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Abstract. Knowledge graphs provide structure and semantic context to unstructured data. Creating them is labour intensive: it
requires a close collaboration of graph developers and domain experts. Information extraction techniques can automate this pro-
cess. This paper presents a comparative analysis of relation extraction methods for knowledge graph extraction. The methods are
assessed within a real-life scenario, aiming for graph quality comparable to manually developed graphs. Previous methodologies
often relied on automatically extracted datasets and a limited range of relation types, consequently constraining graph expres-
sivity. Moreover, these datasets typically feature short or simplified sentences, failing to capture the complexity of real-world
texts like news messages or research papers. The results show that GPT models outperform other relation extraction methods in
quantitative metrics. However, qualitative analysis reveals that alternative approaches like REBEL and KnowGL excel in lever-
aging external world knowledge to enrich the graph beyond textual content alone. This highlights the importance of considering
methods that not only extract relations directly from text but also incorporate supplementary knowledge sources to enhance the
richness and depth of resulting knowledge graphs.
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1. Introduction

In the digital age, the abundance of textual data presents a chance and a challenge. Knowledge graphs can aid in
structuring and utilising this knowledge, leading to an increasing demand for methodologies to extract knowledge
from textual sources. Knowledge graph extraction has become a popular technique to answer this demand because of
their ability to organise and connect information. By representing knowledge and data in a structured graph format,
relationships between entities become explicit, allowing for reasoning, interoperability, efficient retrieval, and other
downstream applications.

Creating knowledge graphs from scratch is a labour intensive task. Domain specialised models require time from
domain experts and graph developers to ensure its quality. Information extraction techniques can support this process
by extracting entities and relations from text. Existing fields of study that are often used in the process of knowledge
graph extraction include, but are not limited to, relation extraction, Named Entity Recognition (NER), keyword ex-
traction, and link prediction [30]. Additionally, end-to-end approaches have been suggested, which classify relations
in texts utilising language models [29]. The multi-step approach suffers from its dependence on individual parts.
As Jaradeh et al. [30] discuss, their text triple extractor is a weakness in their architecture due to low quality of its
output. End-to-end relation extraction models are often task specific, with set relation types and do not have the
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flexibility to work on a range of texts [29]. Additionally, many datasets for this task are created distantly supervised,
which impacts the quality.

In this paper!, different knowledge graph extraction techniques are compared with the goal to create a knowledge
graph that represents the text from which it is extracted in a way a graph developer would manually create it for an
applied use case. For this purpose, a news message and a simple baseline text are annotated, identifying subjects,
objects, and their relation. A collection of relation extraction methods is run on this dataset, and evaluate their per-
formance. The contributions of this paper are as follows: 1) A small annotated dataset containing different versions
of a news message, and 2) A comprehensive comparison of relation extraction techniques within the context of this
dataset. With the dataset, containing simple and complex versions of a news message, this work demonstrates how
complexity affects performance. Additionally to using standard evaluation metrics (precision, recall, F1), a cluster-
ing coefficient is included to show the density of the knowledge graph. To illustrate the strengths and weaknesses of
the methods that are not reflected in the metrics, a qualitative analysis is performed. Additional results and materials
are included in the open source repository from this paper.’

The next section sketches an overview of knowledge graph extraction, including information extraction tech-
niques. In Section 3, the data and annotation method is introduced and the various methods are discussed. The
results are presented in Section 4 and further analysed in Section 5. Finally, this work is concluded with a summary
and suggestions for future research directions in Section 6.

2. Related Work

Several fields are involved or related to the extraction of knowledge graphs, such as information extraction and
ontology learning. In this section, the definition of knowledge graphs is discussed, followed by a short overview of
knowledge graph extraction and related fields. Afterwards, the field of information extraction and techniques related
to knowledge graph extraction are introduced.

2.1. Knowledge Graphs

Knowledge graphs and similar concepts such as ontologies have been around since the originating of the field
of philosophy. The computer science interpretation of knowledge modelling, with terms such as knowledge graphs,
appears in literature as early as the 1970s [21], with early research on extraction from text and other sources starting
a little later [7]. Knowledge graphs as a term and technique have become more popular in both research and industry
since Google announced their implementation [52].

The knowledge graph as it is known today is a powerful representation framework that organises information in
the form of interconnected nodes and edges [33]. In this graph-based structure, nodes typically represent entities
(such as people, places, or concepts), while edges denote relationships between these entities. The combination
of the two nodes and its relation is called a triple. This structure allows for the creation of a rich network that
captures the context and connections within a dataset. Knowledge graphs enable a more nuanced and context-aware
understanding of information, facilitating effective data exploration and retrieval [61].

Another feature of knowledge graphs is their ability to integrate diverse sources of information, aggregating data
from various domains and presenting it in a unified format. This makes it possible to discover new relationships in
complex datasets, such as textual databases where no structure is present. Knowledge graphs have applications in a
range of fields, including semantic search, recommendation systems, and artificial intelligence, where the structured
representation of knowledge is an essential counterpart to the large unstructured machine learning models [31].
They are also increasingly more used in applications where understanding and transparency of the data is essential,
such as the safety or the medical domain [18].

IThis manuscript is an extension of the paper “From Text to Knowledge Graph: Comparing Relation Extraction Methods in a Practical
Context” by Roos M. Bakker and Daan L. Di Scala, in proceedings of the workshop GeNeSy24 co-located with ESWC 2024 [9]
Zhttps://gitlab.com/genesysubmission/text2kg
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2.2. Knowledge Graph Extraction

Knowledge Graph Extraction is a task that aims to extract knowledge graphs from different sources, using a
variety of techniques. It is closely related to ontology learning and information extraction. Ontology learning, an
established field, focuses on automatically or semi-automatically learning ontologies, including complex elements
like rules and hierarchies. Information Extraction techniques are often used for extracting knowledge graphs. Com-
mon techniques are discussed Section 2.3. Throughout this work, we adopt the term knowledge graph extraction
[9]. The objective in this work is to extract structured information from unstructured texts, with the goal to create
a knowledge graph. This term underscores our focus on this specific task, distinct from related tasks like relation
extraction or specialised areas such as ontology learning.

2.2.1. Ontology Learning

Ontologies have been used as knowledge bases, reasoning tools, and schematic tools in the context of information
science. Consensus is that they are stricter than knowledge graphs; in ontology terms they could be considered a
subclass of knowledge graph [1]. An ontology is a formal specification of concepts in the world [53]. In other words,
an ontology can represent knowledge about part of our world. For instance, an ontology about pizza can include
different types of pizza, pizza toppings, types of dough, etc. [49].

Creating ontologies is an extensive task, which involves the time of a domain expert and a modeller and requires
maintenance. Therefore, automatically creating ontologies or part of them has been a fruitful field of research. Mul-
tiple overviews have been published, for instance earlier overviews based on rule-based approaches from Buitelaar
et al. [15] to recent surveys including machine learning approaches from Khadir et al. [34]. Buitelaar et al. [15] give
an extensive overview of the field as it was until 2005. They divide the task into complexity levels: starting with the
learning of just terms and ending at the top with hierarchies, relations, and finally rules. State-of-the-art techniques
were rule-based and focused on lexico-syntactical patterns. Such patterns could not consistently be identified, and
the recall was low [15]. First attempts at relation extraction were done using statistical analysis combined with lin-
guistic patterns such as dependencies [23]. For all approaches on all levels, manual work was necessary to produce
a coherent ontology.

More recently, Wong et al. [60] describe the field from the start of the millennium until 2012, also including
the work described above. They point out the relevant distinction in types of ontologies; ranging from lightweight
ontologies without axioms [24], to heavyweight ontologies that have extensive axioms and relations [22]. Successful
techniques and tools were at best able to extract a lightweight ontology, as Wong et al. [60] state. These lightweight
ontologies are in many aspects similar to knowledge graphs.

As statistical approaches gained in popularity due to the increase of computing power and successful machine
learning applications, the field of ontology learning changed. Asim et al. [5] include more recent statistical ap-
proaches such as co-occurrences, hierarchical clustering, and shortly touch upon transforming ontological concepts
and relations into vectors. They make the distinction between linguistic and statistical approaches, and recognise
the difference between term extraction and relation extraction, with the second being the more complex task [5].

Recent advancements in ontology learning include the use of natural language processing techniques for more
efficient and scalable ontology learning [27, 34]. The term ontology learning is used less, and the focus seems to
have shifted to knowledge graphs. Khadir et al. [34] make a distinction between two approaches: linguistic, and
statistical and machine learning. The first approach utilises linguistic features to collect concepts and taxonomic
relations, for instance, the syntactic patterns can be used to extract noun phrases (NP), and taxonomic relations can
be extracted using Hearst patterns [28]. Machine learning approaches utilises clustering or classification algorithms
for adding new concepts to an existing graph. As of today, linguistic and machine learning approaches often go
together. For instance, Tian et al. [54] train graph convolutional networks using dependency trees.

Another example of a combination of techniques is the multi-tool Plumber [30], that tries to optimise the combina-
tion of different approaches. For different texts, different approaches are suggested. The distinction is made between
co-reference solution, triple extraction, entity linking, and relation linking [30]. Its dynamic pipelines outperform
static pipelines, but scores for the knowledge graph completion task remain low. This has to do with performance
of the individual components, where results can still be improved. The work of Jaradeh et al. [30] focuses mainly
on Knowledge Graph Completion, and state that current approaches are not viable for complete knowledge graph
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construction from unstructured text, because tasks such as keyword extraction are not enough by themselves to pro-
duce a knowledge graph. However, within the field of information extraction, the relation extraction task has been
approached as an end-to-end task, which might produce a knowledge graph with its combined relations.

An essential aspect of ontology learning besides the creation of ontologies is the evaluation of them [60]. As soon
as ontologies increase in complexity, for instance by adding a taxonomical structure, evaluation techniques come
short. McDaniel and Storey [38] sketch an overview of this problem and introduce a metric suite that is suitable
for different types of lightweight ontologies or knowledge graphs. Recent work by Bakker and de Boer [8] extend
previous metrics and test them in an experimental setting. They show that such metrics can indicate the quality of
changes, but evaluation of a first version of a knowledge graph or an ontology still requires manual steps.

2.3. Information Extraction Techniques

The field of Information Extraction is closely associated with the extraction of knowledge graphs. A specific area
within information extraction dedicated to knowledge graphs is Open Information Extraction (OpenlE) [41]. This
technique involves generating triples, comprising a subject, relation, and object, from textual data. Multiple tech-
niques are often combined, in a similar approach to Jaradeh et al. [30] as described above. Information Extraction as
a field underwent a surge with the implementation of word embeddings [39]. These first models lead to more com-
plex architectures such as long short-term memory models (LSTMs) and the current state-of-the-art, transformers
[55], of which BERT [19] is widely used for a variety of tasks.

Currently, decoder-only models such as GPT [14] have gained prominence. They are known as generative Large
Language Models (LLMs), due to the vast amounts of texts and parameters with which they are trained. They excel at
absorbing and producing factual information in natural text [ 14], with their main purpose being language generation.
Research on emergent properties of LLMs, including semantic entailment and reasoning, is in its early stages [59].
OpenAlI’s neuron activity analysis tooling [13] provides insights into how GPT models respond to specific inputs,
contributing to the understanding of knowledge representation within LLMs.

Despite their powerful memories, LLMs, trained in just a few epochs, exhibit limitations in factual consistency
due to hallucination issues [32]. Memory augmentation techniques, such as infusing external data sources into LLM
architectures [48], aim to address this misalignment with factual data.

Research efforts focus on extracting stored information directly from LLMs. Prompting schemes, like in-context
learning[40], reveal the potential to reconstruct verbatim training data[16]. Other approaches involve manual
prompting for completing subject-predicate-object triples [3], leading to a redefined role for LLMs in the infer-
ence or completion of knowledge graphs rather than their direct production[46].

Knowledge graph extraction can be done end-to-end, as algorithms such as co-occurrences aim for and exper-
iments with LLMs illustrate [11, 17]. However, to achieve a high quality graph, without much noise and that is
future-proof, often multiple approaches are combined. Both node and relation extraction techniques can be useful,
depending on the goal of the graph and the pipeline around it.

Node Extraction For Knowledge Graph Extraction, multiple techniques can be combined in steps to produce a
graph. A first step is the extraction of nodes. Named Entity Recognition (NER), where entities such as persons and
locations are identified in texts, can serve as an initial step in knowledge graph extraction, although its application
has been limited thus far [2]. NER is often combined with Named Entity Linking (NEL), where entities are linked
in an existing graph or database. Similarly to NER, keyword extraction can provide subjects and objects to the
graph. Common techniques include frequency analysis where words appearing frequently within the document are
considered as potential keywords [43]. A more advanced version of this, TF-IDF, was introduced in 1973, where
the uncommonness of the word is also taken into consideration by including the inverse document frequency [51].
Later approaches involve linguistic aspects of the text such as part-of-speech tagging and syntactic analysis [37, 42].
This can be used to identify important terms based on their grammatical roles and relationships within the sentence
[12]. Recent approaches are often based on language models which are trained on this task, such as the BERT-based
method KeyBERT [19, 25]. This approach demonstrates high performances in producing accurate keywords for
respective texts.

=W N e

©w 0 g o

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51



® J oy s W N

s s s s s s s D D DWW W W W W W W W W NNNNNNNDNNN R R R R R R e R P e
H O W o < o 0 W N O W Jdo W N R O VW Do s W NP O LV ®Jd o0 W N R O ©

R.M. Bakker et al. / Knowledge graph extraction in a practical context 5

Relation Extraction Beyond extracting terms or concepts from text, determining the relationships between these
concepts is crucial for creating graphs. Over the past decade, machine learning approaches have been employed to
view relation extraction as a binary classification problem [6]. Similarly to early approaches of keyword extraction,
early approaches of relation extraction were based on frequencies. For knowledge graph extraction, such approaches
have been demonstrated by [17], with the side note that manual filtering and other steps are necessary to produce
a high quality graph. Recently, deep learning methods, specifically neural relation extraction, are more often ap-
plied, but these methods usually lead to noisy patterns [31]. Nowadays, statistical approaches are prevalent, with
architectures such as graph LSTMs [47] and transformers.

Relation extraction can be done on sentences, or on paragraphs or documents. On a document level, this is
still a challenging task, but the results might be more representative to the domain and comparable to manual
development because relations outside sentence boundaries are also included [47]. Wang et al. [57] propose a method
of training a language model such that it becomes better at recognising the structure in text, which also benefits
relation extraction. They introduce structure pretraining, where their model is pretrained to recognise triples using
relation datasets. They tested their model on a variety of tasks, including relation extraction. It achieved state-of-
the-art performance on many of them, indicating that this approach can be successful in improving the structural
understanding of language models. However, with state-of-the-art F1 scores going up till 0.67 for models such as
[36], extracting relations on a document level is still a challenging task.

Extracting relations on a sentence level has been approached traditionally as a multi-step problem, similarly to
ontology learning approaches described in Section 2.2.1. Recently, more end-to-end solutions have been proposed
[29, 58]. Huguet and Navigli [29] introduce the REBEL model and dataset, where an encoder-decoder transformer
is trained on their dataset for relation extraction. The distantly supervised dataset is created by expanding on T-REx
[20]. 220 types of relations are extracted from Wikipedia abstracts, which are combined with extracted relations
from Wikipedia texts using a Natural Language Inference model. The REBEL model has shown state-of-the-art
performance on relation classification benchmarks. With the KnowGL model, Rosiello et al. [S0] extend the REBEL
dataset by adding entity labels and types, with the goal to generate a set of facts relevant for generating a knowledge
graph.

Early work on generative large language models for relation extraction shows potential. Bakker et al. [11] perform
a qualitative comparison of methods among which GPT-3.5 Turbo and propose a multi-step approach. However, this
works lacks a quantitative analysis. Wan et al. [56] use a prompt engineering approach in a multi-step architecture
for relation extraction and demonstrate that such an approach shows promise for relation classification. Allen et al.
[4] outline the diverse roles of LLMs in knowledge engineering, and propose research questions, among which are
questions regarding how LLMs can support the engineering of knowledge systems. This work implements and tests
one possible answer to this question: the automatic extraction of a knowledge graph from text.

3. Method

In this paper, different relation extraction techniques are compared with the goal to create a knowledge graph
that represents the text in a way a knowledge graph developer would manually create it. For this purpose, a small
annotated dataset was created, which is described in Section 3.1.A collection of relation extraction methods is run
on the dataset, they are described in Section 3.2. Finally, their performance is evaluated with the metrics described
in Section 3.3.

3.1. Dataset

In this work, the focus lies on creating a knowledge graph from a real-life use case and compare the performance
of different relation extraction methods. An example of a domain where knowledge graph extraction is valuable
is the Safety domain. Keeping track of multiple sources of information is critical for effective decision-making
and response to emerging threats. News messages are an important source of information. By extracting structured
knowledge from news messaged, safety organisations can swiftly identify and analyse relevant entities and relations.
Therefore, a news message that is relevant for this domain was annotated: the first news message about the Nord
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Simple Text Dataset Simple Triples Dataset

The Nord Stream Pipeline has a leak.

The Nord Stream Pipeline is in the Baltic sea.
The Baltic seais in the Danish area.

The Nord Stream Pipeline is important to the energy war. Europe involved energy war
There is tension between Europe and Moscow.

Europe and Moscow are both involved in an energy war.

Nord Stream Pipeline has leak
L N

Moscow involved energy war

Complex Text Dataset Complex Triples Dataset

Danish authorities on Monday asked ships to steer clear of a five nautical mile radius Nord Stream 2 Pipeline his gasleak
off the island of Bornholm after a gas leak overnight from the defunct Russian-owned z
Nord Stream 2 pipeline drained into the Baltic Sea. gasleak drained into Baltic Sea

e e ee e
The pipeline, which was intended to double the volume of gas flowing from St. Peters- Helina filled with
burg under the Baltic Sea to Germany, had just been completed and filled with 300 million PP Ched
cubic metres of gas when Germany cancelled it days before the invasion. pipeline cancelled by Germany

Fig. 1. Overview of the dataset generation process. From the news message, a simple and complex text dataset is built, from which a simple and
complex triples dataset is extracted for evaluation purposes

Stream Pipeline incident by Reuters®. On September 26, 2022, a series of underwater explosions and subsequent
gas leaks struck the two Nord Stream natural gas pipelines. Both pipelines were inactive due to the Russian invasion
of Ukraine. The leaks occurred in international waters prompting separate investigations by Denmark, Germany,
and Sweden. As of January 2024, investigations continue, with the explosions characterised as sabotage and the
perpetrators yet to be officially identified. The news message does not include details on the cause or involved
parties.

This news message consists of two parts: 1) a report of the incident and involved parties, and 2) a collection of
statements on the incident that the writer has gathered from involved parties. Knowledge graphs are better suited
to factual information, therefore the first part of the news message was included as the baseline complex text.
Additionally to this complex news message text, a simplified version of the text was created, containing only the
key points of the news message in simple sentences. This simplified text was used to test the hypothesis that relation
extraction should be easier on a simpler text than on a complex text such as the news message.

Both texts were annotated with full triples, consisting of two nodes and the relation between them, as shown in
Figure 1. The following conditions were given for annotation: 1) Each triple must be fully stated in the text, 2) each
triple must indicate factual information, and 3) each triple must adhere to the (subject, relation, object) format. The
first condition ensures that no common-sense world knowledge is included, or other information that is known to
the annotator but cannot be found in the text. The second condition excludes opinions or non-factual statements
such as Denmark’s energy agency gave a statement. The final condition excludes statements about
statements, so no additional time or location information, which means the triple (operator, disclosed, pressures
drop) is extracted instead of (operator, (disclosed, pressure drop, on Monday)). The constructed baseline knowledge
graphs can be seen in Figures 2 and 3. The full news message, the complex and simple texts, the complex and simple
triples and the graph visualisations can all be found in the repository of this paper.

3.2. Methods

In this section, the different methods are described that are tested on the news message and its simplified version
described in Section 3.1. All methods are run on on sentence level and on document level. These methods each
have their strengths and weaknesses, which can be vary depending on the applied use case. An overview of the
methods and their properties is given in Table 1. Each method is compared based on the type of information it can
extract (Extracts), whether it can generate additional type information (Type info), whether weights are included in
its output (Weights), whether its output follows a formal standard (Standard output), whether external knowledge

3https://www.reuters.com/business/energy/pressure-defunct-nord- stream- 2-pipeline-plunged- overnight-operator-2022-09-26
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Fig. 2. Simple text knowledge graph Fig. 3. Complex text knowledge graph

outside of document input is provided in the output or just information strictly from the given text (External info),
and on which model it is based on (Base model). Each method and its parameters is described in the next sections.

KeyBERT In creating a knowledge graph, selecting informative and representative nodes is crucial. Therefore,
KeyBERT [25], which is based on BERT [19], is implemented.Parameters are set to a top-n of 15 and a diversity
of 0.5, along with Maximal Marginal Relevance (MMR) to ensure a balance between similarity and diversity in
the extracted keywords. MMR minimises redundancy and maximises diversity by selecting keywords similar to the
document iteratively, enhancing the quality of keywords for graph construction.

Co-occurrences (COOC) While useful in a pipeline because of its high quality concepts, keyword extraction does
not provide us with triples; there are no relations between the nodes. For extracting triples, several approaches are
implemented. Firstly, a co-occurrence algorithm as a baseline, similarly to previous work by de Boer et al. [17]
and Bakker et al. [10]. The algorithm works by analysing the frequency with which words appear together within a
sentence or document. It is suitable as a baseline method because of its simplicity and interpretability. The maximum
distance for words that occur together is set to 5. Further, a threshold of 0.9 is used to define a minimum amount of
times a word pair must occur.

REBEL and KnowGL Another implementation is the REBEL model [29]. The REBEL model is specifically de-
signed for extracting relation triplets from raw text and is built upon the BART Transformer model [35]. The REBEL
model is implemented using the number of beams and the number of return sequences settings of 5 on sentence
level, and both on 30 on document level. KnowGL [50] is an extension to REBEL with entity types. The KnowGL
parameters are set to the same values as REBEL.

Table 1

A comparison between relation extraction methods

Extracts Type Weights Standard External Base
info output info model
CcooC Linked entities X v v textonly -
KeyBERT Entities X v v textonly = BERT
REBEL Triples ~ X v external BART
KnowGL Triples v X v external BART
GPT-3.5 Turbo  Triples ~ X X external GPT
GPT-4 Triples ~ X X external GPT
GPT-40 Triples ~ X X external GPT
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GPT methods Alternatively, three generative LLMs were implemented for relation extraction. Previous approaches
using these models for relation extraction showed promise [11, 56], but no extensive analysis has been performed
yet. Three models from the GPT family were tested: GPT-3.5 Turbo [14], GPT-4 [44] and GPT-40 [45]. These mod-
els were selected for their superior performance on most tasks and their availability. Both GPT-3.5 Turbo and GPT-4
were queried with the following prompt:

Take the following document: [text], Extract all relations in this text to a
graph. The graph format must be in JSON, with nodes and edges. Make sure to
include the three parts of the ‘subject’, ‘object’ and ‘relation’ triple

for each relation you find. Think carefully before you answer.

For GPT-40, the prompt is extended with:

Only include the JSON in your answer, do not describe or explain the process.
This is added to ensure the results are kept to just the JSON-formatted Knowledge Graph without any additional
information included in the answer. For all GPT models, the temperature was kept at the low setting of 0.3 to prevent
hallucinations of relations that can not be found in the text.

3.3. Evaluation

To evaluate the performance of all methods on extracting nodes and triples from the dataset,precision, recall,
and the F1 score is used; commonly used metrics for information retrieval tasks. Correctness of nodes and triples
are compared manually to the dataset, and nodes/triples that are semantically identical to the baseline are counted
as correct (e.g., the pipeline instead of pipeline is approved, yet Danish instead of Danish Area is
disapproved). The triple is only evaluated as correct when both the nodes and the relation is correct.

Additionally, the average Clustering Coefficient CC,,, [26] is measured of each of the graphs. The CC,,,, is based
on the density of the neighbourhood surrounding each node of the graph, and is calculated by counting for each
node the amount of triples it is either a subject or object of, divided by the total amount of possible triples (n x n—1,
with n=total amount of nodes). With this metric, the completeness of the graph is measured. As discussed by Guéret
et al. [26], the aim of knowledge graphs should not be to be fully complete (CCy, = 1), as most links would
be meaningless, but a high clustering coefficient indicates a well-cohesive graph. Finally, a qualitative analysis is
performed, highlighting distinctive qualities of various methods from the perspective of a graph developer.

4. Results

In this section, the results are discussed from the methods described in Section 3.2 on the dataset as discussed
in Section 3.1, based on the metrics described in Section 3.3. First, the performance on node level is shown, where
only the extracted entities are evaluated (Section 4.1). Second, the results evaluated on the triple level are presented,
considering the full extracted triples (Section 4.2). Third, the extracted graphs are compared on their density scores
(Section 4.3). Finally, a qualitative evaluation on observations made during evaluation (Section 4.4) is described.

4.1. Nodes

The node extraction performance of the methods is shown in Tables 2 and 3. As shown in Table 2, performance
on the simple text is overall high, with GPT-3.5 Turbo on sentence level scoring an F1 of 1, matching perfectly to the
ground truth. While REBEL on document level scores lowest, on sentence level REBEL scores a perfect recall and
high precision. As seen in Table 3, on the complex text, the highest precision is scored by KeyBERT on document
level. Highest recall and F1-measure are by GPT-40 on sentence level. Furthermore, on the complex text, the F1 and
recall scores are lower on a document level in all cases except for co-occurrences. No such pattern can be observed
for precision.
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Table 2 Table 3
Scores on Node level for Simple text Scores on Node level for Complex text

Method Level Precision Recall F1 Method Level Precision Recall F1
KeyBERT doc 0.875 1 0.933 KeyBERT doc 0.8 0.261 0.393
KeyBERT sen 0.875 1 0.933 KeyBERT sen 0.537 0.783  0.637
COo0oC doc 0.438 1 0.609 COo0C doc 0.232 0.696  0.348
COo0oC sen 0.438 1 0.609 COo0oC sen 0.232 0.696  0.348
REBEL doc 0.429 0.429  0.429 REBEL doc 0.667 0.174  0.276
REBEL sen 0.875 1 0.933 REBEL sen 0.628 0.587  0.607
KnowGL doc 0.667 0.571 0.615 KnowGL doc 0.571 0.087  0.151
KnowGL sen 0.636 1 0.778 KnowGL sen 0.559 0413 0475
GPT-3.5 Turbo doc 0.875 1 0.933 GPT-3.5 Turbo doc 0.604 0.63 0.617
GPT-3.5 Turbo sen 1 1 1 GPT-3.5 Turbo sen 0.633 0.826  0.717
GPT-4 doc 0.875 1 0.933 GPT-4 doc 0.657 0.5 0.568
GPT-4 sen 0.875 1 0.933 GPT-4 sen 0.529 0.804  0.638
GPT-40 doc 0.875 1 0.933 GPT-40 doc 0.778 0.761 0.769
GPT-40 sen 0.778 1 0.875 GPT-40 sen 0.676 1 0.807

4.2. Triples

The triple extraction performance of the methods is shown in Tables 4 and 5. Note that due to KeyBERT only
providing entities and COOC only providing linked entities (see Table 1), both methods score 0 on all metrics and
are left out. Table 4 shows that the GPT methods score a perfect precision on the simple text, with GPT-3.5 Turbo
scoring a perfect recall and Fl1-measure as well. KnowGL scores the lowest F1-measure on the simple text. On
the complex text, as seen in Table 5, GPT-40 scores the highest F1-measure and recall on sentence level, and on
document level it scores the highest precision. KnowGL on document level notably extracted no correct triples.
Recall on document level was again lower for all methods than on sentence level.

4.3. Graph Density

The density of the graphs extracted by the methods is shown in Figures 4 and 5, based on the average clustering
coefficient CC,,, metric (see Section 3.3). KeyBERT does not produce relations and therefore the density cannot
be calculated. The density of the baseline knowledge graphs is shown as a line, which is CC,,,=0.054 for Simple
text and CCy,,=0.00085 for Complex text. As seen in Figure 4, on the Simple text, KnowGL on document level and
REBEL both score highest and COOC on sentences has the lowest density score. The density of GPT-3.5 Turbo’s

Table 4 Table 5
Results for Simple text on Triple level Results for Complex text on Triple level
Method Level Precision Recall F1 Method Level Precision Recall F1
REBEL doc 0.429 0.375 0.4 REBEL doc 0.143 0.073  0.097
REBEL sen 0.227 0.625  0.333 REBEL sen 0.079 0.122  0.096
KnowGL doc 0.222 0.25 0.235 KnowGL doc 0 0 -
KnowGL sen 0.167 0375  0.231 KnowGL sen 0.122 0.122  0.122
GPT-3.5 Turbo doc 0.875 0.875  0.875 GPT-3.5 Turbo doc 0.333 0.195  0.246
GPT-3.5 Turbo sen 1 1 1 GPT-3.5 Turbo sen 0.434 0.561  0.489
GPT4 doc 1 0.875 0933 GPT-4 doc 0.625 0.244 0351
GPT-4 sen 0.75 0.75 0.75 GPT-4 sen 0.364 0.585  0.449
GPT-40 doc 1 0.875  0.933 GPT-4o doc 0.719 0.561  0.630
GPT-40 sen 1 0.875  0.933 GPT-40 sen 0.610 0.878  0.720
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graph is closest to the baseline’s density. Results of the complex text can be seen in Figure 5. Because on document
level REBEL and KnowGL produce high outlier density scores (CCq,,=0.061 for KnowGL and CC,,,=0.027 for
REBEL), both are left out of the Figure. On complex text, REBEL and KnowGL score higher than the baseline,
while GPT-4’s density on document level is closest to the baseline density.

4.4. Qualitative Analysis

Co-occurrences (COOC) COOC generates odd results from a knowledge graph developer’s standpoint. It only
outputs unigrams, so many full entities are missed. For example, Danish, maritime and authorities are
extracted instead of Danish maritime authorities. Furthermore, many verbs are incorrectly found as en-
tities (e.g., declined, ran). Also, due to only providing linked relations, no triples are incorrect as no semantic
value is given when a connection between subject and object does exist. For example, st, cooc, petersburg
while St. Petersburg exists as a city, or pressure, cooc, pipeline while pipeline and pressure are con-
nected because it is the pipeline’s pressure.

KeyBERT Because KeyBERT provides no relations altogether, sometimes entities are picked up what ideally
would be considered the relation of a triple. For example, the simple text baseline includes Europe, tension,
Moscow as (subject, relation, object)-triple, yet KeyBERT provides tension as entity.

REBEL and KnowGL Where the results of the COOC method entail too little semantic value, REBEL and
KnowGL often provide too much additional information. For example, KnowGL includes world knowledge, pro-
viding triples such as Germany, shares border with, Denmark or St. Petersburg, located
in or next to body of water, Baltic Sea. While including this world knowledge can be useful to
create well-connected knowledge graphs, it is rather a knowledge graph extension step with additional information
outside of the text. This is less effective when generated triples are slightly incorrect or non-informative, such as
Danish, located in or next to body of water, Danish area.

However, opposed to other methods, KnowGL does include symmetric relations (e.g., providing both Nord
Stream AG, owner of, website and website, owned by, Nord Stream AG), which from the
perspective of knowledge graph development is an informative feature, although a proper schema might be able to
infer them. Due to the REBEL classifying the text to relations it is trained on, often the relation part of the triples
are semantically slightly incorrect, such as Nord Stream 2, product or material produced, gas
instead of Nord Stream 2 pipeline, is filled with, gas.

GPT The GPT models both often provided nodes made out of multiple entities, sometimes even providing en-
tire subclauses as nodes, such as currently not known what had caused the pressure drop
or leak today occurred on the nord stream 2 pipeline in the danish area. Keeping
the goal of knowledge graph development in mind, smaller connected entities are preferable. However,
this is also a strength of this approach, as the baseline knowledge graph include occasional long enti-
ties (e.g., German network regulator president or defunct russian-owned nord stream

O o J o s W N

[ @ 2 I e > T~ T N S e T St e O L O O O O O o O S S L I S L e O T R e
H O W 9 o U W NP O W W Jdo U W N R O WV o Jo U s W NP O VW W Jdo U s W NP O



® J oy s W N

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51

R.M. Bakker et al. / Knowledge graph extraction in a practical context 11

2 pipeline), which are only picked up by GPT. Especially in GPT40 the harder triples, such as Danish

Maritime authorities, established, zone around the Nord Stream 2 pipeline areper-

fectly retrieved, as well as time determination such as February. On the other hand, the GPT model fails to include
symmetry in the triples (Moscow, tension, Europe vs. Europe, tension, Moscow) in which object
and subject are switched. It also labels some nouns as concept, such as tension, which in the golden standard
is denoted as predicate. It is furthermore evident that the GPT40 model is more narrative and returns multiple out-
put forms, which requires the prompt engineering and post-processing to be more elaborate compared to the other
models.

5. Discussion

The set goal of the annotation process of both the news message and its simplified version, was to adhere to the text
as much as possible. However, this approach has its limitations, as it precludes the inclusion of details that a graph
developer might typically incorporate into the model. For example, by adhering to the annotation restrictions (see
Section 3.1), world knowledge facts and meta-triples which abstract over what is in the text are not included. During
annotation, some abstractions were made but they were left out of the dataset, due to the difficulty in objectively
determining which additional information should be incorporated. This is always a limitation of manually creating
knowledge graphs, as graph developers are influenced by their world and domain knowledge on deciding what is
relevant to include. For extracted knowledge graphs, flattened results without abstractions are often acceptable, but
for an ontology, abstractions and external world knowledge are essential. Some methods do have such additional
knowledge. During evaluation, it was observed that KnowGL, and to lesser extent REBEL, include additional triples
such as St. Petersburg is located in Russia. According to the annotated data, this is not counted
as a correct triple. However, such additional triples containing external world knowledge might be valuable and
desirable, depending on the use case.

Additionally, one thing considered during the annotation of the dataset, is that triples might not always be the
best medium to describe the facts of complex natural language. For example, a sentence such as pressure
in the pipeline dropped from 105 bars to 7 bars is annotated as two triples pressure in
the pipeline, dropped from, 105 bars and pressure in the pipeline, dropped to,
7 bars. This might not be the optimal solution, as it might be better described as a quad or ternary predicate. The
same holds for the annotation of DMA, established, zone around NS2P, which could also be annotated
as DMA, established, zone and zone, around, NS2P. The direct link between the first zone and the
second zone can be lost, which also occurs with specific operators (if both triples with for example an NSP1 and
NSP2 operator exist). The same holds for triples with the predicate between for example. These predicates are
not a unary relation, while this is necessary in a triple. Triples also lack the strength of meta-triples, such as the
construct said that.

Furthermore, manually creating a knowledge graph is a step-by-step process. The considerations of what is con-
sidered a triple influence subsequent decisions. This affects the density of the knowledge graph, as a knowledge
graph developer has an incentive to keep nodes consistent (e.g., considering Nord stream 2 pipeline tobe
the same node as The Nord stream 2 pipeline). Recreating the sequential nature of this process could be
further researched, by tasking the models to generate the knowledge graph based on earlier considerations. While
not all methods are suited for this, it is possible to prompt the GPT models with "based on the following

nodes found in earlier sentences, extract the triples of the current sentence".

In the results, all methods on the complex text demonstrated higher recall scores on sentence-level extraction.
This makes sense, as more triples are extracted when methods are ran on sentence level. Triple counts are included
in the repository from this paper’. The complex text yielded much lower performance scores that the simple text.
While to be expected, this is an indication that the effectiveness of relation extraction is influenced by the complexity
of text. For node extraction, a similar pattern could be observed. Scores were also influenced by the fact that most
methods are suitable for relation extraction, not necessarily node extraction, whereas KeyBERT scores high on the
simple text, and has a high precision on the complex text. However, separate entities are not solely interesting, they
have to be relevant for forming a knowledge graph. This is reflected in the qualitative results, where KeyBERT
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identifies tension as an entity, where ideally this is a relation. The GPT models outputs the nodes separately from
the relations, resulting in some nodes that are not part of triples. Similarly to KeyBERT, from a graph developer’s
perspective this is not desirable. An advantage of KeyBERT and all relation extraction methods except GPT, is that
depending on the method, parameters can be set — such as the amount of results to be extracted — giving more
control over the results and making such methods more suitable for pipeline usage. Overall, the results from the GPT
models were of decent quality, as can be seen from their high scores. However, the output content and its format
differed per run and required manual post-processing to evaluate the results. This makes this method less suitable for
use in a pipeline. The output consistency can be influenced to a certain extent by utilising few-shot learning and/or
function calling. Further research into these consistency methods would make a valuable addition to this work.

The Graph Density results indicate that REBEL and KnowGL are able to generate high density knowledge graphs,
which might be desirable depending on the use case. However, GPT-3.5 Turbo performs closest to the baseline
density on simpler texts, while GPT-4 performs closest on complex texts. Note that with the complex text, the
graphs tend to have very low CC,,, scores overall, because the larger and more complicated the text, the more
possible nodes, and thus the denominator of the formula growing exponentially. While having denser graphs as
results might not always be better, it is an interesting metric as there might be use cases where you would want a
highly connected knowledge graph, or have your graphs meet a threshold of connectivity, for which REBEL and
KnowGL might be more useful than GPT.

6. Conclusion and Future Work

In this paper, an annotated dataset was created containing different versions of a news message annotated with
triples, as well as a comprehensive comparison of relation extraction methods within the context of this dataset.
The primary objective of this study was to assess relation extraction methods on a real-life use case scenario,
where the resulting graph reflects a manually created graph. The results indicate that the generative Large Language
Models GPT-3.5 Turbo, GPT-4 and GPT-40 outperform the other tested relation extraction methods. Each with their
own merits, as GPT-4o produces the best results in terms of F1-measure on complex texts, GPT-3.5 Turbo yields
the closest graph density. However, in the qualitative analysis performed additionally to the evaluation metrics, it
was observed that alternative approaches like REBEL and KnowGL exhibit strengths in leveraging external world
knowledge to enrich the graph beyond the textual content alone. The findings and analysis indicate that while current
methods cannot entirely replicate a manually created graph in a real-life scenario, GPT-40’s relation extraction
capabilities demonstrate promising potential for future advancements.

For future work, several directions can be imagined: a comparison of a broader range of generative LLMs, explor-
ing alternative methods for evaluating the quality and performance of extracted knowledge graphs, using different
type of texts and larger and more diverse real-world use cases and adding more pre- and post-processing steps.
Looking forward, such avenues offer significant potential to further advance the field of knowledge graph extrac-
tion.
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