Notes on data files McCormack Frosch Burns Lagnado Cognitive Science
This document provides notes on the two data files labelled McCormack Frosch Burns and Lagnado Cognitive Science. It reports data from the paper: Frosch, C., McCormack, T., Lagnado, D., & Burns (2012). Are causal and intervention judgments inextricably linked? Cognitive Science. 36, 261–285.
The data file is provided as an excel file with a key to the variables. Please note that the data from Experiment 2 in the paper itself are not included, because those data are from Burns’ PhD thesis, not the ESRC grant. The data given here are from the first and third experiments as reported in the paper (labelled Experiment 1 and 2 in this document and in the data files)
Summary
The application of the formal framework of causal Bayesian Networks to children’s causal learning provides the motivation to examine the link between judgments about the causal structure of a system, and the ability to make inferences about interventions on components of the system. Two experiments examined whether children are able to make correct inferences about interventions on different causal structures. In Experiment 1, children aged between 4 and 8 years made causal structure judgments on a three component causal system followed by counterfactual intervention judgments. In In Experiment 3, we explicitly told children what the correct causal structure was and asked them to make intervention judgments. The results of the experiments suggest that the representations that support causal structure judgments do not easily support simple judgments about interventions in children. 
Experiment 1
Children in three age groups were initially shown sets of three events with different temporal schedules, and asked to make a causal structure judgment, and then asked to infer how intervention on one component affects the operation of other components.
Participants. We tested 63 children from three school year groups: Group 1 (N = 20) were children aged 4-5 years (mean age = 58.25 months; Range = 52 – 63 months) and there were 8 boys and 13 girls. Group 2 (N = 21) were children aged 5-6 years (mean age = 70.62 months; Range = 64 – 80 months) and there were 9 boys and 12 girls. Group 3 (N = 18) were children aged 6-8 years (mean age = 89 months; Range = 81 – 99 months) and there were 7 boys and 11 girls.
Materials. The experimental materials consisted of a 41 cm (long) x 32 cm (wide) x 20 cm (high) wooden box that had three objects inserted on the surface. The box had three predetermined locations for these objects which formed an equilateral triangle of sides 24 cm. Any given object could be placed in any of the locations. We used four different colored box lids to signal to the children that they were different systems. The objects were different colored shapes (e.g., circle, square, triangle, crescent) and each of them was only used for one box in a testing session. The objects rotated on the horizontal plane and they were activated by a remote button press that was concealed from the participants. Each object had a small hole drilled in it, into which a metal rod could be inserted vertically through the hole and into another hole drilled in the box lid, in such a way as to completely prevent the object from moving. This metal rod was fashioned as a “stop sign”, which was a miniature version of a red and white road sign with the word “Stop”, and when the stop sign was inserted into an object it was perceptually obvious that it could not move. We also installed a dummy on/off switch on the side of the box facing the children, which acted as a setting condition for the initiation of trial sequences. Precise control over the timing of the sequences was ensured by the use of a laptop housed inside the box, of which participants were unaware. Colored photographs of the boxes’ surface overlaid with pictures of hands were used in the test phase of the experiment. 
Procedure. The type of causal structure, common cause and causal chain, was a within participants variable and each participant saw two of each, that is, two boxes that had a common cause structure and two that had a causal chain structure (one box ABC and the other ACB). The children were asked to select the picture that showed how each of the boxes worked and were then asked two intervention questions about the B and C components. The children were tested individually and were first introduced to the box and asked to name the color of each of the components. They were then shown three pictures which were described to them in one of two ways: order of description consistent with causal order or order of description inconsistent with causal order. The order consistent versions all started with a description of the effect object A had on the other objects, e.g.: “In this picture the blue one makes both the black one and the white one go, and the hands show that.” and “In this picture the blue one makes the white one go and the white one makes the black one go, and the hands show that.” In the order inconsistent version the descriptions started with object B or C, e.g., “In this picture the white one makes the black one go and the blue one makes the white one go, and the hands show that”. Order of mention of the components in the picture was varied in this way because the information children were subsequently provided with in order to discriminate between causal structures was temporal in nature. The children were then asked comprehension questions that required them to identify 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 before proceeding with the trial and on the next trial the comprehension questions were asked 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 “I am going to switch the box on now and I want you to watch what happens. Remember, you’ve got to figure out which picture is the right one. Are you ready now?” The children then observed three cycles of the box operating. The temporal schedules were either synchronous (A spins then, following a 0.5 s delay B and C spin simultaneously), or sequential (either A spins then B spins then C spins OR A spins then C spins then B spins, with 0.5 s delay between each event). After observing a box operate three times, the children were asked to identify the picture that shows “how the box really works”. Children selected one picture from a set of three and their chosen picture was then placed in front of the box and the other two pictures removed from view. The children were then introduced to a new piece belonging to the box, which was the stop sign that resembled a road sign. They were told that it could be used to “stop some parts of the box from going”. They were told, for example, that if the stop sign was put into the A object (named by its color) then it couldn’t move and this was demonstrated to them. They were then reminded of the picture they had selected as the one that shows how the box works and given one further demonstration of the operating box. They were told “That time the [color A] one moved and the [color B] one and the [color C] one moved.” The stop sign was then inserted into the B (or C object) (counterbalanced) and the experimenter said: “Now imagine I had stopped this one from moving like this. Can you see the [color B] one cannot move anymore? What if that time I had stopped the [color B] from moving would the [color C] one still have moved?”The stop sign was then inserted into the C object and the children were asked a similar counterfactual question about how this would have affected the operation of the B object. Thus, children were asked two intervention questions about each causal system. 
The children were then shown the next box and asked to note that this box was different (it was always a different color). Again they were asked to name the colors of the three objects (which were different for each box) and were introduced to the three pictures of the different causal structures, with the pictures showing the particular components appropriate to that box. They were only asked the comprehension questions again if they had failed some or all of them on the first trial. The remaining procedure for the second, third and fourth box were identical. Children saw two boxes with synchronous temporal schedules and two with sequential temporal schedules. The colors of the boxes and the components used for each box were varied across temporal schedules. Children saw the four boxes in one of eight different orders which were pseudo-randomized with the constraint that the first two boxes never had the same temporal schedule.
Results.
The results are given in the data file with the variables coded as:
· Age in months
· Age group (1 = 4-5, 2 = 5-6, 3 = 6-8)
· Common cause trial 1 causal structure choice 
· Common cause trial 2 causal structure choice 
· ABC causal chain causal structure choice 
· ACB causal chain causal structure choice
· Common cause trial 1 intervention B response (1= correct, 0 = incorrect for these and subsequent variables)
· Common cause trial 1 intervention C response
· Common cause trial 2 intervention B response
· Common cause trial 2 intervention C response
· ABC causal chain intervention B response
· ABC causal chain intervention C response
· ACB causal chain intervention B response
· ACB causal chain intervention C response 

Experiment 2
In Experiment 3, we told children what the causal structure was before asking them the intervention questions rather than asking them to make inferences. We actually demonstrating the effects of an intervention to children during the introduction to the test trials, which we had not done in the previous experiment. 
Participants. We tested 68 children from two age groups: Group 1 were 37 4- to 5-year-olds, 20 boys and 17 girls (mean age = 64.59 months, range = 58-69 months) and Group 2 were 31 6- to 7-year-olds, eight boys and 23 girls (mean age = 86.16 months, range = 79-91 months).
Materials. These were identical to those used in Experiment 1, including the stop sign used to disable objects. 
Design. Each child was presented with a training trial followed by three trials where they were presented with three different causal structures, one common cause, one causal chain ABC, and one causal chain ACB. Across participants, the three causal structures were presented in six different orders.
Procedure. Children were introduced to the various components and functionality of the box during a training phase. Using only two objects, we demonstrated that the objects could be removed from the box and children were told that “some objects spin by themselves and some need others to make them move”. Children were initially asked to name the colors of the objects to check that they knew the appropriate color words. We then introduced the stop sign and demonstrated that it would stop a shape from spinning as well as preventing other shapes from spinning. Each child observed the following sequence of events involving the two training objects, with shapes referred to by their colors:
1. Both shapes were initially removed from the box. One shape was added to the box, and that shape moved once the box was switched on, demonstrating that “some shapes move on their own”. 
2. The second shape was added, and then both shapes moved once the box was switched on (the first shape spun, followed by the rotation of the second shape), and children were told that the second shape was moved by the first one. This demonstrated that “some shapes are moved by other shapes”. 
3. The stop sign was inserted into first shape, and then neither shape rotated when the box was switched on, to demonstrate that the stop sign would prevent one shape from moving, and thus prevent its effect from also occurring. Children were told that the second shape did not move because it needed the first shape (which was disabled) to make it move: “See the [color] one didn’t go because it needs the [other color] one to make it go”. 
The children were then introduced to a new box with a new set of three components. As in Experiment 1, the children were first introduced to the causal model pictures that illustrated the different ways in which the box might work. They were also asked the comprehension questions used in previous experiments to verify they had understood the differences between the three pictures. The descriptions of what the pictures depicted and the comprehension questions were repeated if necessary, until the child answered all comprehension questions correctly. The box was switched on and they watched it operate three times. For the common cause structure, the temporal schedule of the objects’ movement was a simultaneous one, and for the causal chain structures the temporal schedule was the sequential schedule appropriate to the direction of the causal chain. The experimenter then showed them the particular picture that illustrated how the first box worked and described the picture to them. The other two pictures were removed from view. The children were then reminded of the stop sign’s function: “It can be used to stop some parts of the box from going. For example, if I put it into the [color A] one then it won’t move.” They were then reminded of the picture that showed how the box works (the picture was re-described to them, e.g., “The blue one makes the white one spin, and the white one makes the black one spin”), and given one further demonstration of the box’s operation. The stop sign was then inserted into the B or C object and the other object was lifted above its peg. The experimenter then said: “If I put the [color C] one down right now and turn on the switch, will the [color C] spin or stay still?” The same procedure was then followed for the other object. Following this trial, a new box and set of objects was introduced to children, along with the appropriate picture of causal structure. The order in which children were shown each causal structure was varied across participants. 
Results:
The results are given in the data file with the variables listed as:
· Age months
· Age group 1 = 4-5, 2 = 6-7 
· Common cause Intervention B response ( 1= correct, 2 = incorrect)
· Common cause Intervention C response
· ABC causal chain Intervention B response
· ABC causal chain Intervention C response
· ACB causal chain Intervention B response
· ACB causal chain Intervention C response
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