign did not count as a go by itself; children had to then in addition move one of the other shapes for it to count as a go. This system was used to ensure children interacted with the box in a controlled way and to make it clear that they could not make an unlimited number of interventions. It also ensured that all children made a fixed minimum number of interactions before attempting to answer the test question. Children were told that they didn’t need to keep track of the number of goes that they had with the box, as the experimenter would count this for them. 
	Before children began interacting with the box, the experimenter reminded children that their job was to figure out which of the three pictures matched the box. She then demonstrated what happened when shape A was moved, which was that the other two shapes also moved simultaneously, and pointed out that they didn’t know yet “which ones make other ones go”, making it clear that they needed to work this out. Participants were subsequently allowed to make interventions on the box themselves by first selecting the appropriate card and then making the intervention. So, for example, a participant might select a card depicting a shape with a “Stop” sign in it, put the metal stop sign into the hole of the shape, and then select a card for one of the other two shapes, before moving that shape. This counted as one go. After the participants had completed 12 interventions, the experimenter said “You have had your 12 goes now – do you want to choose which picture you think shows what the box did, or do you want to have another 6 goes?” The majority of participants opted to choose after 12 interventions. Children did two trials of this sort, one for a common cause box and one for a causal chain box, with the order in which they received each trial counterbalanced. They completed a short filler task (a paper-and-pencil maze) in between each of the two trials. It was made clear to them that the second box might work in the same way as the first box or it might work in a different way. The second box always had a lid of a different color and a different set of shapes. 
Procedure for the yoked self and yoked other conditions: The procedure for each of the conditions was similar to that of self condition up until the learning stage of the task. In the yoked-intervene condition, the experimenter explained that she was going to ask the child to do things to the shapes in the box in order to figure out how the box worked, using cards to give instructions. She explained that when she pointed to a picture of a specific shape, children needed to move that shape to see what happened to the other shapes, and when she pointed to a picture of a shape with a “Stop” sign in it, children needed to initially put the “Stop” sign in that shape and then see what happened when they moved which ever shape was depicted in the next picture that she pointed to. Children were told that the experimenter would give them 12 instructions of this sort to start with. For those children who were yoked to children from the self condition who completed only 12 interventions (the majority of children), after those interventions were completed the experimenter said “You have had your 12 goes now. Which picture do you think shows how the box works?” For the remaining children, the experimenter said after 12 interventions “We have 6 more things to try before you give your guess about how the box works”, and then showed the remaining 6 interventions before asking the test question. During the learning phase, the experimenter then instructed children to carry out the interventions in the same order as their yoked participants from the self condition. The procedure for the yoked-observe condition was very similar, except that the experimenter explained that she would point to the pictures of the shapes herself before moving them. During the learning phase, the experimenter then pointed to the appropriate pictures before each intervention, and carried out all interventions herself with children observing. 
Results
Results are given in the data file as the following variables:
· Age in months
· Age group: 1 = 5-6, 2 = 6-7, 3 = 7-8
· Condition 1 = self, 2 = yoked self, 3 = yoked other
· Causal chain correct 1 = correct, 0 = incorrect
· Common cause correct 1 = correct, 0 = incorrect




