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• What’s known: 
NC population is a (sub-)population that is not affected by the treatment, 
e.g. 

• What’s new:
Formal definition and causal diagrams of NC population is provided;
Usage of NC population for (1) checking unmeasured confounding and (2) 
checking exclusion restriction (the presence of direct effects) is provided. 

• What’s useful: 
Eligible NC population could be a nice method to rule out unmeasured 
confounding and the presence of unknown causal pathways

SUMMARY



• Example 1. In an ex vivo experiment, I am worried about that some pre-
experiment (e.g. assay agent production) issues are actually the cause 
of my positive outcome.

• Example 2. In an instrumental variable analysis, I am worried about the 
violation of exclusion restriction assumption for some reasons.

• Example 3. In an RCT, I am worried that placebo effects account for the 
majority of the observed effects of my painkiller; the RCT is however 
open-label and cannot be blinded. 

MOTIVATING EXAMPLES OF USE



• NC population: a “control” in which the subjects are not affected by a 
certain treatment, and similar to “the treated and the control groups 
subjected to randomization”

• Informal requirement of this (sub-)population: 
 The NC population is similar enough to the population of interest; 
 The NC population would have had the same outcome with or without the 

treatment;
 The NC population is expected to have a null observed effect after the treatment.

• Therefore, a positive observed effect over the NC population is used to 
falsify a certain causal conclusion over the target population.

INFORMAL DEFINITION OF NC POPULATION



Assumption set 1: for ruling out unmeasured confounding

• An NC-population is a population denoted by pretreatment variable 𝑉𝑉 = 1
(either a sub-population of the target, or an external population that is 
similar enough*) in which there is: 

[1] No response to the treatment, on average: 
𝐸𝐸 𝑌𝑌𝑎𝑎=1 𝑉𝑉 = 1 = 𝐸𝐸[𝑌𝑌𝑎𝑎=0|𝑉𝑉 = 1]

[2] No perfect cancellation: 
if 𝑌𝑌 ⊥ 𝐴𝐴 | 𝑉𝑉 = 1 , then 𝑌𝑌𝑎𝑎 ⊥ 𝐴𝐴 | 𝑉𝑉 = 1

[3] similar confounding structure: (?*)
If 𝑌𝑌𝑎𝑎 ⊥ 𝐴𝐴 | 𝑉𝑉 = 1 , then 𝑌𝑌𝑎𝑎 ⊥ 𝐴𝐴 | 𝑉𝑉 = 0

FORMAL DEFINITION OF NC POPULATION



Assumption set 1: for ruling out unmeasured confounding

• An NC-population is a population denoted by pretreatment variable 𝑉𝑉 = 1
(either a sub-population of the target, or an external population that is 
similar enough*) in which there is: 

[1] No response to the treatment, sharply: 
𝑌𝑌𝑖𝑖𝑎𝑎=1 = 𝑌𝑌𝑖𝑖𝑎𝑎=0 ∀ 𝑖𝑖 such that 𝑉𝑉𝑖𝑖 = 1

[2] No perfect cancellation: 
if 𝑌𝑌 ⊥ 𝐴𝐴 | 𝑉𝑉 = 1, then 𝑌𝑌𝑎𝑎 ⊥ 𝐴𝐴 | 𝑉𝑉 = 1

[3] similar confounding structure: (?*)
If 𝑌𝑌𝑎𝑎 ⊥ 𝐴𝐴 | 𝑉𝑉 = 1, then 𝑌𝑌𝑎𝑎 ⊥ 𝐴𝐴 | 𝑉𝑉 = 0

FORMAL DEFINITION OF NC POPULATION



Usage 1: Ruling out unmeasured confounding in estimating ATE

• Empirical testing of the presence of unmeasured confounding: 

𝐸𝐸 𝑌𝑌 𝐴𝐴 = 1,𝑉𝑉 = 1 ≠ 𝐸𝐸 𝑌𝑌 𝐴𝐴 = 0,𝑉𝑉 = 1 ⇒ unmeasured confounding

• Estimating ATE when [2] and [3] are satisfied: 
𝐸𝐸 𝑌𝑌 𝐴𝐴 = 1,𝑉𝑉 = 1 = 𝐸𝐸 𝑌𝑌 𝐴𝐴 = 0,𝑉𝑉 = 1 ⇒

𝐴𝐴𝐴𝐴𝐸𝐸 = Pr 𝑉𝑉 = 0 𝐸𝐸 𝑌𝑌 𝐴𝐴 = 1,𝑉𝑉 = 0 − 𝐸𝐸 𝑌𝑌 𝐴𝐴 = 0,𝑉𝑉 = 0 ;
𝐶𝐶𝐴𝐴𝐴𝐴𝐸𝐸 = 𝜏𝜏 𝑉𝑉 = 0 = 𝐸𝐸 𝑌𝑌 𝐴𝐴 = 1,𝑉𝑉 = 0 − 𝐸𝐸[𝑌𝑌|𝐴𝐴 = 0,𝑉𝑉 = 0]

ESTIMATION OF ATE



Assumption set 2: for ruling out both unmeasured confounding and 
direct effect (or effect outside known mechanisms)

• An NC-population is a population denoted by pretreatment and pre-
confounder variable 𝑉𝑉 = 1 (either a sub-population of the target, or an 
external population that is similar enough*) in which there is: 

• [4] No indirect effect in NC-population:
- 4a: Pr 𝑀𝑀𝑎𝑎=1 = 𝑚𝑚 𝑈𝑈,𝑉𝑉 = 1 = Pr[𝑀𝑀𝑎𝑎=0 = 𝑚𝑚|𝑈𝑈,𝑉𝑉 = 1]

(no A-M pathway), or
- 4b: 𝑌𝑌 ⊥ 𝑀𝑀 | 𝑉𝑉 = 1,𝑈𝑈,𝐴𝐴 (no M-Y pathway)

[5] No perfect cancellation of direct effects:
- 𝑌𝑌 ⊥ 𝐴𝐴 | 𝑉𝑉 = 1 ⇒ 𝐸𝐸 𝑌𝑌𝑎𝑎=1 𝑀𝑀𝑎𝑎=1,𝑈𝑈,𝑉𝑉 = 1 = 𝐸𝐸[𝑌𝑌𝑎𝑎=0|𝑀𝑀𝑎𝑎=0,𝑈𝑈,𝑉𝑉 = 1]

[6] Similar direct effect structure (“no context-specific direct effect”): 
- no direct effect in 𝑉𝑉 = 1 ⇒ no direct effect in 𝑉𝑉 = 0

FORMAL DEFINITION OF NC POPULATION



Usage 2: for ruling out both unmeasured confounding and direct 
effect

• Empirical testing of the presence of unmeasured confounding and direct 
effect (or other causal pathway via unmeasured mediators):

𝐸𝐸 𝑌𝑌 𝐴𝐴 = 1,𝑉𝑉 = 1 ≠ 𝐸𝐸 𝑌𝑌 𝐴𝐴 = 0,𝑉𝑉 = 1 ⇒
unmeasured confounding or presence of direct effect

• (In IV analysis case this indicates the violation of exclusion restriction 
assumption, if there are other arguments ruling out unmeasured 
instrument-outcome confounding)



• 1. Can individuals with immune (𝑌𝑌𝑎𝑎=1 = 𝑌𝑌𝑎𝑎=0 = 0) or doomed (
)

𝑌𝑌𝑎𝑎=1 =
𝑌𝑌𝑎𝑎=0 = 1 response types be used as NC-population? – and relationship 
between response type and NC-population. 

• 2. Is there any better ways to define “similar confounding structure”?

• 3. (in case you read eText2 in supplementary material): how different is it 
between “a population in which alcohol consumption is absent” and 
“individuals who do not drink alcohol”: is it just a matter of language?

SOME INTERESTING QUESTIONS TO DISCUSS



A FUN FACT…



• (fyi: only 9 of 24 mention epi/clin- negative controls)

TWO FUN FACTS…

This one is a “real” negative 
control from wet lab.



QUESTIONS?
And suggestions?
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