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Abstract. Local government systems produce large, heterogeneous text
corpora, including policy reports, internal communications, and public
documentation. Extracting interpretable topics from such corpora of un-
structured data requires methods that capture both global themes and
fine-grained, domain-specific subtopics. Transformer-based topic mod-
eling frameworks such as BERTopic provide effective embeddings and
clustering, but their reliance on a single global clustering step imposes
uniform topic granularity, often merging semantically distinct discourse
regions. We introduce Per-Cluster Topic Modeling (PCTM), a scalable
extension to BERTopic that performs neighbor-aware local clustering
of document embeddings followed by per-cluster topic extraction. This
approach generates multi-scale topic representations, enabling coarse-
grained administrative themes and fine-grained subtopics to coexist within
the same framework. Evaluated on a municipal office corpus spanning
multiple departments, PCTM outperforms global BERTopic baselines in
topic coherence, stability, and interpretability. Beyond empirical gains,
PCTM provides a computational model of multi-level social systems, re-
flecting the heterogeneous semantic structure of municipal governance.
This framework supports AI-driven analysis of complex administrative
and social text corpora, offering a robust tool for structured knowledge
discovery.

Keywords: BERTopic · Embedding-Based Topic Modeling · Multi-Scale
Topic Representation · Local Neighbor-Aware Clustering · Heterogeneous
Text Corpora · Social Systems Modeling.

1 Introduction

In a local municipal administration the amount of text data generated as part
of their routine governance processes are tremendous [16]. These data include
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policy reports, internal memoranda, public communications, and administrative
documentation. All together, these texts form complex and heterogeneous cor-
pora that reflect the structure and functioning of municipal governance as a
social system. Different administrative units, policy domains, and communica-
tive contexts operate at distinct semantic levels, ranging from high-level strate-
gic discourse to highly specific operational detail [23]. Effectively modeling such
corpora therefore requires computational methods capable of representing both
global thematic structure and fine-grained, domain-specific variation.

Topic modeling has long served as a foundational approach for extracting
latent thematic structure from large text collections [21, 12, 17]. Probabilistic
models such as Latent Dirichlet Allocation (LDA) and its hierarchical extensions
provide interpretable topic representations but rely on bag-of-words assumptions
that limit their effectiveness on short, noisy, or semantically diverse documents
[9, 4]. More recently, embedding-based topic modeling approaches have lever-
aged transformer language models to capture contextual semantic information,
enabling improved performance on heterogeneous text corpora [20, 18, 7]. Among
these, BERTopic has emerged as a widely adopted framework that combines doc-
ument embeddings, density-based clustering, and class-based TF-IDF to produce
coherent and interpretable topics [6].

Despite its effectiveness, BERTopic imposes a critical modeling assumption
that is problematic in socially heterogeneous settings. This is the formation of a
single global clustering step which is applied across the entire embedding space .
As a result, it implicitly enforces a uniform topic granularity for all documents. In
municipal corpora, however, semantically distinct discourse regions often coexist,
corresponding to different administrative subsystems with inherently different
levels of abstraction. Applying a global clustering resolution in such contexts
can merge locally coherent but globally distant discourse, leading to diluted
topics, unstable cluster assignments, and reduced interpretability. This limitation
becomes particularly noticeable when analyzing municipal governance as a multi-
level social system.

From a computational modeling perspective, municipal text corpora can be
viewed as composed of multiple interacting subsystems, each characterized by its
own semantic structure and scale [23]. Modeling such systems requires adaptive
representations that respect local coherence while maintaining a global view
of the system. Fixed-scale topic modeling approaches, whether probabilistic or
embedding-based, are not suitable to this task, as they assume homogeneity in
thematic resolution across the corpus. This motivates the need for topic modeling
frameworks that can operate at multiple semantic scales in a data-driven and
locally adaptive manner.

In this work, we propose Per-Cluster Topic Modeling (PCTM), a scalable
extension of BERTopic designed to address the heterogeneity of municipal text
corpora. Rather than applying topic modeling to the entire corpus at a single
resolution, PCTM first decomposes the document embedding space into locally
coherent clusters using neighbor-aware clustering. Topic modeling is then per-
formed independently within each cluster, allowing topic granularity to adapt
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to the semantic characteristics of each discourse region. This per-cluster ap-
proach yields a multi-scale topic representation that captures both high-level
administrative themes and fine-grained, subject-specific discourse within a uni-
fied computational framework.

We evaluate PCTM on a real-world administrative office dataset spanning
multiple administrative domains and communicative functions. Through quan-
titative metrics and qualitative analysis, we demonstrate that PCTM improves
topic coherence, stability, and interpretability compared to standard BERTopic.
Beyond empirical performance, the proposed framework provides a computa-
tional abstraction that more faithfully reflects the multi-level structure of mu-
nicipal governance, supporting the analysis of municipal communication as a
complex social system.

The main contributions of this paper are summarized as follows:
1. We identify limitations of global-scale embedding-based topic modeling when

applied to heterogeneous municipal text corpora.
2. We introduce PCTM, a per-cluster multi-scale topic modeling framework

that adaptively selects topic granularity based on local semantic structure.
3. We empirically demonstrate the effectiveness of the proposed approach on

real-world municipal data and discuss its implications for AI-driven social
system modeling.

The remainder of this paper is structured as follows. Section 2 presents the
background and reviews related work relevant to this study. Section 3 describes
the proposed methodology in detail. The experimental setup and results are
reported in Section 4, followed by a discussion of the findings in Section 5.
Finally, Section 6 concludes the paper by summarizing the main contributions
and outlining directions for future work.

2 Background and Related Work

2.1 Topic Modeling for Heterogeneous Text Corpora

Topic modeling has been widely used to uncover latent thematic structure in
large text corpora [21, 2, 11]. Probabilistic approaches such as Latent Dirichlet
Allocation (LDA) and its extensions provide interpretable topic representations
but rely on bag-of-words assumptions that limit their effectiveness for short
texts and semantically heterogeneous corpora [9, 8, 13]. Hierarchical variants,
including hierarchical LDA and nonparametric models such as the Hierarchical
Dirichlet Process, introduce topic hierarchies but require predefined structural
assumptions and often struggle to scale or adapt to diverse real-world datasets.

In socially complex domains such as governance and public administration,
text corpora are often heterogeneous not only in content but also in semantic
granularity [20, 14, 10, 19]. Documents may range from high-level policy state-
ments to highly specific operational records, challenging models that assume
uniform thematic resolution [3, 22]. This has motivated increasing interest in
topic modeling approaches that can accommodate heterogeneity and multi-level
structure [23, 22].
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2.2 Embedding-Based Topic Modeling

Recent advances in transformer-based language models have enabled embedding-
based topic modeling methods that capture contextual semantic information
beyond word co-occurrence statistics [6, 7, 20, 5]. Approaches such as Top2Vec
and BERTopic cluster document embeddings and derive topic representations
from clustered document sets, improving performance on short and noisy texts
[1, 7, 20]. Among these, BERTopic has gained prominence due to its modular
design, combining transformer embeddings, density-based clustering, and class-
based TF-IDF to produce interpretable topics [6].

Despite these advantages, embedding-based topic models typically apply a
single global clustering step, implicitly enforcing a uniform topic granularity
across the corpus. While effective for relatively homogeneous datasets, this as-
sumption becomes problematic for heterogeneous corpora, where semantically
distinct discourse regions may require different levels of abstraction. As a result,
global clustering can merge locally coherent topics or produce unstable topic
representations in complex social datasets.

2.3 Multi-Scale and Hierarchical Topic Representations

Multi-scale and hierarchical topic modeling approaches aim to capture the-
matic structure at different levels of abstraction. Traditional probabilistic models
achieve this through explicit hierarchical priors, while embedding-based frame-
works often rely on post-hoc topic reduction or hierarchical clustering of topic
representations. In BERTopic, for example, hierarchical topic modeling and topic
merging can be applied after initial topic extraction to produce coarser views of
the topic space [6].

However, these approaches typically operate after global topic extraction and
do not adapt topic granularity during the clustering process itself. Consequently,
they may not fully address local heterogeneity in the embedding space, particu-
larly in corpora where different discourse regions exhibit fundamentally different
semantic scales. This limits their effectiveness for modeling socially complex sys-
tems such as municipal governance.

2.4 Topic Modeling for Social and Administrative Systems

Topic modeling has been applied extensively to social and administrative text
data, including policy documents, government reports, and public communica-
tions [23, 3, 16]. These studies demonstrate the value of topic models for un-
derstanding institutional priorities, policy evolution, and public discourse [15].
However, many applications rely on fixed-scale topic models and focus primarily
on empirical insights rather than modeling assumptions.

From a computational modeling perspective, municipal governance can be
viewed as a multi-level social system composed of interacting subsystems, each
characterized by distinct communicative practices. Modeling such systems re-
quires representations that reflect both global coordination and local specializa-
tion. These interactions are reflected in the text through shared vocabulary and
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co-occurring themes across documents. However, topic models such as PCTM
do not explicitly represent these relationships, instead capturing them indirectly
through patterns in word use and topic co-occurrence, where interactions emerge
as latent statistical structure. This perspective motivates adaptive topic model-
ing approaches that align more closely with the structural properties of social
systems.

2.5 Positioning of the Present Work

In contrast to prior approaches, the proposed Per-Cluster Topic Modeling (PCTM)
framework introduces adaptive topic granularity at the cluster level, enabling
multi-scale representations that better capture semantic heterogeneity in mu-
nicipal corpora. By moving beyond global clustering strategies, PCTM provides
a more flexible alternative for diverse textual data, addressing limitations of
globally uniform topic extraction.

3 Methodology

This section presents the PCTM framework, a scalable extension of BERTopic.
The approach partitions the embedding space into locally coherent clusters, after
which topic modeling is performed independently within each cluster. This design
allows topic extraction to adapt to local semantic structure, reflecting variations
in semantic density across the data.

3.1 Per-Cluster Topic Modeling (PCTM)

Problem Definition Let D = {d1, d2, . . . , dN} represent a corpus of N munici-
pal documents, where each document may originate from distinct administrative
units, policy domains, or communicative contexts.

The objective is to learn a set of topics T = {T1, T2, . . . , TK} that captures
semantic structure at multiple scales, preserving local coherence while represent-
ing global thematic trends across heterogeneous corpora.

Document Embeddings : Each document di is embedded into a semantic
vector ei ∈ Rm using a pre-trained transformer model femb :

ei = femb(di).

The embeddings of all documents form the matrix

E = [e1, e2, . . . , eN ].

Local Neighbor-Aware Clustering Standard BERTopic applies a single global
clustering step over E, enforcing uniform topic granularity. PCTM addresses this
limitation by partitioning E into locally coherent clusters, enabling per-cluster
granularity adaptation. This clustering is performed based on the neighborhood
graph contruction and subsequent cluster detection.
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Neighborhood Graph Construction A k-nearest neighbor (k-NN) graph G =
(V,E) is constructed from the document embeddings, where V is the set of
nodes (each representing a document) and E is the set of edges connecting each
document to its k nearest neighbors based on cosine similarity:

wij = cos(ei, ej).

Cluster Detection Using density-based clustering, the graph G is partitioned into
C clusters with HDBSCAN:

C = {C1, C2, . . . , CC}, Cc ⊆ D.

Where each cluster Cc contains a subset of the documents D. Each cluster cor-
responds to a semantically coherent subspace of the document embedding space.

Per-Cluster Topic Extraction For each cluster Cc, topic modeling is per-
formed independently:

Tc = {Tc,1, Tc,2, . . . , Tc,Kc}.

The number of topics Kc is adaptive, allowing clusters with broad semantic
coverage to produce fewer coarse-grained topics, while narrower clusters yield
more fine-grained topics.

Cluster-specific topics are derived using class-based TF–IDF (c-TF–IDF):

cTFIDFc,j =
fc,j∑

t∈Vc
fc,t

· log

(
N

nj

)
,

where fc,j denotes the frequency of term j in cluster Cc,
∑

t∈Vc
fc,t is the

total number of term occurrences in Cc, nj is the number of clusters containing
term j, and N is the total number of clusters. This weighting emphasizes terms
that are frequent within a cluster but rare across clusters. Topics are then con-
structed by selecting the top-ranked terms according to c-TF-IDF within each
cluster, with each topic represented as a set of its highest scoring terms. For ex-
ample, consider a cluster related to urban planning where terms such as zoning,
permit, and construction appear frequently. The c-TF-IDF weighting increases
the importance of these terms if they are common within this cluster but rel-
atively rare across other clusters. This results in topic representations that are
both locally representative and globally discriminative.

Multi-Scale Topic Representation By independently modeling topics per
cluster, PCTM produces a multi-scale topic representation:

– Coarse-grained topics for broad clusters
– Fine-grained topics for semantically tight clusters

This allows the model to reflect the multi-level structure of municipal governance,
where different administrative or policy domains operate at distinct semantic
scales.
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Algorithm Summary: Per-Cluster Topic Modeling (PCTM)

Algorithm: Per-Cluster Topic Modeling (PCTM)
Input: Document corpus D, embedding model femb, neighborhood size k
Output: Multi-scale topic set T

1. Compute document embeddings E = {femb(d) | d ∈ D}
2. Construct a k-NN graph G from E
3. Partition G into locally coherent clusters C = {C1, . . . , C|C|} using HDB-

SCAN clustering method
4. For each cluster Cc ∈ C:

(a) Apply BERTopic topic extraction restricted to documents in Cc

(b) Extract cluster-specific topics Tc
5. Return T =

⋃
c Tc

Note that the initial clustering defines semantic regions rather than topics. Topic
granularity is learned independently within each region.

Computational Properties

– Scalability: Clustering and topic extraction are performed on smaller sub-
spaces rather than the full corpus, and are executed independently across
clusters, enabling efficient and parallel processing of large text corpora.

– Stability: Local clustering mitigates sensitivity to global embedding distor-
tions.

– Interpretability: Topics align with administrative or policy subsystems,
providing interpretable representations of municipal governance.

Architecture of the proposed Per-Cluster Topic Modeling (PCTM) framework is
illustrated on figure 1.

Evaluation Metrics We evaluate PCTM topics using three complementary
metrics:

Topic coherence measures the semantic consistency of top words in each
topic, computed per cluster and averaged across clusters to capture both local
and global structure:

CPCTM =
1

C

C∑
c=1

C(Cc) =
1

C

C∑
c=1

1

Kc

Kc∑
k=1

CUMass(Tc,k) (1)

where C is the number of clusters, Kc the number of topics in cluster Cc, Tc,k

denotes the k-th topic of cluster c, and CUMass() is the UMass topic coherence
score. The UMass coherence metric evaluates topic quality based on word co-
occurrence statistics in the corpus. It measures how frequently the top words of
a topic appear together within documents, with higher scores indicating greater
semantic consistency.
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Topic stability quantifies reproducibility via the average Jaccard similarity
of top-n words across multiple runs, aggregated per cluster and overall:

SPCTM =
1

C

C∑
c=1

S(Cc) =
1

C

C∑
c=1

1

Kc

Kc∑
k=1

S(Tc,k) (2)

where S(Tc,k) denotes the stability of topic k in cluster c, computed as the
average Jaccard similarity of its top-n words across runs.

Topic diversity measures how distinct topics are within each cluster via
the proportion of unique words among all top-n words, averaged across clusters:

DPCTM =
1

C

C∑
c=1

D(Cc) (3)

where D(Cc) denotes the topic diversity within cluster Cc, computed as the
proportion of unique words among the top-n words of all topics in the cluster.

Together, these metrics provide a comprehensive assessment of the quality,
robustness, and distinctiveness of the discovered topics.

Fig. 1. Architecture of the proposed PCTM framework
Documents are embedded into a semantic space and organized into a local neighbor-
hood graph. The embedding space is partitioned into semantically coherent clusters,
within which topic modeling is performed independently using adaptive topic counts
and c-TF-IDF. This yields a multi-scale topic representation that captures both global
and local semantic structure.
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Social System Perspective From a social systems modeling viewpoint, clus-
ters correspond to functional subsystems within municipal governance, each re-
quiring an adaptive level of semantic resolution. PCTM thus provides a computa-
tionally grounded abstraction that mirrors the multi-level structure of municipal
social systems.

4 Results

In this section, We evaluate the proposed PCTM framework on a real-world ad-
ministrative corpus, comparing it to standard BERTopic via quantitative metrics
and qualitative analysis to test its ability to capture the heterogeneous, multi-
level structure of municipal administrative communication.

4.1 Dataset

We analyze 10,000 municipal correspondence records from a French local au-
thority, including reports, announcements, and internal communications that
reflect diverse operational contexts. The dataset is confidential due to privacy
constraints, with all personal or sensitive information removed prior to process-
ing.

Each record includes:

– A subject line (mandatory)
– Optional content or attachment text
– Administrative metadata:

• Mail Type (urban planning, personnel management)
• Sender Type (administration, population, enterprise, association)

– Average document length: 220 words
– Preprocessing: lowercasing, punctuation removal, lemmatization
– Embedding model: S-BERT (paraphrase-multilingual-MiniLM-L12-v2)

The corpus covers a wide range of administrative functions, communicative
intents, and actors, resulting in strong semantic heterogeneity and variable gran-
ularity. This reflects real-world municipal communication and challenges fixed-
resolution topic models.

4.2 Baselines

– BERTopic (global): Standard BERTopic applied to the full corpus using
a single global clustering step, enforcing uniform topic granularity.

PCTM differs by first partitioning the embedding space into locally coherent
clusters using density-based clustering, and then applying BERTopic indepen-
dently within each cluster, allowing the number and granularity of topics to
adapt to local semantic structure.
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4.3 Quantitative Results

The dataset was divided into 33,526 chunks, each embedded as a 384-dimensional
vector. PCTM identified 127 clusters such as Cluster 78 with 202 chunks. In total,
139 topics were discovered and the number of topics per cluster ranged from 1
to 12.

Table 1. Comparison of topic modeling methods across coherence, stability, and di-
versity metrics. Shaded cells here indicate the best performance.

Method Coherence (cv) Stability Diversity
BERTopic (Global) 0.41 0.62 0.45
PCTM (Ours) 0.58 0.79 0.52

Topic Coherence We calculate topic coherence per cluster and report the
overall PCTM coherence by averaging across clusters, ensuring that both local
and global semantic structures are captured.
Observation: As shown in Table 1, PCTM achieves an average topic coherence
of 0.58, compared to 0.41 for BERTopic. This demonstrates that PCTM produces
more semantically consistent topics and better alignment within locally coherent
clusters.

Topic Stability We computed topic stability by measuring the average Jaccard
similarity of the top-n words across multiple runs with different embedding seeds.
Stability is first averaged across topics within each cluster and then across all
clusters, providing an overall measure of how consistently the model captures
semantic patterns.
Observation: PCTM demonstrates substantially higher stability than global
BERTopic. By restricting topic extraction to local embedding neighborhoods,
PCTM reduces sensitivity to global embedding perturbations and clustering
variability, leading to more robust topic representations.

Topic diversity Topic diversity measures how distinct the topics are by com-
puting the proportion of unique words across all top-n words in each cluster. The
cluster-level diversity is averaged across all clusters to yield an overall PCTM
diversity score. Higher values indicate more semantically distinct topics.

Multi-Scale Topic Distribution PCTM generates topics at multiple semantic
scales:

– Coarse-grained clusters: high-level administrative themes (example: Urban
Planning Strategy)

– Fine-grained clusters: department-specific subtopics (example: Public Safety:
Traffic Enforcement Policies)
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Global BERTopic fails to capture these distinctions, as it imposes a uniform
scale.

In terms of computational cost, PCTM introduces an additional clustering
step and multiple local topic modeling runs compared to standard BERTopic.
Although this adds overhead, operating on smaller data subsets reduces memory
usage and enables parallel execution. In practice, runtime remains comparable
or moderately higher depending on the number of clusters while significantly
improving topic quality.

4.4 Qualitative Analysis

Qualitative inspection of extracted topics highlights PCTM’s benefits. Clusters
capture major domains like urban planning or citizen services while within each,
finer topics reflect operational subthemes such as permits, procedures, or com-
plaints.

In contrast, global BERTopic often merges distinct administrative functions
into single topics or fragments coherent domains across multiple topics, reflecting
the limitations of fixed-scale global clustering.

Fig. 2. UMAP projection of document em-
beddings colored by PCTM clusters.

Fig. 3. Relation between cluster size and
number of topics.

Figure 2 shows a two-dimensional UMAP projection of document embed-
dings colored by PCTM clusters. Clusters vary in size, density, and shape: com-
pact clusters represent focused topics, while larger ones reflect broader themes.
This variability supports per-cluster topic modeling, as a single global resolution
cannot capture such heterogeneous structure.

Figure 3 illustrates the relationship between cluster size and the number
of topics extracted per cluster in PCTM. The results show non-linear scaling:
smaller clusters produce only a few detailed topics, while larger clusters generate
more diverse topic sets. This adaptive behavior highlights the value of per-cluster
topic modeling for heterogeneous corpora.
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4.5 Key Takeaways

1. PCTM outperforms global BERTopic in terms of coherence and stability on
heterogeneous municipal correspondence.

2. Per-cluster topic extraction is the key causal mechanism, not clustering
alone.

3. Per-cluster topic extraction reveals multi-scale semantic structure aligned
with municipal social systems.

4. The framework is scalable, interpretable, and computationally grounded,
making it suitable for AI-driven analysis of heterogeneous text corpora in
administrative and social contexts.

5 Discussion

The experimental results demonstrate that Per-Cluster Topic Modeling (PCTM)
provides substantial improvements over traditional global topic modeling ap-
proaches in both quantitative metrics and qualitative interpretability. By de-
composing the embedding space into locally coherent clusters, PCTM allows
adaptive topic granularity, which aligns with the multi-level structure of munic-
ipal governance. Although evaluated on municipal corpora, PCTM is applicable
to any heterogeneous text collection with multi-scale semantic structure, such as
healthcare records, legal documents, scientific literature, or customer feedback
datasets. In such domains, we expect PCTM to outperform global topic models
when semantic granularity varies across subdomains.

5.1 Implications for Social Systems Modeling

Municipal governance can be conceptualized as a complex social system, com-
posed of interacting administrative units, policy domains, and communicative
subsystems. PCTM captures this structure computationally:

– Clusters as subsystems: Each cluster corresponds to a semantically coherent
administrative or policy domain.

– Multi-scale topics: Coarse-grained topics reflect strategic administrative themes,
while fine-grained topics represent operational subdomains.

– Adaptive modeling: The method does not impose a uniform topic resolution,
allowing representation of heterogeneous subsystems faithfully.

This capability is critical for AI-driven social system analysis, where fixed-
resolution models often obscure local specialization and misrepresent subsystem
interactions.

5.2 Methodological Contributions

From a computational perspective, PCTM introduces several innovations:
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– Local neighbor-aware clustering: Enhances topic stability by respecting embedding-
space locality.

– Per-cluster topic extraction: Enables adaptive granularity, improving inter-
pretability across heterogeneous corpora.

– Multi-scale representation: Integrates local and global semantic patterns
without requiring hierarchical priors or post-hoc aggregation.

These design choices provide a scalable, interpretable, and reproducible frame-
work suitable for municipal or other socially complex datasets.

5.3 Limitations and Future Work

While PCTM addresses key challenges in heterogeneous topic modeling, several
limitations remain:

– Cluster quality dependency: Effectiveness depends on the quality of embed-
dings and local clustering; noisy or sparse embeddings may reduce perfor-
mance.

– Implicit hierarchy: The multi-scale structure emerges from cluster density
rather than an explicit hierarchy, which may limit some types of semantic
analysis.

– Single-domain evaluation: Current experiments focus on a municipal cor-
pus; broader generalization across other social systems (example: healthcare,
education) remains to be tested.

Future work could explore explicit hierarchical extensions, cross-city datasets, or
integration with temporal dynamics to model evolving social systems over time.

6 Conclusion

In this paper, we introduced Per-Cluster Topic Modeling (PCTM), a multi-
scale extension of BERTopic designed for heterogeneous municipal text corpora.
PCTM decomposes the embedding space into locally coherent clusters and per-
forms per-cluster topic extraction, producing topics at variable semantic scales.
Our evaluation demonstrates that PCTM:

1. Improves topic coherence and stability compared to global and fixed multi-
scale BERTopic.

2. Produces multi-scale topics that align with administrative subdomains, re-
flecting the multi-level structure of municipal governance.

3. Provides a computationally interpretable framework suitable for AI-driven
social system analysis.

By explicitly modeling semantic heterogeneity, PCTM offers a robust ap-
proach for analyzing complex social systems from textual data. This framework
can support applications in policy analysis, administrative decision-making, and
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public discourse modeling, while providing a foundation for future research in
adaptive, multi-scale topic modeling across domains.

Overall, PCTM bridges the gap between embedding-based topic modeling
and computational social system modeling, demonstrating how multi-scale, lo-
cally adaptive approaches can enhance both interpretability and analytical rigor
in heterogeneous text corpora.
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