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Response to VanderWeele’s response to our letter
There are only two claims in VanderWeele’s reply, which we consider to be disagreement: that his definition 1 is a causal claim, and that his definition 1 is of interest.  In his words:
Claim #1: “…the quantity in Definition 1 in my paper1 is causal as the exposure E was counterfactual (being intervened upon). The criticism in paragraphs 4 and 5 of their letter is thus off-target.”

Claim #2: “If only one of 2 factors, say E, were randomized, we might be interested in whether the effect of E varies across strata of the second factor Q…  because we may be interested in identifying and targeting subpopulations in which this effect is as large as possible.” “To identify such subpopulations,we do not need to know whether the secondary factor, Q, actually has a causal effect on the outcome.”

We think that both claims are false.  First, the presence of a do-operator (counterfactual in his jargon) in an expression is not a sufficient condition for a causal expression.  A hybrid of “do” and “observed” (his Definition 1) is not a causal inequality.  Second, pseudo effect modification is not a valid method for targeting an intervention.
Consider the following example: Let E=asbestos exposure, Q=smoking status, and P=possession of a cigarette lighter status.  Assume that E and Q are causes of lung cancer (D), which reciprocally modify each other’s effect.  Specifically, on the difference scale, the effect of preventing asbestos exposure (do E=e0 vs. do E=e1) is larger in the presence of smoking (than in its absence (do Q=q1 vs. do Q=q0).   In the counterfactual notation:
(E[De1q1] − E[De0q1]) − (E[De1q0] − E[De0q0]) > 0

The causal structure is depicted here:
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VanderWeele claims that the following inequality is causal—somehow depicting causal reality in a population that contains P=p1 (possession of a cigarette lighter) and P=p0.  
(E[De1│P=p1] − E[De0│P=p1])− (E[De1│P=p0] − E[De0│P=p0]) > 0

Moreover, he claims that knowledge of that inequality will help us “identifying and targeting subpopulations in which this effect is as large as possible.” Specifically, he would claim that preventing asbestos exposure when P=p1 will benefit more than preventing asbestos exposure when P=p0.  
To see that his claims are false, consider the following subpopulations:
Subpopulation 1 includes two groups: 1) our family member and his friends who recently came back from a trip and purchased cigarette lighters as souvenirs (P=p1); 2) other kids in our neighborhood who do not possess a cigarette lighter (P=p0).  Therefore, we observe both P=p1 and P=p0 in subpopulation 1 (N=74 teenagers).  None of the kids in subpopulation 1 smokes (and let’s assume that none of them will ever smoke.)
Subpopulation 2 also includes two groups: a group of teenagers in VanderWeele’s neighborhood who possess a cigarette lighter (P=p1) and smoke (Q=q1) and a group of teenagers in his neighborhood who do not possess a cigarette lighter (P=p0) and do not smoke (Q=q0).  Again, we observe both P=p1 and P=p0 in subpopulation 2 (N=63 teenagers).  Assume again that smoking status will not change.  
Based on reciprocal effect modification of E and Q, VanderWeele’s inequality holds in Subpopulation 2, but does not hold in Subpopulation 1, even though we observe P=p1 and P=p0 in both subpopulations!  Does possession of a cigarette lighter modify the effect of asbestos exposure on lung cancer or not?  What is the causal claim in his definition, if the assertion is not consistent across two populations that satisfy the “observed” part of the definition?  Are we off-target or is his definition off-target?  In short, just as unmodified effects are not defined on observed values, modified effects are not defined on observed values, either.  As we wrote, his definition is just a specific type of association modification.
Next. Should we intervene to prevent asbestos exposure when P=p1 more than when P=p0?  No, in subpopulation 1.  Yes, in subpopulation 2. Can pseudo effect modification validly identify a target population in which the effect is larger?  No. Preventing asbestos exposure in those who possess a cigarette lighter in subpopulation 1 does not have a greater effect than preventing asbestos exposure in those who do not.  His advice was useless in one case and useful in another (and it is easy to come up with another subpopulation where his advice would be bad.)  Most important, since his definition offers no distinction between the two subpopulations, it is not a valid method to target the asbestos intervention.  A “miss” on one subpopulation and a lucky hit on another subpopulation is not a method; it’s a coin toss.  You can sometimes be successful and sometimes be unsuccessful simply by tossing a coin (and intervening based on the coin toss.)
But why go that far?  The falsehood of the claim that pseudo-modifiers help to identify a subpopulation is evident in a subpopulation of just two people: a non-smoker who possesses a cigarette lighter and a smoker who does not.  The target population jargon is deterministic nonsense, as I have explained elsewhere.  You can place the same person in an infinite number of finite targets (i.e., condition on observed values).  Remember: you always intervene on a real, finite, group of people—not on some imaginary infinite/near-infinite/super-population or a similar foggy idea.
We use observed populations and observed sub-populations to study unobserved individual-level causation and unobserved individual-level effect modification.  We don’t use populations, observed valued, and methods of causal inquiry to define causation.  Here and elsewhere, VanderWeele’s writing is confusing methodology with ontology.  Like many others, he seems to think that human-made randomization defines causality, rather than serves as a (fallible) method to study causality.
To sum up: VanderWeele confidently writes:

“To identify such subpopulations, we do not need to know whether the secondary factor, Q, actually has a causal effect on the outcome or whether it is simply a proxy for some other factor that does. This would be a conditional effect that is of interest.”
His text is wrong on all counts.  1) We need to know (rather, conjecture) that Q is a cause.  2) There is no such thing as conditional effect.   3) If Q is a pseudo-modifier, valid identification of subpopulations is a fiction.
In his last paragraph, VanderWeele also offers his philosophy about true theories in science:
“Finally, Shahar and Shahar claim that, “A true theory of effect modification should simultaneously contain all modifiers.” This seems unreasonable.  First, the task of attempting to find all effect modifiers is often hopeless—especially given the likely ubiquity of gene-environment interactions. Second, an important task of causal inference and epidemiologic methods is to form reasonably sound conclusions when our knowledge about effect modifiers (or causal structures more generally) is incomplete, as it likely always will be.”
To that text, we remain speechless.  The truth is not in our hands or in VanderWeele’s hands.  It was, unfortunately, determined without bothering to consult with scientists.  That we cannot know the truth (in the sense of certain knowledge) would not make the Truth go away.  That most, if not all, of our theories are false is old news.  So what can we do instead of feeling hopeless or instead of hopelessly searching for “reasonably sound conclusions”?  We refer VanderWeele to basic ideas in philosophy of science (truth, conjectural truth, pursuit of truth, truth-likeness).  Popper’s writing should be a good start.
On a positive note: unlike others, VanderWeele engaged in an honest debate without misreporting what we wrote.  We thank him for his effort to save the merit of his definitions, although we think that he did not succeed.  Effect modification and interaction are exchangeable terms for the same causal reality.  Pseudo effect-modification is not a causal phenomenon and, therefore, it is useless.
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