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Preface

This book contains a selection of papers accepted for presentation and discussion at the
2024 World Conference on Information Systems and Technologies (WorldCIST 24).
This conference had the scientific support of the Lodz University of Technology, Infor-
mation and Technology Management Association ITMA), IEEE Systems, Man, and
Cybernetics Society (IEEE SMC), Iberian Association for Information Systems and
Technologies (AISTI), and Global Institute for IT Management (GIIM). It took place in
Lodz city, Poland, 26-28 March 2024.

The World Conference on Information Systems and Technologies (WorldCIST) is a
global forum for researchers and practitioners to present and discuss recent results and
innovations, current trends, professional experiences, and challenges of modern Informa-
tion Systems and Technologies research, technological development, and applications.
One of its main aims is to strengthen the drive toward a holistic symbiosis between
academy, society, and industry. WorldCIST’23 is built on the successes of: World-
CIST’13 held at Olhao, Algarve, Portugal; WorldCIST’ 14 held at Funchal, Madeira,
Portugal; WorldCIST’ 15 held at Sdo Miguel, Azores, Portugal; WorldCIST’ 16 held at
Recife, Pernambuco, Brazil; WorldCIST 17 held at Porto Santo, Madeira, Portugal;
WorldCIST’ 18 held at Naples, Italy; WorldCIST 19 held at La Toja, Spain; World-
CIST’20 held at Budva, Montenegro; WorldCIST 21 held at Terceira Island, Portugal;
WorldCIST 22 held at Budva, Montenegro; and WorldCIST 23, which took place at
Pisa, Italy.

The Program Committee of WorldCIST 24 was composed of a multidisciplinary
group of 328 experts and those who are intimately concerned with Information Systems
and Technologies. They have had the responsibility for evaluating, in a ‘blind review’
process, the papers received for each of the main themes proposed for the conference:
A) Information and Knowledge Management; B) Organizational Models and Informa-
tion Systems; C) Software and Systems Modeling; D) Software Systems, Architectures,
Applications and Tools; E) Multimedia Systems and Applications; F) Computer Net-
works, Mobility and Pervasive Systems; G) Intelligent and Decision Support Systems;
H) Big Data Analytics and Applications; I) Human-Computer Interaction; J) Ethics,
Computers & Security; K) Health Informatics; L) Information Technologies in Educa-
tion; M) Information Technologies in Radiocommunications; and N) Technologies for
Biomedical Applications.

The conference also included workshop sessions taking place in parallel with the con-
ference ones. Workshop sessions covered themes such as: ICT for Auditing & Account-
ing; Open Learning and Inclusive Education Through Information and Communication
Technology; Digital Marketing and Communication, Technologies, and Applications;
Advances in Deep Learning Methods and Evolutionary Computing for Health Care;
Data Mining and Machine Learning in Smart Cities: The role of the technologies in the
research of the migrations; Artificial Intelligence Models and Artifacts for Business Intel-
ligence Applications; Al in Education; Environmental data analytics; Forest-Inspired
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Computational Intelligence Methods and Applications; Railway Operations, Modeling
and Safety; Technology Management in the Electrical Generation Industry: Capacity
Building through Knowledge, Resources and Networks; Data Privacy and Protection
in Modern Technologies; Strategies and Challenges in Modern NLP: From Argumen-
tation to Ethical Deployment; and Enabling Software Engineering Practices Via Last
Development Trends.

WorldCIST’24 and its workshops received about 400 contributions from 47 countries
around the world. The papers accepted for oral presentation and discussion at the con-
ference are published by Springer (this book) in four volumes and will be submitted for
indexing by WoS, Scopus, EI-Compendex, DBLP, and/or Google Scholar, among others.
Extended versions of selected best papers will be published in special or regular issues
of leading and relevant journals, mainly JCR/SCI/SSCI and Scopus/EI-Compendex
indexed journals.

We acknowledge all of those that contributed to the staging of WorldCIST 24
(authors, committees, workshop organizers, and sponsors). We deeply appreciate their
involvement and support that was crucial for the success of WorldCIST’24.

March 2024 Alvaro Rocha
Hojjat Adeli

Gintautas Dzemyda

Fernando Moreira

Aneta Poniszewska-Maranda
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Impact of Preprocessing Using
Substitution on the Performance

of Selected NER Models - Results

Miroslav Potoésr(®)
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Abstract. This paper investigates the impact of preprocessing using
substitution in word sequences on selected models of named entity recog-
nition. The study is focused on evaluating the results of the performed
experiments. It briefly describes the concept of substitution using pseudo
words and the methodology used in performing the experiments. Based
on the outputs of the experiments, it discusses in detail the implications
of substitution on the selected models and provides possible explana-
tions for the results. In the end, conclusions and recommendations for
the use of substitution as a preprocessing technique are made based on
the observed results.

Keywords: named entity recognition - preprocessing - substitution -
pseudo words

1 Introduction

Nowadays, the number of data increases considerably over time [2]. Much of this
data is in the form of unstructured text, so a lot of attention is currently being
paid to natural language processing tasks. Named Entity Recognition (NER)
task is focused on identifying, locating and classifying important objects in text
data [5,8]. NER is a fundamental task that is addressed in other tasks such as
information extraction, question answering and knowledge ontology construc-
tion. In these tasks, NER is indispensable [3].

Data preprocessing is an important aspect in solving many natural language
processing tasks. Despite its importance, it has received little attention in the
literature. In this paper, we investigate a specific preprocessing strategy - substi-
tution - and its impact on the performance of selected NER models. Substitution
is the strategic replacement of words in sequences by pseudo words that encode a
certain feature of the replaced word. This type of substitution may reduce over-
fitting and improve the model’s generalization abilities for some models under
certain conditions.

This paper is dedicated to revealing the results of a large set of experiments
designed to evaluate the impact of preprocessing using substitution on selected
NER models. Specifically, we investigate the effects on the hidden Markov model
(© The Author(s), under exclusive license to Springer Nature Switzerland AG 2024
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(HMM), conditional random fields (CRF), gated recurrent unit (GRU), bidirec-
tional long short-term memory network (BiLSTM) and our Naive model. With
respect to the experiment results, we aim to provide a comprehensive under-
standing of how substitution affects the prediction capabilities of the models.

2 Concept of Pseudo Word Substitution

The idea to investigate the impact of word substitution in the sequence by pseudo
words arose while studying the work of Bikel et al. [1] where pseudo words
appeared as one of the features entering the process of solving the NER task.
We took this concept of pseudo words and focused on researching how the use
of pseudo words affects NER models whose input is only a sequence of words.
The idea is to replace unknown or rarely occurring words with a pseudo word
that encodes one of the features. We have taken the word features from the
original work, with their order, examples, and the intuition behind each feature,
and extended them to include a representative pseudo word and a condition
that must be fulfilled in order to replace the word with the pseudo word. We
substitute words that:

— consist exclusively of two numbers,

— consist exclusively of four numbers,

— containing numbers and letters,

— contain numbers and dashes,

— contain numbers and slashes,

— contain numbers and commas,

— contain numbers and a period,

— represent other numbers,

— consist entirely of capital letters,

— have a capital initial letter and a period,
— are the first word in a sentence,

— have a capital initial letter,

— consist of lower case letters only,

— contains any alphanumeric and non-alphanumeric characters.

A detailed list of pseudo words along with rules, examples and intuition can
be found in [6].

An example of the functioning and impact of substitution is best illustrated
with words containing numbers. We often encounter this type of words in texts.
If we wanted to include all numbers in the vocabulary, this would not be possi-
ble due to their infinite nature. Words such as ‘22/11/2023" and ‘23/11/2023’,
would appear as unique words within the vocabulary, but we can infer from their
structure that they are words representing a date. For NER models to be able
to identify that a given word is a date, they would need to encounter the partic-
ular word in multiple possible contexts. However, in this way they would only
learn to recognize one particular date. Clearly, this method of learning would
lead to overfitting and an inability to generalize in NER models. If we replace
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each word that has the shape of a date with a pseudo word [CDS], the model
will have more opportunities to learn the context in which dates occur, and as
a result the model will be capable to better handle new, unique dates as well.
This improves the model’s ability to generalize and prevents overfitting of the
model. Similar logic can be applied to words containing a capital letter. The
set of possible company names is theoretically unlimited. However, most names
share a common feature, which is the first initial letter. Replacing this name
with the pseudo word [IC] allows the model to better learn the context in which
the company names may occur.

3 Methodology

In the following section we briefly describe the methodology used. A detailed
explanation of our experimental procedure can be found in the paper [6].

3.1 Data

As test data, we used the dataset CoNLLpp [9], which is a modification of the
original dataset CoNLL2003 [7]. The dataset uses the IOB2 labeling scheme.
It distinguishes four types of entities, persons (PER), locations (LOC), orga-
nizations (ORG) and miscellaneous (MISC). There are three sets already pre-
prepared in the dataset namely training, validation and test sets. A summary
of the data in each part of the dataset can be seen in Table 1. For each part, we
have listed the number of sentences, the number of words, the number of unique
words. For each IOB category, we have listed the number of words associated
with this category and also the number of unique words for this category.

3.2 Models Implementations

We have used Python in our research, so the model implementations used are
influenced by this.

In the case of the Naive model, we self-implemented a simple class that stored
information about words and the named entity tag that occurred most frequently
with a given word in the training set. It assigns the most frequent tag in train
dataset to unknown words.

For the HMM, we have used the HiddenMarkovModelTagger implementa-
tion available in NLTK library. This implementation can be used in sequence
prediction, and is also able to handle unseen tokens.

As a CRF model, we used the CRF implementation available in the sklearn-
crfsuite library, which is a library focused specifically on the CRF model. Unfor-
tunately, this library is no longer active. Because of this, we have encountered
several issues when we were using it, related to incompatibility with newer ver-
sions of the numpy library. However, due to the library being open source, it
was possible to fix these issues and make use of the implementation.

To implement the GRU and BiLSTM models, we used the tools provided by
the Keras and TensorFlow libraries.
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Table 1. Datasets summary

Train | Validation | Test
Sentences 14041 | 3250 3453
Words 203621 |51362 46435
Unique words 23623 | 9966 9488
B-LOC words 7140 | 1837 1646
B-LOC unique words 1223 511 476
B-MISC words 3438 922 723
B-MISC unique words 707 304 279
B-ORG words 6321 | 1341 1715
B-ORG unique words 1767 547 684
B-PER words 6600 | 1842 1618
B-PER unique words 2275 919 858
I-LOC words 1157 257 259
I-LOC unique words 294 90 105
I-MISC words 1155 346 254
I-MISC unique words 334 148 115
I-ORG words 3704 751 882
I-ORG unique words 1124 334 399
I-PER words 4528 | 1307 1161
I-PER unique words 2398 952 797
O words 169578 | 42759 38177
O unique words 15704 | 6806 6401

3.3 Replacing Words with Pseudo Words

The process of word substitution with pseudo words consists of several steps.
At the beginning, a dictionary of known words is created based on the train-
ing data. From this dictionary, depending on the scenario, words containing
numbers, composed entirely of non-alphanumeric characters, or words whose
number of occurrences within the training dataset satisfy a certain threshold are
removed or kept. In the next step, the individual words in each of the datasets
are sequentially reviewed and it is determined whether they should be replaced
by a pseudo word. First, the occurrence of the word in the dictionary of known
words is checked. If it is found in this dictionary, the original form is retained
and it is discarded from further processing. If it is not found in the dictionary,
it means that this word will be replaced by a pseudo word. For words not found
in the dictionary of known words, the conditions are successively applied in the
exact order. Depending on which condition the word satisfies, it is replaced by
the corresponding pseudo word. The datasets modified in this way are used to
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train, validate and also test the models. The detailed word substitution process
is described in the paper [6].

3.4 Test Scenarios

As described in detail in the paper [6], we performed several experimental sce-
narios with each model. For each model, we determined its raw performance,
i.e., the overall F1 score that the model achieved when no preprocessing was
being applied. We then moved on to the actual scenarios where preprocessing
was used.

We tested two types of preprocessing scenarios. In the first type of scenario,
we did not remove words consisting entirely of punctuation or words containing
numerical values from the set of all words that were later used to build the
dictionary of known words. We only removed those words from the set whose
number of occurrences was below a given threshold. Specifically, we focused on
scenarios where we removed words that had a frequency of occurrences less than
1, 2, 3, 4, and 5. Each frequency threshold represented one test scenario. In the
second type of scenario, we removed words containing numbers or composed
entirely of non-alphanumeric characters from the set of all words used to build
the dictionary of known words. As in the first type of scenario, we also removed
words whose number of occurrences was less than 1, 2, 3, 4, and 5 from the
rest of the words. From the remaining words, a dictionary of known words was
created and used during the substitution process.

3.5 Evaluation

To evaluate the performance of the models, we used the F1 score metric, which
is widely used in NER task evaluation. F1 score is a combination of precision
and recall metrics. Thus, it expresses the balance of both metrics and indicates
how well the model is able to correctly identify entities and at the same time
what is the ability of the model to detect all real entities.

We used the segeval [4] framework available through the evaluate library,
which is designed to evaluate labeled sequences. This framework provides values
for precision, accuracy, recall, and F1 score for the entire dataset and also pro-
vides the same metrics with respect to specific categories of named entities. The
seqeval provides two evaluation modes, default and strict. The default mode
simulates conlleval and strict evaluates the inputs based on a specific schema.
Our dataset used the IOB2 schema, so we used the strict mode where we defined
the use of the IOB2 schema.

For each test scenario, we performed 5 runs, which means that we recreated
and retrained the model 5 times and evaluated its performance on each dataset.
The final value of each metric is calculated as the average of the measured values
in each run.
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4 Results

The results of the experiments are shown in Table2. One row represents the
averaged results for one tested scenario. Each row consists of the following values:

— Model - This column specifies the tested model. In our case, we performed
the experiments with the Naive, HMM, CRF, GRU and BiLSTM models.

— S - This column provides information on if substitution was (T) or was not
(F) performed over the individual datasets.

— N&P - This column contains information about whether words that con-
tained a number and words that consisted entirely of punctuation were
removed (T) or kept (F) in a given scenario.

— FT - This column informs about the threshold value of the frequency of
occurrence. Words that had a frequency of occurrence equal or less than this
value were excluded from the dictionary of known words.

- P, L, O, M - Provides the F1 score for the specified named entity type
(P=PER, L=LOC, O=0RG, M=MISC).

— AP, AL, AO, AM - Indicates how the F1 score for a given named entity
type has changed from the value without substitution (P =PER, L=LOC,
O =0RG, M=MISC).

— OA - Indicates the overall value of the F1 score.

— A - Indicates how the overall F1 score changed from the value without sub-
stitution.

The grey rows indicate the scenarios where the best result was achieved for a
particular model with respect to the overall F'1 score.

Considering the increasing trend of the overall F1 score with increasing
threshold frequency of occurrence for the BIiLSTM model, we performed an
additional set of experiments. In these experiments, we observed how the model
performed when substitution was used, words containing numbers and words
consisting entirely of punctuation were removed, and the threshold varied from
3 to 6. We combined the measured values with the original values for the Bil-
STM model and calculated the average values in this case as well. All values were
calculated based on 5 runs. The exceptions were the scenarios with a threshold
equal to 3 and 4, where the value was calculated based on 10 runs (5 original
runs and 5 additional runs). We called the model BiLSTM-6 and the resulting
values are shown in Table 3.

Table 4 contains a subset of the rows from Table 2, giving for each model the
row where the best overall F1 scores were obtained. It also includes a row from
Table 3, for the BiLSTM model that was tested on an additional set of exper-
iments. We have created an additional Table5 to this Table4, which for each
model with the best F1 score on the test set, shows how that model performed
on the training data.

The Table 4 shows that the use of substitution led to an improvement in F1
scores on the test data for each of the tested models. The exception may be the
CRF model, where the difference between the overall F1 score for the with and
without substitution scenario is very small. Considering the Table 2, we can see
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Table 2. Experiment results - test data predictions

Processing | F1 score per class(%) F1 score(%) ‘
Model | S | N&P | FT P AP L AL (0] AO M AM OA A
Naive F F 0 | 21.68 0.0 75.22 0.0 54.05 0.0 66.12 0.0 54.62 0.0
Naive T F 1 | 4596 24.27 | 75.25| 0.03 | 51.54 —2.51 64.16 —1.96 59.8 5.18
Naive T F 2 |44.49| 22,81 | 74.66| —0.56 | 46.14 | —7.92 | 62.75 | —3.36 | 57.62 3.01
Naive T F 3 |40.48 | 18.79 | 73.28 | —1.94 | 44.52 | —9.53 | 60.21 | —5.91 | 55.4 0.79
Naive T F 4 | 37.12| 15.43 71.7 | =3.52 | 39.3 | —14.75 | 56.7 | —9.42 | 52.24 | —2.37
Naive T T 0 | 21.68 0.0 75.22 0.0 53.9 | —0.16 | 66.12 0.0 54.57 | —0.04
Naive T T 1 |45.96 | 24.27 | 75.25 | 0.03 | 51.38| —2.68 | 64.16 | —1.96 | 59.75 5.14
Naive T T 2 | 44.49| 22.81 | 74.66 | —0.56 | 46.04 | —8.02 | 62.75 | —3.36 | 57.6 2.98
Naive T T 3 |40.48| 18.79 | 73.28| —1.94 | 44.42 | —9.64 | 60.21 | —5.91 | 55.38 0.76
Naive T T 4 | 37.12| 15.43 71.7 | —3.52 | 39.19 | —14.87 | 56.7 | —9.42 | 52.22 —2.4
HMM F F 0 |67.72 0.0 66.81 0.0 60.98 0.0 55.17 0.0 63.71 0.0
HMM T F 1 74.8 7.08 76.75 | 9.94 | 65.31 4.33 69.12 | 13.95 | 72.06 8.34
HMM T F 2 | 72.76 5.04 80.96 | 14.14 | 60.74 | —0.24 | 66.15 | 10.98 | 70.45 6.73
HMM T F 3 | 71.23 3.51 79.39 | 12.58 | 59.1 —1.88 | 63.84 | 8.67 | 68.75 5.03
HMM T F 4 | 71.54 3.82 78.05 | 11.23 | 55.75 | —5.23 | 61.59 | 6.42 | 67.04 3.33
HMM T T 0 | 71.38 3.66 80.4 | 13.59 | 64.16 3.18 58.91| 3.74 | 70.32 6.61
HMM T T 1 75.87 8.15 76.92 | 10.1 | 64.56 3.58 67.48 | 12.32 | 72.02 8.3
HMM T T 2 | 64.74| —2.98 | 81.01| 14.2 60.3 —0.68 | 66.87 | 11.71 | 68.19 4.47
HMM T T 3 | 63.42 —4.3 | 79.46 | 12.65 | 58.27 | —2.71 64.4 9.24 | 66.41 2.69
HMM T T 4 |65.35| —2.37 | 77.9 | 11.09 | 51.05 | —9.93 | 62.11 | 6.94 | 63.27 | —0.44
CRF F F 0 | 83.32 0.0 84.05 0.0 72.36 0.0 75.87 0.0 79.48 0.0
CRF T F 1 82.2 —1.12 | 82.61 | —1.44 | 69.79 | —2.57 | 72.26 | —3.61 | 77.49 | —1.99
CRF T F 2 83.2 —0.12 | 82.36 | —1.7 | 67.96 —4.4 | 73.89 | —1.98 | 77.37 | —2.11
CRF T F 3 |82.38| —0.95 |82.51| —1.54 | 67.0 | —5.36 | 72.93 | —2.94 | 76.79 | —2.69
CRF T F 4 |82.04| —1.28 |83.24 —0.81 | 67.66 —4.7 | 71.56 | —4.31| 76.91 | —2.57
CRF T T 0 |35.93| —47.39|84.56 | 0.51 |69.61 | —2.76 | 74.27| —1.6 | 66.41 | —13.07
CRF T T 1 79.84 | —3.48 | 85.0 0.95 | 72.65 0.28 71.75 | —4.12 | 78.41 | —1.08
CRF T T 2 | 79.82 —3.5 | 86.15 2.1 73.43 1.07 72.71 | —=3.15 | 79.07 | —0.42
CRF T T 3 80.21 —3.11 § 86.29 | 2.23 | 74.74 2.38 72.77 | —3.1 | 79.58 0.09
CRF T T 4 79.7 | —3.62 | 85.96| 1.91 | 75.15 2.79 71.05 | —4.81 | 79.23 | —0.25
GRU F F 0 |66.51 0.0 75.52 0.0 59.07 0.0 62.88 0.0 67.03 0.0
GRU T F 1 73.87 7.36 79.34 | 3.82 | 62.07 2.99 64.73 | 1.85 | 70.94 3.91
GRU T F 2 | 74.94 8.43 78.86 | 3.34 | 59.14 0.06 62.59 | —0.29 | 69.92 2.89
GRU T F 3 | 74.03 7.52 77.92 2.4 57.75| —1.32 | 61.32 | —1.56 | 68.97 1.94
GRU T F 4 | 72.53 6.03 76.52 1.0 55.32 | —3.75 | 58.89 | —3.98 | 67.26 0.22
GRU T T 0 |57.28| —9.23 | 77.83 2.3 62.44 3.37 62.7 | —0.17 | 64.82 | —2.21
GRU T T 1 74.61 8.1 78.55 | 3.02 | 63.35 4.28 65.25 | 2.37 | 71.39 4.36
GRU T T 2 | 74.34 7.83 78.85 | 3.33 | 60.82 1.75 63.48 0.6 70.42 3.39
GRU T T 3 73.4 6.89 77.18 | 1.66 | 60.58 1.51 62.98 0.1 69.65 2.62
GRU T T 4 | 71.45 4.95 76.18 | 0.66 56.3 —2.77 | 60.01 | —2.87 | 67.14 0.11
BiLSTM | F F 0 | 66.44 0.0 75.22 0.0 65.12 0.0 67.29 0.0 69.07 0.0
BiLSTM | T F 1 78.59 | 12.15 | 82.46 | 7.23 | 70.85 5.73 65.56 | —1.74 | 75.84 6.78
BiLSTM | T F 2 | 79.29| 12.85 |82.18| 6.96 | 67.35 2.23 65.08 | —2.21 | 74.79 5.72
BiLSTM | T F 3 | 79.62| 13.17 | 82.12 6.9 68.6 3.49 65.78 | —1.51 | 75.3 6.23
BiLSTM | T F 4 |79.12| 12.68 |81.61| 6.38 | 69.12 4.01 63.5 —3.8 | 74.8 5.74
BiLSTM | T T 0 | 72.52 6.08 81.23 | 6.01 |66.13 1.02 68.42 | 1.13 | 72.95 3.88
BiLSTM | T T 1 76.46 | 10.02 | 83.78 | 8.56 | 68.41 3.29 66.58 | —0.71 | 75.16 6.09
BiLSTM | T T 2 | 77.14 10.7 83.91| 8.69 | 70.05 4.94 67.64 | 0.35 | 75.98 6.91
BiLSTM | T T 3 | 78.02| 11.57 83.6 8.38 | 71.16 6.04 65.81 | —1.48 | 76.2 7.13
BiLSTM T T 4 | 78.02 11.58 | 84.02 8.79 | 71.83 6.72 65.52 | —1.77 | 76.42 7.35




Pseudo Word Substitution - Results 199

in the CRF case that the application of substitution led to a deterioration in
performance on the test set in all scenarios except one.

Referring to the Table4, we can notice the major change compared to the
scenario without substitution in the case of the HMM model. There is an 8.34%
increase in the F'1 score. Significant improvements also occurred for GRU, BiL-
STM and a non-negligible improvement also occurred for our Naive model.

Looking at the Table 4, we see that for BILSTM, the overall F1 score increases
as the threshold increases. An additional set of experiments presented in the
Table 3 indicate that this trend is random and ends at a threshold of 3.

Table 3. Additional BiLSTM experiments - test data predictions

Processing | F1 score per class(%) F1 score(%) ‘
Model |S N&P FT| P (AP L |[AL| O (A0 M | AM | OA | A
BILSTM-6 | F F 0 |66.44, 0.0 |75.22| 0.0 |65.12| 0.0 |67.29| 0.0 |69.07| 0.0
BIiLSTM-6 | T T 0 |72.52| 6.08 |81.23|6.01|66.13|1.02|68.42| 1.13 |72.95| 3.88
BILSTM-6 | T T 1 |76.46|10.02|83.78 | 8.56 | 68.41 | 3.29 | 66.58 | —0.71 | 75.16 | 6.09
BILSTM-6 | T T 2 | 77.14) 10.7 |83.91|8.69|70.05|4.94 |67.64| 0.35 | 75.98| 6.91
BiLSTM-6 | T T 3 | 77.99 11.55|83.95 8.73 71.29 6.18 66.22 —1.08 76.36 7.29
BILSTM-6 | T T 4 |77.91/11.46|84.22| 9.0 | 71.6 |6.49|65.38| —1.91 | 76.34| 7.28
BIiLSTM-6 | T T 5 | 77.42110.98|83.81|8.59|71.19|6.08 | 65.18 | —2.11 | 75.93 | 6.87
BILSTM-6 | T T 6 | 75.5 | 9.06 |83.64|8.42|70.21|5.09| 62.3 | —5.0 |74.51| 5.44

Table 4. Best overall F1 model - test data predictions

Model Processing | F'1 score per class(%) F1 score(%)
N&P |FT | P AP L AL | O AO M AM |OA | A

Naive T F 1 45.96 | 24.27 | 75.25/0.03 | 51.54 | —2.51 | 64.16 | —1.96 | 59.8 | 5.18

HMM T|F 1 74.8 | 7.08 |76.75[/9.94|65.31|4.33 |69.12|13.95 |72.06 | 8.34

CRF T|T 3 180.21| —3.11|86.29|2.23 | 74.74 | 2.38 | 72.77| —3.1 |79.580.09

GRU T|T 1 |74.61|8.1 78.5513.02163.35|4.28 |65.25|2.37 |71.39|4.36

BiLSTM |T|T 4 |78.02|11.58 |84.028.79|71.83|6.72 |65.52|—1.77|76.42|7.35

BiLSTM-6 | T | T 3 77.99|11.55 | 83.95|8.73|71.29|6.18 |66.22| —1.08 | 76.36 | 7.29

When we look at the Table4 and Table5 we see that the overall F1 score of
the best models on the training set is significantly higher than that on the test
set. This indicates that the models are overfitted. The decrease in the overall F1
score on the training data indicates that the use of substitution helps to reduce
overfitting and improves the ability of the model to generalize.
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Table 5. Models with the best overall F1 score on test data - train data predictions

Model Processing | F1 score per class(%) F1 score(%)
S |N&P |FT | P AP |L AL | O A0 M AM |OA | A

Naive T|F 1 69.56 | —5.69 | 85.22 | —3.79|74.33 | —5.45|78.2 | —4.4 |76.93| —4.8

HMM T|F 1 ]91.84|—-1.53/90.46  —4.17|85.51 | —-3.3 |87.26  —0.4 |89.06 | —2.63
CRF T|T 3 |93.57|—-6.12]95.45| —3.97|92.17 | —6.97 | 92.82 | —5.86 | 93.66 | —5.65
GRU T|T 1 19533 | —2.5692.59 | —2.27 |87.64 | —4.39 | 87.94 | —3.84 | 91.37 | —3.14
BiLSTM |T|T 4 193.21 | —5.26|95.48 | —2.59 | 90.26 | —6.54 | 88.98 | —6.67 | 92.5 | —4.99
BiLSTM-6 | T | T 3 1945 | —3.97]96.21 | —1.86 | 92.25| —4.55|90.17 | —5.48 | 93.8 | —3.69

Considering the results in the Table4, we see that most models performed
best when words containing number or consisting only of punctuation were
replaced by pseudo words (N&P is T). The exceptions are the Naive and HMM
models, where the model performed best when such words were kept. However,
when we look at the Table 2, we see that the difference between the best model
with omitted and retained words is very small for the Naive and HMM models.

From the Table4, we can infer that in most cases, the substitution of words
that occurred only once in the training data (FT =1) has the greatest benefit.
We can notice this for models that, during tag prediction for a processed word,
do not have access to the words that follow after it (Naive, HMM, GRU). In
contrast, words that can peek at least one word into the future (CRF, BiLSTM)
perform best when more frequent words are replaced by pseudo words (FT > 1).

5 Discussion and Conclusions

Considering the results of our experiments, we conclude that word substitution
using pseudo words has a beneficial impact on the performance of most of the
tested models. The models for which we applied the substitution before the
training phase performed better on the test data in terms of F1 scores.

The most significant difference appeared in the HMM model, where an 8.34%
increase in F1 score was observed compared to the no-substitution scenario. The
least increase was observed in the CRF model, where the F1 score rose by 0.09%.
We suggest that substitution has the greatest impact on models that do not use
sophisticated features to predict tags in a sequence, relying only on the current
word being processed, or using knowledge about the position of that word in
the sentence. For these models, pseudo words supply a significant amount of
information that they use in their predictions. We consider this to be the reason
why the CRF model did not achieve significant improvement. CRF also made
its predictions from the beginning based on features, which were, for example,
information about whether a word consists entirely of capital letters, whether it
has a capitalized first letter, whether it is a number, whether it is at the beginning
or at the end of a sentence. Much of this information was encoded just through
the pseudowords we used. For the CRF model, the pseudo words did not provide
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any additional information. Indeed, by replacing the word with a pseudo word,
the model lost information such as the last 2 and 3 characters of the word. This
assumption is to some extent confirmed by the values in Table 2, where for the
CRF model we see for almost every scenario a deterioration compared to the
case without substitution. The improvement in one of the cases may be due to
coincidence rather than causality.

When we compare the F1 scores on the training and test data, we see that
there is overfitting in the models. After applying the substitution, the difference
in F1 scores is reduced. Thus, substitution appears to be a good way to reduce
model overfitting for some models and also as a way to improve the ability of
the model to generalize.

Considering the dataset used, the types of named entities recognized within
it, and the pseudowords along with the intuition behind them, we suggest that
substitution may improve the prediction ability for similar entities in certain
models. Based on the intuition behind the pseudo words used, we also predict
a possible improvement if dates, monetary amounts, product names, etc. will
be recognized in the text. However, the currently used list of pseudo words
emphasizes primarily on features such as letter case and the presence of numbers
in a specific form. These may not provide useful information in domains where
the recognized named entities do not have these features. We assume that in such
domains, substitution would lead to a deterioration of the overall performance
for some models.

In future research, we propose to investigate the impact of pseudo word
substitution on datasets in different languages and domains. We also propose to
investigate the impact of pseudo word substitution in the case of models that will
not suffer from overfitting. Some attention should also be given to the design of
new pseudo words that would be able to more finely discriminate between cases
and also encode additional information.
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