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A Primer on Legal Network Analysis
Part I



Corinna Coupette · The Anatomy of Legal Argumentation 5

Legal Systems



Corinna Coupette · The Anatomy of Legal Argumentation 5

Legal Systems
Legislative Executive Judicial



Corinna Coupette · The Anatomy of Legal Argumentation 5

Legal Systems
Legislative Executive Judicial Private



Corinna Coupette · The Anatomy of Legal Argumentation 5

Legal Systems
Legislative Executive Judicial

Supranational

National

Infranational

Private



Corinna Coupette · The Anatomy of Legal Argumentation 5

Legal Systems
Legislative Executive Judicial

Supranational

National

Infranational

Academia

Private



Corinna Coupette · The Anatomy of Legal Argumentation 5

Legal Systems
Legislative Executive Judicial

Supranational

National

Infranational

Academia

Private

ECJ



Corinna Coupette · The Anatomy of Legal Argumentation 5

Legal Systems
Legislative Executive Judicial

Supranational

National

Infranational

Academia

Private

ECJ

SCOTUS



Corinna Coupette · The Anatomy of Legal Argumentation 5

Legal Systems
Legislative Executive Judicial

Supranational

National

Infranational

Academia

Private

ECJ

SCOTUSUSC



Corinna Coupette · The Anatomy of Legal Argumentation 5

Legal Systems
Legislative Executive Judicial

Supranational

National

Infranational

Academia

Private

ECJ

SCOTUSUSC CFR



Corinna Coupette · The Anatomy of Legal Argumentation 5

Legal Systems
Legislative Executive Judicial

Supranational

National

Infranational

Academia

Private

ECJ

SCOTUSUSC CFR

State Law



Corinna Coupette · The Anatomy of Legal Argumentation 5

Legal Systems
Legislative Executive Judicial

Supranational

National

Infranational

Academia

Private

ECJ

SCOTUSUSC CFR

State Law Parking Fine



Corinna Coupette · The Anatomy of Legal Argumentation 5

Legal Systems
Legislative Executive Judicial

Supranational

National

Infranational

Academia

Private

¨
ÿ 

A



Corinna Coupette · The Anatomy of Legal Argumentation 5

Legal Systems
Legislative Executive Judicial

Supranational

National

Infranational

Academia

Private

Models

Data

Methods

¨
ÿ 

A



Corinna Coupette · The Anatomy of Legal Argumentation 6

From Legal Systems to Networks and Graphs



Corinna Coupette · The Anatomy of Legal Argumentation 6

From Legal Systems to Networks and Graphs
Legal systems are complex systems.



Corinna Coupette · The Anatomy of Legal Argumentation 6

From Legal Systems to Networks and Graphs

Complex systems are naturally modeled as networks.
Legal systems are complex systems.



Corinna Coupette · The Anatomy of Legal Argumentation 6

From Legal Systems to Networks and Graphs

Complex systems are naturally modeled as networks.
Networks are naturally represented as graphs.

Legal systems are complex systems.



Corinna Coupette · The Anatomy of Legal Argumentation 6

From Legal Systems to Networks and Graphs
Nodes V

Complex systems are naturally modeled as networks.
Networks are naturally represented as graphs.

Legal systems are complex systems.



Corinna Coupette · The Anatomy of Legal Argumentation 6

From Legal Systems to Networks and Graphs
Nodes V
Edges EComplex systems are naturally modeled as networks.

Networks are naturally represented as graphs.

Legal systems are complex systems.



Corinna Coupette · The Anatomy of Legal Argumentation 6

From Legal Systems to Networks and Graphs
Nodes V
Edges E

1

2

3

4
5

Complex systems are naturally modeled as networks.
Networks are naturally represented as graphs.

Legal systems are complex systems.



Corinna Coupette · The Anatomy of Legal Argumentation 6

From Legal Systems to Networks and Graphs
Nodes V
Edges E

1

2

3

4
5


0 1 1 1 1
1 0 1 0 1
1 1 0 1 0
1 0 1 0 1
1 1 0 1 0


⇔

Graph G Adjacency Matrix A

Complex systems are naturally modeled as networks.
Networks are naturally represented as graphs.

Legal systems are complex systems.



Corinna Coupette · The Anatomy of Legal Argumentation 6

From Legal Systems to Networks and Graphs
Nodes V
Edges E

Directed Graph

Complex systems are naturally modeled as networks.
Networks are naturally represented as graphs.

Legal systems are complex systems.



Corinna Coupette · The Anatomy of Legal Argumentation 6

From Legal Systems to Networks and Graphs
Nodes V
Edges E

1 3

1
2

3

4 1

2

Weighted Graph

Complex systems are naturally modeled as networks.
Networks are naturally represented as graphs.

Legal systems are complex systems.



Corinna Coupette · The Anatomy of Legal Argumentation 6

From Legal Systems to Networks and Graphs
Nodes V
Edges E

Multigraph

Complex systems are naturally modeled as networks.
Networks are naturally represented as graphs.

Legal systems are complex systems.



Corinna Coupette · The Anatomy of Legal Argumentation 6

From Legal Systems to Networks and Graphs
Nodes V
Edges E

Name: "Alice",
Country: "U.S.", ...

Name: "Bob",
Country: "U.K.", ...

Attributed GraphAttributed Graph

Complex systems are naturally modeled as networks.
Networks are naturally represented as graphs.

Legal systems are complex systems.



Corinna Coupette · The Anatomy of Legal Argumentation 6

From Legal Systems to Networks and Graphs
Nodes V
Edges E

Temporal Graph

1 2 3

Complex systems are naturally modeled as networks.
Networks are naturally represented as graphs.

Legal systems are complex systems.



Corinna Coupette · The Anatomy of Legal Argumentation 6

From Legal Systems to Networks and Graphs
Nodes V
Edges E

1

2

3

4
5

Hypergraph

Complex systems are naturally modeled as networks.
Networks are naturally represented as graphs.

Legal systems are complex systems.

h3 = {1, 3, 5}
h2 = {1, 3, 4, 5}
h1 = {1, 2, 5}
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aa) Covert surveillance measures by the state must respect
an inviolable core of private life protected under Art. 1(1)
of the Basic Law (cf. BVerfGE 6, 32 <41>; 27, 1 <6>; 32,
373 <378 and 379>; 34, 238 <245; 80, 367 <373>; 109, 279
<313>; 113, 348 <390>). Even overriding public interests
cannot justify an interference with this core (cf. BVerfGE
34, 238 <245>; 109, 279 <313>). The development of one’s
personality within the core of private life encompasses the
possibility of expressing internal processes such as emo-
tions and feelings, as well as reflections, views and experi-
ences of a highly personal nature, without fear of surveil-
lance by state authorities (cf. BVerfGE 109, 279 <314>).
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“Doubly temporal" (directed) hypergraph
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Judicial Citation Networks

BVerfGE 125, 260—Retention of Data BVerfGE 153, 317—ESM Treaty BVerfGE 153, 1—Headscarf III

t
t

Nodes = cited decisions

(Hyper)edges = citation blocks

No depiction of time
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Motivating Questions

t
t

When, how, and why do courts use precedent in their decisions?

What can we learn about case law by studying it as a doubly temporal hypergraph?

How can we analyze doubly temporal hypergraphs?

→ Test expectations and narratives from legal theory

→ Judicial activism, emergence of meaning, legal innovation

→ Need new methods to leverage information contained in special structure

NB: Structure and dynamics of precedent citations ⊊ legal argumentation (→ Outlook)
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3 681 decisions deemed important by the court (BVerfGE 1–160)

77 246 unique citation events (source, target, citation block)
39 390 unique citations (source, target)

Basic aggregate statistics (subject to modeling choices):

46 219 citation blocks
13 571 unique citation blocks (target sets = hyperedges)
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. . . a node in a directed hypergraph
. . . a sequence of directed hyperedges (source → citation blocks) in the same hypergraph

→ self-referential!
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Network Representation

t
t

Each decision is represented as. . .
. . . a node in a directed hypergraph
. . . a sequence of directed hyperedges (source → citation blocks) in the same hypergraph

. . . and both representations are associated with the same date and metadata

This way, we can leverage two order structures on our data:

– a partial order of citation blocks by inclusion with numerous ways of defining distances
– a total order of decisions by date with a natural distance metric

How can these order structures help us trace doctrinal development?
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Lines of Jurisprudence

≈ Gradual development of doctrine in a sequence of decisions
We might expect to see a mixture patterns, e.g.:

t0 : A, t1 : B → A, t2 : C → BA, t3 : D → CBA, . . .

t0 : C → BA, t1 : D → CB, t2 : E → DC, t3 : F → ED, . . .

(linear growth)

(n most recent)

t0 : A, t1 : B, t2 : C → BA, . . . (join)

t0 : C → BA, t1 : D → CA, t2 : E → CA, . . . (substitution)

t0 : C → BA, t1 : D → BA, t2 : E → A, t3 : F → A, . . . (dropping)

These cannot be analyzed with
traditional graph representations!
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Visualizing Lines of Decisions
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NB: If this was interactive, we could further, e.g.,
– filter hyperedges by source decision
– show timings, frequencies of hyperedge occurrences
– . . .
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How can we formalize this?
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Earlier visualizations:
Passive 1-posets of selected decisions



Corinna Coupette · The Anatomy of Legal Argumentation 16

Defining Decision Posets

Idea: For each decision i and k ∈ N, define the active (α) and passive (β) k-posets of i as

β: all hyperedges h with t1 (h) > t(i) that can reach node i in at most k hops
α: all hyperedges h with t1 (h) < t(i) that are reachable from node i in at most k hops

. . . where h1 ≺ h2 iff h1 ⊂ h2 and t1 (h1) < t1 (h2) and t1 (h) is the date of h’s first occurrence

This allows us to characterize each decision i by its poset statistics, e.g.,

. . . and we can weight individual hyperedges by their frequency of occurrence, . . .



Corinna Coupette · The Anatomy of Legal Argumentation 16

Defining Decision Posets

Idea: For each decision i and k ∈ N, define the active (α) and passive (β) k-posets of i as

β: all hyperedges h with t1 (h) > t(i) that can reach node i in at most k hops
α: all hyperedges h with t1 (h) < t(i) that are reachable from node i in at most k hops

. . . where h1 ≺ h2 iff h1 ⊂ h2 and t1 (h1) < t1 (h2) and t1 (h) is the date of h’s first occurrence

This allows us to characterize each decision i by its poset statistics, e.g.,
depth: length of longest chain (set of pairwise comparable elements)

. . . and we can weight individual hyperedges by their frequency of occurrence, . . .



Corinna Coupette · The Anatomy of Legal Argumentation 16

Defining Decision Posets

Idea: For each decision i and k ∈ N, define the active (α) and passive (β) k-posets of i as

β: all hyperedges h with t1 (h) > t(i) that can reach node i in at most k hops
α: all hyperedges h with t1 (h) < t(i) that are reachable from node i in at most k hops

. . . where h1 ≺ h2 iff h1 ⊂ h2 and t1 (h1) < t1 (h2) and t1 (h) is the date of h’s first occurrence

This allows us to characterize each decision i by its poset statistics, e.g.,

width: length of longest antichain (set of pairwise incomparable elements)
depth: length of longest chain (set of pairwise comparable elements)

. . . and we can weight individual hyperedges by their frequency of occurrence, . . .



Corinna Coupette · The Anatomy of Legal Argumentation 16

Defining Decision Posets

Idea: For each decision i and k ∈ N, define the active (α) and passive (β) k-posets of i as

β: all hyperedges h with t1 (h) > t(i) that can reach node i in at most k hops
α: all hyperedges h with t1 (h) < t(i) that are reachable from node i in at most k hops

. . . where h1 ≺ h2 iff h1 ⊂ h2 and t1 (h1) < t1 (h2) and t1 (h) is the date of h’s first occurrence

This allows us to characterize each decision i by its poset statistics, e.g.,

width: length of longest antichain (set of pairwise incomparable elements)
depth: length of longest chain (set of pairwise comparable elements)

“aspect ratio”: width / depth, cardinality, temporality, closure vs. reducibility, . . .

. . . and we can weight individual hyperedges by their frequency of occurrence, . . .



Corinna Coupette · The Anatomy of Legal Argumentation 16

Defining Decision Posets

Idea: For each decision i and k ∈ N, define the active (α) and passive (β) k-posets of i as

β: all hyperedges h with t1 (h) > t(i) that can reach node i in at most k hops
α: all hyperedges h with t1 (h) < t(i) that are reachable from node i in at most k hops

. . . where h1 ≺ h2 iff h1 ⊂ h2 and t1 (h1) < t1 (h2) and t1 (h) is the date of h’s first occurrence

This allows us to characterize each decision i by its poset statistics, e.g.,

width: length of longest antichain (set of pairwise incomparable elements)
depth: length of longest chain (set of pairwise comparable elements)

“aspect ratio”: width / depth, cardinality, temporality, closure vs. reducibility, . . .

. . . and we can weight individual hyperedges by their frequency of occurrence, . . .

→ Group + Classify

→ Macro-Level Statistics
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Poset-based similarity measures for sets of decisions
α-based similarity: generalizes and refines bibliographic coupling
β-based similarity: generalizes and refines co-citation
time-based similarity: no classic equivalent

Similarity dynamics:
How does β-similarity change over time?
Which decisions get (block-level) co-cited because they are similar? (→ organic growth)
How does (block-level) co-citation impact β-similarity? (→ judicial activism)

Poset-based similarity measures for (sets of) hyperedges

Formalizing and quantifying argumentation patterns based on the entire directed hypergraph
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In-depth analysis of doctrinal development in BVerfGE hypergraphs

Combining network data with language data in a principled manner

Geometric and topological methods for doubly temporal hypergraphs (e.g., curvature)

Exploring non-legal use cases for doubly temporal hypergraphs

Integrating other citations and references with judicial (self-)citations

Exploring the design space of poset-based methods

Short Term

Medium Term

Long Term

Thank you! Questions?

How can we integrate domain studies with method development? → HSSH Brownbag 11/27
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