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Looking for a cause

RQ: What factors influence development of dementia, depression
and alcohol abuse?
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Looking for a cause
RQ: What factors influence development of dementia, depression
and alcohol abuse?

Fig 1. Life-course model for mental health with an indication of the
mechanisms linking life expoures and mental disease
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More automation, please!
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Q: Can we infer causal models from data?
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Q: Can we infer causal models from data?

A: Yes — sometimes!
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Correlation does not imply causation

T USEDTO THINK,
CORRELATION IMPUED

i

THEN I TOCK A

STATISTICS CLASS.

Now I DON'T,

B

SOUNDS LIKE THE
CLR‘SS HELPED.

WELL, NHYBE

i

Source: www.xkcd.com/552/
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but causation may imply correlation

Reichenbach’s common cause principle: A correlation occurs
due to one of three possible mechanisms:

Attending Understanding

statistics D — causality

class correctly
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statistics e e causality
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Mechanism 2

/ Unknown factor \

Attending Understanding
statistics causality
class correctly

Mechanism 3
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Causal discovery (aka structure learning)

Main idea: Causal relationships leave behind traces in data
that can be used to reconstruct (parts of) the causal model.

Note: This detective work is a matter of data analysis.
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Causal discovery (aka structure learning)

Main idea: Causal relationships leave behind traces in data
that can be used to reconstruct (parts of) the causal model.

Note: This detective work is a matter of data analysis.

Which R procedures that can be applied depends on:

® What type of data you have - numerical? Categorical? Mixed?
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Causal discovery (aka structure learning)
Main idea: Causal relationships leave behind traces in data
that can be used to reconstruct (parts of) the causal model.

Note: This detective work is a matter of data analysis.

Which R procedures that can be applied depends on:

® What type of data you have - numerical? Categorical? Mixed?

® What you are willing to assume about the data generating
mechanism
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Causal discovery (aka structure learning)

Main idea: Causal relationships leave behind traces in data
that can be used to reconstruct (parts of) the causal model.

Note: This detective work is a matter of data analysis.

Which R procedures that can be applied depends on:

® What type of data you have - numerical? Categorical? Mixed?

® What you are willing to assume about the data generating
mechanism

® What is feasible for your data size
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Causal discovery (aka structure learning)

Main idea: Causal relationships leave behind traces in data
that can be used to reconstruct (parts of) the causal model.

Note: This detective work is a matter of data analysis.

Which R procedures that can be applied depends on:

® What type of data you have - numerical? Categorical? Mixed?

® What you are willing to assume about the data generating
mechanism

® What is feasible for your data size

® What is missing in your data - observations? Full variables?
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Causal discovery (aka structure learning)

Main idea: Causal relationships leave behind traces in data
that can be used to reconstruct (parts of) the causal model.
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Causal discovery in R

® | have looked at 24 causal discovery procedures from 6
different packages: pcalg, bnstruct, bnlearn, catnet,
stablespec, deal.

® Fach procedure classified according to 14 properties.

® Minimal code example and description for each procedure.
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Causal discovery in R

® | have looked at 24 causal discovery procedures from 6
different packages: pcalg, bnstruct, bnlearn, catnet,
stablespec, deal.

® Fach procedure classified according to 14 properties.

® Minimal code example and description for each procedure.

Input formats
suff. stat (list) - -
BNDataset (S4) - -

network (S3) -

score (RC) -

matrix =

o=
IN
o
o)
[N
o
N
N
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Asking the right questions

Estimation-based?
Customize independence tests?

Parallel computing?
wmwie [ aithfulness?
Restrict edge absence?
Numerical data?
Restrict edge presence?

Restrict edge directions?

Score-based?
Categorical data?"

Unobserved variables?
sssssssssssssssssss

Want DAG?
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Getting a proper overview of the answers

causalDisc

biostatistics.dk /causaldisco

Two restrictions:

@ Only consider procedures for observational data

® Only consider procedures for acyclic models
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The causalDisco web tool

causalDisc®

Choose properties

[ Assume faithfulness?

() Allow for unobserved variables?

£ Allow for external restrictions on edge
presence?

[ Allow for external restrictions on edge
absence?

[ Allow for custom independence tests?

O Allow for external restrictions on edge
directions?

) Score-based approach?

[

Constraint-based approach?

) Assume linearity?

) Assume non-Gaussian errors?

Estimation-based approach (complete
identification)?

©) Support missing information?

®

Support numerical data?

O Support categorical data?
Return DAG (all edges directed)?

©) Support parallel computing?

Available procedures:
pealg:pe pealg: fei pealg: rici pealg: fciPlus
pgalg:ges as ARGES bnlearn:gs

Procedure information About the data About the tool

pcalg::pc

Constraint-based learning using the PC algorithm

Package: pealg

Function: pc

Input: sufficient statistic

Output: S4 object pcAlgo

Documentation:  hitps://cran r-project i j o Nig 018.pdf
Article: hitps://www jstatsoft.org/article/view/v047i11

Note:

« Defaults to the stable version of the algorithm (i.e. less order dependence)
« User-supplied restrictions on edge orientation is only possible after the structure has been leamed, and
afterwards, the algorithmic edge orientation step may be repeated

Minimal code example:

#Load numeric dataset numData

Toad(url(“https: //github. con/annennenne/ causalDisco/raw/master/data/exanpledata_nunData. rda”

oad package

library(pcalg)

#prepare data for pe()
N ifficient statistics is valid f
pcalg_suffstat_numData <- 1ist(C = cor(numData), n = nrow(numData))

this choice of Gaussian data
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Learning the structure of numData

load (url(paste(
"https://github.com/annennenne/causalDisco/",
"raw/master/data/exampledata_numData.rda",

sep = M n)
)
library(pcalg)

pcalg_suffstat_numData <- 1list(C = cor(numData),
n = nrow(numData))

pcalg_pc_out <- pc(pcalg_suffstat_numData,
labels = names(numData),
indepTest = gaussCItest,

alpha = 0.01) @
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Look at the model graph

plot(pcalg_pc_out, main = "Model learned from data")

Model learned from data

© &
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Compare with true model
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Directions for future work

¢ Crowdsourcing: Make it easy for users to report — and for
developers to see — what procedures are needed but not yet
available
® Currently missing procedures for: categorical data with
unobserved variables, numerical data with missing information,

® |Implement one interface for all available methods
® Allow for hybrid queries combining methods from several
backends
® Allow for dynamic manipulation of assumptions
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Thank you!
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