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2 - J. Pearl, On the Interpretation of do(x) DE GRUYTER 

Q = E[Yldo(x)] = q(x) 

where q(x) is some function of x, computed from the joint distribution of observed variables in the model. To 
what use can one put this information? I will discuss three distinct uses. 
1. Q represents a theoretical limit on the causal effects of manipulable interventions that might become

available in the future.
2. Q imposes constraints on the causal effects of currently manipulable variables.
3. Q serves as an auxiliary mathematical operation in the derivation of causal effects of manipulable vari

ables.

2.1 Q as a limit on pending interventions 

Consider a set I = {11, 12, • • •  , In} of manipulable interventions whose effects on outcome Y we wish to compare. 
Assume that these interventions are suspected of affecting Y through their effect on X, and Xis not directly 
manipulable. For example, 11, 12, • • •  , In could represent names of different diets we wish to investigate as a 
means for lowering cholesterol levels X = x, while Y stands for "life expectancy." Some of these interventions 
will have side effects and some will not. Some will change X deterministically, such thatX = f(I), and some 
will affect X stochastically. The ideal intervention will, of course, have no side effect on the outcome Y and 
will affect X deterministically. However, an ideal intervention may not be feasible given the current state of 
technology, but may become feasible in the future. For example, cloud seeding made "rain" manipulable in 
our century, and genetic engineering may render gene variations manipulable in the future. If we simulate 
the impact of such an ideal intervention, one with no side effects and with a deterministic f, its resultant 
effect on Y will be Q. 

Now suppose we manage to identify and estimate Q in an observational study. What does it tell us about 
the set of pending interventions 11, . . .  , In? The answer comes in a form of a theoretical limit: Q gives us the 
ultimate effect ANY intervention can possibly have on Y by leveraging Y's dependence on X. This informa
tion may not be directly usable to a decision maker trying to assess the effectiveness of any given interven
tions Ii, but it would be extremely valuable to one who needs to decide whether to explore new interventions 
to achieve greater control on X. Clearly, if Q is low, the exploration is futile, while if Q is high, the possibility 
exists that by finding a more effective modifier of X, we would obtain better control over Y.

Note that Q can be considered a "theoretical limit" and an "ultimate effect" -not in the sense of presenting 
a ceiling on the impact of Ii on Y, but rather as a ceiling on the X-attributable component of that impact. If 
some intervention, say Ii, shows greater impact on Y than that predicted through Q, we can safely conclude 
that much of that impact is due to side effects, not due to Ii affecting X. 

2.2 What Q tells us about the effects of feasible interventions 

We will now explore how knowing Q, the "theoretical effect" of an infeasible intervention, can be useful to 
policy makers who care only about the impact of "feasible interventions." 

Consider a simple linear model, I -> X -> Y with no unmeasured confounders and no direct link from 
I to Y. Let a and b stand for the structural coefficients associated with the two arrows, and let X be non
manipulable. 

If we wish to predict the average causal effect ACE(!) of intervention. I (say a new diet) on Y (say life 
expectancy), then we have (after proper normalization) 

ACE(!)= E[Yldo(l + 1)] -E[Yldo(I)] =a* b. 

Thus, b constitutes an upper bound for ACE(!). Yet, since Xis not manipulable, the coefficient bis purely theo
retical, and the manipulativity critics will object to granting it a "causal effect" status. Oddly, this theoretical 
quantity does inform our target quantity ACE(!) which meets all criteria of feasibility and manipulativity. 
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