
SCM graphs and missing data1

Statistical and causal inference involving missing data demands a model.
Directed acyclic graphs (DAGs) provide a convenient and powerful frame for
this important exercise as few empirical studies are free of missing data.

There are four categories of missing data: (a) no missingness, (b) missing
completely at random (MCAR), (c) missing at random (MAR), and (d) missing
not at random (MNAR). Consider the data in table 2 to illustrate.

Graphical representations of the four cases are depicted in figure 1.

1This note draws from Mohan and Pearl (2020), Journal of the American Statistical
Association, “Graphical models for processing missing data.” Mohan and Pearl discuss a
broad range of issues as indicated in table 1.
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Solid (clear) nodes indicate variables involving no missing (some missing) data,
R variables represent the status of the causal mechanism for missingness (0
indicates not missing and 1 indicates missing), and variables with an asterisk
indicate proxy variables for variables experiencing missingness as defined by
equation (1).

Proxy variables (defined by equation (1)) are typically omitted from m-graphs
for simplicity and clarity.

1. MCAR data are indicated by V0, Vm ⊥ R. That is, the causal mech-
anism for missingness is independent of observed and partially observed data,
respectively.

2. MAR data are indicated by Vm ⊥ R | V0. The causal mechanism for
missingness is independent of partially observed data conditional on observed
data.

3. MNAR data are indicated when neither MCAR or MAR apply.
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The next example illustrates recoverability specific to a causal inquiry even
though recoverability is not generally feasible. In this setting, do-calculus is
employed to address outcome missingness.
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Figure 7 (a) and (b) subgraphs
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