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Love Actually graph

https://fivethirtyeight.com/features/the-definitive-analysis-of-love-actually-the-greatest-christmas-movie-of-our-time/



Afghanistan strategy graph

http://sdwise.com/2013/07/hey-new-york-times-a-causal-loop-diagram-is-not-a-powerpoint-fail/



Travelling salesman graph

http://computationaltales.blogspot.com/2011/07/dijkstras-algorithm-on-scooters-part-4.html



Smoking-asthma graph

Our proposed causal diagram
Our proposed causal diagram to address the
smoking-asthma research question is shown in
Figure 4. This was created by drawing on substantive
knowledge of the underlying causal relationships,
combining subject-matter expertise and results of
previous research.5 We have now included an arrow
from personal smoking to adult asthma as this arrow
represents our research question—the causal effect
we wish to estimate. Figure 4 adds four characteristics
to Figure 1c: chronic bronchitis/poor lung function,
parental asthma, socioeconomic status (SES) and sex.
All variables shown in Figure 4 are measured in the
TAHS data other than underlying atopy.

Confounder selection using the proposed
causal diagram
Because Figure 4 is simply an extension of Figure 1c
(with additional nodes and paths), we know that both
parental smoking and childhood asthma must be
adjusted for. Chronic bronchitis/poor lung function,
SES and sex play a similar role to childhood asthma in

Figure 1a. They are each the only variable in an open
non-causal path that contains no collider variables.
Thus, we must adjust for these variables. Adjusting for
parental smoking, childhood asthma, chronic bron-
chitis, poor lung function, SES and sex closes all non-
causal paths between personal smoking and adult
asthma. Thus, adjustment for these variables is suffi-
cient to remove confounding bias under the assump-
tions depicted in Figure 4. We apply the steps of Shrier
and Platt14 (Fig. 3) in Appendix S1 in the online sup-
porting information to ensure that this proposed
adjustment closes all necessary paths.

Statistical analysis
We have used the proposed causal diagram to select
a set of confounders that we need to adjust
for. However, some modelling decisions remain.
Although our causal diagram suggests that we should
adjust for SES, for example, it does not convey infor-
mation about whether the asthma–SES relationship is
linear across categories or not, nor does a standard
causal diagram convey information about effect-
modification, although some work has been done
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Figure 4 (a) Proposed causal diagram to investigate the hypothesized causal effect of personal smoking on subsequent adult asthma.
(b) The same diagram with the exposure and outcome shaded and the proposed adjustment set indicated by boxes. In the Tasmanian
Longitudinal Health Study data, all variables in these diagrams are measured other than underlying atopy.
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combining subject-matter expertise and results of
previous research.5 We have now included an arrow
from personal smoking to adult asthma as this arrow
represents our research question—the causal effect
we wish to estimate. Figure 4 adds four characteristics
to Figure 1c: chronic bronchitis/poor lung function,
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asthma. Thus, adjustment for these variables is suffi-
cient to remove confounding bias under the assump-
tions depicted in Figure 4. We apply the steps of Shrier
and Platt14 (Fig. 3) in Appendix S1 in the online sup-
porting information to ensure that this proposed
adjustment closes all necessary paths.
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We have used the proposed causal diagram to select
a set of confounders that we need to adjust
for. However, some modelling decisions remain.
Although our causal diagram suggests that we should
adjust for SES, for example, it does not convey infor-
mation about whether the asthma–SES relationship is
linear across categories or not, nor does a standard
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Graphs help solve problems

Who is the central character tying together the
various plots in the movie?

What are the downstream effects of increasing
resources in one sector vs. another?

What is the shortest route connecting all the
locations?

How can we reduce (and avoid inducing) bias in our
study?

Our proposed causal diagram
Our proposed causal diagram to address the
smoking-asthma research question is shown in
Figure 4. This was created by drawing on substantive
knowledge of the underlying causal relationships,
combining subject-matter expertise and results of
previous research.5 We have now included an arrow
from personal smoking to adult asthma as this arrow
represents our research question—the causal effect
we wish to estimate. Figure 4 adds four characteristics
to Figure 1c: chronic bronchitis/poor lung function,
parental asthma, socioeconomic status (SES) and sex.
All variables shown in Figure 4 are measured in the
TAHS data other than underlying atopy.

Confounder selection using the proposed
causal diagram
Because Figure 4 is simply an extension of Figure 1c
(with additional nodes and paths), we know that both
parental smoking and childhood asthma must be
adjusted for. Chronic bronchitis/poor lung function,
SES and sex play a similar role to childhood asthma in

Figure 1a. They are each the only variable in an open
non-causal path that contains no collider variables.
Thus, we must adjust for these variables. Adjusting for
parental smoking, childhood asthma, chronic bron-
chitis, poor lung function, SES and sex closes all non-
causal paths between personal smoking and adult
asthma. Thus, adjustment for these variables is suffi-
cient to remove confounding bias under the assump-
tions depicted in Figure 4. We apply the steps of Shrier
and Platt14 (Fig. 3) in Appendix S1 in the online sup-
porting information to ensure that this proposed
adjustment closes all necessary paths.

Statistical analysis
We have used the proposed causal diagram to select
a set of confounders that we need to adjust
for. However, some modelling decisions remain.
Although our causal diagram suggests that we should
adjust for SES, for example, it does not convey infor-
mation about whether the asthma–SES relationship is
linear across categories or not, nor does a standard
causal diagram convey information about effect-
modification, although some work has been done
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Strategies that may reduce (or induce!) bias

Our proposed causal diagram
Our proposed causal diagram to address the
smoking-asthma research question is shown in
Figure 4. This was created by drawing on substantive
knowledge of the underlying causal relationships,
combining subject-matter expertise and results of
previous research.5 We have now included an arrow
from personal smoking to adult asthma as this arrow
represents our research question—the causal effect
we wish to estimate. Figure 4 adds four characteristics
to Figure 1c: chronic bronchitis/poor lung function,
parental asthma, socioeconomic status (SES) and sex.
All variables shown in Figure 4 are measured in the
TAHS data other than underlying atopy.

Confounder selection using the proposed
causal diagram
Because Figure 4 is simply an extension of Figure 1c
(with additional nodes and paths), we know that both
parental smoking and childhood asthma must be
adjusted for. Chronic bronchitis/poor lung function,
SES and sex play a similar role to childhood asthma in

Figure 1a. They are each the only variable in an open
non-causal path that contains no collider variables.
Thus, we must adjust for these variables. Adjusting for
parental smoking, childhood asthma, chronic bron-
chitis, poor lung function, SES and sex closes all non-
causal paths between personal smoking and adult
asthma. Thus, adjustment for these variables is suffi-
cient to remove confounding bias under the assump-
tions depicted in Figure 4. We apply the steps of Shrier
and Platt14 (Fig. 3) in Appendix S1 in the online sup-
porting information to ensure that this proposed
adjustment closes all necessary paths.

Statistical analysis
We have used the proposed causal diagram to select
a set of confounders that we need to adjust
for. However, some modelling decisions remain.
Although our causal diagram suggests that we should
adjust for SES, for example, it does not convey infor-
mation about whether the asthma–SES relationship is
linear across categories or not, nor does a standard
causal diagram convey information about effect-
modification, although some work has been done
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(b) The same diagram with the exposure and outcome shaded and the proposed adjustment set indicated by boxes. In the Tasmanian
Longitudinal Health Study data, all variables in these diagrams are measured other than underlying atopy.
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Restrict a study’s participants to those with certain values of a variable

e.g., recruit only people whose parents smoked

Stratify by or statistically adjust for a variable

e.g., include parental smoking status (yes/no) in the model

We often indicate that we’ve conditioned on a
variable (by restricting, adjusting, etc.) by
drawing a box around that node





Graph edges

Our proposed causal diagram
Our proposed causal diagram to address the
smoking-asthma research question is shown in
Figure 4. This was created by drawing on substantive
knowledge of the underlying causal relationships,
combining subject-matter expertise and results of
previous research.5 We have now included an arrow
from personal smoking to adult asthma as this arrow
represents our research question—the causal effect
we wish to estimate. Figure 4 adds four characteristics
to Figure 1c: chronic bronchitis/poor lung function,
parental asthma, socioeconomic status (SES) and sex.
All variables shown in Figure 4 are measured in the
TAHS data other than underlying atopy.

Confounder selection using the proposed
causal diagram
Because Figure 4 is simply an extension of Figure 1c
(with additional nodes and paths), we know that both
parental smoking and childhood asthma must be
adjusted for. Chronic bronchitis/poor lung function,
SES and sex play a similar role to childhood asthma in

Figure 1a. They are each the only variable in an open
non-causal path that contains no collider variables.
Thus, we must adjust for these variables. Adjusting for
parental smoking, childhood asthma, chronic bron-
chitis, poor lung function, SES and sex closes all non-
causal paths between personal smoking and adult
asthma. Thus, adjustment for these variables is suffi-
cient to remove confounding bias under the assump-
tions depicted in Figure 4. We apply the steps of Shrier
and Platt14 (Fig. 3) in Appendix S1 in the online sup-
porting information to ensure that this proposed
adjustment closes all necessary paths.

Statistical analysis
We have used the proposed causal diagram to select
a set of confounders that we need to adjust
for. However, some modelling decisions remain.
Although our causal diagram suggests that we should
adjust for SES, for example, it does not convey infor-
mation about whether the asthma–SES relationship is
linear across categories or not, nor does a standard
causal diagram convey information about effect-
modification, although some work has been done
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Edges are directed

A B

A B

A B
A may cause B

B may cause A

A doesn’t cause B and B doesn’t cause A



Smoking-asthma relationship assumptions

Our proposed causal diagram
Our proposed causal diagram to address the
smoking-asthma research question is shown in
Figure 4. This was created by drawing on substantive
knowledge of the underlying causal relationships,
combining subject-matter expertise and results of
previous research.5 We have now included an arrow
from personal smoking to adult asthma as this arrow
represents our research question—the causal effect
we wish to estimate. Figure 4 adds four characteristics
to Figure 1c: chronic bronchitis/poor lung function,
parental asthma, socioeconomic status (SES) and sex.
All variables shown in Figure 4 are measured in the
TAHS data other than underlying atopy.

Confounder selection using the proposed
causal diagram
Because Figure 4 is simply an extension of Figure 1c
(with additional nodes and paths), we know that both
parental smoking and childhood asthma must be
adjusted for. Chronic bronchitis/poor lung function,
SES and sex play a similar role to childhood asthma in

Figure 1a. They are each the only variable in an open
non-causal path that contains no collider variables.
Thus, we must adjust for these variables. Adjusting for
parental smoking, childhood asthma, chronic bron-
chitis, poor lung function, SES and sex closes all non-
causal paths between personal smoking and adult
asthma. Thus, adjustment for these variables is suffi-
cient to remove confounding bias under the assump-
tions depicted in Figure 4. We apply the steps of Shrier
and Platt14 (Fig. 3) in Appendix S1 in the online sup-
porting information to ensure that this proposed
adjustment closes all necessary paths.

Statistical analysis
We have used the proposed causal diagram to select
a set of confounders that we need to adjust
for. However, some modelling decisions remain.
Although our causal diagram suggests that we should
adjust for SES, for example, it does not convey infor-
mation about whether the asthma–SES relationship is
linear across categories or not, nor does a standard
causal diagram convey information about effect-
modification, although some work has been done
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All variables shown in Figure 4 are measured in the
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Figure 1a. They are each the only variable in an open
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asthma. Thus, adjustment for these variables is suffi-
cient to remove confounding bias under the assump-
tions depicted in Figure 4. We apply the steps of Shrier
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porting information to ensure that this proposed
adjustment closes all necessary paths.

Statistical analysis
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a set of confounders that we need to adjust
for. However, some modelling decisions remain.
Although our causal diagram suggests that we should
adjust for SES, for example, it does not convey infor-
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Smoking-asthma causal relationships
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genetics A causal graph contains all the
common causes of the variables of

interest
(even if unmeasured)





Feedback loops



What do we do instead?

asthma smoking

sequence of nodes through time
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How do we read graphs?

A B C

A B C

A B C

sequences of connected nodes form paths



Paths may be blocked
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Recall that we often put
boxes around nodes to show
we’ve conditioned on those

variables

A collider is a node with
both arrowheads incoming
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Or unblocked
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Unblocked paths mean variables are associated

A and C are causally associated

We can estimate what will happen to C if we
change A

A CB

A CB

A CBA and C are non-causally associated
Because they’re associated in the data, we
may think that A causes C

But this is just bias!



Graphs are often easier to read in temporal order
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