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Preface

This volume contains the first part of proceedings of the ECAI 2024 Workshop on
Intelligent Management Information Systems (IMIS 2024). IMIS 2024 was part of the
27th European Conference on Artificial Intelligence ECAI 2024, held in Santiago de
Compostela from October 19, 2024, to October 24, 2023.

Following the topics of IMIS 2024, this book discusses emerging challenges related
to implementing artificial intelligence in Management Information Systems. The book
is devoted to models, methods, and approaches addressing the development of artificial
intelligence solution for improving the functionality of information systems that support
management. The main focus is put on machine learning, including deep learning to sup-
port business processes, artificial intelligence for financial systems and cryptocurrencies,
intelligent human-computer interfaces, knowledge management in business organiza-
tions, hybrid artificial intelligence, and multiple criteria decision analysis methods. The
book has an interdisciplinary character; therefore, it is intended for a broad scope of read-
ers, including researchers, students, managers, and employees of business organizations,
software developers, IT and management specialists.

The volume is divided into three major parts covering the main issues related to the
topic.

Part I deals with the application of artificial intelligence in information systems.

Huyen Trang Phan and Ngoc Thanh Nguyen (“A Dual LSTM-Based Multimodal
Method for Fake News Detection”) propose a method based on three elements: a
BiLSTM-based fake headline extractor to capture and represent features of context and
semantics on the headlines, a BILSTM-based fake body extractor to capture and repre-
sent features of context and semantics on the news bodies, and a dual BiLSTM-based
multimodal fake news detector to combine two fake headline and body features based on
early fusion mechanism. The proposed model was tested on ISOT and FAKES datasets
and achieved better results than previous methods regarding the same content-based
multimodal approach.

Anna Sottysik-Piorunkiewicz and Witold Chmielarz (“Conception of Intelligent Sys-
tems for the Creation Sustainable Use of Human Resources in the IT Sector”) present the
concept of an intelligent system for creating sustainable development of labor resources
in the employment market in Poland. The original achievement of this research is the
association of these three main elements of the constructed system, which, after system-
atic and consistent supplementation of its elements, can be used by both academics and
business activists for research on the sustainable development of the labor market in the
IT sector in Poland.

Anna Borawska and Adrianna Mateja (“Eye Tracking Insights: Analyzing Cogni-
tive Load Across Media Types”) explore the relationship between eye tracking and
cognitive load across different media types., including images and videos. By leverag-
ing eye-tracking technology, the research provides precise insights into visual attention
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and cognitive effort, ultimately improving the effectiveness of digital communication
strategies.

Maciej Krzan, Helena Dudycz, and Maciej Suchomski (“Artificial Intelligence in the
Automation Process of Customs Declaration Preparation: A Case Study of an Interna-
tional Logistics Company”’) present a prototype for modifying an existing system for the
preparation of customs declarations by using Optical Character Recognition technology
and an artificial intelligence system. The contribution of the research is the proposal
to automate the customs declaration process by using OCR and artificial intelligence,
which significantly reduces the time required to prepare the finished document.

Krystian Wojtkiewicz, Rafal Palak, Zbigniew Telec, and Filip Litwinienko (‘“Mod-
elling Cognitive Load of Computer Game Users—Case Study”’) evaluated the effective-
ness of various methods for measuring cognitive load in arcade racing game players
and their usefulness in modelling cognitive load. Significant changes in physiological
measures were observed corresponding to different cognitive load levels, with the most
accurate classification results achieved by combining physiological and performance
data.

Ewa Ziemba, Dariusz Grabara, Katarzyna Renik, and Ewa Maruszewska (“Behav-
ioral Intention and Use of ChatGPT Among Accounting and Finance Students: A Two-
Year Comparative Study”) assessed the behavioral intention and use of ChatGPT among
accounting and finance higher education students, highlighting differences over the years
2023 and 2024. The results confirmed that both the levels of behavioral intention and
use of ChatGPT increased significantly over the examined years.

Andrzej Grenczuk, Iwona Chomiak-Orsa, Katarzyna Tryczynska, Sahinguvu
William, Hilaire Nkunzimana, and Piotr Ogonowski (“Artificial Intelligence as a Tool
to Support the Translator’s Work. Bibliometric Analysis”) present the first stage of the
author’s research dedicated to identifying and assessing the quality of translation pro-
cesses supported by artificial intelligence tools. The bibliometric analysis carried out
showed that the recent years, including the development of new tools, have made it
possible to quickly translate texts (in the form of files, loose passages, and real-time
statements) at a good level.

Adrianna Mateja, Dawid Subocz, Marta Stgpien-Stodkowska, and Matgorzata Ner-
mend (“Cognitive Load and Online Customer Decisions: The Role of Visual Perception,
Memory, and Brain Activity”) developed an innovative approach to measuring the impact
of cognitive load on the purchasing decision-making process in online stores. The authors
focus on psychological aspects, including reducing the influence of external factors, to
obtain more reliable results.

Part II is devoted to advanced machine learning and data processing methods to
support business processes.

Mateusz Piwowarski, Pawel Ziemba, and Jacek Cypryjanski (“Machine Learning-
Based Exploration of Eye-Tracking Data to Predict Offer Selection”) present the research
results on developing a classification model to predict decisions on selecting sales offers,
based on specific eye-tracking metrics calculated for designated areas of these offers.
The research results show that the use of appropriate classification algorithms, methods
to reduce the impact of data imbalance on results, or attribute filtering methods provide
effective methodological approaches to develop such a classifier.
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Dorota Jelonek, Magdalena Graczyk-Kucharska, Robert Olszewski, Maciej
Szafranski, and Magdalena Rzemieniak (“Competencies of the Future as a Criterion
for Segmentation of Generation Z Candidates: Machine Learning and the CART Mod-
el”) explore the possibility of modeling the segmentation of candidates with selected
competencies of the future. Data on young generation Z’s characteristics, competen-
cies possessed, candidates’ job expectations, or location were used for analysis. The
key finding is that machine learning and other artificial intelligence methods are widely
applicable in segmenting candidates, and that the competencies of the future can be
linked to their expectations of where and how they work, including such things as work
atmosphere, company innovation, and the ability to work remotely.

Marek Karwanski, Boleslaw Borkowski, Wieslaw Szczesny, and Artur Wilinski
(“The Effectiveness of Al Methods Compared to Statistical Analysis and Data Modeling
In the Construction of Scoring Models”), a comparative analysis of the effectiveness of
two analytical cultures, statistical analysis, and data modeling (DMC) and algorithmic
Al analysis (AMC) using machine learning methods. They proposed variable selection
methods in the DMC and AMC models by analyzing the importance of variables.

Grzegorz Wojarnik (“The Impact of Current Temperatures on Forecasting Natural
Gas Futures Prices in the USA Using Machine Learning Algorithms™) analyzes the
impact of current temperatures in major US cities on the accuracy of forecasts for natural
gas futures prices using various machine learning algorithms. The conclusions of the
study suggest that incorporating temperatures into predictive models may be beneficial
for “end-of-day trading” investment strategies, leading to more accurate investment
decisions.

Anna Borawska, Mariusz Borawski, and Malgorzata Latuszynska (“The Role of Data
Normalization Algorithm in Measuring of EU Countries Digitalization Degree”) analyze
the impact of selected normalization algorithms on the Digital Economy and Society
Index ranking and to identify the algorithm that is least sensitive to unusual indicator
values. The findings indicate that the linear normalization sum-based algorithm is the
most effective, providing the most stable ranking where changes in the Digital Economy
and Society Index of some countries are minimally affected by changes in the indicator
values of other countries in the ranking.

Grzegorz Szyjewski (“Enhancing Examination Question Quality through Data-
Driven Analysis and Systematic Maintenance”) developed an approach for maintain-
ing a high-quality question test database, implemented in a real-world case study. The
study concludes that this tool is valuable for systematic improvements, maintaining the
integrity and reliability of the assessment process.

Ryszard Zygata, Wiestawa Gryncewicz, and Agnieszka Rosa (“Analyzing Data Sci-
ence Labor Market Trends in Poland Using NLP Techniques”) analyze trends within the
Polish data science job market. The study points to hypotheses and theories about the
growing demand for data science occupations, the impact of artificial intelligence on job
creation and skill requirements, and the influence of social processes on the observed
changes.

Mateusz Anders, Jozef Zurada, and Pawel Weichbroth (“An Empirical Study of a
Dynamic Stop Loss Strategy with Deep Reinforcement Learning on the NASDAQ Stock
Market”) empirically investigate the efficacy of using Deep Reinforcement Learning
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to maximize investment returns by incorporating expected optimal closing prices of
long positions into a daily strategy. Authors found a positive impact of using DRL
compared to other tested strategies when encountering entirely new data, suggesting
positive serial market correlations. The results suggest that appropriate closing rules and
active management of stop levels can increase investment returns without necessarily
reducing portfolio return volatility.

Ewa Walaszczyk, Michal Nadolny, Marcin Hernes, Agata Kozina, and Bogdan
Franczyk (“Machine Learning for Prediction of the Importance of Factors Influencing
Prosumer Attitudes”) develop a method for classifying prosumer survey respondents
depending on their method of assessing each decision-making factor separately using
selected machine learning and deep learning methods. The results research show that
there is a possibility of predicting the importance of decision-making factors based on
respondents’ characteristics. It may be especially important for smaller companies that
do not have much money or time to take large market surveys.

Part III is devoted to intelligent multiple-criteria decision analysis methods.

Barttomiej Kizielewicz, Arkadiusz Marchewka, and Wojciech Satabun (“RRF-
EDAS—An Extended Approach Free from the Rank Reversal Paradox™) developed
Rank Reversal Free EDAS (RRF-EDAS) approach to address rank reversal paradox
issue. Results show that RRF-EDAS effectively eliminates rank reversal, providing more
consistent and reliable rankings than the classical EDAS method.

Paula Bajdor (“MCDM Approach to Quality Assessment of Functioning of e-
Commerce Platforms Operating in Poland”) presents the possibility of using a multi-
criteria approach to evaluate the quality of functioning of e-commerce platforms. The
obtained results indicated the completeness of criteria set identified, as all of them are
relevant to assess the quality of functioning of e-commerce platforms.

Aleksandra Baczkiewicz, Jarostaw Watrébski, Anna Shkurina, and Wojciech
Ksigzek (“Multi-Criteria Evaluation of Floating Photovoltaics Considering a Strong Sus-
tainability Paradigm Regarding Sustainable Solutions”) developed the Strong Sustain-
ability Paradigm based Technique for Order Preference by Similarity to Ideal Solution
(SSP-TOPSIS) method for modeling the degree of compensation reduction of criteria
according to the strong sustainability paradigm. The results confirmed the suitability
of the proposed multi-criteria evaluation approach in intelligent decision supporting
requiring consideration of compensation reduction and different preferences.

Andrzej Grenczuk, Kamila Luczak, Iwona Chomiak-Orsa, Estera Piwoni-
Krzeszowska, Sudha Prathyusha Jakkaladiki, Martina Janeckovd, and Dominik Palla
(“Transforming the Tutor and Tutee Matching Process Using ICT: The Problems of
Multi-Criteria Decision Analysis”) developed a methodology for transforming the tutor
and tutee matching process with a multi-criteria analysis using ICT. The study contributes
to the existing body of knowledge on the integration of ICT in educational processes,
particularly in improving the accuracy of decision-making through MCDA.

Aleksandra Baczkiewicz, Jarostaw Watrdbski, Robert Krél, and Rafat Pawlak (“Sus-
tainable Development Strategies Assessment Using the New Multi-Target TOPSIS
Method ) propose a novel MT-TOPSIS method that allows one to take into account
the ideal reference points assigned individually for each evaluated alternative, taking
into account its current objectives and the possibility of achieving them. The results
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demonstrate the complexity of evaluating sustainable development involving multiple
targets and how to take them into account.

We want to express our gratitude to all the authors for their interesting, novel, and
inspiring contributions. Peer reviewers also deserve deep appreciation because their
insightful and constructive remarks and suggestions have considerably improved many
contributions. Last but not least, we wish to thank Prof. Janusz Kacprzyk for his help in
implementing and finishing this large publication project on time and maintaining the
highest publication standards.

September 2024 Marcin Hernes
Jaroslaw Watrébski
Artur Rot
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A Dual LSTM-Based Multimodal Method
For Fake News Detection

Huyen Trang Phan' ® and Ngoc Thanh Nguyen?®)
1 Faculty of Information Technology, HCMC University of Technology and Education, Ho Chi
Minh, Vietnam
trangpth@hcmute.edu.vn
2 Department of Applied Informatics, Wroclaw University of Science and Technology,
Wroclaw, Poland
Ngoc-Thanh .Nguyen@pwr .edu.pl

Abstract. Along with the appearance and development of many social network-
ing platforms in many different fields, there is an explosion of freely shared infor-
mation. The benefits of these sources of information depend on whether the infor-
mation is real or fake. The problem today is that we cannot distinguish factual
information from fiction when receiving information on social networking plat-
forms. To solve this problem, many different approaches to detect fake news have
been proposed with promising performance, most notably approaches based on
shared textual content. However, previous methods based on text content focus
too on extracting features within the news’s leading content and consider the news
title only as a relevant feature. This is not true for the habits of some users, who
only read the news title without paying attention to the content. To overcome this
limitation, we propose a dual BILSTM-based multimodal method to detect fake
news. The proposed method includes three main elements: (i) a BILSTM-based
fake headline extractor to capture and represent features of context and seman-
tics on the headlines, (ii) a BILSTM-based fake body extractor to capture and
represent features of context and semantics on the news bodies, and (iii) a dual
BiLSTM-based multimodal fake news detector to combine two fake headline and
body features based on early fusion mechanism. The difference in the proposed
method is that we do not consider the headline simply as one of the features;
we view it as an independent text containing important features of context and
semantics. The proposed model was tested on ISOT and FA-KES datasets and
achieved better results than previous methods regarding the same content-based
multimodal approach.

Keywords: Fake news detection - Dual-BiLSTM - Fake headline extractor -
Fake body extractor - Multimodal fake news detector

1 Introduction

Along with technology development comes the birth and development of social net-
working platforms, leading to an explosion of shared news. These news are almost free,
and whether they bring benefits or harm depends on whether the information is real or

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2025
M. Hernes et al. (Eds.): ECAI 2024, LNNS 1217, pp. 3-14, 2025.
https://doi.org/10.1007/978-3-031-78465-1_1
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fake. Fake news is often information that is not true. They are created by fabricating or
distorting real news to spread information contrary to real news [1]. Fake news often
contains metadata including source, headline (title), body content (text), image/video, or
links. The purpose of fake news is to propagate false things, aiming to change them into
real news so basically, they violate ethics and law, so stopping their spread is necessary
[2].

Many different fake news detection methods have been proposed and are usually
classified into four methods: context-based, propagation-based, multilabel learning-
based, content-based, including knowledge-based and style-based, and hybrid-based [3].
Among them, the content-based category is one of the dominant and exciting groups.
The ideas in this category are proposed based on fake news’s authenticity and news
characteristics. Specifically, knowledge-based methods aim to employ external sources
to fact-check news text, and the objective of style-based techniques is to capture the
distinct writing style of fake news. Many approaches to detect fake news have been
proposed, such as using deep learning, machine learning, knowledge graphs, and graph
neural networks, which provide promising performance, especially transformer models.

Why are transformer models used so much in developing fake news detection meth-
ods? First, they are highly parallelizable, meaning they can simultaneously process
multiple sequence parts, significantly speeding up the training and inference process.
Additionally, they can capture long-term textual dependencies, allowing them to under-
stand context better and produce more coherent text. They are also more flexible and
scalable, making adapting them to different domains and datasets easier. For example,
Ma et al. [4] modeled the sequential relationship between news using recurrent neural
networks. Khattar et al. [5] proposed a multimodal variational autoencoder to extract
hidden multimodal representations of multimedia news. Nasir et al. [6] used a charged
neural network to establish high-level relationships between news. Transformer based
fake news detection includes single-modal and multimodal methods.

Transformer-based multimodal fake news detection methods on news content have
been quite successful, such as [7—12]. Some basic information of the mentioned methods
is listed in Table 1.

Table 1. Some transformer-based multimodal fake news detection methods

Method News part Combination of Models

Hybrid CNN-RNN [7] | Body CNN, RNN

LR, SVM, NB [8] Body, Headline |LR, SVM, NB

DSS [9] Body propagation tree, stance network

UMLARD [10] Body view-wise attention network, capsule attention
network

Dasetal. [11] Body statistical feature fusion network novel heuristic
algorithm

FND-NS [12] Body transformer encoder and decoder
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Table 1 shows some of the most recent multimodals for detecting fake news on text
data type. We can see that most previous methods only focus on representing and ana-
lyzing the news body; only one method [8] considers the role of the headline, but it
only uses the headline as an additional feature. This is not close to the real situations of
many users, who only read the news title without paying attention to the news body. We
propose a Dual BiLSTM-based multimodal method (DuBiM) to overcome this limita-
tion, and DuBiM is experimented only on text datasets. The DuBiM model includes the
following steps: (i) Build two separate models to detect the fake body and fake headline
based on BiLSTM, (ii) Build a multimodal fake news detection method by combining
a fake body detection model and a fake headline detection model using the early fusion
mechanism, (iii) Train the model on benchmark datasets to compare and evaluate the
achieved performance. Our contributions are:

— We construct two separate feature extractor of fake news detection model called
BiLSTM-based fake body feature extractor and BiLSTM-based fake headline feature
extractor.

— We propose a novel dual BiLSTM-based multimodal method (DuBiM) by fusion of
BiLSTM-based fake body feature extractor and BILSTM-based fake headline feature
extractor.

— We conduct extensive experiments on benchmark datasets to evaluate effectiveness
of the DuBiM model and variants.

We organize the remainder of this paper as follows. Section 2 presents an overview
of related research. Section 3 describes the research problem of the proposal. Section 4
offers mathematical models for solving the research problem step by step. The data
acquisition, setting up, experimental results, and evaluation of the proposal is provided
in Sect. 5. Conclusions and research directions for the future are presented in Sect. 6.

2 Related Work

In this section, we focus on surveying the most recent multimodal methods to detect
fake news.

Ajao et al. [7] proposed a framework to detect and classify fake news in Twitter posts
using a combination of CNNs and LST-RNN models. This approach can intuitively cap-
ture relevant features related to fake news without requiring domain knowledge. Agar-
walla et al. [8] combined three conventional machine learning models and the Lidstone
smoothing technique to the body and headline to find a reliable and accurate model for
fake news detection. Although this method has considered the role of the headline, the
authors only use the headline as a relevant feature without building a separate extrac-
tor to extract the context and semantics hidden in that headline entirely. Davoudi et al.
[9] proposed a DSS model that includes three main components: RNN-based dynamic
analyzer to encode over time the evolutionary patterns of the propagation tree and the
stance network; fully connected network-based static analyzer to represent all features
extracted by RNN-based dynamic analyzer accurately; the node2vec algorithm to encode
the structure of RNN-based dynamic analyzer during the structural analysis. This model
can detect early fake news effectively. Das et al. [11] proposed a robust framework for
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identifying fake news on sensitive topics by combining pre-trained language models
based on an ensemble mechanism with soft voting. The system with a statistical feature
association network and a new heuristic-based post-processing algorithm is also applied
to integrate statistical features, e.g., source, username, URL domain, and author, into the
news content features. Nasir et al. [6] proposed a hybrid neural network model combining
CNN and an RNN. The Conv1D layer extracted local features from the input text vector.
This vector is then fed into the RNN layer of the following LSTM units/cells to learn
local features extracted from the previous layer and extract their long-term dependencies.
From the above surveys, we have some observations as follows:

— All methods have achieved expected results, but no method has achieved absolute
results, meaning improvements are still needed to improve performance.

— All five methods surveyed are multimodal based on deep learning and machine learn-
ing and tested on text data. Multimodals are built by combining different models; no
method combines dual BiLSTM.

— Only one of the five methods considers headline content as input text. Still, headline
content is extracted as one of the relevant features that must be added to enrich the
news body representation without being considered an independent text.

3 Research Problem

The main goal of this research is to propose a new multimodal fake news detection method
by combining fake body and fake headline detection models to improve performance in
terms of accuracy and loss. The highlight of the proposed method is the ability to take
advantage of the content of both news body and headline. The research problem of this
article is presented as follows:

Given a set of n news A = {a;|i € [1,n]} and a; = {t;, h;, l;}, where t;, h;, [; are
news body, headline, and label, respectively. This article considers this task a binary
classification problem, meaning that each sentence can be assigned one of two labels:
fake and real. In other words, assuming we have a news #; and a h;, we use [; € R"™*!
to denote the new labels. [; = 0 if ¢; and A; contain characteristics of fake news. [; = 1
if #; and h; contain features of real news. With the above symbols, the article’s research
problem is as follows: Given news body a, news headline h and vector labeled I. This
research aims to propose a new multi-model fake news detection method by combining
fake body and fake headline detection models to predict the 1 vector of news that is not
labeled effectively.

4 Proposed Method

The input of the DuBiM model is a set of news. For each news, the DuBiM includes
the main steps are: (i) a BILSTM-based fake headline extractor to capture and represent
features of context and semantics on the headlines, (ii) a BILSTM-based fake body
extractor to capture and represent features of context and semantics on the news bodies,
and (iii) a dual BiLSTM-based multimodal fake news detector to combine two fake
headline and body features based on early fusion mechanism. Output is a set of news
that are assigned labels. The workflow of DuBiM is illustrated in Fig. 1.
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Fig. 1. Workflow of DuBiM model.

4.1 BiLSTM-Based Fake Headline Feature Extractor

Input layer: The input of this extractor is headline 4 = {w!|j € [1, m]} where w;‘ is

the j-th word in headline /& and m is the number of words in the headline.
Embeddings layer: This layer is to convert the headline into a matrix of word vectors.
For w]’.’ € h,j = [1, m1], each word w}’ is mapped to a vector, denoted by v}’ € R?, where

d is dimension of vector v;‘. The value of vector vj’? is identified as follows:
v;l = GloVe(wj’) (D

where GloVe (w;‘) is GloVe embeddings [13].

The output of this layer is an embeddings matrix v € R™ >4,

BiLSTM layer: This layer extracts the most significant context and semantics in
the headline following both directions: left to right using a forward LSTM and right to
left using a backward LSTM [14]. That means each word vector v}' has a pair of hidden

— <«
vectors A; and h; . This process is determined as follows:

h —lstm(Wh—w + Wo— h, 1+b—>)eRdh,j—[1 mi] )
< d .
hj = lstm(W v + W<—<— hJ_,_] +b<—) € R, j =[1,m] 3)
%
b= W, Iy ® Wep, Iy + by “)

where W is the weight matrix; for example, W i is the weight matrix between the
input vector and forward hidden vectors. 4; is the contextuahzed representation. hj4 is



8 H. T. Phan and N. T. Nguyen

the next hidden vector of 4; and Ay, +1 = 0. hj_1 is the previous hidden vector of 4; and
ho = 0.

The output of this layer is a significant context and semantics features extracted
from the headline & = {h;|j € [1, m]} € R™ xd The vector of significant context and
semantics features extracted from the headline is formed by linearizing this matrix as
h® = linear(h).

4.2 BiLSTM-Based Fake Body Feature Extractor

Input layer: The input of this extractor is news body t = {w]’. lj € [1, my]} where w; is

the j-th word in news body ¢ and m; is the number of words in the news body.
Embeddings layer: This layer is also to convert the news body into a matrix of word

vectors. For w; € t,j = [1, my], each word wf is mapped to a vector, denoted by v} e R4,

where d is dimension of vector v;. The value of vector v]’- is identified as follows:
v]t- = GloVe(w}) )

where GloVe(w]’.) is GloVe embeddings [13].

The output of this layer is an embeddings matrix v/ € R™2*4,

BiLSTM layer: This layer extracts the most significant context and semantics in the
news body following both directions: left to right using a forward LSTM and right to
left using a backward LSTM [14]. That means each word vector v; has a pair of hidden

vectors #; and #; . This process is determined as follows:

—

Tj) = lstm(WV,—t>v; + WZ)??f_l +b) € Rd;’j =[1, my] (6)
<«

T = Istm(W,, v+ W 1 +be) € R j = [1,ms] (7)

=W, 1 ©We, B + b ®)

where W is the weight matrix; for example, W, <- is the weight matrix between the input
vector and forward hidden vectors. ¢; is the contextualized representation. 71 is the next
hidden vector of ¢ and #,,, 1 = 0. tj_1 is the previous hidden vector of #; and 7y = 0.

The output of this layer is a matrix ¢t = {t;|j € [1,m2]} € R™*4_The vector of
significant context and semantics features extracted from the news body is formed by
linearizing this matrix as t* = linear(t).

4.3 Dual BiLSTM-Based Multimodal Fake News Detector

This detector is designed to combine and learn the features of context and semantics infor-
mation from two extracted feature vectors to capture higher-level features to improve
the performance of fake news detection. This detector includes the following steps.
Input layer: The input of this layer is two vectors ¢ and h°.
Early fusion layer: Early fusion [15] is more potent since it merges data sources
at the beginning of the processing. In this study, early fusion combines two vectors of
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significant context and semantics extracted from the news body and headline to extract
highlight-level multimodal features as follows:

g = fusion(t* & h*) 9)

where fusion is the linear layer-based early fusion, @ is a combination operation, g is
the vector of highlight-level multimodal features.

Multimodal fake news classifier: The multimodal features vector is fed into the fully
connected layer, and the softmax function calculates the output of the fully connected
layer to identify the distribution value of news label as follows:

p = softmax(W - g + b) (10)

where W and b are a weight matrix and a bias of the softmax function.
Model training: The proposed model is trained by minimizing the cross-entropy
error of the predicted and true label distributions as the following equation:

1=— Z[ylogp + (1 —y)log(1 —p)] an

where y indicates the real distribution value of the news label, and p is the predicted
distribution value of the news label.

S5 Experiment Results

5.1 Datasets

The ISOT! dataset includes 44,919 news items distributed almost evenly between real
and fake categories. Genuine articles were collected from the Reuters website, and fake
articles from various sources were flagged as fake sources by Wikipedia and Politifact.
The datasets include the full content of each news, title, date, subject, and labels. Each
news is assigned two labels: O (indicating “fake”) or 1 (indicating “real”). The FA-KES
[16] dataset includes 804 news about the war in Syria. Each news contains content, title,
date, location, news source, and label. Each news is also assigned one of two labels: O
(indicating fake) or 1 (indicating real). However, to comply with the proposal, only three
components of each news are used in this study: news content, title, and label.
The detailed dataset is listed in Table 2.

Table 2. Experimental dataset

Dataset Total Fake Real

ISOT 44,919 23,502 21,417
FA-KES 804 378 426
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Table 3. Hyperparameters of the proposed method

Key Value

Training set nx 80%

Testing set nx 20%

Way to split dataset Random

Epochs 20

Hidden size 50

Optimization Adam

Learning rate 0.001

Criterion Cross Entropy Loss

n is the number of news

5.2 Experimental Setting

The hyperparameters of the proposed method are listed in Table 3.

Baseline methods:In this study, we use the methods analyzed and evaluated in Sect. 2

as baselines.

Ablation methods: To confirm the necessity of all four types of extracted features
to build a set of rules used to determine the sentiment of conditional sentence types, we
also proceed to develop ablation methods of the proposed method as follows:

— Ablation#1: BILSTM-based fake headline detection indicates the ablation method by

considering only the content of the headline.

— Ablation#2: BiLSTM-based fake body detection indicates the ablation method by
considering only the content of the body.

Evaluation metrics: We used the accuracy as the metric to evaluate and compare the per-
formance of our proposed on the mentioned dataset. Accuracy is calculated by comparing
the actual and predicted test set values.

5.3 Results and Discussions

General Results: The results of the proposed method is shown in Figs. 2 and 3, Tables 4

and 5.

Table 4. Training time
Dataset CPU GPU
ISOT 162.0s 51.3s
FA-KES 64.0s 14.6s

1 https://www.uvic.ca/engineering/ece/isot/datasets/fake-news/index.php.
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Looking at Table 4, we see that the training time of the proposed method is relatively
fast when implemented on both CPU and GPU. Especially the ISOT dataset on GPU;
although the dataset contains a relatively large number of samples, the training time is
still only in seconds. The training time proves that the time complexity of the proposed
method is quite reasonable.

Model accuracy Model loss

100 { = Train — Train
~— Validation —— validation

095 /
05

0.80

0.0

00 25 50 75 100 125 150 15 00 25 50 75 100 125 150 175
epoch epoch

Fig. 2. Training performance of the proposed method on ISOT

Model accuracy Model loss

0.696

0.694

0.692

0.690

accuracy
°
2
loss

0.688

0.686

0.684

0.682

00 25 5.0 75 00 125 150 175 00 25 50 75 100 125 150 175
epoch epoch

Fig. 3. Training performance of the proposed method on FA-KES

Figures 2 and 3 show that when training, the accuracy and loss values the proposed
method achieves on the ISOT dataset are better and more stable than on the FA-KES
dataset. At the same time, the number of samples on the ISOT dataset is five times
larger and contains fewer noise components than the FA-KES data. This proves that the
proposed method suits big and low-noise datasets.

Table 5 presents the testing performance of the proposed method on both baseline
datasets. Like the training performance, we see that the testing performance achieved
on the ISOT dataset is much better than the FA-KES dataset. Although both datasets are
balanced in terms of the number of samples labeled “fake” and “real,” with the ISOT
dataset, the proposed method achieves stable performance for both “fake” and “real.” In
contrast, the FA-KES dataset performs better with “real” labeled sample groups. This
confirms that the proposed method suits large and less noisy datasets.
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Table S. Testing performance of the proposed method

Metric ISOT FA-KES

fake real fake real
precision 1.00 1.00 0.48 0.56
recall 1.00 1.00 0.15 0.87
f1 score 1.00 1.00 0.23 0.68
accuracy 1.00 0.55

Ablation Results: Table 6 presents the performance achieved by the proposed
method compared to its pruning versions.

Table 6. Testing performance of ablation methods

Metric ISOT FA-KES

loss accuracy loss accuracy
Ablation#1 0.0086 0.9977 0.6898 0.5155
Ablation#2 0.0077 0.9973 0.6927 0.5280
Proposed method 0.0013 0.9982 0.6874 0.5466

Looking at the data, we can see that similar to the proposed method; the ablations
method also achieves better and more stable performance on the ISOT dataset. The
reason is that the ISOT dataset is more extensive and less noisy than FA-KES. Although
the performance difference between the methods on the ISOT dataset is not high, this
difference is shown quite clearly on the FA-KES dataset, which is enough to demonstrate
the necessity of analyzing both body and headline content in improving fake news
detection performance.

Comparison Results: Table 7 presents the testing accuracy of the proposed method
compared to the baseline methods on two datasets. Note that we acknowledge the
results reported by the authors who proposed the baseline methods without performing
a reproduction.

Looking at the data in the table, we can see that on the ISOT dataset, the proposed
method achieves better accuracy than the most recent modern multimodal-based meth-
ods. This once again confirms that (i) building a separate model to extract and learn
contextual and semantic features from news headlines can potentially improve the per-
formance of fake news detection methods; (ii) BILSTM can well extract contextual and
semantic features in text data. However, with the FA-KES dataset, the proposed method
achieves poorer results than the Hybrid CNN-RNN method [6]. This again confirms the
proposed method’s limitation, which is poor performance on small and noisy datasets.
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Table 7. Testing accuracy of methods

Method ISOT FA-KES
Hybrid CNN-RNN [7] 0.83 -

LR, SVM, NB [8] 0.83 -

DSS [9] 0.95 -

Dasetal. [11] 0.94 -

Hybrid CNN-RNN [6] 0.99 +£0.02 0.60 £+ 0.007
Proposed method 1.00 0.55

6 Conclusion

This paper has presented a multi-model fake news detection method based on text data,
called the Dual-BiLSTM-based multimodal method, to simultaneously take advantage
of contextual and semantic knowledge learned shown in news bodies and headlines to
improve the performance of previous methods. The proposed method includes three main
parts: a fake headline feature extractor to extract fake information expressed in headlines,
a fake body feature extractor to extract fake information expressed in bodies, and a multi-
model fake news detector by fusion two extractors of fake headline feature and fake body
feature. The proposed method is tested on two benchmark datasets. Overall, the proposed
method achieves promising results on the ISOT dataset and comparable results on the
FA-KES dataset. After evaluating the results, the paper also presents the advantages and
disadvantages of the proposed method. In terms of advantages, the proposed method
achieves high and stable performance on large datasets in terms of accuracy, loss, and
training time. Regarding disadvantages, the proposed method is quite sensitive to noisy
data and unsuitable for small datasets.
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Abstract. The main goal of this article is to present the concept of an intelligent
system for creating sustainable development of labor resources in the employment
market in Poland. The study is of a pilot nature and covers three basic elements
of such a system: the general concept of the system, the framework of the basic
model of shaping the employment market, and the conceptualization of a two-
factor mechanism for balancing this market. To achieve the aim of the article,
conceptual modeling was used based on the authors’ practical experience, iden-
tification of employment model factors based on previous research on the career
of an IT specialist, and their own experience using the production function to
support sustainable development. The original achievement of this article is the
association of these three main elements of the constructed system, which, after
systematic and consistent supplementation of its elements, can be used by both
academics and business activists for research on the sustainable development of
the labor market in the IT sector in Poland.

Keywords: Intelligent System - Sustainable Development - IT Employment
Model

1 Introduction

The concept of sustainable development of the labor market in the IT industry in Poland
is one of the most important problems in the current development of our country. The
economic crisis that has lasted for many years, deepened by the COVID-19 pandemic,
has resulted in high, although decreasing, inflation and imbalance in the labor market.
This particularly applies to the market related to modern technologies, and especially to
people working in the IT sector. Without the development of this labor market, invest-
ment in both “clean” technology, and, above all, in the staff who will implement and
maintain this development at all times, it is impossible to quickly lift Poland out of the
existing crisis. At the same time, to global trends and European Union policy, it should
be a sustainable, conscious technological development of an intensive nature ensuring
the use of IT in at least three domains: the natural environment (preventing activities
destructive to the natural environment, such as excessive deforestation, development of
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coal-fired power plants), related to including meeting social needs, including ensuring
work in professions that do not pose a threat to the environment (e.g. IT) and guarantee
constant future progress and transformation towards sustainable development, as well
as satisfying the organizational framework of such processes (efficient administration,
capable of managing changes).

There is an employment gap of 150,000 in the Polish IT sector, and if it is not
eliminated on time, it will increase in the future [9]. The proposals to avert this danger
[15] do not seem up-to-date or comprehensive in the current situation because they do
not include, for example, graduates of all fields of study, and in particular, they pay too
little and incompetent attention to women as potential employees of the IT sector [7].

For this reason, the implementation of an intelligent system of a sustainable strategy,
taking into account the most important factors affecting employment in the IT sector,
should result in ensuring an increase in employment in this industry related to the latest
technologies, which will influence the direction of future investments that are relatively
harmless to the environment and provide jobs for the current and future generations.
It also seems that in Poland’s current situation, this system can be implemented with
relatively low expenditure, compared to investments that destroy the environment.

That is why the main goal of the article is to build a framework for a management
IT system in which a mechanism for intelligent balancing of factors related to human
resources and investments in the latest information and communication technologies
will be proposed. One of the elements of such a system should be a general model of the
impact of factors on employment in the IT sector and a proposal of a method to solve
the problem of employment balance in the IT sector in the context of balance between
personal and technical-organizational factors.

Since this article is part of the research on the career of an IT specialist, the structure
of the model and the most important factors influencing employment in IT will refer to
the research results [3].

The intelligent mechanism for balancing factors influencing employment in the IT
sector is based on a two-factor VES production function. Paul Samuelson, defining the
production function (...) The production function is the technical relationship between
physical inputs and mental outputs, ceteris paribus, pointed out that it describes (...)
the maximum feasible output of a firm or an economy, for every possible combination
of inputs given existing knowledge and technology (...) [19]. Based on this definition
and remembering that the production function determines the optimal use of personal,
organizational, and technological factors, a form of an original function was proposed
to solve this problem, which could serve as a reference point for the results obtained and
forecasts of substitute development in this field.

To achieve the above-defined goal, the following structure of the article was adopted.
After introducing the topic and specifying the purpose of the work, the second section
deals with a literature review on the factors, models, and the role of Al that influ-
ence decision-making and shape the labor market in the IT sector. The next section
presents a method for solving the problem, which consists of presenting a decision-
making model framework. Based on previous research, the fourth section presents a
structural model for identifying factors influencing employment in the IT sector in
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Poland and a solution enabling achieving optimal use of factors characterizing personal
and technical-organizational resources in terms of broadly defined sustainability.
The research procedure adopted to solve the problem was as follows:

1. Literature analysis of the issue using conventional methods and searching the Internet
by keywords.

2. Building a framework for an intelligent decision support system.

3. Creating a procedure for the operation of the system.

4. Construction of a structural model of the IT market based on previously conducted
research.

5. Creating a procedure for solving the problem of balancing factors affecting the
employment market in Poland.

6. Summary, conclusions, and further directions of work on the development of the
system.

The implementation of these subsequent stages will allow for the creation of solid
foundations for building a comprehensive intelligent system supporting a sustainable
market in the IT sector in Poland.

2 Literature Background

The management information system is treated here as an integrated computer-based
network, along with surrounding applications, which allows the collection and analysis
of data to help managers make management decisions. That is a system that is designed
to provide past, present, and future information appropriate for planning, organizing,
and controlling the operations of functional areas in an organization [5]. In practice,
MIS consolidates raw data from multiple sources, turn it into useful information, and
distribute customized reports to final users [12]. Elements of intelligent decision support
appeared in expert models, and their greatest development so far has been in the structures
of business intelligence systems.

Therefore, a system equipped with elements of artificial business intelligence is
referred to here as a system that extracts (...) valuable data from various enterprise sys-
tems, facilitating storage, analysis, and internal data management (...) Bl systems consist
of three main components: data collection, organized presentation, and efficient delivery
to those in need (...) [10]. It consists of three main elements connected by relationships:
data warehouse, BI software, and users with appropriate analytical. (...) Business intel-
ligence is the process by which enterprises use strategies and technologies for analyzing
current and historical data, with the objective of improving strategic decision-making
and providing a competitive advantage (...) [11]. In our case, it is planned to create
appropriate business analytics that will determine options for an optimal, sustainable IT
employment strategy in Poland.

The definitions of business intelligence systems and their applications depend on
the needs of the company distributing this type of system, the industry, the size of
the project, and individual, specific areas of application, which is why the definitions
of these systems and their analyst differ significantly [8, 12]. Nevertheless, the basic
elements and their relationships in all these systems perform similar functions defined
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by convergence. However, business intelligence systems for shaping employment policy
in the IT industry are rarely found in source materials.

The second important aspect discussed in the article is the issue of sustainable devel-
opment. The classic approach to a sustainable economy seeks solutions that integrate
its three basic dimensions: social, environmental, and economic, which will result in an
improvement in the living conditions of society, without violating the quality of the envi-
ronment [ 14]. These three dimensions translate into specific goals: preservation of water
and air biodiversity; minimizing atmospheric pollution and waste production; increasing
human and intellectual capital; improving social capital - flow between professions, envi-
ronments, and regions; dynamization of economic development, among other modern
technologies; development of national and international institutions that promote democ-
racy, transparency and support sustainable development [18]. The development of the IT
sector is, in a way, inherently part of the sustainable development of the entire country:
it is pro-ecological (low pollution, limited resource consumption in remote work, rapid
development of the modern economy, ensuring lasting, continuous, and well-paid work
in the long term, etc. However, the literature so far did not see significant connections
between the development of the IT sector and sustainable development, focusing on
agriculture, ecology, and transforming the functioning of administration [24].

The third aspect is modeling the relationship between the increase in the number and
quality of employment in the IT sector and the determinants of this development. The
model is always a certain reflection of reality, omitting some less important details and
focusing on the most important factors and their mutual relations. There are numerous
examples in the literature of the impact of various factors on the development or potential
development of employment in the IT sector. However, no comprehensive model is
determining their impact on employment in the entire sector.

The article proposes a combination of the structural model and the balanced model.
Referring to P. Samuelson’s statement quoted at the beginning, the production function
model may become such a model. Balance in this case is achieved by determining the
optimal proportion between environmental, organizational, and technological factors in
the development of the IT industry. Variants of this development are possible due to the
assumed substitutability between these two components.

Assuming this assumption for the construction of the mechanism, we can choose
from three basic Cobb-Douglas production functions, CES (Constant Elasticity of
Substitution) and VES (Variable Elasticity of Substitutions) [23].

Cobb-Douglas function [22]:

P =Ax (K“*Lﬁ) (1)

where: P - total product, K - capital input, L - labor input, a - product elasticity concerning
capital, B - product elasticity concerning labor, A - constant indicating technological
progress - scale parameter, efficiency of the production process; o and § — scale effects.
In the classical Cobb-Douglas function, a + = 1, which results in no scale effects.
Production substitution = 1.

This is a two-factor function, where instead of labor input and capital input, we can
substitute other categories. CES function, generalization of the Cobb-Douglas function
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[23]:
Py = Ax(aK ™+ BL™)"/° )

where: f =1 — a; 8 = 1/1 — o; c-elasticity of substitution, v- parameter of scale effects,
generally = 1,
VES function, generalization of the CES function [17, 19]:

]I/H-S 3)

P; =A[(1 LB« K#LP +oLl*P

where: o and B generalized parameters of the shares of production factors K and L.
Currently, there is no standardized VES function; its above form was presented in a
two-factor form by Beckman and Sato [1]. Alternative parametric forms of the VES
production function have been derived, analyzed, and tested on various datasets, includ-
ing Revankar [19]. To ensure a balanced set of factors influencing the IT labor market,
the authors used their form of the VES function.

The use of various forms of production functions mainly concerns research on indus-
trial sectors and short-term forecasts of both the entire economy and individual com-
panies. There have been attempts to use them in the sphere of finance [4] and in the
economy [2]. However, there is no application of the production function to the analysis
of the employment market, especially due to its sectoral balance. In the situation of the
economic crisis in Poland, the most generalized form of the VES production function
seems to be the most suitable for undertaken research, providing a flexible approach to
the dynamically changing economic situation [6].

The above review shows that the available literature did not take into account the
creation of a system supporting optimal strategic decisions in the area of employment in
the IT sector supported by an intelligent sustainable development mechanism. Therefore,
the following research questions arise:

RQ1 - Is it possible to build an intelligent system supporting decision-making in the
area of shaping employment in the IT sector?

RQ2 — What factors influence the employment model in the IT sector?

RQ3 —Is it possible — within the model — to create an intelligent mechanism supporting
decisions in the field of sustainable development based on the VES-type production
function?

The following sections will try to answer these questions.

3 Methods of Solving the Problem: Building a Structural
Employment Model

3.1 Research Sample

The data on which the construction of the structural model was obtained from a survey
questionnaire in the IT career study [4].

The characteristics of the research sample obtained at four Polish universities: A, B,
C, and D are presented below. The study was limited to organizational units related to
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the field of economics and management and economic informatics. In total, over 800
students were surveyed in the first half of 2023, in randomly selected years of study.
At the university level, the study was conveniently conducted by limiting it to faculties
related to management, economics and economic informatics. At the level of individual
years of study and student groups, it was conducted randomly, by submitting proposals
to complete the survey in student groups available at the time of the study.

Demographic data was collected by: gender, age, education and its field, place of
origin, and financial status. Generally, based on the collected data it can be concluded
that:

— the faculties of distinguished universities related to management are dominated by
women - on average they constitute over 60% of the population (men - almost 40%),
which is typical for studies of this type, only D differs from this pattern due to the
IT-related specializations existing at this university (63% men, 37% women),

— the largest difference calculated by Euclidean distance (almost 30%) occurs between
C, and slightly smaller (29%) between A and D.

— most of the respondents (almost 90%) are aged 19-24, which is also typical for this
population, only over 10% are aged 25-34 and above, the largest (3.68%) variation
calculated by the Euclidean distance occurs between A and C,

— according to declarations about studies in a specific year of studies, almost 56% of
respondents have secondary education, basic vocational education (mostly C - 78%),
and over 34% have a bachelor’s degree (mostly A - almost 53% - due to conducting
surveys during studies second level). For this reason, the greatest difference (30%),
calculated by the Euclidean distance, occurred between C and D.

— as expected, the dominant field of education was social sciences - almost 54% and
exact and technical sciences - on average almost 36% (mostly for D, almost -74%,
due to the survey of students of econometrics and economic informatics),

— on average, most people (34%) come from cities with over 200,000 inhabitants.
Inhabitants (mainly C - 60% - due to the central location) and from rural areas -
on average over 34% (mainly due to A - 58%). In these two categories, the greatest
difference measured by the Euclidean distance occurs between A and C,

— financial status is rated as good on average (53%), although in second place almost
21% of respondents described it as bad or average. Here, in the very good and good
categories, C dominates (70% in total) due to the greatest employment opportunities
for students. Students B assess their financial situation the worst. The greatest number
of respondents (almost 28 %) assessing their financial situation as very good are in D.
The greatest variation (2.2% Euclidean distance) occurs here between A and D.

3.2 Elements Influencing Employment in the IT Sector

This section proposes a model of solutions that, thanks to the appropriate organizational
redirection of funds and social preferences, can fill the employment gap and put the IT
industry on the path of intensive development. This will also allow us to understand
the importance of personal development in the IT industry for sustainable development
focusing on increasing social well-being while protecting the natural environment. We
dedicate this publication, especially to people who have problems understanding how the
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development of modern technologies in one country, projected on a regional or global
scale, can contribute to the creation of a sustainable society.

Actions are recommended that can balance the growing demand for people working
in the IT profession with the possibilities of meeting it in connection with the require-
ments of the rapid development of modern societies. The basis for achieving this goal is
to understand the development of employment in IT by identifying the areas in which the
greatest problems with employing broadly understood IT workers have so far occurred;
educational opportunities for people who could be employed in these areas; changes
in education methods corresponding to the demand for IT employees; attracting social
groups that have not been involved in this industry so far and identifying areas where, for
social reasons, there is the greatest demand for this type of employees. In other words,
demonstrating that balance in the IT labor market serves to achieve sustainable develop-
ment in the environmental, social, and economic areas. Identification of these attributes
will constitute a basis for proposing framework solutions that can systemically solve
not only the problem of the employment gap in the IT sector, but also ensure constant,
long-term, sustainable development of the entire country and region.

The most important determinants of employment in IT are, of course, personal rea-
sons. Their subsequent employment depends on the quantity, quality, and preferences
of potential staff. On the other hand, employment in the IT labor market is strongly
dependent on organizational and technological conditions.

There is substitutability between the groups of factors determining personal and
intellectual resources and technological and organizational resources constituting the
infrastructure of possible employment in IT. An optimal balance between these two
groups may result not only in sustainable employment in the IT sector, but also through
synergy - in other areas of the economy, especially those that are the newest and most
technologically developed, and therefore environmentally friendly.

3.3 Identification of Structural Model Variables

Based on the research [4], we can build a model of the formation and growth of the labor
market in the IT sector.

The final results of the research were influenced by the fact that it was conducted with
a view to a possible career in the IT sector for students and graduates of economic univer-
sities. All four analyzed universities or their departments were universities/faculties of
economics/management. Therefore, the average respondent was a student (70%), aged
19-24 (85%), with completed secondary education (64%), mainly a student working
without a contract (44%) in the second year of studies (41%).), majoring in social sci-
ences (45%), coming from a city with over 200,000 inhabitants. People who consider
their financial status to be good (53%). Nevertheless, the opinion of the remaining 30%
also significantly influenced the results.

The set of factors influencing the employment of this group will consist of two basic
groups: personal factors and organizational and technological (infrastructural) factors.
Each of these basic groups can be divided into specific factors (percentage of acceptance
by respondents in brackets).

Personal factors (55.2% importance according to respondents):



22

A. Sottysik-Piorunkiewicz and W. Chmielarz

experience - seniority, and experience (4.3% among personnel; 2.4% in total),
security - certainty of finding a job now and in the future (4.6%; 2.5%),

education — the possibility of continuous development, acquiring new skills (2.5%;
1.4%),

convenience - ability to work remotely, irregular working hours (6.8%; 3.8%),
existing competencies - use of office applications, analysis of mass data, knowledge
of application programming (8.2%; 4.5%),

desired competencies - knowledge of Business Intelligence (in the field of e.g. report-
ing and analysis of business data, CRM, etc.), programming skills, knowledge of
modifying and developing applications (programming - 8.4%; 4.7%),

expected benefits (high wages with a rapid upward trend (6.2%; 3.4%),

emotions — the desire to start a career as an IT specialist: answer - yes, sometimes,
and sometimes (13.9%; 7.7%),

conditions facilitating becoming an IT specialist - a position with current compe-
tencies (consultant/manager in the field of business contacts, project team leader,
consultant tester — a specialist in detecting and eliminating substantive and technical
errors (8.9%; 4.9%)) and after training (analyst business data (Business Intelligence
Analyst), IT security analyst (IT Security Analyst) 6.4%;

substantive and psychophysical predispositions according to respondents - quick
acquisition of new information and IT knowledge, ability to work in a project team,
openness to non-standard methods, mental resistance to real or apparent shortcomings
(13.9%; 7.7%),

substantive and psychophysical predispositions according to employers - technical
skills, ability to think logically and solve problems independently (7.5%; 4.2%),
relationship of work effort in a specific position to expected salary - programmer,
technical support, back office - EUR 3,000, project team leader, a team of 5-15
people - EUR 5,000, business analyst, system analyst - EUR 4,000 (8.2%; 4.5%),
organizational and technological (infrastructural) factors - 44.8% of importance
according to respondents:

progressive organizational and social changes caused by IT - IT specialists will be
divided into many distant professions with IT, technical, economic, sociological, and
psychological background, continuous education process, knowledge is improved
throughout life, only remote work (15.4%; 6.9%),

knowledge of current technology - office software, integrated system subsystems, use
of Business Intelligence (e.g. reporting and analysis of business data, - 14.6%; 6.5%),
gaps in knowledge of current technology — ability to program applications, ability to
design IT systems, general theoretical knowledge of IT systems and their applications
(11.2%; 5.0%).

the need to supplement knowledge about technology - methods of human-computer
interaction, in the field of Business Intelligence Systems - the value of information and
its interpretation in business, The use of mobile applications in society (m-commerce,
m-marketing, m-location, etc. - ( 10.1%; 4.5%),

technological and social trends — creation and use of intelligent medical, transport,
and media equipment; constantly increasing speed of information flow - Big Data,
progressive automation of all areas of life, readiness to accept the use of Al (20.5%;
9.2%),
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— resistance to the introduction of technology - high level of stress during the imple-
mentation of urgent and non-traditional projects, lack of permanent working hours,
congestion during the implementation of urgent projects, inconvenience of contact
with the client (10.1%; 4.5%),

— trends in organizational and social changes - key skills in information analysis, knowl-
edge optimization, concluding, ability to quickly adapt; constant changeability of
technology and organization; information and knowledge are the key resources of the
organization (18.0%; 8.1%).

4 Construction of an Intelligent System Supporting Employment
Decisions in the IT Sector

The proposed IT system framework for making decisions regarding the optimal propor-
tions of increasing intellectual human resources versus implementing the most modern
technological and organizational resources can be supported by an Al system that coor-
dinates and improves the appropriate selection of factors regulating employment in the
IT labor market. The main elements of the logical architecture of such a system placed on
the central administration platform would be reduced to at least the following constructs:

— Coordinator - equipped with a management cockpit - an interactive intranet ser-
vice that provides such basic functionalities as a list of available attributes describ-
ing human resources; a list of possible available technological and organizational
resources; a list of decision-making situations used so far (procedures and algo-
rithms); communication with other organizational partners influencing employment
in the IT industry; categorization of participants based on specified attributes and rec-
ommendations of cooperation partners; access to patterns of conduct implemented
and collected in the knowledge base and the possibility of modification to a limited
extent; the possibility of creating acceptable scenarios for the development of their
distribution; preview of the results obtained in various cross-sections and their graphic
illustration, i.e. visualization in any cross-section. We will equip you with a query
and suggestion system as well as access to communication media,

— Accommodator — an Al auxiliary module used to compare the planned development
variant with those proposed by other partners, with an algorithm allowing to devel-
opment of a compromise solution; after conducting an estimate, sending proposals to
the coordinator module. The moderator of a given project may take these suggestions
into account or use his judgment,

— Identifier - tools for describing and quantifying the problem: attribute, functional, and
process - creator of goal(s), development theses and hypotheses and their opportuni-
ties based on statistical analyses, with access to patterns of conduct contained in the
knowledge base and the ability to create reference lists (ChatGPT),

— Generator and translator of forms for new solutions - a tool based on a knowledge
base, allowing the selection of the entire template and/or its components (based on
existing patterns from the past), regarding the declared direction of decision-making,
equipped with (or with access to the existing) in language translator. The generator
should also be equipped with access to demographic standards and statistical data, as
well as a transformer and converter to other international standards,
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— Modeler - a module for creating and modifying development models of the optimal
structure of the labor market and IT technological and organizational resources and
their adaptation. Additionally equipped with models for the adoption and assimilation
of the latest ICT technologies to the needs of a future employee of the IT sector, in
conditions ranging from standardized to high risk, equipped with a Selector tool for
categorizing data and an Evaluator to assess the significance of models and their
possible changes,

— Knowledge base - a set of models used and the results of their operation - patterns of
behavior in decision-making situations,

— Solver - acomputational module - equipped with a package of statistical and numerical
methods for assessing data obtained from survey questionnaires.

— Associator — tools for automatic association of data and models based on the user’s
knowledge and mechanisms of referring to patterns contained in the knowledge base,

— Concluder - asubsystem redirecting to calculations on the solver or adopting a solution
indicated by a pattern from the knowledge base.

— Databases of interactive models — supplemented with relationships created in the
modeler between model elements, appropriate for the types of research.

It is obvious that human cooperation with decision support systems, especially Al
modules, can significantly improve the decision-making process. However, this cannot
be an automatic process (e.g. Al is always right) for many reasons. Firstly, the IT sys-
tem(s) used for this cooperation should be actually involved in the important problems
of project management versus automatic copying of activities performed traditionally.
Secondly, the processes taking place there should be continuously improved, integrated,
and implemented as quickly as possible. Thirdly, be flexible - towards dynamic changes
in the rules for achieving success in a rapidly changing reality. Fourthly, be resistant to
attempts to manipulate individual partners for one-sided goals, and therefore rather be
based not only on the optimization of goals but also on Pareto-optimal equilibrium.

The authors proposed future research based on this framework to create a social
adaptation model for the IT market in Poland, using or supplementing one of the the-
ories of acceptance models (i.e. TAM, UTAUT, UTAUT2) or creating a new model to
contain any premises for pursuing a sustainable employment policy. The model should
be implemented in the interactive model database, and equipped with a balancing mech-
anism in the knowledge base, with Al backend. In its current form, it does not contain
the mechanism for ensuring substitution equilibrium, which will be presented for the
implication of the research for science and practice more deeply.

5 Conclusions

The considerations presented above on the construction of an IT system that will support
strategic decision-making regarding employment in the IT sector constitute the first stage
of research on the sustainable development of this industry. The above article formu-
lates a general concept of such a system containing elements of artificial intelligence and
establishes a procedure for using it in the decision-making process, which answers the
first research question (RQ1). Moreover, based on previous research, factors influencing
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the employment of an economic IT specialist in Poland were identified in a broad eco-
nomic and social context. This provides the basis for formulating a structural or adaptive
model. This answered the second question (RQ2). To formulate the mechanism of sus-
tainable development of this market, a new form of the VES class production function
was used, along with a general interpretation of its coefficients, which should be treated
as a preparatory stage for further research on methods for assessing the proportion of
labor market development in the IT sector. The substitution discovered - during individ-
ual expert assessments - and confirmed by their subsequent opinions between the factors
influencing the quantitative results of this market, seems so important that it requires
additional simulation research on the employment market in the IT sector (RQ3).

This study is a pilot study extending previous research on career opportunities for an
IT specialist in Poland. This is where the limitations of this study come from. The first
is the fact that it covers only three key areas: creating a logical structure of an intelligent
IT system, identifying factors of the IT employment market development model, and
the concept of a two-factor function that can constitute the basis for creating simulation
variants of sustainable employment market development strategies. However, there are
no relations and elements connecting these three main areas between them, which should
constitute the basis for further research in this direction.
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Abstract. In the realm of digital communication, understanding how individuals
process information across various media types is crucial. This paper explores
cognitive load across different media types, including images and videos. Drawing
on the Limited Capacity Model of Motivated Mediated Message Processing and
Cognitive Load Theory, the study employs eye-tracking technology alongside
traditional methods to measure cognitive load. Our study aims to explore the
relationship between eye tracking and cognitive load across different media types.
The study’s novelty lies in its use of eye-tracking technology combined with
traditional methods to offer a comprehensive understanding of visual attention
and cognitive processing in social campaigns. The authors were motivated to
explore this area to enhance the effectiveness of digital communication strategies
by assessing how images and videos impact cognitive load. By leveraging eye-
tracking technology, the study provides precise insights into visual attention and
cognitive effort, ultimately improving the effectiveness of digital communication
strategies.

Keywords: cognitive overload - eye tracking study - media types - visual
attention

1 Introduction

In the era of digital communication, which is constantly evolving and bringing a variety
of content and messages, understanding how people process information becomes a key
element [1]. The Limited Capacity Model of Motivated Mediated Message Processing
(LC4MP) suggests that the human brain has limited resources for processing information
[2], which can lead to cognitive overload [3], especially with an excessive influx of
messages [4]. On the other hand, the Cognitive Load Theory [5] indicates that there
is a certain point beyond which an individual’s ability to process information becomes
limited, leading to difficulties in understanding and retaining the message.

Social campaigns are an important tool for promoting positive societal changes [6].
They build and increase awareness of many important and significant issues, influencing
the perceptions and attitudes of the audience [1]. In today’s world, where communication
primarily occurs through various media channels such as television, radio, the internet,
and print, social campaigns strive to reach audiences through different communication
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channels [7], so studying individuals’ reactions to these messages becomes extremely
important in this context. There are several factors that can influence the cognitive load
induced by social advertisements. These factors include the way messages are edited [8],
the presence and nature of emotional content [9], the quantity and strength of arguments
[10], the format of the message [11], and its structure [12]. Considering the LCAMP
model and the cognitive load theory, it becomes essential to examine media messages
in terms of the cognitive load they induce and their attractiveness to the audience.

Previous research on cognitive overload has mainly focused on phenomena such as
fatigue resulting from information overload on social media [13], the influence of users
on advertising effectiveness [ 14], and information overload [ 15]. Conducted experiments
confirm that high problematic involvement improves message processing, and thus may
resultin increased or decreased acceptance of persuasive message content [16]. Based on
numerous survey, questionnaire, and focus group studies [4, 15, 17] cognitive overload
has been identified as a significant barrier to evaluating the effectiveness and assimilation
of media messages [18]. Despite the fact that the scale developed by Paas [19] is the most
popular method for measuring cognitive load, in recent years, increasing attention has
been paid to the use of new, more objective research methods, such as eye tracking [20,
21]. This technique can capture the dynamics of social campaign content as it provides
continuous data unlike traditional methods [22]. Eye tracking enables precise monitoring
of participants’ eye movements, allowing for the recording of which content elements
they focus on, how long they concentrate on them, and how quickly they shift their gaze
between different areas of the content [21, 23]. In many previous experiments examining
cognitive overload and advertising effectiveness (engagement with the advertisement as
well as the intensity and arousal of emotions elicited by the advertisement), this tool has
been used to measure consumers’ unconscious reactions [24].

The aim of the article is to investigate the relationship between eye tracking and
cognitive load by examining various types of media. The key research questions were
formulated as follows:

1. Which type of multimedia (images or videos) exerts the greatest cognitive load?

2. Is there consistency between subjective and objective measures?

3. Is there a correlation between cognitive load level and subjective attractiveness of
stimuli?

To address these research questions, an eye tracking study was conducted among
students, utilizing various forms of social campaign advertisements. This paper begins
with an introduction to the importance of understanding cognitive load in digital commu-
nication. In the next section details of an experimental case study using Polish-language
social advertisements are described. The results section presents findings from both
subjective and objective measures, highlighting correlations and differences in cogni-
tive load and attractiveness between images and videos. The conclusion summarizes
key insights, discusses the implications for media consumption and social campaigns,
acknowledges study limitations, and suggests directions for future research.
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2 Experimental Case Study

2.1 Stimuli

In our study we used publicly available social advertisements promoting safe driving,
which were created as part of previous campaigns in Poland. This is because all par-
ticipants in the experiment were Polish, and we wanted to make sure that they clearly
understood the content of the ads in their native language. We deliberately avoided using
foreign languages to prevent additional cognitive load that could impact the experiment
results. The experimental materials consisted of five images and four videos aimed at
investigating the impact of different modalities on cognitive load. All stimuli aimed to
reduce the number of accidents caused by using a phone while driving. Each stimulus
was presented for a similar duration, approximately 30 s, to facilitate better comparison.
The materials were divided into two categories (images and videos). Both stimuli within
each category and the categories themselves were presented randomly to avoid biased
assessments.

2.2 Participants

As with many traditional laboratory studies, we recruited students as a pool of important
experiment participants [25] as they often represent the age group targeted by social
campaigns [26-29]. Additionally, statistical analysis regarding road accidents [30, 31]
and mobile phone usage while driving suggests that young drivers, who often include
students, are a significant target group concerning these issues.

The study involved 33 participants, comprising 25 males and 8 females aged between
22 and 24 years. This sample size aligns with the standard for research utilizing cognitive
neuroscience methods [21, 32]. The average age was 23 years, with a standard deviation
of 0.72. The participant pool encompassed both licensed drivers (94%) and non-drivers,
with 64% of the participants being car owners. On average, participants had possessed
a driver’s license for 4 years, with a standard deviation of 1.43. One in four participants
drove a car daily, while over half drove at least once a week or more frequently.

2.3 Procedure

The research took place at the Cognitive Neuroscience Laboratory and received approval
from the Bioethics Committee of the Regional Medical Chamber. Each participant spent
an average of 25 min undergoing the research procedure. Before starting, participants
were informed about the research goals, procedures, and measurement tools, and then
gave their informed consent to participate. To ensure precise measurement, the study
initiated with eye tracker calibration.

As part of the experiment, participants were tasked with familiarizing themselves
with materials from social campaigns regarding safe driving and subsequently assess-
ing the level of mental effort required to understand the presented content as well as
the attractiveness of the presented stimuli. The initial phase involved presenting stimuli
while concurrently gathering real-time psychophysiological data. At the beginning, a
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relaxation slide was presented to calm the participants. Following this, stimuli from var-
ious categories were presented randomly. Post each stimulus presentation, participants
completed a questionnaire evaluating their cognitive load and rating the visual appeal of
the displayed content. Intervals of relaxation were interspersed between stimulus groups
to mitigate cognitive overload before the next set. The subsequent phase involved com-
pleting a survey to collect demographic information. Participants disclosed their reasons
for using phones while driving and subjectively assessed different forms of material
presentation in social campaigns.

2.4 Data Collection and Processing

Eye movements were analyzed using a Tobii Pro X3-120 commercial eye tracker, oper-
ating at a sampling rate of 120 Hz [33]. The eye tracker was affixed to the lower portion
of a 15-inch monitor with a resolution of 1920 x 1080 pixels (Full HD), which presented
stimuli and questionnaires. Data visualizations such as heatmaps and areas of interest
were promptly generated using the iMotions software [34].

2.5 Measures

The study used traditional and psychophysiological methods. The cognitive load assess-
ment utilized a 9-point Paas scale [19], ranging from minimal (1 - Very, very low mental
effort) to maximal mental effort (9 - Very, very high mental effort). The specific question
used to evaluate cognitive load was: “Invest your understanding into the presented mate-
rial”. Subjective attractiveness ratings of the stimulus were made on a 10-point scale,
with value 1 indicating poor and 10 indicating very good attractiveness. This assessment
approach is commonly utilized in research [35]. The analysis of data collected using an
eye tracker included various measures such as saccades (frequency, amplitude, duration,
velocity), fixations (duration, number, frequency), pupils (pupil diameter) and blinks
(frequency, duration, number). These selected measures are frequently used in the lit-
erature for studying cognitive load [36-39]. They are categorized into two groups: the
first group consists of metrics where higher values indicate increased cognitive load, and
the second group comprises metrics where lower values are interpreted as indicators of
greater cognitive load (Table 1).

Table 1. Groups of eye-tracking metrics in the context of cognitive load assessment

Group Description Metrics Included

Higher Values = Increased Cognitive Load | Saccade frequency [40], saccade amplitude [41],
saccade duration [42], saccade velocity [42],
fixation duration [43], fixation number [44],
fixation frequency [45], pupil diameter [46], blink
duration [42]

Lower Values = Increased Cognitive Load | Blink frequency [42], blink number [42]
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3 Results

The analysis of the questionnaire revealed that videos are deemed the most effec-
tive medium in social campaigns by 85% of respondents. Approximately half of the
participants see images as helpful in conveying information.

To assess the internal consistency of the questionnaire data, Cronbach alpha’s [47]
value was calculated. For the ratings in the Paas scale the obtained result was 0.83
and for the attractiveness ratings — 0.82. This indicates excellent internal consistency
since both values are greater than 0.8. To assess the significance of the assessment
difference between the various groups of stimuli (images and videos) Mann-Whitney
test was applied, since the normality Shapiro-Wilk test has indicated that collected data
in majority (for both Paas and attractiveness ratings) do not have normal distribution.

The Mann-Whitney test showed that there is no significant difference between the
median assessment of perceived cognitive load induced by different types of stimuli using
the Paas scale (U = 357.5, p = 0.0842). On the other hand, considering the attractiveness
ratings, the differences between medians for images (median = 6) and videos (median
= 7) are statistically significant (U = 318.0, p = 0.0225), indicating that videos were
assessed as more appealing than images.

We examined the correlations between attractiveness and Paas assessments to deter-
mine if more cognitively demanding stimuli were seen as more attractive. Except for
image-1, correlation coefficients were positive but low, indicating a weak to moderate
correlation (Fig. 1).
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Fig. 1. Correlation between attractiveness and Paas ratings.

Supporting analyses of eye tracking data were conducted to compare their consis-
tency with the results obtained by subjective measures. Before performing any statistical
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test, eye tracker data were normalized using Z-score based on the baseline activity (relax-
ation) to allow for comparison of cognitive load between stimulus groups at the level of
the entire group of participants.

Eye tracking data were also tested in terms of the normality of their distribution with
the use of Shapiro-Wilk test. Out of 99 series of data only 46 have normal distribution
(46.5%). Due to this fact the rest of statistical analyses concerning the eye tracking were
conducted using non-parametric tests.

To compare the results of subjective and objective measures of cognitive load and
to check whether they are consistent with each other, Spearman’s correlation was used.
The results in the form of the heatmap are shown in Fig. 2. For most of the eye tracking
measures there is no correlation with Paas assessment, or it is weak. In general, these
results suggest that objective measures yield different outcomes compared to subjective
ones, and there appears to be a weak relationship between the variables.

Heatmap of correlations between the variables
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Fig. 2. Spearman’s correlation for Paas assessment and eye tracking measures.

Table 2 presents the overall cognitive load for all examined stimuli. The stimuli are
categorized into two types: “v” for video and “i” for image. The positions in parentheses
indicate their ranking. Number 1 signifies that the stimulus is the most cognitively
demanding in terms of the eye tracking measure. To analyze which measures indicate
higher cognitive load based on rankings, we have used the median of the ranks occupied
by images and videos. A summary based on the median rank will allow us to determine
which stimuli are systematically ranked higher, suggesting greater cognitive load. This
analysis reveals that certain eye-tracking metrics suggest higher cognitive load when
participants view images compared to films. Metrics indicating a higher cognitive load
for images include fixation frequency, blink frequency, saccade frequency, blink number,
and blink duration, with median rankings predominantly positioned at 3.0. These metrics
highlight the repetitive visual scanning and increased blink activity associated with
processing static images, which may require more effort to interpret detail and context
compared to dynamic stimuli.
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Conversely, metrics such as saccade amplitude, fixation duration, saccade duration,
fixation number, saccade velocity, and pupil diameter suggest a higher cognitive load
for films, with median ranks varying from 2.5 to 3.5. These findings could indicate that
dynamic visual stimuli, like films, demand more extensive visual tracking and sustained
attention, leading to larger and more frequent eye movements and possibly greater pupil
dilation as viewers try to capture and process moving images and changing scenes.

Table 2. Mean values of eye-tracking measures for each stimulus

Metric Stimulus

v-1 v-2 v-3 v-4 i-1 i-2 i-3 i-4 i-5
Saccade | —0.135|—-0.219 | —0.249 | 0.019 | —1.042 | —0.765 | —0.877 | —0.437 | —0.868
amplitude | (2) (3) €} @ ) (6) (3) (5) (7)
Fixation | —0.345|—0.189 | —0.412 | —0.281 | —0.339 | —0.369 | —0.576 | —0.436 | —0.368
duration | (4) ey (7 2 3 (6) © 3 (5)
Saccade |0.123 |0.124 | —-0.021 |0.103 | —0.245|—0.103 |0.069 |0.217 | —0.020
duration | (3) ) (N 4) 9 ()] (5) 1) (6)
Fixation |0.415 |0.376 |0.521 |0.466 |0.516 |0.455 0.770 |0.453 |0.576
frequency | (8) ) 3) (5) 4) (6) @ (7 (2)
Blink 0.742 0.663 [0.999 [0.984 |0.209 |0.585 [0.088 |0.608 |—0.172
frequency | (7) (6) C)) 3) (3) 4) (2) (5) @
Saccade |0.399 |0.361 |0.502 |0.448 0.507 |0.451 |0.756 |0.448 |0.558
frequency | (8) ) 4 ) (3) (5) @ (6) (2)
Fixation |5.403 |4.656 |0.532 (0477 |0.516 |0.455 |0.770 |0.453 |0.576
number | (1) (2) (5) (7N (6) (3 (3) ) 4)
Blink 6.245 [5.308 |1.011 [0.997 [0.209 |0.585 |0.088 |0.608 | —0.172
number | (9) (3) (N (6) (3) 4 (2) (5) (1)
Saccade | —0.102 | —0.179 | —0.247 | —0.007 | —0.562 | —0.398 | —0.354 | —0.060 | —0.453
velocity | (3) 4 (5) @ © (7) (6) (2) (8)
Blink —0.600 | —0.445 | —0.407 | —0.756 | 0.416 |0.248 |0.056 |0.480 | —0.479
duration | (8) (0) (5) ) (2) 3) 4) 1) (7)
Pupil —0.373 | —0.600 | —0.458 | —0.442 | —0.515 | —0.392 | —0.755 | —0.564 | —0.724
diameter | (1) @) €} 3) (5) (2) © (6) (8)

v — video.
i- image.

Table 3 provides additional insights into the frequency of occurrence of stimuli at
specific ranks in cognitive load measures. Stimuli v-1, v-4, i-3, i-4, and i-5 more often
occupy the top positions in the ranking, suggesting their dominant role in eliciting high
cognitive load. Images have a slightly higher average number of top-ranked occurrences
(positions 1-3) on cognitive load measures than videos (3.8 vs. 3.5). This suggests that
images may be slightly more cognitively taxing than videos.
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To statistically determine which type of stimuli induces more cognitive load the
Mann-Whitney tests were conducted to determine whether the difference between the
medians of images and video groups are statistically significant. The tests were performed
for each of the eye tracking measures separately. The difference between the medians
was significant in case of three different metrics: saccade amplitude, fixation duration
and blink number (see Table 4). The first two measures show that videos are more
cognitively demanding. The third indicates contrary conclusion. Since the results are
not unambiguous, further investigation in that matter would be advisable.

Table 3. The number of occurrences of stimuli in specific places in the cognitive load measures
ranking

Rank Stimulus
v-1 v-2 v-3 v-4 i-1 i-2 i-3 i-4 i-5
1 2 1 0 2 0 0 2 2 2
2 1 2 0 1 1 1 2 1 2
3 2 1 1 1 4 1 1 0 0
4 1 1 3 1 1 2 1 0 1
5 0 0 3 1 1 1 1 3 1
6 0 2 0 1 1 3 1 2 1
7 1 1 3 2 0 1 0 1 2
8 3 1 0 1 0 2 1 1 2
9 1 2 1 1 3 0 2 1 0
v — video.

i-image.
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Table 4. Results of Mann-Whitney tests for groups of stimuli (images and videos) in various
measures of cognitive load calculated from eye-tracker data

Metric U-stat P-value Median - images Median - videos
Saccade amplitude 0.0 0.016 —0.951 —0.344
Saccade duration 2.0 0.063 —0.515 —0.286
Fixation duration 1.0 0.032 —0.594 —0.445
Blink number 1.0 0.032 -0.019 2417
Blink frequency 3.0 0.111 -0.019 0.369
Saccade frequency 12.0 0.730 0.702 0.486
Fixation number 6.0 0.413 0.721 2.943
Blink duration 18.0 0.063 0.258 —0.552
Pupil diameter 8.0 0.730 —0.620 —0.505
Fixation frequency 12.0 0.730 0.721 0.496
Saccade velocity 2.0 0.063 —0.700 —0.402

4 Conclusion

The article examines how individuals process information in the digital age, with partic-
ular emphasis on social campaigns. According to the LC4AMP model and cognitive load
theory, the importance of understanding cognitive load induced by media messages and
their impact on audience reception is emphasized.

The literature review and study analysis reveal that stimuli vary in cognitive load,
crucial for creating multimedia content. No simple rule determines the highest cognitive
load, but certain tendencies exist. For example, longer saccade and fixation durations,
higher fixation counts, and lower blink frequency may indicate greater cognitive effort.

Our study indicates that images may induce greater cognitive load than videos, as
supported by subjective ratings and eye-tracking measures. Analysis of saccade duration,
fixation duration, and fixation count suggests images are more cognitively demanding.
Although no significant difference in perceived cognitive load was observed between
images and videos on the Paas scale, our preliminary results suggest that videos may be
more effective in capturing attention and engaging viewers. To confirm this hypothesis,
further studies are needed that also consider stimulus retention.

By employing non-parametric tests, it was observed that there is a weak correlation
between the results of subjective measures (such as Paas ratings) and objective measures
(such as eye tracking metrics). This means that participants’ subjective ratings of cogni-
tive load may not always align with objective indicators, such as eye movements. These
results suggest that participants’ perception does not always reflect the actual cognitive
load measured using more objective methods.

The analysis of the correlation between attractiveness and cognitive load ratings
(Paas scale) showed a weak to moderate positive correlation for most stimuli, except
image-1. However, low correlation coefficients suggest that stimuli with higher cognitive
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load are not consistently rated as more attractive, indicating that attractiveness does not
necessarily correspond with cognitive load.

The study methodology, encompassing both traditional psychophysiological meth-
ods and eye tracking, provided a comprehensive insight into how individuals process
media messages. However, it is important to note the study’s limitations, such as the
non-normal distribution of some data and the weak correlation between subjective and
objective measures. Future research can overcome these limitations by increasing the
sample size and incorporating additional, more diverse measures of cognitive load to
achieve more robust and generalizable results.

Overall, the study highlights the complexity of assessing cognitive load induced
by social campaign materials and underscores the need for a detailed understanding of
cognitive processes involved in media consumption, especially in the context of pro-
moting social change through digital communication channels. The results of our study
may have practical applications in creating more effective social campaigns that better
capture attention and engage audiences.
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Abstract. International logistics companies operating in the market also provide
customs declaration preparation services to their clients. These documents are
filled out by employees based on received commercial invoices. This process
is time-consuming, and errors often occur during data entry. The article aims to
present a prototype for modifying an existing system for the preparation of customs
declarations by using Optical Character Recognition (OCR) technology and an
artificial intelligence (Al) system. The article discusses the process of preparing a
customs declaration in the examined international logistics company, along with
a proposal to use OCR and Al to automate filling the document with the necessary
data. The verification of this concept using a prototype is also presented, along
with calculations based on real data regarding the profitability of implementing
automation into the customs declaration preparation system. The contribution of
the article is the proposal to automate the customs declaration process by using
OCR and artificial intelligence, which significantly reduces the time required to
prepare the finished document.

Keywords: customs declaration - data entry automation - logistics efficiency
optimization

1 Introduction

In today’s global logistics, the topic of importing and exporting goods from a country
is dealt with by local customs offices, which control and monitor the country’s border
crossings, ports, airports and railway stations. One of the basic documents for declaring
the movement of goods is the customs declaration submitted to the office. Currently
in the European Union, the rules on what should be filed, as well as how and where
it should be filed, are the same for all members [1, 2]. Nowadays, offices are already
using specially developed IT systems to handle the country’s document flow digitally
[3]. The transfer of customs management from the desk to the computer has increased
the efficiency of declaration, and logistics companies are looking for newer and newer
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technological possibilities to control and speed up this process [4]. Some of the technolo-
gies worth implementing in customs declaration preparation systems are automation and
artificial intelligence [5]. This demand has raised the following question: how can artifi-
cial intelligence technologies be applied to improve the customs declaration preparation
process in international logistics companies? The purpose of this article is to present a
prototype for modifying an existing automated system for the preparation of customs
declarations by adding an artificial intelligence (AI) system responsible for a new form
of data preparation needed for declarations in an international logistics company.

The structure of the article is as follows. The next section discusses the explanation of
the modern approach to customs declarations and the rationale for using new technologies
in this field. This is followed by a presentation of the methodology used in the study
in order to discuss its stages in the following sections, i.e., the process of preparing the
customs declaration in the international logistics company under study, the proposal to
use Al in the process and the verification of this solution with a prototype. The next
section presents calculations based on data on the cost-effectiveness of implementing
automation into the customs declaration preparation system. The article concludes with
a summary.

2 Approaches to Automating the Process of Processing Customs
Declarations

One of the key stages of the international transport of goods is the preparation of a customs
declaration, which is based, for example, on a commercial invoice received from the
customer [6]. In the preparation of this document, a logistics company plays an important
role as an intermediary between contractors [7]. The essence of the correct preparation
of a customs declaration is the stage of accurately collecting information from many
sources, such as the description of the goods, matching the HS Code (Harmonized
Commodity Description and Coding System) to them and calculating their value. One
of the proposals to improve the preparation of customs declarations is to use IT support
to automatically classify goods according to HS codes [8]. The difficulty of achieving
automation in this area is due to the use of different types and HS codes of goods and
different types of sets by stakeholders of this process [4].

The conditions related to the implementation of a customs declaration are multi-
faceted and require taking into account various factors. Understanding these elements
is key to making changes and automating the process of preparing the document [9].
The digitization of tax control processes, including the implementation of electronic
communication with customs offices, and allowing the sending of customs declaration
documents, contributed to minimizing time and material costs while increasing trust in
employees of regulatory authorities [10, 11]. The implementation of Robotics Process
Automation in import and export customs clearance should contribute to maximizing
work efficiency and improving the speed of import and export handling [12].

The literature attaches more and more importance to the need to automate the prepa-
ration of customs declarations using IT solutions [8]. The implementation of new tech-
nologies and automation of customs procedures are aimed at increasing the efficiency
of the entire process of creating and circulating customs declarations [4]. The benefits
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obtained from solutions of this type include shortening the time of necessary customs
clearance procedures, reducing the number of physical and documentation checks and
improving the efficiency of customer service and their safety [13]. One of the proposals
is to use IT support for automatic classification of goods’ HS codes [8]. Another proposal
is to use blockchain technology when creating smart contracts that will automatically
aggregate relevant information and allow for its cross-verification [6].

The literature also indicates the possibility of using artificial intelligence solutions in
the process of preparing and implementing customs declarations. Artificial intelligence-
based technologies can support smarter customs operations and efficiency, contributing
to streamlining processes, enhancing security and transaction accuracy, as well as pro-
viding more effective service for importers and exporters [14]. In literature, one of the
proposed solutions is to use technologies such as Optical Character Recognition (OCR),
Natural Language Processing methods and deep learning to automate both the prepara-
tion of such documents and their verification during cargo clearance at the border [5, 15].
S.R. Landge and others point out the possibility of using artificial intelligence to verify
transaction records (process automation while detecting inconsistencies) and to store
and search documents [16]. Another proposal concerns the use of artificial intelligence
elements to decide on the exemption of goods from customs duty when sending docu-
ments via electronic communication [17]. The use of artificial intelligence solutions in
the customs declaration process should contribute to reducing the costs associated with
the business [18].

To sum up, automating the process of preparing and processing a customs declaration
together with the use of artificial intelligence can improve the process, contributing to
increased efficiency while reducing costs.

3 Research Methodology

The research was conducted in a real, international freight forwarder company XYZ,
headquartered in the Netherlands. The company has been in existence for 25 years. Since
its founding, it has been mainly involved in sea and air freight worldwide, along with
related customs formalities. Additionally, it offers services such as road transport, ware-
housing and project logistics. Customs formalities are a significant part of its operations,
impacting other areas of its business in the global market. The company’s main areas
of transport are the exports and imports of goods, both within the European Union and
beyond. The following research procedure was applied:

1. Identification of issues related to the preparation of customs declarations in company
XYZ.

2. Development of a concept for modifying the information system for preparing
customs declarations in XYZ.

3. Modification of the information system for the preparation of customs declarations
in XYZ.

4. Testing of the customs declaration prototype in XYZ.

5. Conclusions drawn from the conducted modification of the information system in
XYZ.

The next section describes the customs declaration process in XYZ.
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4 The Process of Preparing a Customs Declaration Document
in XYZ

XYZ uses an ERP system (Microsoft Dynamics NAV Business Central) which includes
dedicated additional modules. Among them is the customs declaration module, responsi-
ble for direct electronic communication with the customs office. It operates based on strict
technical documentation received from the customs office concerning message types,
data format, field validation, communication authorization, etc. It includes an expert
system for identifying errors in already prepared documents. The main functionalities
of this module are as follows: creating various types of customs declarations (e.g., import
declaration, export declaration), sending the prepared customs declaration electronically
to the customs office, receiving feedback information regarding a given customs declara-
tion (e.g., document status, customs duty information), sending auxiliary or explanatory
documents. The customs declaration module allows for the creation of various types of
necessary documents, but these are filled out by employees of XYZ based on received
commercial invoices from customers. The customs declaration preparation process was
carried out in XYZ as follows (Fig. 1):

1. Preparation of customer-specific master data for automation. This stage involves
a one-time definition of patterns for a given client (taking into account the format
and layout of the data sent as a spreadsheet) and the mapping of item identification
numbers from the client’s system to the item tables in the ERP system in XYZ.
The preparation of this source data then allows for automatic operations including
grouping multiple lines of goods into one HS code, summing the number of goods
and determining their value and weight.

2. Receipt of commercial invoice. The document, created in a spreadsheet format, con-
tains a list of different goods that must be declared together. It contains information
such as the identification code of the goods (coming from the customer’s system),
description of the goods, their quantity and sometimes additional information such
as country of origin, destination country, container number, account number and
currency.

3. Preparation of data for customs declaration. This stage involves both the automatic
import of data from the commercial invoice received from the customer and the
automatic preparation of data necessary to complete the customs declaration (e.g.
matching HS codes to each item of goods on the invoice, grouping goods according
to the same codes, calculating the weight of the items, assigning value to a given item,
etc.).

4. Creating a data entry form in the ERP system. An empty customs declaration
document is generated.

5. Filling in the form in the ERP system. The generated blank customs declaration
document is automatically filled with the prepared data. If there is a need to complete
the prepared customs declaration with additional data, it is done in the ERP system
by an employee.
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6. Checking of the form by the expert system. The prepared customs declaration docu-
ment is checked by a dedicated module of the expert system. If errors or omissions are
identified, the document is forwarded to an employee for correction. If the expert sys-
tem does not identify any errors, the customs declaration is forwarded to the customs
office.

7. Sending the data to the customs office. The prepared customs declaration document
is sent to the customs office via electronic communication.

8. Cyclical response server check. Periodic checking of the customs office server by the
ERP system to download incoming messages from the customs office.

9. Processing of responses. Registration of the response received from the customs
office in the ERP system. Two situations may occur. The first case is the acceptance
of the customs declaration document (incl. customs tax notice). This means that the
preparation of the document for the client of company XYZ has been completed (and
by fiscal representation the customs tax is automatically posted on GL accounts and
paid). The other case is the rejection of the sent customs declaration, with the customs
office indicating the reason for such a situation. Such a declaration can be corrected
and resent.

The presented process of automating the preparation of customs declarations in
XYZ concerns regular customers for whom patterns of sent commercial invoices have
been defined in the ERP system and the identification numbers of goods from customer
systems have been mapped. This is a good solution, provided that the commercial invoice
sent by customers is in a spreadsheet file. Additionally, such automation is used for clients
outsourcing many logistics services to XYZ and having patterns mapped in the ERP
system. In the case of XYZ, approximately 70-80% of the customs declaration forms
prepared are documents for regular customers in a spreadsheet. For other customers,
customs declarations are created manually by an employee. These are customers who
place orders on a one-off basis or several times a year and who send a commercial invoice
as a PDF file. In XYZ, a need has been identified for automatic reading of commercial
invoices without the necessity of creating templates for client documents in the ERP
system and sending them in various file formats.

5 A Proposal to Use Artificial Intelligence Solutions in the Process
of Preparing Customs Declarations in XYZ

Current research efforts have discovered multiple ways to include Al into the customs
declaration preparation process. Even though these approaches focus on various phases
of the preparation process, they all aim to enhance it—whether it be by decreasing
errors or accelerating the creation of documents. In this context, the scope of Al will
be broadened in order to increase customer reach. The focus of the use of Al lies in the
provision of data for the preparation of declarations. Currently, the system only works
with Excel files after configuration. As part of the proposed solution, support for PDF files
is envisaged thereby extending XYZ’s service portfolio to clients using this document
format. The planned support for PDF files involves Al-driven extraction of unstructured
data from documents, followed by the application of trained machine learning algorithms
to match it with the information required to prepare customs declarations.
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Fig. 1. The process of preparing a customs declaration at company XYZ with automatic data
preparation

The process of applying Al in the preparation of a customs declaration was carried
out at XYZ as follows (Fig. 2):
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. Receipt of a commercial invoice and upload of the file to the system for processing

in the ERP system.

Transfer of the PDF file to the Al system via API communication.

Work in the AI system in the following way: receipt of PDF and OCR files, split-
ting files into documents, classification — assignment of the document to one of the
skills, extraction of information from the document for configured labels in the skill,
preparation of a JSON with data mapped to information, setting a JSON file ready
for download.

Download and receipt of the JSON from the Al system to the ERP system.

Reading the file and importing data into buffer tables in the ERP system.

. Transfer of data to the customs module where it is used to prepare the declaration.
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Fig. 2. Working prototype of an Al-enhanced system for extracting data from PDF files
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The process of preparing the declaration continues. The described part relates to
the improvement of part 2 and, to a lesser extent, 1 and 3 of Fig. 1. The next steps
are not changed. During the development and testing of the prototype, two aspects in
particular had to be checked. Firstly, it must be certain that the data would not come in
late compared to the standard process And secondly — that the data would not be altered
or incorrectly created by the Al system. Only with due correctness and speed it will be
possible to determine whether the prototype built on the basis of this proposal is in fact
functional.

6 A Prototype for Automating the Customs Declaration
Preparation Process

A prepared proposal for the use of artificial intelligence in the customs declaration
preparation process was accepted by XYZ as a proof of concept to test whether such an
extension would realistically work. Thanks to access to ERP technology and the selection
of a partner with a configurable Al system [19], a prototype could be developed and tested
on a commercial invoice document with test data for the purposes of the study.

The document was uploaded by the new function to the ERP system, which in the
background automatically transmitted it via electronic communication to the Al partner’s
software for further processing. There, the document was OCR-processed and classified
into the previously rehearsed Skill responsible for Commercial Invoice. According to
the prepared Skill, the required data was extracted from the document with the help of
machine learning algorithms, which were then used to create a JSON with the necessary
information (Fig. 3).

L {

2 "Version": "3.0",

3 "Fields": {

4 — "Consignee": {

S "Address": "7894\nl10115 Berlin\nGermany",
6 "Name": "Himmelstrabe"

7 - }s

8 "Invoice Date": "2024-10-05",

9 "Invoice Number": "INV474125",

10 % "Line Items": [

11 — {

12 "Description": "steel rails",
13 "Quantity": "850",

14 "Total Price": "1700",

15 "Item": "45216"

16 - Y

7=l {

18 "Description": "hairdressing supplies",
19 "Quantity": "10",

20 "Total Price": "25000",

281 "Item": "66528"

22 - }s

Fig. 3. Part of the JSON file obtained as a result of the employment of the Al system

The JSON file is loaded into the ERP system as a response to the PDF file sent
previously. The system then reads and saves the data from the file to the system tables,
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first buffered from the API communication and then already target-related to the customs
declaration data (Fig. 4).

7-2112394
Master Data
Master Data Lines
ATLAS Goods Dutiable List
@ Find  Filter Clear Filter
Customs ,  LineNo. . InvoiceNo. Invoice Date Item No. Description Direction HS Code Import ¢
D, V7
Z-2112394 10000 INVA74125 10052024 45216 steel rails Import £4122180900000000000001
Z-21123% 20000 INVA74125 10052024 66528 hairdressing supplies Import 73269098900p0000000000! v
Z-21123%4 30000 INV474125 10052024 25714 natural bamboo hairbrush Import 73269098900000000000001
Z-2112394 40000 INVA7AT2S 10052024 16549 computer speakers Import 2506100000000000000000E
2-21123%4 50000 INVA74125  10.05.204 78942 steel tees Import 84122180900000000000001
Z-21123%4 60000 INV474125  10.05.2024 135481 metal shank Import 84122180900000000000001

Fig. 4. A window from the ERP system with uploaded data ready for further work

At this point, the data is ready for further work. The whole process, from the user
sending the file to receiving the finished data in the system table, is fully automatic (see
the tracks in Fig. 2) and takes, including API communication, about 1 min. The data
prepared for the declaration was correct and delivered promptly. The prototype can be
considered to have worked correctly and is a solid foundation on which to build a fully
functioning solution.

7 The Benefits of Implementing Automation of the Customs
Declaration Preparation Process in XYZ

This part compares the time needed to prepare a customs declaration before and after
the automation of this process in XYZ. In January 2024, XYZ prepared 695 customs
declarations. The documents consisted of a varying number of lines describing the goods.
The declarations covered one product, several, or about 100 items.

The time needed to prepare a customs declaration before implementing automation
of this process was calculated according to the following formula:

y=mxxx+b (1)

where:

— y is the time in minutes,
— X is the number of items,
— m is the slope coefficient (i.e. the rate of time increase depending on the number of

items),
— Db is the intercept (time needed to create a declaration with one item).

By measuring the time needed to prepare a customs declaration by an employee at
XYZ before automating this process, the following results were obtained:

e in the case of 1 line of goods in the customs declaration, its preparation took 20 min;
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e in the case of 10 lines of goods in the customs declaration, its preparation took 60
min;

e in the case of 100 lines of goods in a customs declaration, its preparation took 480
min.

These data was used to calculate m and b as follows:

20=mx*1+b @)
60=m+10+b 3)
480 =m* 100+ b “)

By solving Egs. (2—4), the following results were obtained:

m = (480 — 20)/(100 — 1) = 460/99 ~ 4.6465 (5)

b =20 — 4.6465 % 1 = 15.3535 (6)

The equation to calculate the average time to prepare a customs declaration for any
number of items x of goods before implementing automation is as follows:

y=4.65xx +15.35 (N

After implementing automation of the customs declaration preparation process, an
employee of company XYZ needs 10 min to prepare this document, regardless of the
number of lines of goods. Table 1 contains a fragment of the summary containing the
preparation times of all customs declarations in January 2024 before and after the imple-
mentation of automation. As a result of the automation implementation, one person now
prepares as many customs declarations per month as over four individuals did before
automation.

8 Conclusions

The use of artificial intelligence in the customs declaration preparation process proved
to be an effective way to increase the operational efficiency of company XYZ. The
development of the concept and subsequent preparation of an Al-based prototype proved
its feasibility and validity, demonstrating the progress the company has made in handling
customs declarations. The prototype uses OCR and machine learning technologies to
extract unstructured data and interpret it into specific information. The change works
quickly, streamlines the process and reduces human error, achieving all this in one minute.
The main benefit of implementing automation is the reduction in the time taken to prepare
declarations. The productivity increase calculated is a very good result. Importantly, the
scalability of the declaration preparation time to the number of goods has been removed.
The current process is not only fast but also repeatable. This provides opportunities for
specific customers who expect very large declarations to be drawn up, and XYZ can now
offer this without loss of productivity.
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Table 1. Summary of customs declaration preparation times before and after the implementation

of automation

Customs Number of product Without automation After implementing
declaration number | lines automation
Declaration no. 1 11 66.5 10
Declaration no. 2 1 20 10
Declaration no. 3 24 126.95 10
Declaration no. 4 20 10
Declaration no. 5 4 33.95 10
Declaration no. 694 | 1 20 10
Declaration no. 695 | 8 52.55 10

Total minutes 31,086.4 6,950
Total of hours 518 116
Automation 4.47 1
efficiency factor

The limitations of the research are also worth noting. First of all, it should be noted
that a European company was analyzed in the case study, which is obliged to adhere to
the regulations, laws and processes strictly defined by the European Union. It would also
be worthwhile for future research to be carried out in other countries such as America or
Asia which have different regulations and procedures. Another limiting aspect is the type
of business documents used. The study focused on the most popular, i.e. commercial
invoice. In practice, others are also used, such as packing lists, Bill of Lading or a
mix of information from several document types. The next stage of the study will be
the complete automation of the customs declaration preparation process, which will
eliminate tasks performed manually by the employee. Artificial intelligence algorithms
could be used to classify HS codes based on information extracted from documents.

In conclusion, the successful implementation of artificial intelligence in the customs
declaration preparation process at X YZ has set a new standard for efficiency and accuracy
in the logistics industry. The prototype developed in this study can be used as a template
for other companies showing how to implement automation and artificial intelligence
tools in their own processes. All the indications are that it is this type of innovation that
will have a real impact on competitive advantages and sustaining service quality. The
example of company XYZ shows the benefits of transformation to modern logistics.
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Abstract. This study evaluated the effectiveness of various methods for mea-
suring cognitive load (CL) in arcade racing game players and their usefulness in
modelling CL. The techniques used were EEG, GSR, eye-tracking, pupilometry,
and subjective surveys. The "Trackmania Nations Forever" game had three diffi-
culty levels: easy, medium, and hard. Forty-three participants were involved, and
data were collected on player performance, survey responses, and physiological
signals. The analysis included retries per minute (RPM), advancement measures,
NASA-TLX, and SEQ scores. Significant changes in physiological measures were
observed corresponding to different cognitive load levels, with the most accurate
classification results achieved by combining physiological and performance data.

Keywords: Bio-metrics - User experience - Cognitive load

1 Introduction

With the rise of video games not only as a form of entertainment but also as a medium
for learning and skill development, understanding the cognitive load (CL) imposed by
different gaming tasks has become increasingly important. Cognitive load theory (CLT),
introduced by John Sweller in 1988 [15], suggests that minimizing mental strain when
presenting information and tasks enhances information retention and long-term memory
access. This theory is particularly relevant in gaming, where players often encounter
complex and dynamic tasks that can significantly impact their cognitive resources. This
study uses various biosensors and subjective measures to model players’ cognitive load
in an arcade racing game. The objective is to explore the correlation between cognitive
load and the game’s difficulty level, ultimately proposing a model to automatically assess
game task difficulty. Such a model could streamline the design and evaluation of game
levels, ensuring they are appropriately challenging for players of different skill levels.

This paper’s key contributions include exploring the relationship between cognitive
load and game difficulty levels, providing insights into how varying challenges affect
player cognition, and a detailed analysis of the most effective measures for classifying
cognitive load levels, specifically in arcade racing games.
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This study aims to contribute to the broader understanding of cognitive load in
gaming and its potential applications in game design and player experience optimization
by investigating the effectiveness of different measurement methods and their integration
into a cognitive load model. The structure of this paper includes a review of relevant
literature on cognitive load theory, its application in gaming, and methods for measuring
it with biosensors. It outlines the research problem, describes the experimental setup,
presents the results, and concludes with implications and future directions.

2 Literature review

2.1 Cognitive Load Theory

John Sweller introduced Cognitive Load Theory (CLT) in [15]. He proposed that infor-
mation and tasks should be presented to minimize mental strain, affect information
retention, and facilitate positive access to long-term memory. Sweller theorized that
memory and cognitive capabilities are inherently limited at any given moment. Thus, an
essential aspect of the learning and problem-solving processes is to maximize the use of
cognitive resources on the task at hand. He categorized cognitive load into three types,
each differently influenced by the task structure. The diagram in Figure 1 illustrates
Sweller’s classification.
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Fig. 1. Presentation of types of CL and their nature (source [11])

Sweller emphasized that while intrinsic and extraneous loads are invariably present
during learning or task performance, germane load arises only when sufficient cognitive
resources are available. The interactions among these loads are depicted in Figure 2.

Cognitive Load Theory finds broad application in various fields such as education
[6] or user interface design [8].
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Fig. 2. Relation between different loads and how they influence CL (source [11])
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2.2 CLT in Video Games

Numerous studies have sought to measure cognitive load in video game players. For
instance, Fortin-Cote et al. [5] attempted to predict the enjoyment derived from video
games using physiological, behavioral, and psychological data.

Pusey et al. [13] introduced a framework for assessing cognitive load in puzzle
games. It utilizes performance-based metrics that eliminate the need for bio-sensors,
which could be stressful, particularly for those unfamiliar with such technology. This
framework was validated across various games.

Lecoutre et al. [7] evaluated the usefulness of eye-tracking technology in assessing
workload or cognitive load. Their study, which also utilized the NASA-TLX subjec-
tive survey, demonstrated that eye-tracking can differentiate between perceptual and
cognitive loads, primarily through variations in fixation duration for cognitive tasks.

2.3 Methods for Measuring CL

The literature suggests two primary approaches to measuring the potential cognitive load
of a task, namely analytical and empirical. The analytical method involves mathematical
models and expert opinions to estimate the mental workload of a task. Due to the chal-
lenges of applying this method across various types of tasks, researchers in the 1990s
shifted focus towards refining empirical methods [12, 14], which provides the following
distinction of CL measures:

— subjective: — objective:
* questionnaires * task performance
* behavioral

* physiological:
* intrusive

* non-intrusive

A systematic review in [2] indicated that the NASA-TLX questionnaire was used in
nearly half of the analyzed studies to assess CL, suggesting it has become a standard for
subjective measures.

Regarding objective measures, task performance is particularly challenging to frame
due toits reliance on the task’s completion status. However, Pusey [ 13] suggested metrics
that could assess task performance using the number of incorrect solutions entered, time
spent on individual puzzles, and the number of actions taken relative to the minimum
required.

Physiological measures are categorized into intrusive and non-intrusive methods,
with non-intrusive methods being preferable as they do not require physical contact
with the participant, thus minimizing stress.

Our study will focus on non-intrusive methods such as pupilometry, eye-tracking,
emotion recognition, and intrusive methods like EEG and GSR. While we won’t take
into consideration behavioral metrics derived from user-computer interactions due to
their specificity to the task nature.
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Despite the significant advancements in cognitive load theory and its application to
video games, the existing literature exhibits several gaps that our study seeks to address.
First, while numerous studies have focused on assessing cognitive load using standard-
ized tools such as the NASA-TLX questionnaire, there remains a lack of consensus on the
optimal methodologies for integrating physiological and performance data. Moreover,
much of the current research predominantly relies on intrusive physiological measures,
which can potentially alter the cognitive load by introducing stress or discomfort to the
participants.

Additionally, the current frameworks for measuring cognitive load in video game
environments often neglect the dynamic interplay between different types of cognitive
loads (intrinsic, extraneous, and germane) and their cumulative effect on a player’s per-
formance and experience. Many studies also fail to adequately explore the implications
of different game genres and difficulty levels on cognitive load, providing a somewhat
limited understanding of how these factors might interact in more complex gaming
scenarios.

The necessity for our study arises from these shortcomings. Our research aims to
develop a more holistic and nuanced model of cognitive load in arcade racing games by
employing physiological and performance-based metrics in a controlled experimental
setup across varying game difficulty levels. Our approach seeks to validate the integration
of diverse measurement techniques and contribute to a more standardized methodology
for assessing cognitive load in gaming contexts. Through this, we intend to fill the critical
gaps identified in the existing literature and pave the way for future research that can
benefit from our findings and methodological innovations.

3 Problem definition

The main focus of this paper is to determine if physiological and subjective measures
can accurately model a player’s cognitive load in arcade racing video games. To explore
this, we have formulated the following research questions that shaped the experimental
design of the study:

RQ1 Are the changes in physiological measures statistically significant across different
levels of cognitive load?

RQ2 How relevant are the responses from biosignals for classifying cognitive load levels
in arcade racing video games?

RQ3 Which measures are most effective for classifying changes in cognitive load within
this gaming context?

4 Experiment Setup

The data was collected by masters students pursuing their degrees [1, 3, 16] and involved
43 participants: 37 males and six females, of Polish, Indian, Congolese, Nigerian,
Kenyan, and Ukrainian origin. 23 participants identified themselves as beginner-level
racing game players, while the remaining were intermediate-level players. There were
no participants who considered themselves experts.
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Fig. 3. UML activity diagram for the study flow presentation

Figure 3 depicts the flow of the experiment. Below, we comment on the most
important aspects of the data collection.

We used the suite of tools paired with iMotions software for data collection. It
included a NIC EEG helmet, a Shimmer S3 for galvanic skin response (GSR), a Gaze-
point G3 eye tracker, and a webcam for emotion recognition and pupilometry. The
summary of equipment and Software used in experiments:

Eye tracker Gazepoint GP3, 150Hz

EEG helmet NIC EEG, 64 channels, 500 Hz sampling rate, filtration: notch noise S0HZ
artifact threshold 102 pV, band pass 0.5-100 Hz

GSR Shimmer S3, calibrated before each session

Software

— 1iMotions, version 8.0
— TrackMania 2008 version

Trackmania Nations Forever was our game of choice due to its multilingual support,
freeware licensing, and the ease with which races can be designed. Its straightforward
rules allow newcomers to quickly understand and engage with the game.

Three levels of difficulty were designed: easy, medium, and hard. They differ in terms
of the maximum time to complete the map, the map length, the number of checkpoints,
the complexity level of the obstacles, and the number of dead ends. The maximum time
needed to finish each map, also known as the maximum driving time, was determined
based on the completion times recorded during test drives conducted by the authors.

The difficulty levels were as follows:

Easy shortest route, five checkpoints, no dead ends, consistent surface, low number
of obstacles, and places where the player may fall off the route

Medium medium-length route, four checkpoints, several dead ends, the same surface
on the entire route, but part of the road was without borders, a significant
number of obstacles and places where the player may fall off the route

Hard longest route, 3 checkpoints, many dead ends, different surfaces on the route:
normal road, dirt road, aroad without border and very narrow road, a very large
number of obstacles and places where the player may fall off the route, very
complicated obstacles that required skills and many attempts to overcome
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The surveys included NASA-TLX, Single Ease Question (SEQ), and Subjective User
Survey (SUS). For the NASA-TLX and SEQ, the rating scale ranged from 1 ("Extremely
low") to 7 ("Extremely high"). The SUS was scored according to its standard, ranging
from 1 to 5.

5 Experimental results

5.1 Data analysis methodology

A summary of participants’ performance based on the time required to complete tasks
is presented in Table 1.

Given the variability in completion times across different tracks, two new standard-
ized measures were prepared to normalize the data: RPM — Retries Per Minute (Eq. 1)
and Advancement (Eq. 2). The results for these measures were presented in Table 2.

retries
RPM =

6]

where retries refers to the total number of retries made by a participant, and T refers to
the time needed by the participant to complete the task.

playthroughTime
advancement =1 — ————

. 2)
maxTrackTime
where playthroughTime is the time the participant spends on a level, and maxTrackTime
is the expected completion time.
The analysis of subjective data was straightforward. The formula for interpreting
NASA-TLX scores is defined in Equation 3.

uestionRatin
tixInterprated = 24 g - 3)
maxScale x numberOfQuestions

where questionRating is the score for a given question, maxScale is the maximum
possible score (7), and numberOfQuestions was 6 (Table 3).

Table 1. Time-based performance of participants per difficulty level.

Track Min time Max time Not finished
Easy 02:40:00 05:57:00 4

Medium 04:46:14 10:17:21 21

Hard 13:27:00 14:20:00 35

During experiments, we explored different measures to quantify cognitive load, such

as Percentage Change in Pupil Size (PCPS) [9], Mean Pupil Diameter Change (MPDC)
[10], and Low-High Index of Pupillary Activity (LHIPA) [4]. Besides the baseline cor-
rection, z-scoring standardization was also used. The results of our experiments are
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Table 2. Avarage RPM and advancement per difficulty level.

Track Avg. RPM Avg. advancement
Easy 0,62 0,452
Medium 1,41 0,255
Hard 1,42 0,047

Table 3. Avarage normalized NASA-TLX score and SEQ score per difficulty level

Track Avg. NASA-TLX Avg. SEQ
Easy 0,48 6,94
Medium 0,66 5,17
Hard 0,72 3,43

shown in Table 4, where we pointed out the statistical method used for each result. The
table shows measures and statistical differences between easy and hard (E-H p-value),
easy and medium (E-M p-value), and medium and hard (M-H p-value) difficulty levels.
Since some value sets did not come from a normal distribution, using the ¢-test wasn’t
always possible. Therefore, we used the Wilcoxon Signed-Rank test in such cases.

Among the 15 measures evaluated, 8 displayed statistically significant differences
across all difficulty levels (with p-value = 0.05), indicating their reliability as indi-
cators of difficulty and cognitive load changes. Furthermore, it was determined that
z-standardization does not negate these differences, allowing the process to be safely
applied without compromising the ability to distinguish between difficulty levels. In one
specific case (standard deviation), the standardized value revealed significant differences,
while the raw value did not. The following measures consistently showed differences
across all difficulty levels:

— Mean pupil diameter and mean z-scored pupil diameter

— Median pupil diameter and median z-scored pupil diameter
— Peak dilation

— PCPS variance

— LHIPA and z-scored LHIPA

— Standard deviation of z-scored pupil diameter

5.2 Results presentation

Various datasets were tested separately and in combination to evaluate the impact of
different data types on cognitive load (CL) modeling. These included physiological
data, performance data, and the combination of all datasets. The following classifiers
were employed to ascertain the most effective model:

— XGBoost,
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Table 4. Cognitive load measures presentation

Measure E-H p-value | E-M p-value | M-H p-value | Statistic
Mean pupil 3,88E-07 2,35E-03 1,64E-06 T-test
Median pupil 0,000001 0,004556 0,000007 T-test
Peak dilation 0,000392 0,006617 0,022277 Wilcoxon
Pupil variance 0,005255 0,151802 0,000001 Wilcoxon
Mean PCPS 0,142182 0,160501 0,004958 T-test
Median PCPS 0,237795 0,160357 0,010168 T-test
PCPS variance 0,009887 0,040195 0,000003 Wilcoxon
MPDC 0,068541 0,218849 0,003718 T-test
LHIPA 1,65E-07 1,94E-04 5,48E-07 Wilcoxon
LHIPA z-scored 1,52E-07 2,46E-04 4,20E-06 Wilcoxon
Z-scored mean pupil diameter 1,64E-08 3,09E-03 1,85E-07 T-test
Z-scored median pupil diameter 0,000002 0,008288 0,000008 Wilcoxon
Z-scored std pupil diameter 2,34E-03 4,35E-02 1,03E-08 T-test
Z-scored variance pupil diameter | 0,004565 0,085462 0,000001 Wilcoxon
Pupil std 0,003425 0,151802 0,000001 Wilcoxon

— Random Forest(RF),

— AdaBoost,

— Support Vector Machine(SVM),

— K-Nearest Neighbours(KNN),

— Gradient Bossting Machine(GBM),

— Naive Bayes(NB),

— Bagging,

— Quadratic Discriminant Analysis(QDA),
— Multi-Layer Percepton(MLP).

The classification aimed to distinguish between three levels of game difficulty: easy,
medium, and hard. The number of features utilized in the classification varied to opti-
mize performance. To quantify classifier performance, we used the F1-score defined in
equation 4

L TP
- TP+ L(FP +FN)

“4)

where TP represents true positives, F'P false positives, and FN false negatives.

The training process utilized models and transformations from the sci-kit-learn
library. The optimal combination of K features and hyperparameters for a given clas-
sifier was sought at the beginning of the process. Models were tested for the following
features: 2, 3,4,5,6,7,8, 10, 12, 15, 17, 20, and all available features. Feature selection
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was conducted using the SelectKBest method, which selects features with the highest k
values, with f.lassif , based on the F value from ANOVA, as the ranking function. The
features were scaled to a range from O to 1 using MinMaxScaler.

Hyperparameter search was conducted using the BayesSearchCV function from the
sci-kit-optimize library. Bayesian search is an iterative algorithm where each subsequent
step is based on the results of the previous ones, optimizing the selection of the next
parameters to test. To avoid overfitting, 5-fold stratified cross-validation was used.

In the validation phase, the classifiers had hyperparameters set according to the result
obtained in the first phase. Using a loop with 100 repetitions, the performance of the
classifiers was calculated, with data being randomly split into training (70% of total
data) and test sets. After completing the loop, the average accuracy and F1 score were
calculated as the final performance measures of the classifier. The loop was necessary
due to the high variance of results between different training and test set splits. In extreme
cases, the accuracy was significantly lower or higher (up to 0.4 less than the average).
In table 5, we present the results for all classification algorithms.

In tests utilizing only physiological data, the highest I score score was 0.776,
with the MLP classifier based primarily on pupilometry and eye-tracking data. When
using only the eye-tracker data, the FI score score dropped to 0.517 with the XGBoost
classifier; other approaches produced even lower results. When we utilized physiological
and performance data, the highest F1 score was 0.877, achieved by the SVM and KNN
classifiers, with the MLP classifier also obtaining a high score of 0.867. Combining these
two data types significantly improved the modeling results, though some classifiers, such
as Naive Bayes and QDA, had limited ability to effectively utilize this integration.

Integrating all datasets did not enhance the modeling results. In some cases, the per-
formance was equivalent to the two-dataset model, but notably, the KNN classifier expe-
rienced a slight decrease in performance, dropping by 0.11 in its F1 score. This suggests
that the extensive range of information might obscure optimal classifier choices, espe-
cially considering the potentially skewed nature of some datasets, such as the subjective
data influenced by the participant demographics and pre-informed difficulty levels.

5.3 Discussion

This study advances our understanding of cognitive load in video gaming by assessing
various methods for measuring cognitive load, including EEG, GSR, eye-tracking, pupi-
lometry, and subjective surveys. Each method has proven effective in capturing different
facets of cognitive load during gameplay, offering insights into how players react under
varying conditions of game difficulty.

The EEG and GSR techniques offered direct measures of neural activity and physio-
logical responses, highlighting players’ real-time cognitive and emotional states. How-
ever, it is important to note that only specific frequencies (alpha and delta) in EEG showed
significant differences across difficulty levels, which aligns with their known roles in
cognitive processing. Similarly, GSR’s utility was primarily indicated by variations in
peak count among different difficulty levels. Eye-tracking and pupilometry provided
valuable insights into players’ focus and attentional engagement, though eye-tracking
data proved challenging for classification due to the dynamic visual demands of racing
games. Not all pupilometry measures were equally informative. Only specific metrics
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Table 5. F1 score achieved by used classifiers divided into three categories depending on a used
dataset for classification: physiological, physiological and performance with subjective measures

Classifier Phys. Phys. and perf. All measures
XGBoost 0,73 0,817 0,826
Random Forest 0,73 0,843 0,824
AdaBoost 0,775 0,706 0,739
SVM 0,775 0,877 0,877
KNN 0,774 0,877 0,866
GBM 0,746 0,78 0,826
Naive Bayes 0,451 0,636 0,666
Bagging 0,423 0,708 0,658
QDA 0,475 0,601 0,668
MLP 0,776 0,867 0,869

showed significant differences, such as mean and median pupil diameter, peak dilatation,
PCPS variance, LHIPA, and z-scored pupil diameter standard deviation. These objec-
tive measures were effectively complemented by subjective evaluations from surveys
that captured players’ self-reported experiences of effort and stress, thereby providing a
holistic view of experienced cognitive load.

Our findings demonstrated a direct relationship between the levels of game difficulty
and the cognitive load experienced by players. As the difficulty increased, so did the
cognitive load, as evidenced by physiological responses and performance metrics. This
understanding is pivotal for developers designing engaging games to not overwhelm the
player, thus maintaining an optimal balance between challenge and player capability.

We identified the most effective measures for classifying cognitive load levels within
arcade racing games. Performance-based metrics such as advancement and retries per
minute, along with pupilometry measures like LHIPA and z-scored LHIPA, emerged as
particularly informative.

Despite the promising findings, we must consider the study’s limitations while inter-
preting results. The relatively homogeneous and small participant group studied in a
controlled laboratory setting limits the impact of the findings. Future studies should aim
to include a broader, more diverse participant pool and possibly extend the research into
more natural settings.

6 Conlusions

We will conclude the paper relating to the research questions from section 3. The first
question is tricky to answer since physiological measures may be affected by the nature
of the medium that the participant is interacting with. However, in most cases, there were
statistical differences that allowed for the automatic classification of different cognitive
loads in correspondence to game difficulty.
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In our research, biosignals were the base and most thorough data we obtained; saying
S0, one must also note that in intrusive methods of data harvesting, even with only stuck
electrodes to the skin, it can, in some individuals, generate minor levels of agitation or
stress. Thus the answer to the second question is positive, meaning the biosignals are
relevant and should be used for cognitive load classification.

Within our study, the most useful measures were performance-based ones, mostly
those considering pupilometry and GSR. (For pupilometric measures, it was LHIPA and
z-scored LHIPA; for performance-based measures, it was advancement and retries per
minute).

Although the results are promising there are a couple of issues that should be men-
tioned. Our participant pool lacked any individuals on an expert level in racing video
games, and the number of participants was also low. The fact that participants were from
very different nationalities also could have an effect on the data; due to the nature of
the study and its limitations, strict and unnatural game time constraints were put into
place. In future works, these variables could be accounted for to further develop our
understanding of CL modeling for gamers.
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Abstract. This study assesses the behavioral intention and use of ChatGPT among
accounting and finance higher education students, highlighting differences over
the years 2023 and 2024. Utilizing survey data from 237 students in 2023 and 288
students in 2024, the study employed frequency analysis and the independent-
samples Mann-Whitney U test. The results confirmed that both the levels of
behavioral intention and use of ChatGPT increased significantly over the exam-
ined years. This research provides valuable insights into the growing fascination
and engagement with ChatGPT and its expanding applications in the educational
domain. However, using ChatGPT for educational purposes is a relatively new phe-
nomenon that requires further exploration and empirical validation across diverse
research samples and disciplines.

Keywords: ChatGPT - Accounting - Finance - Generative Al - Education -
Behavioral intention - Use

1 Introduction

Some studies have explored ChatGPT’s potential applications in the accounting and
finance fields, confirming its ability to reshape various accounting processes by automat-
ing repetitive tasks, enhancing financial and managerial reporting and analysis, improv-
ing auditing and tax practices, and simplifying client interactions [1-3]. Nonetheless,
accounting and finance higher education face challenges in effectively integrating Chat-
GPT’s capabilities into the learning process [4], even though young people seem to
benefit from it during the learning process.

Generative artificial intelligence, particularly ChatGPT, has emerged as one of the
most promising tools in recent times [5], potentially revolutionizing higher education [6].
ChatGPT presents valuable opportunities for students, such as personalized feedback,
enhanced accessibility, interactive conversations, lecture preparation, performance eval-
uation, and innovative methods for learning and understanding concepts and theories [7].
According to a literature review by Faisal [8], ChatGPT’s can reshape the educational
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ecosystem, improve research, writing, and bridge language gaps, while Arista et al. [9]
emphasized its capabilities in assisting students with academic writing, language instruc-
tion, and classroom learning. Rahman and Watanobe [10] highlighted ChatGPT’s role
as a valuable assistant for learners. It can help students develop their reading and writ-
ing skills, create explanations and step-by-step solutions to given problems, enhance
problem-solving abilities, and foster analytical and out-of-the-box thinking. Addition-
ally, it supports learners with disabilities by providing services such as speech-to-text
and text-to-speech.

The literature review findings by Bhullar et al. [11] indicated that the use of ChatGPT
in higher education has been studied extensively by scholars in the United States but less
so in other countries. Adams et al. [12] found that a large majority of students perceive
ChatGPT as useful for academic purposes and augmenting their learning experience.
Costa et al. [5] examined Portuguese graduate students. More than half reported using
ChatGPT in an academic context, primarily to search for information and generate initial
ideas for tackling topics. Based on the literature synthesis, Bhullar et al. [11] revealed
that the use of ChatGPT in higher education has primarily focused on the medical and
tourism sectors, indicating a need for researchers to explore its applications in other
disciplines. We found only a few studies regarding the use of ChatGPT by accounting
and finance students. Wood et al. [13] presented findings on the performance of ChatGPT
in the accounting field. They found that ChatGPT provided accurate responses for 56.5%
of the questions and partially correct answers for an additional 9.4%. However, students
performed significantly better, with an average score of 76.7% on assessments compared
to ChatGPT’s 56.5%. Despite this, ChatGPT outperformed the student average in 15.8%
of the assessments. Abeysekera [4] explored how ChatGPT can support students in
accounting course units. Based on the findings, while ChatGPT can support students
in learning accounting by providing solutions to both numerical-based and narrative-
based questions, it often produces incorrect answers due to misunderstanding underlying
assumptions and the complexity of the tasks. However, the improved performance of
ChatGPT4, scoring in the 90th percentile for Introductory Financial Accounting and the
70th percentile for Advanced Financial Accounting, indicates its potential as a valuable,
albeitimperfect, learning aid. Based on the literature review, it can be concluded that there
is limited direct information on whether accounting and finance students use ChatGPT
in learning.

The use of ChatGPT among higher education students is influenced by various predic-
tors such as habit, performance expectancy, effort expectancy, learning value, behavioral
intention, and hedonic motivation [14—16]. According to Cai et al. [16], behavioral inten-
tion predicts learning effectiveness in ChatGPT-assisted language learning better than
other predictors like perceived satisfaction and performance expectancy. Furthermore,
Strzelecki [14], Acosta-Enriquez et al. [17], and Ziemba et al. [18] also confirmed that
behavioral intention has the most significant effect on the use of ChatGPT by students.

However, behavioral intention to use technology does not always lead to actual use,
leading to the ‘intention-behavior gap’ [19]. Therefore, it is interesting to examine the
levels of behavioral intention and usage of ChatGPT among accounting and finance
higher education students and how these levels have changed over the years. It seems
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particularly interesting when because the possibilities of ChatGPT in supporting stu-
dents’ learning overall [8], including in accounting and finance [1], and the influence
of students’ behavioral intention on the use of ChatGPT [14] are being explored, there
is a lack of studies on the levels of behavioral intention and usage of ChatGPT among
accounting and finance higher education students and how these have changed over the
years.

The main objectives of this paper are to assess the levels of behavioral intention and
use of ChatGPT among accounting and finance higher education students and to indicate
the differences in these levels over the years. Using survey questionnaires conducted in
2023 and 2024 and statistical analyses, the study focuses on addressing the following
four research questions:

RQ1: What is the level of behavioral intention to use ChatGPT among accounting and
finance higher education students?

RQ2: What is the level of ChatGPT use among accounting and finance higher education
students?

RQ3: How have the levels of behavioral intention and use of ChatGPT among accounting
and finance higher education students changed over the past two years?

The remainder of the paper is organized as follows. The next section discusses the
behavioral intention and use of ChatGPT in accounting and finance learning by higher
education students. Following that, the methodology employed in this study is presented.
The subsequent sections report the research findings along with their discussion. Finally,
the last section concludes the paper.

2 Theoretical Background and Research Hypotheses Development

Behavioral intention is a core concept in technology adoption [20]. The behavioral
intention to use technology refers to an individual’s conscious plan and readiness to
use a given technology for a specific task or purpose [19, 20]. This concept is also
defined as the likelihood of an individual using a particular technology [21]. In this
research, the behavioral intention to use ChatGPT is defined as the willingness of higher
education students to use ChatGPT to learn accounting and finance. It represents their
inclination and desire to use ChatGPT. Behavioral intention to use ChatGPT among
accounting and finance higher education students can be measured using a three-item
scale adapted from Davis [22] and Venkatesh et al. [23] and extensively used in much
of the previous individual technology acceptance research. Based on these items for
measuring behavioral intention, the following three hypotheses were developed:

H1: There are statistically significant differences in the behavioral intention to continue
using ChatGPT among accounting and finance higher education students between 2023
and 2024

H2: There are statistically significant differences in the behavioral intention always to
try using ChatGPT among accounting and finance higher education students between
2023 and 2024

H3: There are statistically significant differences in the behavioral intention to use Chat-
GPT frequently among accounting and finance higher education students between 2023
and 2024
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Numerous researchers have found that behavioral intention significantly impacts
technology use [20], including its use in learning [14, 24]. ChatGPT can be used by
students in various learning activities. It can enhance academic writing by providing
immediate feedback, generating content ideas, and ensuring cohesive organization within
students’ writing [25]. Additionally, it provides personalized feedback, interactive learn-
ing, and individualized assistance, enhancing students’ understanding and exploration of
complex concepts [26, 27]. Ziemba et al. [18] identified several student learning activ-
ities supported by ChatGPT, including writing theses, working on class assignments,
doing homework, preparing projects, writing essays and papers, self-studying, and gain-
ing knowledge and skills on a given topic. Based on these items for measuring the use
of ChatGPT, the following four hypotheses were developed:

H4: There are statistically significant differences in using ChatGPT among accounting
and finance higher education students for writing theses between 2023 and 2024

HS: There are statistically significant differences in using ChatGPT among accounting
and finance higher education students for working on classes between 2023 and 2024
H6: There are statistically significant differences in using ChatGPT among accounting
and finance higher education students for completing homework between 2023 and 2024
H7: There are statistically significant differences in using ChatGPT among accounting
and finance higher education students for self-studying between 2023 and 2024

3 Material and Methods

3.1 Questionnaire

The Likert-type instrument—a survey questionnaire—was developed using the method
proposed by Venkatesh et al. [23] and Ziemba et al. [18]. Questions were organized to
reflect theoretical constructs, as shown in Table 1.

For the questions related to behavioral intention to use ChatGPT, the scale’s descrip-
tions were: 7 — strongly agree, 6 — agree, 5 — somewhat agree, 4 — neither agree nor
disagree, 3 — somewhat disagree, 2 — disagree, 1 — strongly disagree. For the questions
related to ChatGPT use, the scale’s descriptions were: 6 — once a day or more often,
5 — once a week or more often, 4 — several times a month, 3 — several times, 2 — only
once, 1 — never.

3.2 Sample and Data Collection

The questionnaire was distributed via Google Forms and sent directly by the Google
Classroom platform to accounting and finance students at the University of Economics
in Katowice, Poland. The data were collected during two periods: between May 8th,
2023, and June 8th, 2023, as well as between March 20th, 2024, and April 4th, 2024. The
studies were designed to be treated as independent to account for the dynamic changes
in the subject matter over the two years. While we recognize the value of identifying
recurring respondents, the core objective was to capture the evolution and variability of
the data across different cohorts. Therefore, the impact of recurring respondents, if any,
was not considered a primary factor in our analysis. Additionally, the study was treated
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Table 1. Survey questions.

Id Question Variable Source

Behavioral intention to use ChatGPT (BI)

1 I intend to continue using ChatGPT in my future education | BI1 [23]
2 I will always try to use ChatGPT in my daily education BI2

3 I plan to continue to use GenAl in my education frequently | BI3

Use ChatGPT (USE)

4 I use ChatGPT for writing my thesis USE1 [18]

(undergraduate/master/doctoral/postgraduate)

I use ChatGPT while working on classes at the university USE2

T use ChatGPT for completing homework, preparing USE3
projects, composing papers, writing essays
7 I use ChatGPT for self-study, acquiring knowledge and USE4

skills in an interesting topic related to my accounting and
finance education

as independent due to the changing student population, which may not have included
students who graduated the previous year and could no longer be surveyed.

According to Kock [28], a minimum sample size of 100-200 observations is required
to ensure the accuracy and validity of the findings. A total of 237 valid responses were
collected in 2023, and 288 responses were collected in 2024, resulting in response rates of
14% and 17%, respectively. This means that 14% and 17% of all accounting and finance
students at the university participated in 2023 and 2024, respectively. The sampling error
for an infinite population was approximately 6% in 2023 and 5% in 2024 at a confidence
level of 95% (assuming p = q = 0.5). Hence, the sample sizes of 237 and 288 students
were considered appropriate.

3.3 Respondents Profile

The basic descriptive profile of respondents is shown in Table 2.

The results indicate that most answers were from bachelor’s degree students (56.5%
in 2023, 62.2% in 2024), while the rest accounted for master’s and higher degree students
(43.5% in 2023, 37.8% in 2024). The group was also representative due to the greater
involvement of females (70% in 2023, 63.9% in 2024) than males (28.7% in 2023, 31.6%
in 2024), as it is registered that more women are attending in the presented field of study.

3.4 Methods

The database has been processed to avoid incorrect answers. The process involved iden-
tifying and addressing missing or incomplete values and detecting automated answers.
Automated answers, such as choosing the same answer for all questions, resulted in the
rejection of those responses.
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Table 2. Respondents’ profile

Characteristics Students in 2023 Students in 2024
Number Y% Number %

Level of Study Ist degree (bachelor) 134 56.5% 179 62.2%
2nd degree (master) or | 103 43.5% 109 37.8%
higher

Gender Female 166 70.0% 184 63.9%
Male 68 28.7% 91 31.6%
Other 3 1.3% 13 4.5%

The data were stored in Microsoft Excel format and analyzed using IBM SPSS
Statistics ver.29 and Microsoft Excel. The frequency analysis was used to assess the
levels of behavioral intention and use of ChatGPT among accounting and finance higher
education students. Frequency analysis was used to evaluate the levels of behavioral
intention and use of ChatGPT among accounting and finance higher education students.
Furthermore, the independent-sample Mann-Whitney U test was employed to determine
if there were statistically significant differences between the distributions of scores for
these levels in 2023 and 2024. The Mann-Whitney U test was used to find statistical
differences between the two groups [29]. It is important to note that the test results hold
true without continuity assumptions [30], making it useful for comparing ordinal data.

4 Results

4.1 Behavioral Intention to Use ChatGPT

Frequency analysis was employed to answer research question RQ1. The results pre-
sented in Table 3 clearly illustrate that the behavioral intention levels to use ChatGPT
among accounting and finance higher education students differ across the measured
periods.

In 2023, 60% of students, and in 2024, 73% of students confirmed that they strongly
agree, agree, or somewhat agree with the behavioral intention to continue using ChatGPT
(BI1). For the behavioral intention to always try using ChatGPT (BI2), there were 25%
of students in 2023 and 32% of students in 2024. Regarding the behavioral intention to
use ChatGPT frequently (BI3), there were 42% of students in 2023 and 45% of students
in 2024.

In summary, it can be stated that the behavioral intention to use ChatGPT among
accounting and finance higher education students for educational purposes increased
over the two years. These findings extend previous research that determined the impact
of student behavioral intention to use ChatGPT [14, 16] by assessing the level of students’
behavioral intention.
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Table 3. Level of behavioral intention to use ChatGPT

Variable Year Level
1 2 3 4 5 6 7
BI1 2023 8% 9% 8% 16% 19% 13% 28%
2024 3% 3% 8% 12% 28% 20% 25%
BI2 2023 24% 17% 17% 17% 12% 8% 5%
2024 17% 15% 18% 18% 19% 4% 9%
BI3 2023 16% 12% 14% 17% 17% 14% 11%
2024 11% 9% 16% 19% 22% 9% 14%

4.2 Use ChatGPT

Regarding research question RQ2, frequency analysis was employed. The results pre-
sented in Table 4 clearly illustrate that the ChatGPT use levels among accounting and
finance higher education students differ across the measured periods.

Most accounting and finance higher education students confirmed that they used
ChatGPT for educational purposes in both periods, except for using ChatGPT for writing
theses (USE1). This may be due to the structure of the research sample, in which a
significant number of students have not yet started writing their theses. Concerning the
use of ChatGPT while working on classes at the university (USE2), in 2023, 49% of
students had never used ChatGPT, whereas, in 2024, only 21% of students had not used
it. Regarding the use of ChatGPT for completing homework (USE3), in 2023, 45% of
students had never used ChatGPT for this purpose, while in 2024, only 17% of students
had not used it. Regarding using ChatGPT for self-study (USE4), in 2023, 33% of
students had never used ChatGPT for this, whereas in 2024, only 19% of students had
not used it.

Table 4. Level of ChatGPT use

Variable Year Level
1 2 3 4 5 6
USE1 2023 78% 8% 8% 2% 2% 3%
2024 67% 5% 15% 7% 5% 2%
USE2 2023 49% 6% 27% 7% 8% 3%
2024 21% 6% 38% 20% 13% 2%
USE3 2023 45% 10% 29% 7% 6% 3%
2024 17% 7% 44% 19% 10% 3%
USE4 2023 33% 8% 31% 6% 11% 11%
2024 19% 7% 36% 24% 10% 4%
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In summary, the research findings suggest that ChatGPT is gaining popularity among
students for solving educational tasks during university classes, completing homework
such as preparing projects, composing papers, and writing essays, as well as for self-
study, such as acquiring knowledge and skills in topics related to university accounting
and finance education. These findings extend previous research that determined how
ChatGPT can become a human agent for accounting students in financial accounting
course units [4] and compared ChatGPT and student performance in accounting [13].
Neither of these studies assessed the level of use of ChatGPT by accounting and finance
higher education students.

4.3 Differences in Behavioral Intention and Use of ChatGPT

Addressing research question RQ3, the Mann-Whitney U Test was employed. The
research results allowed us to identify differences in the levels of behavioral intention
and use of ChatGPT among accounting and finance higher education students over the
past two years (Table 5). It was revealed that the asymptotic significance is >0.05 for the
intention to use ChatGPT frequently among accounting and finance higher education
students (BI3), whereas this measure is <=0.05 for the remaining variables.

In summary, significant differences were observed in the intention to continue using
ChatGPT and always try using ChatGPT among accounting and finance higher education
students between 2023 and 2024. However, such differences were not confirmed in the
intention to use ChatGPT frequently among accounting and finance higher education
students between 2023 and 2024. Overall, the behavioral intention to use ChatGPT
among accounting and finance higher education students increased over the two years.
Furthermore, the use of ChatGPT has also increased over the years, and the difference in
using ChatGPT among accounting and finance higher education students was statistically
significant between 2023 and 2024. Therefore, hypotheses H1, H2, H4, HS, H6, and H7
are supported, while H3 is not supported.

5 Discussion

Our results indicate that ChatGPT, the new Al technology, is accepted and increasingly
used by students for educational purposes. Consequently, recommendations for higher
education are necessary. The following are particularly important:

1. Integrating ChatGPT into curricula:

e incorporating ChatGPT as a supplementary tool in accounting and finance courses
can help students solve complex problems, understand difficult concepts, and gain
additional insights;

e developing specific assignments and projects that leverage ChatGPT to enhance
learning outcomes and encourage students to explore its capabilities.

2. Providing training and resources:

e offering training sessions for students and faculty on effectively using ChatGPT for
educational purposes, including best practices, potential limitations, and ethical
considerations;
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e creating resources and guides that outline how ChatGPT can be used for various
academic tasks, such as preparing projects, composing papers, writing essays, and
dissertations.

3. Enhancing self-study programs:

e encouraging the use of ChatGPT for self-study by integrating it into independent
learning modules can help students acquire knowledge and skills in topics related
to accounting and finance outside of regular class hours;

e providing students with access to ChatGPT as a study aid, helping them explore
topics in greater depth and from different perspectives.

4. Monitoring and evaluating usage:

e continuously monitoring and evaluating the use of ChatGPT in educational settings
to assess its impact on learning outcomes and gather feedback from students and
teachers to identify areas for improvement;

e conducting regular surveys and studies to understand how the use of ChatGPT
evolves over time and adjust educational strategies accordingly.

5. Promoting ethical use:

e cducating students and teachers about the ethical implications of using Al tools
like ChatGPT and raising awareness of academic integrity and the responsible use
of such technologys;

e developing guidelines and policies that address the ethical use of ChatGPT, ensur-
ing that it enhances learning rather than replaces critical thinking and original
work.

By implementing these recommendations, higher education institutions can effec-
tively leverage ChatGPT to improve educational outcomes, foster innovation, and
prepare students for the evolving demands of the accounting and finance professions.

6 Conclusion

This study assesses the levels of behavioral intention and use of ChatGPT among account-
ing and finance higher education students and indicates the differences between 2023
and 2024. Overall, this study confirmed that the levels of behavioral intention and use of
ChatGPT increased over the examined years, and the differences between the years were
statistically significant. From year to year, students more often use ChatGPT for solving
educational tasks during university classes, completing homework such as preparing
projects, composing papers, and writing essays, writing their dissertations as well as
for self-study, such as acquiring knowledge and skills in topics related to university
accounting and finance education.

Our findings complement recent studies by Strzelecki [14] and Cai et al. [16], which
investigated the impact of students’ behavioral intention to use ChatGPT at a single
point in time. Our findings also added new insights into cross-sectional study studies
on the use Chat GPT for accounting and finance, e.g., Abeysekera’s [4] determined
how ChatGPT can become a human agent for students in financial accounting course
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units and Wood et al. [14] compared ChatGPT and student performance for questions
from accounting assessments and textbook test banks. Compared to these studies, our
research assessed the levels of behavioral intention and use of ChatGPT. Additionally,
our research was longitudinal in nature and conducted over two periods. In summary,
our study contributes to the existing body of knowledge by providing a longitudinal
analysis of the behavioral intention and use of ChatGPT among accounting and finance
higher education students. It confirms the increasing acceptance and ChatGPT use over
time and offers a comprehensive view of how this technology is integrated into various
educational tasks during and outside of regular class hours. This research underscores
the importance of continuous monitoring and adaptation of Al tools like ChatGPT in
academic settings to enhance learning outcomes and support educational innovation.

Like any exploratory study, this research has several limitations. First, ChatGPT and
its application for educational purposes are relatively new phenomena that require further
exploration and repeated empirical validation. Second, the sample consisted of students
from the University of Economics in Katowice, Poland. Therefore, caution should be
exercised when generalizing the findings to other fields of study, regions, and countries.

This study confirms the recent surge in interest and use of ChatGPT globally, indicat-
ing that students’ interaction with Al is rising. However, this new phenomenon requires
further exploration and empirical validation. Future research could evaluate the use of
ChatGPT among higher education students and teachers across different disciplines
within the social sciences and in various countries. Subsequent studies might aim to
develop guidelines and best practices for incorporating Al tools like ChatGPT into aca-
demic settings, ensuring a balance between technological innovation and maintaining
academic rigor.
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Abstract. Artificial intelligence tools are currently being implemented in most
IT solutions. The range of their capabilities and their ever-improving quality are
leading to increasing confidence in these solutions. One such area where the use
of generative artificial intelligence is becoming increasingly widespread is trans-
lation science. The development of free tools to support translation processes is
influencing the spread of their use even in professional text translation processes.
The research on the scope and validity of the use of Al tools in translation pro-
cesses was inspired by the cooperation of the authors of this article in Dutch
translation. This article presents the first stage of the author’s research dedicated
to identifying and assessing the quality of translation processes supported by Al
tools. The article aims to perform a bibliometric analysis of the scholarly interest
in the topic of the use of Al in translation processes.

Keywords: artificial intelligence - translation processes - bibliometric analysis

1 Introduction

The general availability of IT tools supporting the translation of texts, including free
tools, is becoming a reason for increasing interest in the development of these tools and
in their use for professional purposes, such as the translation of business documents,
scientific papers, or other documents that were previously translated only by profes-
sional translators. The implementation of generative artificial intelligence in IT tools
in the field of translation has significantly accelerated and made the use of automatic
translation even more widespread. The increased need to translate texts from different
languages is one of the effects of globalization. Business relations, social relations, edu-
cation, and other human communication processes have assumed a global dimension.
In this dimension, language diversity has become one of the key barriers to effective

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2025
M. Hernes et al. (Eds.): ECAI 2024, LNNS 1217, pp. 77-89, 2025.
https://doi.org/10.1007/978-3-031-78465-1_7


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-78465-1_7&domain=pdf
http://orcid.org/0000-0002-0464-8555
http://orcid.org/0000-0002-0971-0119
https://orcid.org/0009-0001-8248-8788
https://orcid.org/0009-0006-3119-5260
http://orcid.org/0000-0001-9686-1056
http://orcid.org/0000-0003-3550-8624
https://doi.org/10.1007/978-3-031-78465-1_7

78 A. Grenczuk et al.

communication. Unfortunately, the level of proficiency in English, which is generally
recognized as an international language, is not always satisfactory for the parties to the
communication processes so that the transfer of information is correct. On the other
hand, it is not always possible to involve an interpreter. This contributes to distortions in
communication processes and hinders business processes, especially on a global scale.
Modern IT tools have been supporting translation processes for many years now, but
this has so far been done passively.

The development of Al opens new opportunities for the improvement of real-time
translation processes with a concomitant increase in creative translation support.

The above considerations contributed to the authors’ formulation of research
questions:

RQ 1. What trends have been noted in the context of the use of Al in translation in the
academic publishing environment?

RQ 2. Which countries have published most frequently in the context of using Al in
translation?

RQ 3. Which authors have published articles on the perspective of using Al in translation?
RQ 4. What journals publish papers specifically addressing the use of Al in translation?

The above-mentioned research questions became the determinant for the formulation
of the aim of this article, which is to investigate the degree of interest in the above-
mentioned problem among scientists and how often this problem is addressed in the
literature. The authors of this article will carry out a bibliometric analysis of the above
scientific area to diagnose the state of the literature in this scientific area. To carry out
the bibliometric analysis, publications from 2010 to 2024 from scientific databases such
as Scopus were examined. In the research, the authors used IT tools such as VOSviewer
[1], and Bibliometrix and R programming language package [2].

2 Theoretical Background

2.1 Problems in Translation Processes

Carrying out a text translation is a resource- and time-consuming activity. It requires
quite a lot of precision to properly choose the right words or phraseological compounds.
Depending on the text to be translated, an inadequate translation can cause problems not
only in the communicative layer but can also cause legal problems.

While these approaches are beneficial for classification and providing insights into
series, they may encounter difficulties in preserving the integrity of local patterns during
translation processes. Additionally, the use of machine translation has been commer-
cially successful but has also faced criticism, indicating a notable level of skepticism
and concern regarding the accuracy and reliability of automated translation tools [3]. The
translation of artificial intelligence (AI) models into clinical settings presents significant
challenges. Although deep learning networks have shown exceptional performance in
tasks like speech recognition and image captioning, translating these models into prac-
tical clinical applications necessitates thoughtful consideration [4]. Challenges such as
unintended negative consequences and the necessity for transparency in decision-making
processes within Al systems can impede the seamless integration of Al technologies into
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healthcare settings [5]. Moreover, translating behavioral data into actionable sugges-
tions for promoting healthier lifestyles through automated systems encounters obstacles
due to the lack of human involvement in the process [6]. Developing systems capable
of accurately translating behavioral data into personalized recommendations without
human intervention remains a complex challenge in leveraging technology to enhance
health outcomes. Additionally, translating machine learning algorithms into clinical
practice for predicting diabetes complications underscores the importance of integrating
these algorithms with classical statistical strategies to derive meaningful insights from
data [7]. Furthermore, translating Al ethics principles into practical tools and methods
for ensuring ethical Al development and deployment involves a rationalization process
heavily reliant on language and discussion to establish agreed-upon norms and stan-
dards [8]. Bridging the gap between ethical principles and their implementation in Al
systems demands a comprehensive understanding of the practical implications of these
principles and their translation into actionable practices within the Al development pro-
cess. In the domain of machine translation, translating knowledge graph embeddings
through dynamic mapping matrices underscores the importance of representing rela-
tions as translations between entities to achieve state-of-the-art performance [9]. This
approach emphasizes the significance of effectively capturing and representing rela-
tionships within knowledge graphs to enhance the performance of embedding models.
Additionally, translating semantic matching techniques in search tasks highlights the
reliance on semantic matching for various natural language processing applications,
including question answering and cross-language information retrieval [10].

The level of difficulty increases when dealing with highly specialized texts or simul-
taneous interpreting. In the case of the translation of specialized, industry-specific texts,
especially those with sophisticated terminology as well as specific phraseological com-
pounds or numerous idiomatic expressions, a special role was played by sworn inter-
preters and those cooperating with a specific environment, e.g. medicine, law, etc. How-
ever, the turnaround time and costs were correspondingly much longer and higher. A
similar situation applies to simultaneous interpreting, which requires interpreters not
only a high degree of linguistic competence, including a specialized vocabulary, but
also other predispositions such as creative and imaginative interpreting, following the
context and intentions of the sender.

Therefore, in the traditional form, the translator had to have the necessary skills
and competencies, and, in addition, the translation process had to be supported using
auxiliary materials such as dictionaries, lexicons, specialized dictionaries, or appropriate
documentation.

Figure 1 presents a visualization of the traditional translation process.

In the traditional approach, the person doing the translation must determine the scope
of the translation (how long, whether the text is formal in nature or not), and then identify
the scope of the translation. This is followed by the execution of the translation. It is
worth noting that this task is burdened with a time criterion, which on the one hand can
be predetermined or measured. Once the translation is done, the formal processing of
the document with the translation takes place, and then we can consider this as the end
of it.
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Fig. 1. The traditional translation process.

Although the process presented in the diagram appears relatively straightforward, a
number of difficulties may arise during implementation.

In the literature as well as in business, the following aspects have been identified as
the biggest problems:

— Low availability of specialized translation services especially in the case of languages
with low penetration,

— Long delivery times, especially for long and highly specialized texts,

— extremely low availability of simultaneous interpreting services, or even none at all
for rare languages,

— High prices of translation services.

The above-mentioned aspects mainly concern problems classified as the economic avail-
ability of translation. In addition, problems resulting from cultural differences, the lack of
consideration for the context of the translated text, and the different levels of knowledge
between the parties for whom the text is being translated are very important problems
that are often overlooked. These difficulties, although much less frequently pointed out
in the literature, are nevertheless important, especially in translation processes carried
out in the diplomatic, social, legal, or other spheres, which primarily involve the need
to empathize with the translation process.

The concept of using IT solutions based on artificial intelligence can significantly
improve the efficiency of these processes and, above all, increase their accessibility while
reducing costs.

The development of IT tools supporting translation processes available on a mass
scale or specialized contributes to their increasingly widespread use.

2.2 Al in Translations

With the development of ICT and the globalization of business processes, there has
been a growing interest in IT tools supporting both passive translation (of written texts)
and active translation (in face-to-face communication). The thesis process has been
further intensified by the popularization of Al tools, whose quality and availability are
both increasing. The purpose of these tools is to carry out translation processes so that
language barriers between communication subjects are as low as possible. These tools
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can not only translate texts into a dozen or even several dozen different languages, but
their task is to carry out these processes in real-time, considering the context of the
conversation. Using machine and generative learning techniques powered by an ever-
increasing amount of text, they are learning and developing their potential. The popularity
of these tools is growing, which determines an ever-widening list of programs that can
be used in translation processes. Among the most popular are tools such as:

— Google Translate - “Google Translate is an instant translation tool that can be accessed
via a web browser or a software application. Using both TTS and ASR, it can translate
words, phrases, and full texts from one language to another” [11].

— Smartling Translate — is an example of the CAT tool. The tool itself is a web-based
application, which allows bilingual translation. “CAT tools contain no program based
on machine translation and no ready-made bilingual dictionary. The “dictionary” is
created by the translator with each translation and revision. She explained further that
looking for a term with a CAT tool means searching through the previously created
translation memory” [12].

— DeepL - is a translator. DeepL has the functionality of DeepL Write, which is an
Al-based writing assistant. It corrects the entered text and checks its grammatical
syntax. It also enriches the text with phrases typical of the language [13].

— QuillBot AI - is a text paraphrasing tool that uses Al Its goal is to preserve the
intended content while restructuring sentences and using synonyms [14].

— Copy.ai — Copy.ai is an advanced platform for generating high-quality texts that use
machine learning algorithms [15]. It offers different pricing options depending on
user preferences.

— Microsoft Bing Translator - is a free tool based on machine translation (MT). Its
definite advantages are speed of translation, cost, as well as convenience [16].

— Grammarly — is a grammar checker tool available in basic functionality for free. It
is a widely used tool around the world [17]. Considering the use of Al, Grammarly
offers functionalities for correcting text according to indicated criteria or simplifying
1t.

When delving into Al in translation, it’s important to recognize the wide-ranging effects

and difficulties linked with this technology. Al has displayed promise in improving pro-

cesses, increasing automation, and efficiently communicating with humans [18]. Never-
theless, even with Al progress, human translators are still essential for providing precise,
detailed, and culturally sensitive translations [19]. Incorporating AI models in health-
care, like for histopathologic categorization, emphasizes the need to address possible
unintended side effects and guarantee the dependability of Al-supported tools [5]. Deep
learning, a branch of artificial intelligence, has shown impressive results in activities such
as speech recognition, image captioning, and language translation [4]. The transforma-
tive potential of Al in bridging communication gaps across diverse linguistic contexts
is highlighted by the high levels of performance in recognizing speech and translating
text between languages achieved by deep learning networks. Additionally, it is essential
to transform Al ethics principles into tangible tools and approaches to guarantee the
ethical progress and implementation of Al [8]. This process of translating involves turn-
ing ethical principles into practical actions in Al systems to maintain ethical standards
and encourage responsible use of Al. Sophisticated algorithms are needed to effectively
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learn and represent mappings between different visual domains in image-to-image (12I)
translation [20]. Approaches like varied image-to-image translation through disentan-
gled representations intend to produce a variety of results by utilizing encoded content
features and attribute vectors [21]. These methods highlight the intricacy of converting
visual data between different fields and the need for sophisticated algorithms to guaran-
tee precise and authentic changes. Moreover, the potential of Al-enabled technologies to
enhance communication for individuals with hearing impairments is exemplified by the
use of Al in sign language recognition and bidirectional communication through smart
gloves [22]. Deep learning structures are essential for identifying sign language move-
ments and facilitating efficient communication in virtual reality environments. Moreover,
emphasizing transparency in Al decision-making is crucial when utilizing explainable Al
models to predict acute critical illnesses from electronic health records [23]. Explicable
Al improves the translation of clinical care by offering explanations for Al predictions,
thus building trust and comprehension in healthcare environments. The incorporation of
IoT, big data, and Al technologies in agriculture and the food industry signals how Al
is revolutionizing agricultural processes and improving food production [24]. Machine
learning algorithms are essential for extracting information from unstructured data to
complete tasks like notifying users or improving important agricultural procedures. Also,
the creation of artificial intelligence tools for predicting demand and optimizing prices
in e-commerce showcases the real-world uses of Al in managing revenue and analyzing
business data [25]. Machine learning methods allow for precise calculation of past sales
records and forecasting of upcoming product demand, improving decision-making in
retail environments.

The list of tools using artificial intelligence is much longer and will continue to
grow. Scientific studies most often draw attention to the development of Al tools and
their increasing effectiveness, accuracy, and speed in translation. The features to be
evaluated usually depend on the needs of the users, who decide to choose IT solutions
rather than a traditional translator. The choice of a tool that can be used is determined
by many factors, but the most common criteria are:

— accuracy of translation — the accuracy and completeness of translations are assessed
while considering the context in which the text is translated,

— number of supported languages — some of the tools support only a few languages,
other tools can support up to several dozen languages,

— the ability to provide real-time translations — solutions that enable the translation of
not only written texts, but also simultaneous interpreters are becoming more and more
popular,

— security and privacy — they are of particular importance for formal, business, political,
and legal translations, where confidential information is subject to translation,

— access prices — more and more tools have free versions with the possibility of
purchasing extended functionalities,

— the ability to integrate with other programs and applications.

The criteria mentioned above determine the choice of an Al solution that can be used
in translation processes. However, other criteria may also be considered for specific
translations.
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3 Methodology

In accordance with the research questions posed, the authors decided to conduct a bib-
liometric analysis in the first stage of the research, to identify key trends and views on the
use of Al in translation processes. In addition, the authors want to identify the authors,
research centers, and journals in which the largest number of publications on this subject
can be found. Figure 2 presents the research procedure.

Identify keywords

Search in Scopus database

Extract results

Upload results in VOSviewer and Bibliometrix

Perform analysis

Fig. 2. Research procedure.

Table 1 presents the query search. The table contains information related to
inclusion/exclusion criteria.

The final results are 7125 records, which were analyzed with VOSviewer and
Bibliometrix.

4 Results

The scope of the obtained collection begins in the 1960s. It can be observed that the largest
increase in the number of publications began around 2008. The detailed distribution of
publications between 2010 and 2024 is shown in Fig. 3.

As can be seen from the analyzed collection - one can see quite strongly an upward
trend. The number of publications indicates interest in the topic. Therefore, it can be
assumed that the topic will continue to be updated.

Keywords for translation based on the query used show the relationship between
translation keywords and artificial intelligence methods. This relationship is shown in
Fig. 4.

From the keyword analysis presented, it can be pointed out that there is a stronger
relationship between the keyword’s “translation” “artificial intelligence” and “machine
learning.” In addition, there is also a weaker relationship between the words “natural
language processing” and “deep learning.” It can be said that the strong relationship
occurring with the word “artificial intelligence” is related to the fact that the other
keywords are components of this word. Recent years have shown that the development
of artificial intelligence uses natural language processing solutions - these solutions are
used in the development of ChatGPT.

The next step is to analyze the countries that have the most frequently published
papers on the subject under analysis. The detailed distribution of countries is shown in
Fig. 5.
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Table 1. The query search.

Query

Inclusion/exclusion criteria

Publication number

TITLE-ABS-KEY ((“AI” OR
“artificial intelligence”) AND
“translat®”)

Inclusion: none
Exclusion: none

11904

TITLE-ABS-KEY ((“AI” OR
“artificial intelligence”) AND
“translat*”) AND (LIMIT-TO
(LANGUAGE, “English”))

Inclusion: language to english

11587

TITLE-ABS-KEY ((“AI” OR
“artificial intelligence”) AND
“translat*”) AND (LIMIT-TO
(LANGUAGE, “English”)) AND
(LIMIT-TO (DOCTYPE, “cp”) OR
LIMIT-TO (DOCTYPE, “ar”))

Inclusion: publication type as
article and conference paper

9540

TITLE-ABS-KEY ((“AI” OR
“artificial intelligence”) AND
“translat*’) AND PUBYEAR >
2009 AND PUBYEAR < 2025
AND (LIMIT-TO (LANGUAGE,
“English”)) AND (LIMIT-TO
(DOCTYPE, “cp”) OR LIMIT-TO
(DOCTYPE, “ar”))

Inclusion: publication year
between 2010 and 2024

7125

Fig. 3. Distribution of publications between 2010 and 2024.

The figure shows that the largest number of publications comes from countries such
as the US, and China - these countries had a frequency of more than 5,000, followed by
countries with a frequency between 1,000 and 2,000, namely India, Germany, the UK,
Italy. The remaining countries have frequencies below 1,000.

The 10 authors who published most frequently are shown in Fig. 6.

As can be seen, some of them publish continuously, and some of them have been
publishing since a certain point. It can be indicated that the analyzed authors continue
to publish in the analyzed field.

An analysis of the 10 journals with the most frequent publications is shown in Fig. 7.
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Fig. 6. The 10 authors who published most frequently.

Analyzing the results, it can be noted that:

1. The most frequently used journals are those that publish research results from con-
ferences, such as Lectures Notes In Computer Science (Springer publications), ACM
International Conference Proceedings, Ceur Workshop Proceedings, and Lecture
Notes In Networks and Systems (Springer publications).

2. Journals that are not strictly related to translation but focus on issues related to
computer science.
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Studies In Health Technology And... I 40
Lecture Notes In Networks And Systems 1 43
IEEEAccess M 47
Journal Of Physics Conference Series 1l 70
Advances In Intelligent Systems And... Il 84
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Publication source

Ceur Workshop Proceedings HEEER 130
ACM Intemational Conference Proceeding... IEEEER 136
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Fig. 7. The 10 journals with the most frequent publications.

5 Conclusion

The bibliometric analysis carried out showed that the subject concerning the use of
artificial intelligence methods in translation is a topic of interest in the literature. In
addition, it can be pointed out that recent years, including the development of new tools,
have made it possible to quickly translate texts (in the form of files, loose passages, and
real-time statements) at a good level. Of course, it should be noted that such a translation
should be additionally checked for translation noises. Synthetic conclusions providing
answers to the research questions posed are presented in Table 2.

As further research, the authors plan to carry out a systematic literature review that
will make explicit the current knowledge, to research the comparison of tools based
on artificial intelligence methods in translation (including the analysis of legal texts of
different languages - a study of machine translation of legal texts in Dutch is planned).



Artificial Intelligence as a Tool to Support the Translator’s Work

87

Table 2. Answer to research questions.

Research question

Answer

RQ 1. What trends have been noted in the
context of the use of Al in translation in the
academic publishing environment?

It was noted that the topics in the analyzed set
of publications show a strongly upward trend.
This means that the topics are relevant and
important. In addition, it can be pointed out that
the development of artificial intelligence will
intensify the interest of researchers in the
possibility of applying it in the field of
translation

RQ 2. Which countries have published most
frequently in the context of using Al in
translation?

It should be indicated that the countries that
show a high frequency of publication are the
US and China, whose frequency is between

2000 and 5000

RQ 3. Which authors have published articles
on the perspective of using Al in translation?

We can observe that the most frequent
publishers were Liu Y (80) and Wang Y. (74).
Next in number of 61 publications were written
by LiJ., Li Y., Zhang Y. Below 60 publications
were written by Li X., Wang X., Zhang J., Chen
Y. and Wang Z

RQ 4. What journals publish papers
specifically addressing the use of Al in
translation?

The journals in which the results of the research
were published include titles that are strictly
related to conferences. In most cases, these
journals are aimed at publishing computer
science research

Disclosure of Interests. The authors have no competing interests to declare that are relevant to

the content of this article.
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Abstract. Due to the use of new technologies and ongoing digitization, there is a
significant increase in the popularity of online stores. More and more, consumers
appreciate the ease of online shopping, enjoying the ability to explore a diverse
array of products from the comfort of their own homes. The wide range of products
available in online stores allows consumers to precisely tailor their purchases to
their individual preferences and needs. However, too much information on a page
can lead to cognitive load, affecting visual attention and purchasing decisions. The
article focuses on an innovative approach to measuring the impact of cognitive
load on the purchasing decision-making process in online stores. The authors focus
on psychological aspects, including reducing the influence of external factors,
to obtain more reliable results. Understanding how cognitive load affects online
shopping decisions is crucial for designing effective, user-friendly e-commerce
platforms.

Keywords: Information overload on websites - cognitive neuroscience tools -
cognitive neuroscience in user experience

1 Introduction

In today’s dynamically developing world, evolution in innovation information and com-
munication technology (ICT) and information technology (IT) play a key role in devel-
oping modern information systems [1]. The ability to make expected use of a system is
defined as “usability” and includes human interaction with the system [2]. Increasingly,
the term usability is complemented by the concept of user experience (UX), which takes
into account all the emotions, beliefs, preferences and behaviors that appear before, dur-
ing and after using a given product [3, 4]. Functionality and usability are key aspects of
information system activity, which is why UX research is increasingly an integral part of
the customer-centric design process [5]. UX focuses primarily on understanding users’
unconscious needs and motivations, enabling the creation of ready-made systems that
meet real consumer expectations.
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Due to new technologies and ongoing digitization, online stores are increasingly
popular. Consumers appreciate the convenience of shopping online, which has become
integral to modern lifestyles. E-commerce enables shopping anytime, eliminating time
constraints of traditional stores [6]. It provides access to a wide range of products,
allowing customers to tailor purchases precisely to their preferences and needs from the
comfort of home. However, the vast array of choices and information available in online
stores can overwhelm users, highlighting the critical importance of intuitive access to
products and effective presentation of information [7-9]. The success of an online store
heavily relies on user perception and the design’s ability to facilitate seamless navigation
and decision-making processes [10, 11].

Cognitive Load Theory (CLT), proposed by John Sweller, posits that human cognitive
abilities are limited and can only process a finite amount of information at a time. When
the cognitive load exceeds this capacity, users may experience cognitive overload, which
can impair decision-making and user experience [12]. Understanding cognitive load in
the context of online shopping environments is crucial for optimizing user experience
and decision-making processes [13].

The article aims to outline an experimental procedure exploring how visual per-
ception, memory processes, and brain activity relate to decisions made by busy online
consumers. Key research questions include:

1. Do cognitively loaded individuals better recall emotional stimuli presented to them
compared to neutral stimuli?

2. Is the visual perception of cognitively loaded individuals related to their recall of
presented stimuli?

3. Does brain bioelectrical activity during the perception of presented symbols correlate
with their subsequent recall?

4. Does the visual perception of stimuli presented during cognitive load relate to
preferences in selecting them in decision-making situations?

5. Does the ability to recall stimuli presented during cognitive load relate to preferences
in selecting them in decision-making situations?

Based on the research questions posed above, the following hypotheses were
formulated:

H1: Cognitively loaded individuals better recall emotional stimuli presented to them
compared to neutral stimuli.

H2: There is a relationship between the duration of fixation on stimuli and their
subsequent recall.

H3: Brain bioelectrical activity during the perception of presented symbols correlates
with their subsequent recall.

H4a: The duration of fixation on stimuli presented during cognitive load correlates with
a preference for selecting them in decision-making situations.

H4b: The number of fixations on stimuli presented during cognitive load correlates with
a preference for selecting them in decision-making situations.

HS: The ability to recall stimuli presented during cognitive load correlates with
preferences in selecting them in decision-making situations.
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This research proposal aims to measure the impact of cognitive load on purchasing
decisions using psychophysiological methods. By minimizing the influence of factors
like knowledge and preferences, we aim for more reliable results. Focusing on psy-
chological aspects enhances measurement validity, shedding light on how cognitive
load relates to online purchasing decisions. This study could advance understanding of
online consumer behavior and offer new insights into the role of psychological factors
in purchasing decisions.

2 Literature Review

Recent research has increasingly focused on how website complexity influences user atti-
tudes and behavior [7-9], particularly concerning the abundance of information available
during purchasing decisions. Online stores offer vast options, often overwhelming con-
sumers with stimuli. Therefore, users expect easy and intuitive access to products and
information. The success of a website hinges on visitor perception [11], significantly
shaping online shopping behavior. Crucial factors for an effective online store include
presenting offerings clearly and delivering product information efficiently [10]. Stud-
ies consistently indicate that information overload and website complexity affect visual
attention and lead to cognitive overload [12-14].

The increasing number of scientific articles on cognitive load over the last 30 years
shows a clear interest in this topic [15, 16]. Mental workload is very complex and is
closely related to attention [17] and human abilities and effort [18]. From the perspective
of John Sweller’s [19] cognitive load theory (CLT), load refers to the effort used in
working memory. According to CLT, human cognitive abilities are limited and can only
process a few items at a time. If the amount of information processed exceeds the limit
of working memory, then people become overwhelmed.

Most studies [16, 20-23] distinguish three categories of cognitive load: internal,
external and germane. The internal cognitive load is related to the content of the mate-
rial, the external cognitive load is based on the forms of presentation, and the germane
load is based on consolidating information. The complexity of an online store generates
external cognitive load, which is modifiable and can be minimized through appropriate
visual design of the website in line with UX design [13]. Despite this, there is great
variability in how people can handle the load depending on the person’s previous expe-
rience and general skills. Factors such as knowledge, personality, attitude, stress, fatigue,
level of motivation, time constraints, environment or acquired competences may cause
differences in the level of perceived load [24-26].

Various tools assess and predict cognitive load, categorized into three main types in
the literature [16, 21, 27]: performance measurements, subjective measurements, and
physiological measurements. Performance methods analyze task completion time, error
rates, and work quality, offering precise but limited results when handling multiple tasks
simultaneously [28]. Subjective techniques involve self-assessment using numerical or
graphic scales, commonly employing Paas rating scales [29] and NASA-TLX [30].
Despite widespread popularity [31, 32], these methods are not ideal for real-time mea-
surement [33, 34] and may be prone to errors related to recency effects [35] and scale
interpretation [36]. Additionally, subjective judgments may be influenced by anchored
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experiences [35, 37, 38]. Modern researchers caution against relying solely on subjec-
tive assessments to measure mental workload, advocating for supplementing these with
other techniques for a more comprehensive understanding [12, 39—41]. Physiological
metrics measure mental workload through parameters such as heart rate, skin response,
brain activity, and eye reactions [28, 42], providing detailed insights into workload inten-
sity. These measurements are highly sensitive, capable of continuous monitoring [21].
While historically underutilized in UX research due to equipment costs, their increasing
affordability has led to more frequent adoption [43].

Cognitive neuroscience research has revolutionized the field of user experience
design by enabling a better understanding of user behavior and preferences [44]. In turn,
assessing a customer’s cognitive load during online shopping is crucial, influencing cus-
tomer experience and purchasing decisions [45]. Moreover, awareness of cognitive load
allows you to identify areas for optimization, which improves the efficiency of online
shopping and builds customer trust [44]. Modern information systems should adapt to
the individual needs of users and integrate both cognitive and emotional aspects [46].

Previous research has demonstrated that product information, such as brand or price,
can shape expectations about product quality, influencing choices significantly [47]. The
choice overload hypothesis suggests that having more options can lead to negative out-
comes like reduced motivation to choose or satisfaction with the chosen option [48].
Decision-making is influenced by various factors, including environmental cues like
product placement on a website and the number of available options [49], as well as bio-
logical factors such as memory capacity for product details [50]. In today’s world, where
cognitive load from abundant online information is prevalent, there is a need for innova-
tive approaches to minimize these influences for more precise and reliable results. Our
study aims to explore how cognitive load impacts decision-making processes, integrating
psychological and neurocognitive perspectives.

3 Research Framework

In the proposed study, we will define cognitive load in accordance with John Sweller’s
[19] cognitive load theory. According to this author, cognitive load is the effort used
in working memory. In the proposed experiment, we will load the working memory of
research participants, while verifying how the type of cognitive load is related to their
perception and the decision-making process. Descending to such a reductionist level of
analysis of decision-making processes is necessary to draw conclusions about human
behavior in a specific environment, including when using websites. The experimental
framework is presented in Fig. 1.

Before starting the research project, participants will be informed about the research
protocol as well as the measurement devices used. All participants will be required to
give written consent to participate in the study and to process personal data. Then, it
is planned to collect sociodemographic data about the tested participant and install and
calibrate the research equipment.

The Counting Span Test will be used to test working memory. The tested people will
perform the task while sitting at the computer. Two types of grains will appear on the
monitor screen. These will be green and yellow grains. The subject will have to count the
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Familiarizing the subjects with the experimental environment
Z
Signing consent for the study
N\NZ
Collecting sociodemographic data
Z
Installation and calibration of research equipment

N7
Recording baseline activity
Eyetracking EEG

\Z

Performing Counting Span Test

N7
Manipulation of variables
neutral stimuli | emotional stimuli

Self-assessment of the respondents
Z

Study of memory processes
NZ
Study of decision-making processes

7

Analysis and interpretation of results

Fig. 1. Research framework

green grains and ignore the yellow grains. Once he has counted, he selects the number
on the keyboard corresponding to the green grains counted. At this point, another board
with seeds appears on the screen. The subject must remember the number of grains from
the previous board and at the same time count the green grains on the next one. The more
boards, the more grains to remember and the more loaded the working memory of the
subjects. At this stage of the study, we intend to manipulate variables such as exposed
neutral stimuli and emotional stimuli. These will be symbols and pictures integrated
between green and yellow grains. People will then assess their cognitive load using a
questionnaire.

In the last stage of the experiment, we intend to examine the memory and decision-
making processes of the subjects. The question will appear on the monitor screen: “Did
you see any objects on the monitor screen while performing the task?” If the respondents
answer affirmatively, another question will appear: “What were these objects?”” Here the
respondent will be able to enter the answer. We will also present pairs of symbols and
ask you to choose one preferred symbol from each pair. In each of the presented pairs,
only one of the symbols will be previously exposed on the Counting Span Test boards.
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Both symbols in each pair, will belong to the same category of symbols: emotional or
neutral. This will allow us to assess the relationship between the exposed symbols and
the respondents’ decision-making processes. At the theoretical level, the project refers
to the phenomenon of priming. It is an increase in the probability of using a specific
cognitive category in perceptual and thought processes because of previous exposure
to a stimulus related to this category. We will also assess whether stimuli that were
not remembered by the subjects but were exposed to them were related to subsequent
decisions when choosing preferred symbols from the exposed pairs. Therefore, in the
research project we take unconscious processes into account. We refer here to research
on the implicit memory. It is memory that contains content that the individual is unaware
of, and is usually acquired through involuntary learning [51]. Numerous scientific stud-
ies show that most events reach consciousness only after approximately 300 ms after the
stimulus occurs. The processes that take place in the subconscious, even though they are
not consciously controlled by a person, have a significant impact on his functioning and
the decisions he makes. To better understand some psychological processes, it is neces-
sary to analyze the reaction of the human brain and body to external stimuli. Studying
human physiological parameters (including neurophysiological ones) that influence the
response to presented stimuli will allow us to expand the scope of information obtained
on the reception of a given message from online stores. This is particularly important in
relation to declarative research, as it allows obtaining information that is not available
in this type of research. As scientific research shows, the gender distinction is also key
in these studies, because men and women differ in brain activation during cognitive
tasks. It is related to mental rotation, visual stimulation, emotion recognition, working
memory, and verbal processing [52, 53]. Therefore, in this study we will also focus on
gender-wise analysis. Differences may not appear in every situation, but if they do, they
may constitute key information for online store designers.

4 Experimental Case Study

The study will be conducted at the Cognitive Neuroscience Laboratory with approval
from the Bioethics Committee, ensuring participant data protection.

4.1 Stimuli

In the study, we plan to utilize pre-made Counting Span Test boards obtained from the
Milisecond Test Library [54], a platform providing software for psychological tests,
which has been repeatedly used in peer-reviewed scientific research [55-57]. The exper-
imental materials will include a set of Counting Span Test boards (Fig. 2). Before com-
mencing the actual study, participants will perform a practice task consisting of 4 boards.
They will then proceed to the main task, which will consist of five trials. In the first trial,
3 boards will be presented. In each subsequent trial, we plan to present three additional
boards. As a result, in the last, fifth trial, 15 boards will appear on the monitor screen. In
total, across all five trials, 45 boards will be presented. We estimate the execution time
of the main task to be approximately 8 min.

The symbols embedded in the boards will appear from the 8th board in the fourth
trial. This moment will be crucial as participants will not expect such exposure, and the
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Fig. 2. One of the Counting Span Test boards

task will require significantly greater attentional resources from them than previously.
In total, we plan to utilize 20 symbols, one on each board, until the last one. Half of
the symbols will be emotionally charged, while the other half will be neutral. Table 1
presents the symbols we intend to use in the study. These symbols were chosen through
expert judgment, which is a popular method in the literature [S8—60].

Table 1. Examples of neutral and emotional symbols

Examples of symbols

Neutral symbols Q a $ —_ 3/4
V
Emotional symbols ° g \\ b

4.2 Participants

We plan to invite students who use the services of online stores to participate in the
study. Regarding the number of participants to be tested during the experiment, we will
follow the literature recommendations, which suggest using a sample size of N = 30
[61] for each of the examined groups, resulting in a total of 60 participants in the entire
study. Additionally, for comparison purposes, the second part of the experiment will
be performed by a group of rested people from the control group. This will allow us
to assess whether cognitive fatigue and symbol exposure during the load significantly
differentiate the decisions of the subjects compared to the decisions of the control group.
The study will control variables such as: age of the respondents, gender, intellectual
abilities, education, and psychoactive substances taken. These variables are related to
cognitive processes, including working memory [52, 62]. The compared groups should
not differ statistically significantly in these respects.
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4.3 Measures

Based on the literature review, we plan to use traditional and psychophysiological meth-
ods in the study. To subjectively assess cognitive load, we intend to use the NASA-TLX
questionnaire [30], and from neuroscientific methods we plan to use eye tracking and
EEG. Analysis of data collected by the eye tracker will include measurements such
as: saccades (frequency, amplitude, duration), fixations (duration, number, frequency),
pupils (pupil diameter), and blinks (frequency, duration, number). Regarding EEG anal-
ysis, we plan to examine the power spectral density (PSD) in different frequency ranges
such as Theta (4-7 Hz), Alpha (8-12 Hz), Beta (13-25 Hz), and Gamma (26—40 Hz).
Most researchers agree that the selected measures correlate well with various aspects of
workload and promise to objectively measure mental overload [37, 63].

5 Conclusion

Making decisions in online stores is a highly relevant topic today. However, the vast
array of stimuli encountered by Internet users complicates the identification of decisive
variables influencing their behavior. In our article, we proposed a plan and framework
for studying cognitive load among consumers.

The study aims to elucidate the neurocognitive basis of customer behavior in online
stores. A reductionist understanding of these mechanisms is crucial for applying this
knowledge across information technology. Despite focusing on cognitive processes,
our study adopts a holistic approach, encompassing measurements of psychological,
oculographic, and neurophysiological variables. By integrating consumer psychology,
neurocognitive science, and internet marketing, our research offers an innovative inter-
disciplinary perspective. This comprehensive analysis seeks to deepen our understanding
of the factors shaping consumer choices and how cognitive load impacts them. Addi-
tionally, the study will explore whether peripheral exposure to product-related stimuli
on websites influences customers’ purchasing decisions.

The research proposes the plan and framework for performing research in the prob-
lem of cognitive load on consumers. To address practical needs effectively, we need
more detailed empirical studies to provide specific design recommendations for different
types of customers. This includes those who prefer quick purchases and others seeking
unique finds. While the current study’s framework is foundational, further empirical
support is necessary for direct practical application. Therefore, expanding research is
crucial to develop more concrete and practical guidelines on how to design websites that
enhance the shopping experience for diverse customer preferences. Additionally future
studies should prioritize empirical validation to affirm the practical applicability of our
framework. Bridging the theory-practice gap will enhance the reliability of our findings
and provide actionable insights for internet marketers and store owners. This validation
process aims not only to strengthen theoretical foundations but also to advance interdis-
ciplinary research on cognitive load and decision-making in e-commerce. Ultimately,
the study’s findings are poised to offer practical guidance for online store designers and
owners, facilitating the reduction of cognitive load and enhancing the overall shopping
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experience for customers. This contribution is pivotal for advancing marketing strate-
gies in e-commerce and addressing critical gaps in research on cognitive load’s role in
decision-making processes.
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Abstract. Visualisations of sales offers have a significant impact on their recep-
tion. Given the difficulty in assessing the impact of visualizations on consumer
decisions, this study attempted to determine whether a consumer’s decision can be
recognized by how they look at offers. Eye-tracking data obtained from viewing
house sales offers was used to develop a classifier model for predicting decisions.
The research results show that the use of appropriate classification algorithms
(e.g., C4.5, DT, kNN, ANN), methods to reduce the impact of data imbalance on
results (e.g., SMOTE), or attribute filtering methods (e.g., CFS) provide effective
methodological approaches to develop such a classifier.

Keywords: Machine learning - Eye-tracking Data - Decision Support - Predict
Offer Selection

1 Introduction

A review of research on consumer behaviour in recent decades shows a clear shift from
rational to psychological and social decision factors and attempts to take into account the
role of goals, emotions as well as the nonconscious nature of much of human behaviour
[1, 2]. The complexity of the impact of such a broad spectrum of factors can be clearly
seen when making a decision to purchase such strategically important goods as houses.
In addition to basic and easily comparable parameters such as price, square footage,
number and layout of rooms, etc., house sales offers contain visualisations which cannot
be easily measured in terms of their impact on the consumer. There are great opportunities
to control the consumer’s feelings, arouse emotions and influence their attitude to the
presented object, both through the way the object itself is presented (using unusual shots,
manipulating the lighting, exposing selected details), as well as by placing additional
elements such as family, unique plants, cars, etc. in the image [3]. In view of the difficulty
of assessing the impact of visualisation on consumer decisions, this research attempted
to find out whether a consumer’s decision can be recognised by the way the consumer
looks at the offers.
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Eye-tracking makes it possible to monitor the position of the eyes during stimuli in
the course of specific activities. It offers a non-invasive, yet objective determination of
gaze direction, the location of the gaze at a given time. Essentially, eye movements and
gaze directions are linked to various post-cognitive and perceptual processes. This pro-
vides a number of possibilities for interpreting human behaviour, ranging from interest
in stimuli to, for example, processes for creating coherent memory representations [4—
7]. Visual fixation points (fixations), rapid jumps between fixations (saccades) and the
visual pathways they create provide opportunities to extract visual information about,
for example, different motor activities, information processing related to reading, visual
search and even about one’s own preferences [8—11]. As research shows, analyses of
consumers’ conscious choices have their limitations in capturing important factors influ-
encing actual decision-making. Analysis of visual data, visual attention, metrics based
on gaze points, fixations and saccades allows access to at least some of the information
processed unconsciously [10, 12].

Research shows that eye-tracking data can be effectively used to predict which offers
will attract attention and induce purchase. For example, Castilla et al. [13] showed that
eye-tracking data can be used to create predictive models that predict which product
offers users will choose based on their gaze patterns. In contrast, Pina et al. [14] used
eye movement data and machine learning to predict whether a recruiter will classify a CV
for further recruitment. Lim et al. [15], on the other hand, analyse what machine learning
features can be extracted from eye-tracking data for classification tasks. However, there
is a lack of research in which methods for predicting purchase decisions are proposed
based on the analysis of visualizations of viewed house sales offers. Therefore, the
authors conducted eye-tracking studies on sales offers from actual catalogs, identified
interesting segments of these offers, and calculated metrics based on fixations. The
prepared data served as input for machine learning algorithms.

This article aims to present the research results on developing a classification model
to predict decisions on selecting sales offers, based on specific eye-tracking metrics
calculated for designated areas of these offers. This paper is structured as follows: Sect. 2
presents the description of the research experiment using eye tracking, the research
methodology, and the data collection and analysis methods. The data mining procedure
used in the study was also characterized. Section 3 presents the results of research using
different classification algorithms, and Sect. 4 presents conclusions.

2 Methodology

2.1 Eye-Tracking Research

Protocol and Stimuli. The research experiment consisted of presenting respondents with
10 different single-family house sales offers. The house designs were obtained from a
catalogue provided at: https://projekty.muratordom.pl. Each offer was shown for 20 s
and the order in which they were displayed was randomised. After the next offers were
presented to the respondents, all the visualisations of the houses were shown once again.
Respondents were asked to choose which offer they preferred. In this case, the selection
time was not limited. In addition, information on the importance of the evaluation criteria
was also obtained. It was assumed that the respondents had sufficient financial resources
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to potentially purchase the property. Each offer had the same structure and contained the
same information (visual and textual) respectively. The structure of the offer consisted
of 5 main elements: an external appearance of the single-family house, a graphic with
the layout of the rooms, information on the price of the house, the number of rooms
and information on the location of the property (e.g. in the city, near a shopping centre;
outside the city limits, in a small town; on the outskirts of the city, in a closed estate of
houses). A schematic representation of the structure of the offers is presented in Fig. 1.

House no. x

External appearance (visualization) Room layout (plan, graphics)

AoI1 AOI2

vaice (text, number in PLN) ‘ AOI3 ‘

an. of rooms (text, number) l AOI4 ‘

[Location (ext) [ aois |

Fig. 1. Structure of offer (stimuli) with marked AOIs.

The selected visualisations of the houses varied enough to take into account the
different preferences of the interested parties. As did the layout of the rooms, where
the offers differed in terms of the layout and number of rooms, presence of terraces,
garage, etc. The house prices proposed in the offers ranged from PLN 381 000 to PLN
540 000, where the average price and standard deviation were: M = 479 600 PLN; SD
=49 967,10 PLN. The number of rooms, depending on the offer variant, was 3 or 4. For
each of the elements of the offer structure, areas of interest were created (AOI1-AOIS),
which were further subjected to detailed eye-tracking analyses.

Research Methods and Measuring Apparatus. In the research experiment, eye-
tracking was used as a research technique. Metrics based on fixations and saccades
were used as data analysis methods for the areas of interest created in the single-family
house sales offers under consideration.

Eye tracking, as a research technique, makes it possible to accurately record, visu-
alise and analyse the way of looking at different types of visual stimuli. Gaze points
and fixation and saccadic eye movements are recorded. Most often heat maps and scan-
paths are used to visualise the data. The analysis process is about data processing and
covers several main areas: data preprocessing (including noise filtering), detection of
fixations and saccades, interpretation of the visual representation of data (heat maps),
analysis of gaze sequences (gaze plots), defining areas of interest (AOI), statistical data
analysis (quantitative and qualitative). In the context of quantitative data analysis, AOIs
are of particular interest. These are fragments of the stimulus of interest selected by the
researcher (e.g. graphic elements, text fragments, buttons) to be analysed in detail. Var-
ious metrics are calculated for the defined AOIs, which are based on fixations, saccades
or gaze points. These allow interpretation and inference about cognitive and behavioural
processes [7, 16].
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The measurement device used was a stationary eye tracker (based on a monitor
screen) Tobii Pro X3-120. The sampling frequency was 120 Hz. The I-HMM (Hidden
Markov Model) fixation filtering algorithm was used for fixation detection. The minimum
fixation classification time was set at 60 ms, with a maximum inter-fixation interval
of 75 ms. Noise reduction was performed using the Moving Average algorithm, and
interpolation was performed with gap filling of a maximum of 75 ms.

Analyzes and Indicators of Evaluation. In order to search for and understand the visual
processing of specific elements of sales offers (AOI1-AOIS), AOI metrics were deter-
mined. They are based on fixations and saccades (Table 1). They are a good analytical
tool for understanding the visual interaction of people viewing offers with different types
of content (text, graphics), with different meanings.

Table 1. AOI metrics (fixation-based and saccade-based) used in the study.

AOI metrics Metric description
Fixation count (FC) Average number of fixations detected inside the
AOI [17]

Duration of average fixation (ms) (DAF) | Average duration of all fixations detected inside
the AOI [18]

Time to first fixation (ms) (TTFF) Average time elapsed before the first fixation was
detected inside the AOI [18]

First fixation duration (ms) (FFD) Average duration of respondents’ first fixation
inside the AOI [19]

Dispersion of average fixation (DSAF) Average dispersion of all the respondent’s fixations
detected inside the AOI [18]

Dwell time (%) (DT) The average amount of time respondents fixated on

the AOI relative to the time the AOI was active [18]

Revisits (REV) Number of AOI return visits. The average of how
often respondents looked back at an AOI they had
already noticed [18, 20]

Saccade count (SC) Count of saccades with start and end points
detected inside AOI [18]

In order to obtain more complete and reliable interpretations of cognitive and
perceptual processes, multiple metrics are analysed simultaneously.

Participants. There were 45 participants in the experiment: 23 women and 22 men.
They were of different ages (ranging from 20 to 58 years of age), of which 23 were
students and 22 were employed. The average age of the participants and the standard
deviation were respectively: M = 31.44; SD = 10.81. All participants were informed
about the course of the experiment, the research apparatus used, the processing of data
for scientific work and the possibility of withdrawing from the study at any time. Each
person gave free and informed consent to participate in the study, which was confirmed
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by written consent. Details of the subject matter, the content of the study (the stimuli
presented) were not revealed so as not to influence the way they were perceived. The
research experiment was conducted in a specialised laboratory located at the university.
It followed the guidelines set out in the Declaration of Helsinki (2013 ver.) [21]. It was
reviewed by the Bioethics Committees at Regional Chamber of Physicians in Szczecin.

2.2 Data Mining and Machine Learning

The data on the selection of house offers was subjected to a process of mining based
on machine learning algorithms. Given that the data was extracted from 45 respondents
and each respondent was presented with 10 offers, a total of 450 data instances were
obtained. In addition, it should be noted that each respondent selected only one offer.
Therefore, among the 450 instances, only 45 had a positive value for the decision attribute
“offer selection” and the rest had a negative value for this attribute. In view of this, the
data were strongly imbalanced, i.e. unevenly distributed across decision classes [22].
All AOI metrics acted as conditional attributes. Given that 8 metrics were generated for
each AOI, a total of 40 conditional attributes were considered. All conditional attributes
were quantitative attributes, while the decision attribute was nominal.

The objective of the data mining process was to develop a classifier model to predict
the bidding decision based on the individual AOI metrics. The objective was achieved
by using different approaches to the classification process and applying several different
classifiers on a pre-prepared dataset. The classifiers used were C4.5 (C4.5 Decision Tree)
[23], DT (Decision Table) [24], ANN (Artificial Neural Networks) [25], KNN (k-Nearest
Neighbors) [26], and SVM (Support Vector Machines) [27].

It should be noted that data imbalancing usually results in a decrease in the predic-
tive ability of the classifier, worsening the classification performance [28]. Therefore,
solutions taken from the literature have been applied in the classification process to
reduce the negative impact of data imbalance on classification performance. In particu-
lar, three approaches to the classification process were used: (1) modified class weights,
(2) modified probability of the class occurrence, (3) SMOTE (Synthetic Minority Over-
sampling Technique). Modified class weights allow to give higher weight to minority
class instances [29]. As the ratio of majority to minority class in the dataset was 9:1, it was
this modified weighting that was applied to the minority class instances. The modified
probability of the class occurrence allows to reduce the probability threshold determin-
ing the membership of an instance to a minority class [30]. In the dataset, minority class
instances represent 1/10 of all instances, so the probability threshold for them was set
to 0.1. SMOTE is a method for generating synthetic instances from real instances [31].
The dataset was expanded to include 360 synthetic minority class instances, resulting in
equal numbers of positive and negative class instances.

Each approach has been used in a stand-alone variant and also in combination with the
Correlation-based Feature Selection (CFS) attribute filtering method [32]. CFS reduces
the number of conditional attributes describing each data instance. Based on the internal
correlations between the conditional attributes and the correlation of the conditional
attributes with the decision attribute, CFS selects a subset of attributes that provides
good prediction performance. For the CFS filter, the Best First approach was used as the
algorithm for searching subsets of attributes. In addition, the study found that the CFS
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filter applied to the primary dataset performed incorrectly due to strong data imbalance
(CFS selected only the first weighted attribute, AOI1_FC). Therefore, in the study, a CFS
filter was applied to the imbalanced data using modified class weights during attribute
selection. In this way, CFS selected attributes that were important in terms of both
majority and minority class description. In contrast, for SMOTE-balanced data, the CFS
filter was applied without any modification.

For comparative reasons, the results obtained were compared with the results of a
standard classification of the imbalanced dataset. After building the individual classi-
fier models, each model was tested and evaluated using different evaluation measures.
Classifier training and testing was performed using 10-fold cross-validation [33]. The
following were used as measures of classifier evaluation: accuracy, MCC (Matthews cor-
relation coefficient), AUROC (area under receiver operating characteristic curve), preci-
sion, specificity [34]. On this basis, the classifiers giving the best predictive performance
for the selection of house listings were indicated.

The data mining procedure for the selection of house listings is shown in Fig. 2.
By analysing Fig. 2, it can be seen that seven different paths were used to process the
source dataset. For each path, five classifiers were tested with five measures of classifier
evaluation.

____________ I — N1 N
l———1 Modified *— —D —>1 Classification
3 class ' Splitting each Classification results
—— = 4 i —1> dataset into
(TR with ) ___weights — —>f assessment
poo Wl J————— 10 folds
1 modified | { Modified % Decision
> class ——Diprobability of —> — —
! ) | : : (datasets MCC
' weights , . theclass preparation
Dataset D>\ _occurrence —> — — AUROC
[ Draset |3t csurence [ P2
CCFS— validation) — === —)
mmmgrmzzlioo . Specificit
SO _— ol et ]

Fig. 2. The data mining procedure used in the study.

3 Results

The basic path of the data mining procedure involved the simple application of classifiers
on a non-preprocessed and imbalanced dataset. The results of the classification carried
outin this way are shown in Table 2. These results indicate that for the raw dataset, the best
classification results are given by the kNN classifier. It is followed by the results of the
following classifiers: SVM, C4.5 and ANN. In contrast, the worst results are given by DT,
which classifies almost all cases as negative (precision is 0). The classifiers are ranked in
this order according to the ROC and MCC measures. A ranking based on precision also
gives a similar order, but in this case the SVM classifier performs marginally better than
kNN. It is also worth noting that the measures of accuracy, precision, and specificity do
not reflect the actual quality of the classifiers, which is a known problem with imbalanced
datasets.
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Table 2. Classification results: standard classifiers.
Classifier Accuracy [%] MCC ROC Precision (TPR) Specificity (TNR)
C4.5 86.44 0.157 0.571 0.200 (9/45) 0.938 (380/405)
DT 89.56 —0.022 0.438 0.000 (0/45) 0.995 (403/405)
kNN 87.33 0.289 0.643 0.356 (16/45) 0.931 (377/405)
ANN 86.22 0.114 0.530 0.156 (7/45) 0.941 (381/405)
SVM 79.56 0.172 0.610 0.378 (17/45) 0.842 (341/405)

A further two variants for processing the dataset involved the use of modified class
weights. Table 3 shows the classification results with the modified class weights. Table 4
contains the results of the classification with the modified class weights, but in this case
the classification was performed with a set of conditional attributes (features) reduced
by a CFS filter using the modified class weights.

Table 3. Classification results: modified class weights.

Classifier | Accuracy [%] MCC ROC Precision (TPR) Specificity (TNR)
C4.5 84 0.145 |0.575 | 0.244 (11/45) 0.906 (367/405)
DT 59.33 —0.003 0.523 | 0.378 (17/45) 0.617 (250/405)
kNN 87.33 0.289 | 0.647 | 0.356 (16/45) 0.931 (377/405)
ANN 85.56 0.236 | 0.578 | 0.333 (15/45) 0.914 (370/405)
SVM 72.89 0.114 | 0.583 | 0.400 (18/45) 0.765 (310/405)

Table 4. Classification results: modified class weights and CFS with modified class weights.

Classifier | Accuracy [%] MCC ROC Precision (TPR) Specificity (TNR)
C4.5 80.44 0.063 | 0.539 | 0.200 (9/45) 0.872 (353/405)
DT 66 0.032 | 0.597 | 0.356 (16/45) 0.694 (281/405)
kNN 88.44 0.319 | 0.653 | 0.356 (16/45) 0.943(382/405)
ANN 70.67 0.095 |0.593 | 0.400 (18/45) 0.741 (300/405)
SVM 46.67 —0.028 0477 |0.489 (22/45) 0.464 (188/405)

The analysis of Table 3 shows that the use of modified class weights improved
the MCC, ROC, and precision of the DT and ANN classifiers. For the C4.5 and SVM
classifiers, precision improved slightly, but MCC and specificity worsened. In contrast,
for the kNN classifier, the use of increased weights for the minority class has no effect
on the results obtained. On the other hand, the results in Table 4 show that for the
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set of conditional attributes reduced by the CFS filter, with respect to Tables 2 and 3,
the precision of the ANN and SVM classifiers improved, but the values of the MCC
and specificity indices worsened. The DT classifier achieved results similar to those
in Table 3, and the C4.5 classifier performed worse than in the earlier data processing
paths. For the kNN classifier, as before, modifications to the dataset and the classification
approach did not significantly affect the classification results obtained, but it can be
observed that the reduction of conditional attributes using CFS improved the classifier’s
specificity somewhat.

The next variants of the data mining procedure consisted of applying a modified
probability of the class occurrence. Table 5 contains the classification results obtained
using the modified probability of the minority class occurrence. Table 6 shows the
classification results using the same technique, but with a prior reduction of the set of
conditional attributes using CFS with modified class weights.

Table 5. Classification results: classifier with probability threshold.

Classifier | Accuracy [%] MCC ROC Precision (TPR) Specificity (TNR)
C4.5 85.78 0.178 | 0.571 0.244 (11/45) 0.926 (375/405)
DT 37.11 —0.034 | 0.438 |0.600 (27/45) 0.346 (140/405)
kNN 87.33 0.289 | 0.643 | 0.356 (16/45) 0.931 (377/405)
ANN 80.67 0.082 |0.530 | 0.222(10/45) 0.872 (353/405)
SVM 79.56 0.172  |0.610 | 0.378 (17/45) 0.842 (341/405)

Table 6. Classification results: classifier with probability threshold and CFS with modified class
weights.

Classifier Accuracy [%] MCC ROC Precision (TPR) Specificity (TNR)
C4.5 47.33 —0.047 10452 |0.444 (20/45) 0.477 (193/405)
DT 10 - 0.475 1.000 (45/45) 0.000 (0/405)
kNN 88.44 0.319 0.649 | 0.356 (16/45) 0.943 (382/405)
ANN 77.11 0.073 0.546 | 0.267 (12/45) 0.827 (335/405)
SVM 49.78 0.016 0.514 ] 0.533 (24/45) 0.494 (200/405)

The results in Table 5 show that, compared to the standard classification results in
Table 2, the precision of classifiers C4.5, DT, and ANN improved. However, classifier
specificity decreased significantly for DT. Also for the C4.5 and ANN classifiers, the
improvement in precision was associated with some decrease in specificity, but this was
not as drastic as for DT. In contrast, the modification of the probability of the class
occurrence did not affect the classification results using the kNN and SVM classifiers.
Comparing the results in Table 5 with those of the modified class weights (Table 3), it
can be seen that the performance of the C4.5 and kNN classifiers remained essentially
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unchanged, while the performance of ANN worsened. The results of the DT and SVM
classifiers, on the other hand, are inconclusive (some indicators improved and others
deteriorated). Table 6 shows that the combination of the CFS and modified probability of
the class occurrence filter, compared to the standard classification, improves the precision
of all classifiers except kNN (in its case the precision remained unchanged). However,
the improvement in precision is associated with a large decrease in specificity for each
classifier. In the case of kNN, on the other hand, the use of CFS improved specificity,
as did classification using modified class weights (Table 4). Summarising the results
presented so far, it should be noted that the kNN classifier produces the highest values
for classification measures. However, even these values are not satisfactory, due to the
relatively low precision and therefore poor classification coefficients of the minority class
instances. The last two paths of the data processing procedure involved aligning class
counts (improving balancing) using SMOTE. Table 7 shows the classification results of
the dataset extended with new instances generated using SMOTE. Table 8 shows the
results of the classification of the extended dataset where conditional attribute reduction
was simultaneously performed using the CFS filter.

Table 7. Classification results: SMOTE and standard classifiers.

Classifier Accuracy [%] MCC ROC Precision (TPR) Specificity (TNR)
C4.5 85.31 0.706 0.867 0.854 (346/405) 0.852 (345/405)
DT 88.52 0.779 0.948 0.812 (329/405) 0.958 (388/405)
kNN 88.76 0.778 0.888 0.931 (377/405) 0.844 (342/405)
ANN 86.79 0.736 0.936 0.877 (355/405) 0.859 (348/405)
SVM 79.51 0.592 0.795 0.830 (336/405) 0.760 (308/405)

Table 8. Classification results: SMOTE, CFS and standard classifiers.

Classifier Accuracy [%] MCC ROC Precision (TPR) Specificity (TNR)
C4.5 86.91 0.738 0.905 0.867 (351/405) 0.872 (353/405)
DT 88.52 0.776 0.945 0.825 (334/405) 0.946 (383/405)
kNN 86.05 0.721 0.860 0.872 (353/405) 0.849 (344/405)
ANN 79.14 0.583 0.827 0.788 (319/405) 0.795 (322/405)
SVM 51.61 0.033 0.516 0.598 (242/4050 0.435 (176/405)

The comparison of Table 7 with Tables 2—6 clearly shows that the use of SMOTE
has so far produced the best classification results for each of the classifiers studied. The
worst results among the classifiers considered were obtained by SVM, but these are still
better than the best classifier KNN so far (compare Tables 2—6). Among the classifiers
in Table 7, ANN and C4.5 are the most balanced in terms of precision and specificity,
but ANN obtained better classification results than C4.5. KNN has the highest precision
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and DT dominates in terms of specificity. An analysis of Table 8 shows that the use of
CFS improved the results of the C4.5 classifier, essentially did not change the results of
the DT classifier, and negatively affected the other classifiers. However, this does not
change the fact that all the results presented in Table 8§ are still better than the results
obtained previously and presented in Tables 2—6.

4 Conclusion

Eye-tracking studies can play an important role in analyzing the sales offer selection
process, providing valuable information about consumer behaviour and preferences.
The research presented here used eye-tracking data extracted from a selection of home
listings from 45 respondents. They evaluated 10 offers by selecting one, resulting in a
total of 450 data instances. Various methodological approaches were used to develop a
classifier model for predicting the choice of a house offer (based on the determined AOI
metrics of the offers). C4.5, DT, ANN, kNN and SVM classifiers were used, as well as
techniques to reduce the impact of imbalanced data: modified class weights, modified
probability of the class occurrence and SMOTE. Attribute filtering using CFS was also
used. Results were compared using different measures of classifier evaluation to identify
the best models for predicting the selection of house listings.

For the imbalanced dataset, the kNN classifier performed best for most measures
and DT performed worst. Modifying the class weights improved the MCC, ROC and
precision indices for the DT and ANN classifiers. Additional application of the CFS filter
raised the precision of ANN and SVM, while worsening the MCC and specificity values.
The application of modified probability of the class occurrence improved precision for
C4.5, DT and ANN classifiers, but lowered DT specificity. Using the CFS filter in this
case improved precision for most classifiers, but with a significant decrease in specificity.
Precision for kNN remained unchanged, but specificity increased. The best classification
results were achieved after using SMOTE, which generates synthetic minority class
instances, significantly improving all classification measures. KNN achieved the highest
precision, while DT dominated in terms of specificity. Using SMOTE in combination
with CFS improved the performance of the C4.5 classifier and maintained the high
specificity of DT. Overall, SMOTE significantly improved classification performance
for all classifiers compared to previous methods. Research indicates that imbalanced
datasets can be effectively balanced using methods such as SMOTE, leading to better
performance of classification models.

To sum up, it can be concluded that the use of machine learning methods in combi-
nation with eye-tracking data makes it possible to significantly increase the effectiveness
of consumer choice predictions. The results show that models based on these method-
ological approaches can effectively identify patterns of behaviour that traditional data
analysis methods could miss. In practice, the research results can be used, for example,
by companies in the real estate industry to develop more effective marketing strategies
that better engage customers by optimizing visual presentations of home sale offers
based on eye-tracking data.

As for the limitations of the conducted research, it should be noted that other classi-
fiers, which may have potential applications to the problem under consideration, were not
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verified. These include, among others, Random Forest, AdaBoost, Logistic Regression,
etc. The use of other data preprocessing techniques, which may be useful in the case
of an imbalanced dataset, should also be considered, such as discretization and over-
and undersampling. Another important issue omitted in the study is the identification
of those AOIs and, consequently, those metrics that may have the greatest impact on
the decision to select or reject an offer. All these limitations indicate further research
directions that should be undertaken in future work.

Funding:. Co-financed by the Minister of Science under the “Regional Excellence Initiative”.
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Abstract. In the era of the digital revolution, there is a great emphasis on imple-
menting new technologies including Al In the context of the changes strategic
resource planning becomes necessary. This also applies to the provision of human
resources and strategic competencies, and in the context of the implementation of
new, future technologies also to have the company’s competence if the future to
implement them. The new approach in HR that the authors propose, which allows
planning and forecasting the availability of competencies of the future relating
to Al is the well-known customer segmentation used here for the segmentation
of potential candidates. The purpose of the article is to explore the possibility
of modeling the segmentation of candidates with selected competencies of the
future. Data on young generation Z’s characteristics, competencies possessed,
candidates’ job expectations, or location were used for analysis. In this article ML
and CART are used as examples of Al methods for data analysis. The analysis was
conducted on a sample of 2,197 16-19 year olds, male and female students study-
ing 12 technical subjects. The key finding is that ML and Al are widely applicable
in segmenting candidates, and that the competencies of the future can be linked
to their expectations of where and how they work, including such things as work
atmosphere, company innovation, and the ability to work remotely. The imple-
mentation of similar modeling in practice can contribute in organizations to the
optimization of management decision-making including increasing the efficiency
of resources and recruitment processes.
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1 Introduction

Artificial intelligence (Al) is transforming modern management [1], offering break-
through opportunities to optimize processes [2], personalize the customer experience
[3], and increase operational efficiency across a variety of business sectors [4]. Changes
from a management perspective range from the different public sector [5], education [6],
to management practices [8] like marketing [9], manufacturing [9], supply chain [10],
or human resource management [11].

In management and quality sciences, Al is seen as a complex ecosystem consisting of
three key components: data collection and storage, statistical and computational methods,
and advanced output systems [12]. These components support companies in automating
processes that typically require human intelligence and autonomous decision-making,
such as quality management, process control or operations improvement [13]. Al, which
includes technologies such as natural language processing (NLP), machine learning
(ML), deep learning (DL), and computer vision [14], enables machines to perform cog-
nitive functions that are key to effective management and raising quality standards. ML
and DL are two of the most effective Al techniques that find application in optimizing
management, quality, enterprise operational processes, and the ability to leverage human
potential in an organization [15, 16].

ML methods, including the classification and regression tree algorithm (CART),
were used in the study. CART is a predictive technique in the field of ML, which allows
predicting the value of a target variable based on other variables.

Al technologies, are helping to automate and streamline human resource (HR) pro-
cesses, such as recruitment, employee performance evaluation, talent management and
career development [17], which have traditionally depended on human analysis and
decision-making. Al is commonly used in the recruitment process [18, 19], primarily
at the candidate selection stage. While Al is still not widely used in other areas and
HR functions, through data analytics, it can address the challenges faced by recruiters
with regard to finding the best candidates for certain jobs. Also, they can be support-
ive in the decision-making process regarding the competency potential of candidates in
the region, which can add analytics to management decisions, for example, where to
expand or locate a particular business [20]. Such an approach can be crucial, especially
in such cases where there is low unemployment in the region and recruitment must be
accomplished efficiently. Candidates’ preferences regarding expectations of where and
how they want to work can then increase the likelihood of finding a candidate [21],
thereby minimizing the company’s recruitment and operational costs. By integrating Al
into a company’s strategy, including its HR management (HRM) strategy, entities can
effectively use available data and reach out to potential candidates with job offers. HR
professionals, based on the individual preferences of potential candidates, can match job
offers, increasing the effectiveness of recruitment. This is crucial in building the com-
pany’s potential based on HR, knowledge, skills and attitudes of Generation Z entering
the labor market.

Itis already widely indicated in both academic and industry literature that Al will be
used in many areas, both in the life of society and in businesses, government institutions
and other organizations. In order for people to effectively use Al tools, it is necessary
to have selected skills such as analytical skills [22, 23]. Therefore, for the purpose of
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this article, one of the competencies of the future, “the ability to think analytically and
draw conclusions,” commonly identified in future competency reports as the one directly
related to artificial intelligence [24], was selected.

Providing competencies such as analytical skills can contribute significantly to the
implementation of Al in organizations and revolutionize the way management is done
in the HR area as well. This includes how companies interact with their employees and
potential candidates.

The research problem posed by the authors in this study concerns the availability
of Generation Z candidates and the possession of the “ability to think analytically and
draw conclusions” competencies required in the digital transformation. To this end, the
following research questions were posed: (i) what are the trends in the self-assessment
of “ability to think analytically and draw conclusions” competencies by Generation Z
candidates? (ii) For the purpose of recruiting sought-after candidates with future com-
petencies, can a candidate segmentation approach using ML and CART be used? This
article examines the use of large datasets of potential Generation Z candidates entering
the labor market trying to segment potential candidates and predict their behavior using
ML and CART. In the context of the presented research directions on the use of Al in
HRM, it is reasonable to present the results of the conducted analysis, which shows the
wide application of ML and CART in the field of HR, including in the new area of seg-
mentation of potential candidates in the labor market. The example of the analysis refers
to Wielkopolska (a region of Poland), with a population of nearly 3.5 million people,
which has a low unemployment rate of 3.3%.

2 Literature Review

We live in an era of dynamic changes, and future competencies are key in adapting to
the rapidly changing technological and market landscapes. According to [25], the most
sought-after future competencies will include analytical thinking and innovation, active
learning and learning strategies, comprehensive problem solving, critical thinking and
analysis, creativity, originality, and initiative/entrepreneurship. Subsequent studies have
confirmed and supplemented the above list of future competencies: analytical think-
ing, creative thinking, flexibility and agility, motivation and self-awareness, curiosity
and lifelong learning [26]; critical-thinking skills that blend creativity and analytics for
effective decision-making, digital fluency and a continuous-learning mindset, empathy,
compassion, and emotional intelligence, ethical, authentic, and inclusive resilience [27];
digital and media literacies and problem-solving skills [28], and abstract thinking as a
manager’s competence [29]. The Trends Survey [27] also emphasized that in the world
of new technologies and a sea of information, one must be able to navigate, and then
future competencies will include: creativity, analytical thinking, and empathy, while in
communicating with Al, analytical skills are primarily required [22, 24, 30].

In summary, across various nomenclatures such as analytical thinking and innovation
[25], analytical thinking [26], critical-thinking skills [25, 27], digital and media literacies
[28], the competence “ability to think analytically and draw conclusions” is emphasized.
Moreover, researchers highlight that this competency is directly linked with AI [22, 24,
30], which we are already using, and Generation Z will increasingly use.
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For a better understanding of Generation Z and its digitization, it should be high-
lighted that they were born in the 1990s and raised in the 2000s during the most profound
changes in the century, existing in a world with the web, internet, smartphones, laptops,
freely available networks, and digital media [31]. No previous generations have as many
labels as Generation Z, for example, Online Generation, iGeneration, Gen Tech, Face-
book Generation, all defining this generation through the prism of high civilizational
competencies, especially related to the use of virtual space. Researchers characterize
Generation Z as digital natives [32], highly achievement-oriented [33], and seeking
interesting and meaningful work [34]. Generation Z plans a career path based on needs,
aligned with their lifestyle, emphasizing the need for a psychological contract with the
organization to maintain a balance between work and personal life, expecting freedom
and flexibility at work to meet their personal and family needs [35]. Combining Al capa-
bilities with recognizing the preferences and expectations of Generation Z candidates
enhances the efficiency of recruitment processes [21, 36] and the effectiveness of HRM
[36].

An element that connects the future competencies of Generation Z and the possi-
bilities of Al in relation to certain communities is segmentation. Market segmentation
is most often performed as it is key to accommodating the tastes and preferences of
collective groups, rather than focusing on individual customers [37]. Segmentation is
also implemented in the labor market [38], in political marketing [39] and in healthcare
[40].

A detailed analysis of research indicates that although statistical techniques can
be used for segmentation, their effectiveness decreases when handling large data sets.
An alternative approach involves the use of ML, including decision trees, which are
capable of achieving high performance without relying on pre-existing hypotheses. ML
revolutionizes HRM practices [41] and automates the segmentation of candidate data,
e.g., method for segmenting CVs into basic information, education, and work experience
[42]. In the segmentation of Generation Z candidates, ML and CART were employed. The
CART model is particularly suitable for the segmentation of Generation Z candidates,
as it can effectively handle various types of data, including the competency “ability to
think analytically and draw conclusions” as a segmentation criterion.

3 Materials and Methods

3.1 Data

In the conducted research, 2197 questionnaires obtained between 2018 and 2022 were
analysed. The study group was technical school students in the Wielkopolska Province
(1460 males and 737 females) studying 12 fields of study (Table 1):

Respondents provided a range of qualitative as well as quantitative information in the
questionnaires regarding both the course they attended and their preferences for future
work, their desire to seek a job/internship and their own skills in terms of analytical
thinking skills, problem diagnosis, openness to new technological solutions, program-
ming skills (both in general and Java), awareness of cyber security risks, etc. Those
surveyed also indicated their place of residence and the location of the school they
attend. Geocoding the questionnaires allowed us to obtain a spatial distribution of the
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Table 1. Survey sample divided by respondents’ occupation

No Profession Number of respondents
1 IT technician 765
2 economic specialist 465
3 logistics technician 302
4 mechatronics technician 244
5 advertising organisation technician 145
6 mechanical engineering technician 80
7 electronics technician 66
8 ICT technician 64
9 forwarding technician 26
10 electrical engineering technician 16
11 digital graphic processes technician 13
12 trade technician 11

respondents’ place of residence and place of study, accurate to the postcode of the
place of study. The geospatial data was then aggregated to individual districts. In the
questionnaires, respondents indicated the year of registration (Table 2).

Table 2. Research sample in divided by years of collected data among respondents

No Year of registration Number of respondents
1 2018 685
2 2019 784
3 2020 213
4 2021 368
5 2022 147

Each respondent completed a scale self-assessment of his or her skills and, in addi-
tion, the manner of work (individual or group; in a group of Polish employees or in a
group of international at the company’s headquarters or remotely; 8 h a day or on a task
basis) and the priorities that motivate candidates to work (atmosphere at work or salary;
work with passion or just work; work in an innovative or traditional company).

3.2 Methods

The study used CART tree methods [43] regression and classification. In addition to
these methods for dividing data into classes, there are many others such as linear mul-
tiple regression [44], or the more traditional cluster analysis [45]. In the data mining
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performed, however, the use of CART trees was crucial, as it allowed both the classi-
fication and regression of nonlinear models and the use of data expressed in different
measurement scales: qualitative, rank and quantitative. Neural networks and other tree-
based models, e.g. random forest, also allow similar processing of broad data sets [46].
These other models allow high quality coefficients for classification and regression.
However, the choice of CART methods was justified insofar as they allowed (albeit at
the cost of slightly lower accuracy coefficients) for quick interpretation of results given
in a transparent manner. Such an approach is particularly useful, given the complex-
ity and intuitive ambiguity of the links between a wide variety of independent variables
describing students’ preferences and functioning, which can affect the dependent variable
studied, adopted in the article, and whose possession and level students only declared.
The use of CART trees makes it possible to obtain rules that “translate” the explanatory
variable. These rules can be extracted directly from the CART model as SQL language
formulas, which allows to automate the process of object selection.

4 Results

4.1 CART Model

In the research conducted, “Ability to think analytically and draw conclusions” was used
as the explanatory variable. This variable was coded in the research as an integer value
with an interval of <(0.5>. In the research conducted, this value was interpreted both as
a rank variable aggregated to three intervals: low, average, high, and as a quantitative
variable (Table 3). This approach allowed the development of two explanatory models
in the form of so-called CART (Classification And Regression Trees) decision trees -
a classification tree and a regression tree. In aggregating the data, it was assumed that
a response with a rank value higher than 1 indicated a significant level of belief by the
respondent in his or her ability to think analytically and draw conclusions.

Table 3. Research sample in divided by years of collected data among respondents

Value Number of respondents Rank scale Number of respondents
0 701 low 701

1 853 average 853

2 26 high 643

3 137

4 262

5 218

TOTAL 2197 2197

Analysing the above data in the context of a continuous quantitative scale, it can
be concluded that the mean value of the respondents’ answers is relatively low and
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amounts to 1.57 with a significant standard deviation value of 1.71. Thanks to the use
of geocoding algorithms for the data provided by the respondents, the results of the
questionnaires were also analysed spatially (Fig. 1). The map visualises the average
value of the respondents’ answers in the respective district. The intensity of the red colour
indicates the level of belief of those surveyed in the possession of the “Ability to think
analytically and draw conclusions”. The map shows in grey those counties for which
the number of questionnaires collected was too small (less than 10) to make reliable
inferences about respondents’ beliefs. The map indicates that the spatial distribution
of the results given by the respondents is not random. Within the voivodeship, it is
possible to distinguish zones in which young people’s belief in their own analytical
skills is relatively high, and zones in which respondents consider themselves to have
low analytical skills. Interpretation of these results may indicate a differentiated level
of education in particular regions of Wielkopolska (especially in terms of supporting
students in creative thinking and independence). However, this interpretation, due to the
relatively large values of the standard deviation treated as a measure of the uncertainty
of the result in a given district, should be treated with caution.

Ability to think analytically
and draw conclusions
(id:27285)

W 17410371
15 to1.74
04 t015

o
Pila

Leszno
()

] 50
kilometers

Fig. 1. Spatial distribution of respondents’ results

In further research, a regression-type CART tree model was developed on the basis of
the analysis of the collected data to explain the respondents’ “Ability to think analytically
and draw conclusions” values. In this model, the information most strongly correlated
with the explanatory variable was used as independent variables: year of registration,
gender of the respondent, preference for individual or group work, relevance of the
atmosphere in the potential job, and distance from Poznan. The latter variable was
determined through a process of spatial data enrichment as the distance in a straight
line from the school the respondent attends to the centre of the provincial capital. The
results obtained (Fig. 2) indicate that the highest value for analytical thinking skills
(2.30) is predicted by the CART model for women who were registered in the system
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after 2020. This is indicated by the so-called decision tree leaf with ID = 3, for which
the number of respondents meeting these criteria is 146. In contrast, the lowest value
is estimated by the leaf ID = 10, which corresponds to the generalised characteristics
of 125 respondents. These conditions are met by women registered before 2019 who
live relatively close to Poznan (less than 65 km). For the 56 men who meet the identical
conditions and, in addition, consider the atmosphere in a potential job as important (at
least 3.5 on a scale of 0 to 5), the predicted value of analytical skills by the model
is 1.55 (leaf with ID = 13). When analysing the model developed, it is important to
remember that the number of levels, “branches” and, above all, “leaves’ determines the
level of detail of the inference. A model that consisted of a number of leaves equal to the
number of respondents (in this case 2197) would describe the individual preferences of
each respondent. In contrast, a model containing just one leaf would show the averaged
characteristics of all respondents. In the research conducted, 31 terminal nodes were
taken as the level of generalisation. Leaf ID =24 describes the largest number of 381 male
respondents, who study in a school at least 80 km away from Poznan, were registered
in the system before 2021 and prefer individual to group work.

D=1 N=2197|
low average
—average
—high [ '
is looking for work
= YES | =NO
D=4 N=971 D=5 N=1226
high average
M I—] r] [ \’I—I | o |
=W gender =M <=25 innovative »25
D=10 N=258 D=11 N=713, D=6 N=684 D=7 N=542
high low low average
indivi 8 hours <> task-based
=45 individual <> team >45 <25 25
D=12N=590 D=8 N=276 D=9 N=408
low low average
Hi=r=" [Om Ol 1=

Fig. 2. Regression tree for the explanatory variable “Ability to think analytically and draw
conclusions.”

In an analogous way, a CART classification tree was developed in which three classes
of analytical thinking skills were explained: low, average and high. The results (Fig. 3)
indicate that the explanatory variables in this model are willingness to look for a job,
gender and respondents’ opinion of innovative work vs. “simply”” work, task-based work
vs. “8 h a day”, and individual work vs. team work.

Respondents claiming to have high analytical thinking skills as determined by the
CART model are:

— women looking for a job (leaf ID = 10, 258 respondents,
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men looking for jobs of a team nature (at min. 4.5 on a scale of 0-5) - leaf ID = 13,
123 respondents.

Respondents declaring to have average analytical thinking skills:

— unisex not looking for work and valuing innovative challenges (at a minimum level
of 2.5 on a scale of 0-5) - leaf ID = 7, 542 respondents,

— unisex people not looking for a job and valuing innovative work, but preferring
task-based work to fixed working hours - leaf ID = 9, 408 respondents.

Respondents declaring to have low analytical thinking skills:

— male jobseekers who prefer working alone (leaf ID = 12, 590 respondents),
— unisex jobseekers who do not value work of an innovative nature, but prefer to work
fixed hours in cities with daytime challenges - leaf ID = 8, 276 respondents.
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1.
«=go distance from Poznan [km] >80 3 nder
N=816 N=866
1.30
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N=362 ) 53r1 !
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I b Faf " ] ol Dol hod b
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IN=142 -
088|130 N=125(1-40 " H . N=161
N=125 atmosphere distance-from Poznan [km] N=55
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N= 86! .N =56 H .N =61

Fig. 3. Regression tree for the explanatory variable “Ability to think analytically and draw
conclusions”.

5 Discussion and Conclusions

The conducted research makes it possible to extend the application of CART methods
in HRM to the segmentation of technical high school students. The interest in this
target group - representatives of Generation Z - stems from the search for methods of
accelerating the preparation of employees for work, even at the stage of educating future
candidates [48], especially in the area of competencies of the future, which “Ability to
think analytically and draw conclusions” was taken as a representative in this article.
The study conducted represents a novel and unique approach of AI’s impact on HRM
with the necessary future competencies required to adapt to technological advances.
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The article draws a marketing concept for segmenting potential candidates using ML
methods. The study shows (Fig. 2) that newer vintages of students rate their level of
analytical thinking competence higher than earlier vintages, which may indicate that,
in general, the level of this competence is increasing in successive vintages, or that
students from successive vintages are characterized by greater self-confidence. It has
been noted that the highest self-assessments of the level of the competency under study
are indicated by students from schools located closer to the regional capital, while the
lowest assessments are indicated by students studying in schools further away. Quite
surprisingly, it turns out that the highest self-assessments are most often given by female
students. The above answers the first research question. Answering the second research
question, it can be concluded that ML with the support of the CART method can be an
effective tool for segmenting potential candidates, thus can be effectively used in the
digital transformation of HR departments.

The research was conducted under certain constraints, such as regionality and non-
representativeness of the foundational data, self-assessment of competencies by students.
Nevertheless, the results achieved are very promising in both theoretical and utilitarian
dimensions. The article answers the research question posed: how to search for classes of
students - future job candidates, with similar characteristics, who will be characterized
by similar levels of the competence selected for analysis? Identification of classes of stu-
dents with the lowest levels of competence makes it possible to target training activities,
diversify training programs, shorten training processes, and thus increase the effective-
ness and efficiency of the activities of schools, local governments, training companies
and entities that are responsible for the distribution of funds, including EU funds. Quick
identification of groups of students with the highest levels of competence will allow
companies to speed up access to them and establish cooperation with them (internships,
apprenticeships) more quickly, getting ahead of competitors in reaching them and reduc-
ing the cost of putting future graduates to work by shortening recruitment and onboarding
processes.

Further avenues of research may include consideration of regional and demographic
context variation, with a diverse sample in different regions, analysis of other core
competencies for digital transformation or green transformations. It is also possible to
use and analyze other Al and ML methods, among others, for prediction purposes, also
to compare and verify the results obtained.
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Abstract. The aim of this study was to analyze the impact of current temperatures
in major US cities on the accuracy of forecasts for natural gas futures prices using
various machine learning algorithms. The study involved comparing the results of
six algorithms (decision trees, random forests, support vector machines, gradient
boosting, k-NN, and neural networks) in two versions: without temperature data
(Study A) and with this data (Study B). The results indicate that the inclusion
of temperature data significantly improves prediction accuracy in all tested algo-
rithms. The best results were achieved by gradient boosting, showing the highest
accuracy (0.581) after adding weather data. The analysis of variable importance
revealed that minimum and maximum temperatures, as well as the “day_of_year”
variable, were key predictors of gas prices. The conclusions of the study sug-
gest that incorporating temperatures into predictive models may be beneficial for
“end-of-day trading” investment strategies, leading to more accurate investment
decisions. The study’s limitations include the limited scope of weather data and
the need for further testing under various market conditions. These results can
help investors and market analysts develop more effective investment strategies.

Keywords: Artificial Intelligence - Machine Learning - Stock Exchange -
Natural Gas Futures

1 Introduction

The analysis of the relationship between energy commodity prices and various envi-
ronmental and economic factors plays a crucial role in decision-making processes in
financial markets. One such commodity is natural gas, the prices of which are signifi-
cantly dependent on many variables, including air temperature. Temperature fluctuations
affect gas demand, particularly in the context of heating during winter months and cooling
during summer periods.

The objective of this paper is to conduct a detailed analysis of the impact of current
temperatures on the prices of natural gas futures in major US cities. The main research
question concerns whether the inclusion of current daily temperatures in predictive mod-
els based on various machine learning algorithms can improve the quality of forecasts
regarding natural gas prices.
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The working hypothesis suggests that introducing data on current temperatures into
the data model with technical analysis indicators used to train a classifier based on various
machine learning algorithms allows for increased prediction quality related to possible
investment decisions (buy, sell, stay out of the market) made based on the classifier’s
predictions.

The analysis will utilize different machine learning algorithms such as decision trees,
random forests, support vector machines, gradient boosting, k-NN, and neural networks.
They will be tested in two versions: considering only historical price data and technical
indicators and with additional temperature data.

An important aspect of the study is also assessing which of the applied algorithms
best responds to the introduction of temperature data, allowing for conclusions regarding
optimal investment strategies in the context of natural gas futures markets.

Research on the impact of temperature on natural gas prices is extensive, as shown
by studies such as [22], which modeled gas prices considering demand, supply, and
economic growth indicators, or [24], which demonstrated a positive correlation between
winter temperatures and natural gas consumption in residential buildings in the USA.
This study fits into this research trend, extending it by analyzing the potential use of
“end-of-day trading” strategies using machine learning for forecasting natural gas futures
prices based on current weather data.

The next section will discuss the research methodology and the results of the analyses
in detail.

2 Related Works

The analysis of natural gas prices concerning temperatures is the subject of numerous
studies. [22] in their study model natural gas prices considering demand, supply, and
economic growth indicators. They state that gas prices are mainly shaped by market
demand and supply functions, with factors such as weather and temperature playing
a key role in demand changes. In [27], a comparative analysis of industrial heat sup-
ply processes was conducted, assessing their thermodynamic and economic efficiency,
finding that fluctuations in gas and electricity prices influence the choice of the most
favorable heat production methods. The study [20] identifies the relationships between
fossil fuel prices, including natural gas, and climate change variables such as temperature
and precipitation, proving that natural gas prices are strongly linked to climate changes.

The analysis of natural gas prices concerning temperatures is also present in other
works, for example, in [1], a comprehensive thermo-economic analysis of a modern
Power-to-Gas system was conducted, pointing out the influence of temperature and
pressure on the costs of producing synthetic natural gas. In [24], it was shown that win-
ter temperatures in central and eastern United States are positively correlated with natural
gas consumption in residential buildings, suggesting that residential demand dependent
on temperature is more sensitive to market changes. In [4], a joint model of natural gas
and temperature prices was proposed, showing their mutual dependencies in the US
market. In [11], the impact of CO2 prices on electricity prices was studied, considering
changes in natural gas prices and temperature. It is also worth noting the study [8], which
developed a stochastic model that can effectively manage temperature-related risks in
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natural gas demand, helping to assess the exchange of energy quanta. Meanwhile, in [3],
the authors propose a simple joint model for natural gas and temperature prices, con-
sidering time delay affecting their mutual dependencies, allowing them to demonstrate
a model accurately describing spot prices of natural gas and temperatures with a time
delay parameter affecting the temperature forecast in mutual dependency.

Regarding the impact of current temperatures on future natural gas prices, works
such as [19] examined the influence of climate change and natural gas prices on electric-
ity transmission revenues using climate change forecasts and various natural gas price
scenarios. They found that future natural gas prices will be the main factor influencing
future transmission line revenues with a minor relative impact from climate changes.
Furthermore, in [26], energy price projections for various fuels, including natural gas,
were analyzed, considering climate change. They examined price trends for natural gas
and other fuels in the context of the competitiveness of low-temperature geothermal
resources. Additionally, in [7], the impact of future greenhouse gas emissions from nat-
ural gas production was assessed using a dynamic techno-economic model, focusing also
on the effects of different methane emission metrics on the value of various projects and
identifying resources that may become unprofitable under various carbon price scenar-
ios. Interesting conclusions are also found in the earlier cited publication [24], where the
relationships between winter temperature and natural gas consumption in households in
central and eastern USA were examined. They analyzed gas consumption data at the state
level, aggregating it for various subregions, which showed that winter temperatures in
central and eastern United States are positively correlated with natural gas consumption
in residential buildings, suggesting that residential demand dependent on temperature is
more sensitive to market changes than previously thought.

There are also studies on short-term forecasts of natural gas prices and the impact
of various factors, including temperature, on these prices, for example, in [15], a new
deep learning model was proposed for short-term forecasting of natural gas prices using
convolutional and LSTM layers to analyze natural gas data and learn short- and long-
term dependencies. In [10], the impact of mild winter temperatures in the first months
of 2020 on the decline in natural gas demand for heating, which contributed to lower
natural gas prices, was analyzed. In [17], a structural vector autoregression (VAR) and
Markov models were used to examine the short-term impact of temperature deviations
on natural gas prices in the USA, showing that the US natural gas market is sensitive to
temperature changes in the short term.

As the above studies show, natural gas prices are related to temperatures, but it is
worth considering whether knowledge of current temperatures can be a more or less
significant parameter influencing investment decisions in the natural gas futures market
in the USA.

Assuming the influence of temperature on gas prices, it is worth looking at “end-
of-day trading” strategies, which involve making investment decisions (actions) for the
next trading session based on data and information available at the end of the current
day. “End-of-day trading” strategies can be effectively used as a market entry method
when long-term strategies indicate the validity of purchasing shares. This combination
of a short-term entry technique with long-term investment analysis is a good strategy
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for investors who want to optimize the timing of their transactions, which can impact
investment efficiency.

The effectiveness of “end-of-day trading” strategies has been demonstrated by
numerous studies, for example, in [9], it was noted that the last 5 min of the trading
day account for a significant part of the variability of daily returns, which is consistent
with the hypothesis that institutional interest affects the common components of stock
returns at the end of the day. In the study [6], it was found that higher day trading activity
leads to greater return volatility and that their short-term strategies contribute to positive
future returns. In [16], it was discovered that returns and the number of traded shares
have a U-shaped pattern during the trading day, confirming that high end-of-day returns
are partly due to an increase in the proportion of transactions at the sale price. The
authors of the study [5] presented a stock trading system that uses multi-objective par-
ticle swarm optimization (MOPSO) of technical indicators based on end-of-day market
data, demonstrating that this system achieves better results than traditional methods. In
[13], it was found that there are clear advantages to buying shares at the close of the
day and selling them at the opening of the next trading day, especially when it is the
next calendar day with the highest ratio of average daily return to standard deviation.
Meanwhile, the study [12] shows that securities that achieve high relative returns in a
given half-hour of a given day exhibit similar outperformance in the same half-hour on
subsequent days, suggesting that strategically changing transaction times can signifi-
cantly reduce costs. These studies show that the “end-of-day trading” strategy can bring
benefits such as better use of institutional information, higher transaction efficiency, and
strategic use of short-term return patterns.

The “end-of-day trading” strategy has been successfully used with machine learning,
for example, in [25], it was shown how a machine learning-based statistical arbitrage
strategy was successfully transferred from equity markets to futures markets using data
from recent months to predict returns. In [2], a hybrid model combining technical anal-
ysis indicators with machine learning techniques for generating trading signals was pre-
sented, improving trading effectiveness on major indices. The study [14] applied various
machine learning algorithms to forecast stock prices based on technical indicators, gener-
ating buy and sell signals. Deep neural networks were used in [28] to predict the direction
of daily stock market returns based on financial and economic data. In [18], a decision
model for daily investments in the stock market was proposed, using a combination of a
machine learning-based classifier and a mean-variance portfolio selection method. The
study [21] demonstrated the predictability and profitability of machine learning-based
trading strategies in cryptocurrency markets using techniques such as linear models, ran-
dom forests, and support vector machines. The article [23] includes trading strategies
on the SSE-50 index, using machine learning to predict intraday price movements based
on opening data. These studies show that “end-of-day trading” strategies using machine
learning can be effective in predicting price movements and generating profits in various
market conditions.
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3 Methodology of the Research Experiment

The research procedure involves the following steps:

1. Data Acquisition: Retrieve Gas Futures data from the investing.com platform.

2. Calculation of Basic Indicators: Compute the simple moving averages (SMA) for
5, 20, 40, and 200 days for closing prices, as well as the 5-day SMA for volume
(SMA_Vol_5).

3. Determination of Dependent Variable: Define the dependent variable as the action to
be taken based on data from the following 5 days:

a. Buy: When the price increases by more than 6% from the closing price.
b. Sell: When the price decreases by more than 6% from the closing price.
c. Hold: When neither of the above conditions is met.

4. Weather Data Acquisition: Collect daily weather data (minimum and maximum
temperatures) from 8 weather stations located in the largest cities in the USA.

5. Data Integration: Merge the financial data and the weather data to form the training
dataset.

6. Classifier Evaluation: Evaluate the classifiers for two versions of the study trained
using various machine learning algorithms (decision tree, Random Forest, SVM,
Gradient Boosting, k-NN, Neural Network):

A. Study without Temperature Data
B. Study with Temperature Data: Include two additional attributes: day of the year
and day of the week.

7. Performance Metrics Calculation: Compute the evaluation metrics for both versions
of the study for comparison purposes: Accuracy, Confusion Matrix, and Classification
Report (including precision, recall, and f1-score).

The selection of machine learning algorithms for this study was guided by their estab-
lished effectiveness in handling complex and non-linear relationships in financial data,
particularly relevant for forecasting natural gas futures prices. Each algorithm’s inclusion
is justified by its unique strengths:

Decision Trees are renowned for their simplicity and interpretability, decision trees
offer a clear visual representation of the decision-making process. They can capture
non-linear relationships and interactions between features without requiring data nor-
malization. Random Forests are known as an ensemble method based on decision trees,
random forests enhance predictive accuracy and robustness by aggregating the results of
multiple trees. This aggregation reduces the risk of overfitting and improves generaliza-
tion. Support Vector Machines (SVM) are effective in high-dimensional spaces and are
particularly suitable for classification tasks with clear margins of separation. They are
resilient to overfitting, especially in scenarios where the number of dimensions exceeds
the number of samples. Gradient Boosting is powerful ensemble technique builds mod-
els sequentially, with each new model correcting errors made by the previous ones.
Gradient boosting is adept at handling complex data patterns and often achieves higher
predictive accuracy than individual models. k-Nearest Neighbors (k-NN) is a simple,
instance-based learning algorithm that makes predictions based on the closest training
examples in the feature space. It is intuitive and effective for small to medium-sized
datasets. With their ability to learn and model non-linear and complex relationships,
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neural networks are highly versatile. They can capture intricate patterns in data through
multiple layers of processing units.

These algorithms were selected to provide a comprehensive evaluation of different
machine learning approaches, ensuring that the study leverages a diverse set of techniques
to identify the most effective model for forecasting natural gas futures prices.

4 Results

The following are the results of the study aimed at determining whether the inclusion of
temperature data from the most populous cities in the USA in machine learning models
improves the predictive ability of these models. The evaluation methods used include:
Accuracy, Classification Report (precision, recall, f1-score), and for Gradient Boosting,
an additional evaluation method called ‘importance’.

For each method in Study A, the classifier was trained using data on natural gas
futures prices and basic technical analysis indicators, whereas in Study B, data on the
minimum and maximum temperatures of the day from eight weather stations located in
the largest US cities were additionally included.

The results for each machine learning method are summarized in Table 1.

Table 1. A set of data on the basis of which the analysis was carried out

Classifier Study Accuracy Precision Recall F1-Score
Decision Tree A 49.4% 50.0% 45.0% 45.0%
B 52.6% 51.0% 53.0% 51.0%
Random Forest A 50.9% 54.0% 51.0% 45.0%
B 53.4% 54.0% 53.0% 49.0%
SVM A 49.3% 50.0% 49.0% 43.0%
B 53.2% 52.0% 53.0% 51.0%
Gradient Boosting A 55.6% 56.0% 56.0% 53.0%
B 58.1% 57.0% 58.0% 57.0%
k-NN A 46.8% 46.0% 47.0% 46.0%
B 54.0% 53.0% 54.0% 53.0%
Neural Network A 49.3% 48.0% 49.0% 48.0%
B 52.4% 51.0% 52.0% 52.0%

Additionally, using Gradient Boosting, the evaluated attributes were ranked accord-
ing to their importance:

importance
SMA_200 0.166728
day_of_vear 0.111566
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SMA_40 0.097743

High 0.079219

SMA_20 0.056694
USW00023183_TMIN 0.046271
SMA_Vol_50.044201

Low 0.042345

Change % 0.035783
UsCc00285728_TMAX 0.028167
Vol. 0.026458

USw00023183_TMAX 0.025339
UsSCc00285728_TMIN 0.022827
USwW00012918_TMAX 0.021427
UsSw00094728_TMAX 0.018707
SMA_5 0.018216

Close 0.017070

USC00410902_TMIN 0.016668
UsSw00023188_TMAX 0.015936
USw00093134_TMIN 0.015803
UsSw00023188_TMIN 0.014437
USw00012918_TMIN 0.013306
UsCc00111577_TMAX 0.013272
Usw00094728_TMIN 0.012591
UsSC00111577_TMIN 0.011149
UsSCc00410902_TMAX 0.009755

Open 0.008814
UsSw00093134_TMAX 0.008306
day_of_week 0.001203

5 Conclusion

The conducted study aimed to assess whether including current temperature data from
the largest cities in the USA in predictive models based on various machine learning
algorithms improves the quality of forecasts for natural gas futures prices. The obtained
results indicate that adding temperature data to the models significantly enhanced predic-
tion accuracy in most of the applied algorithms. All tested classifiers, including decision
trees, random forests, support vector machines, Gradient Boosting, k-NN, and neural net-
works, showed higher accuracy in the version with temperature data (Study B) compared
to the version without these data (Study A).

Among the tested algorithms, Gradient Boosting exhibited the highest accuracy in
both Study A (0.556) and Study B (0.581), proving to be the most effective in considering
complex relationships between variables and responding best to the inclusion of temper-
ature data. The variable importance analysis in the Gradient Boosting models indicated
that minimum and maximum temperature data from individual cities were significant
predictors of natural gas prices. The variable “day_of_year” was particularly significant,
suggesting a seasonal nature of natural gas demand.

Incorporating temperature data into predictive models can be beneficial for “end-of-
day trading” investment strategies. Models that included weather data demonstrated a
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better ability to predict price movements, which could lead to more accurate investment
decisions. Despite the positive results, the study has its limitations. The temperature data
were sourced only from the eight largest cities in the USA, which may not reflect the
full impact of temperature on gas prices across the country. Additionally, the predictive
models were tested on historical data, which does not guarantee their effectiveness in
future market conditions.

Further research should include a broader range of weather data from more loca-
tions and consider other factors affecting natural gas prices, such as political or eco-
nomic changes. Testing models on data from different periods and under various market
conditions could provide more comprehensive results. While the study demonstrates
the benefits of incorporating temperature data, it also highlights the need for broader
weather data coverage and consideration of additional factors such as political or eco-
nomic changes. Investors should remain aware of these limitations and continuously
update and validate their models with new data under varying market conditions.

By leveraging these findings, investors and analysts can develop more robust and
effective investment strategies, ultimately enhancing their ability to forecast natural gas
futures prices and achieve better returns on their investments.

In summary, the study demonstrated that incorporating current temperatures in pre-
dictive models based on machine learning algorithms can significantly improve the qual-
ity of forecasts for natural gas futures prices. These findings may be useful for investors
and market analysts in developing more effective investment strategies.
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Abstract. The article addresses the issue of measuring the degree of digitalization
in European Union countries using the Digital Economy and Society Index (DESI).
The aim is to analyze the impact of selected normalization algorithms on the DESI
ranking and to identify the algorithm that is least sensitive to unusual indicator
values. An analysis of eleven selected normalization algorithms was conducted
using computer programs in Python, specifically developed for this study. The
findings indicate that the linear normalization sum-based algorithm is the most
effective, providing the most stable ranking where changes in the DESI index of
some countries are minimally affected by changes in the indicator values of other
countries in the ranking. The authors’ main contribution is the analysis of data
normalization algorithms and the identification of the most suitable one for DESI.

Keywords: Data normalization - Digitalization - DESI

1 Introduction

A new type of economy, the digital economy, is emerging before our eyes. It is driven
by the intensification of digitization processes over the past two decades, including the
application of digital technologies by companies, public institutions, NGOs, employees,
consumers, and citizens [1-4].

Digital technologies are critical to achieving economic and sustainability goals [5-8],
and they contribute to economic growth [9]. They create new opportunities in areas such
as knowledge sharing, communication, management, information transfer, and employee
coordination [5]. Additionally, digitization drives economic and social innovation [7, 10]
and is beneficial in giving countries a competitive advantage [8, 11]. Consequently, the
EU’s efforts to develop and disseminate digital technologies play a crucial role [3]. In
this context, action programs like the 2030 Digital Compass [12] and the accompanying
Digital Decade Policy Programme [13] are highly relevant to Europe’s future. These
programs contain measurable targets and mechanisms for monitoring the progress of
digitization in individual EU countries [3, 14].

The primary tool used by the European Commission to assess the digitization levels
in EU countries is the Digital Economy and Society Index (DESI). Published annually
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since 2015, it considers indicators (KPIs -Key Performance Indicators) measuring key
dimensions of digitization: infrastructure, digital skills, use of technology by businesses
and citizens, and the level of digitization in public administration [15]. Decisions on the
implementation of digitization policies at various levels are based on DESI index values
and its indicators.

DESTI’s annual reports include country profiles and comparisons, enabling member
states to identify strengths and weaknesses. The rankings based on this index guide fund-
ing for the digital decade goals using EU funds [3, 14]. Therefore, a country’s position
in this ranking is important. However, it may depend not only on actual performance but
also on the methodology used to calculate the DESI index, including the normalization
algorithm applied to the data.

Literature indicates that different normalization approaches can lead to varying
rankings of alternatives [16—19], with some methods being more suitable for specific
decision-making scenarios [20]. Selecting the most appropriate normalization algorithm
is crucial, as it impacts the final ranking list [21] and affects the relative importance of
indicators [22]. Therefore, choosing the right normalization algorithm is essential to
ensure accurate and reliable ranking results. Key questions in this context include: (1)
How significant is the impact of the normalization algorithm on the DESI ranking?
(2) Which normalization algorithm provides the most reliable representation of DESI
results?

This article aims to analyze the impact of selected normalization algorithms on the
DESI ranking and to identify the algorithm that is least sensitive to abnormal indicator
values. The authors’ main contribution is the analysis of data normalization algorithms
and the identification of the most suitable one for DESI.

2 Materials and Methods

The survey was conducted based on the DES12022 methodology described in [23]. DESI
2022 was chosen despite the availability of DESI 2023 data and rankings, due to the lack
of a detailed description of the DESI 2023 methodology. The DESI 2023 methodolog-
ical note [24] does not indicate the data normalization algorithm or the weights used
to build the index. It can be presumed they are the same as DESI 2022, but this infor-
mation is not included in the document. Additionally, https://digital-decade-desi.digital-
strategy.ec.europa.eu/datasets/desi/indicators lists 34 indicators, whereas [24] lists only
32. Therefore, the survey used the indicators specified in the DESI 2022 methodology
[23].

Data on indicators for individual EU countries were downloaded from https://digital-
decade-desi.digital-strategy.ec.europa.eu/datasets/desi-2022/indicators. Due to incom-
plete data for all indicators, countries such as Finland (FI), Luxembourg (LU), Croatia
(HR), Malta (MT), and Cyprus (MT) were not included in the study. According to the
DESI 2022 methodology [25], missing data in the EU country rankings presented at
https://digital-strategy.ec.europa.eu/en/policies/desi were filled using data from other
years and approximations based on available data from other years. Since the DESI
2022 methodology does not specify the approximation methods used, the previously
mentioned countries were removed from this survey.
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For DESI 2022, the linear max-min algorithm was used to normalize the data. This
algorithm is sensitive to unusual indicator values, potentially leading to errors in the
ranking results. To select alternative normalization algorithms for the study, the literature
on normalization was reviewed.

Normalization is a scaling process used to ensure data comparability by eliminating
the optimization orientation (benefit or cost), unit of measurement, and range of vari-
ability [20]. It involves preliminary processing to convert heterogeneous input data into
dimensionless data [16]. Normalization algorithms can be divided into two basic classes
based on whether they consider the optimization orientation of the indicators used to
calculate the ranking value [20]. Indicators can be either cost-oriented (destimulant),
where lower values are preferable, or benefit-oriented (stimulant), where higher values
are preferable. Algorithms that use different formulas for benefit and cost type indicators
are listed in Table 1. The alternatives mentioned in the table refer to countries.

Table 1. Normalization techniques depending on the optimization orientation

Normalization method Benefit type indicator Cost type indicator
Vector normalization [25] Ny o— 0 nso—= 1 — Tij
y m 2 y m 2
i=1"Tjj i=1"jj
Linear normalization nij = Ty e L / rij
sum-based [26] S iy Yy
Logarithmic e — In(ry) ] ()
normalization [27] Y (T ry) ([T )
W= ——m=1
Enhanced accuracy normalization [28] " —ry ryj—rin
nj=1—-—-r— nj=1- —F7~—
(7 =ri) Sy (=)
Maximum - linear normalization [29] | ;.. — i =1 — —i_
j = pmax ij T
J J
Minimum - linear normalization [20] r;’”" rjf"""
nj=1-— - i = "
ij - ij
Non-linear normalization [27] ry 2 r]l_nin 3
nji = . n; =
) rjm‘”‘ ) Tij
0-1 interval normalization using o= i pnin
. nl] Fmax N = J
max-min [30] j v rij

(continued)
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Normalization method Benefit type indicator Cost type indicator
Jiittler’s and Korth’s normalization [31] _ = " —ry
nj=1- I njj = 1=
J it
ot 1007 min
Stopp normalization [30] njj = ~m i S 10077
: J y Tij
Lai and Hwang normalization [32] N — Ty i — —
Ui pmax _ min 1 pmin __ max
J J J
Linear max-min normalization [33] r,;/fr;""” s i
nlj = pmax _ rmin nl] - pmax 7,«{"""
j i j j
Z-transformation [34 2
(341 Xt im1 (ri—m;)
. o
Hj = m J m
o T T
"= g M=

n;j— normalized value of alternative i in

r}”’”— minimum value of indicator j
indicator j

rij— original value of alternative i in
indicator j

wj— arithmetic mean of indicator j

m —number of alternatives oj— standard deviation of indicator j

rj’."“x— maximum value of indicator j

Source: Own elaboration based on [20, 31, 34]

In contrast, algorithms that apply the same formula regardless of indicator type are
shown in Table 2.

The study excluded normalization algorithms that required a reference value, as such
a value does not exist in the DESI methodology. For further calculations, we selected
the following methods:

N1 — DESI (linear max-min),

N2 — Z-transformation,

N3 — Vector normalization,

N4 — Linear normalization sum based,

NS5 — Enhanced accuracy normalization,

N6 — Maximum linear normalization,

N7 — Non-linear normalization,

N8 — Jiittler’s and Korth’s normalization,

NO — Lai and Hwang normalization,

N10 — Normalization equalizing the average to 1,
N11 — Normalization equalizing the standard deviation to 1.

The following methods listed in Tables 1 and 2 were omitted:

e Minimum-linear normalization, as normalization could not be performed for indicator
values equal to zero (division by zero);
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Table 2. Normalization techniques independent of the optimization orientation

Normalization method All types indicators
Normalization equalizing the average to 1 [20] nj = Ty
Hj
Normalization equalizing the standard deviation to 1 [20] nij = T
9j
Range normalization between -1 and + 1 [20] r;”“x+r;”i">
Tj— 7
nij = r)_ﬂax?,.min
J
2
Range normalization between 0 and + 1 [20] ri,-—rjf”"‘
nij = rm‘”—r(’”‘"
J
n;i— normalized value of alternative i in indicator j r;”i”— minimum value of indicator j
rij— original value of alternative i in indicator j wj— arithmetic mean of indicator j
m —number of alternatives oj— standard deviation of indicator j
r;"“xf maximum value of indicator j

Source: Own elaboration based on [20, 31, 34]

e (-1 interval normalization using max-min and Stopp normalization, as the formula for
stimulants is identical (or represents a rescaling) to maximum-linear normalization.
In the study, only one indicator was a destimulant, making differences difficult to
observe.

The next steps of the study are presented in the “Results and Discussion” section
to create a coherent narrative. The study was conducted using specially written Python
programs.

3 Results and Discussion

The study identified the positions of selected countries in the DESI ranking based on the
normalization algorithm used. The ranking was created based on the DESI procedure
[23]. Initially, normalization was performed. Then, for each object, a weighted average
was calculated with weights corresponding to the values proposed in the DESI procedure.
The weighted average result determines the position of objects in the ranking. For the
basic DESI procedure, the linear max-min normalization was used, which was replaced
for the study with the methods listed in Sect. 2. The results are shown in Table 3.

It should be noted that the ranking obtained in the survey for DESI 2022 (column
N1) differs from the official ranking presented at https://digital-strategy.ec.europa.eu/
en/policies/desi - especially in terms of the countries in the middle and near the end of
the ranking. This may be due to two reasons. This may be due to two reasons. First,
the DESI 2022 methodology [23] does not clearly indicate what values of weights
should be adopted for each indicator. In this study, the weights of groups and subgroups
of indicators were adopted according to the [23, p. 12]. For specific indicators, [23]
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indicates that most have the same weights, but it does not specify which indicators have
deviations. Therefore, this article assumes that all indicator weights are the same, which
could explain the different results obtained. The second reason could be the removal of
several countries from the ranking due to incomplete data, which may have altered the
order of other countries. However, it should be emphasized that the differences in the
ranking order do not affect the overall results obtained in the article, as the properties of
DESI calculation were studied, which remain consistent regardless of the data used.

Table 3. DESI ranking with different normalization algorithms

Code Normalization algorithm
N1 N2 |N3 N4 N5 N6 |N7 N8 |N9 |NIO |NI1

DK 1 1 1 1 1 1 1 1 1 1 1
NL 2 2 2 3 2 2 2 2 2 3 2
SE 3 3 3 2 3 3 3 3 3 2 3
1IE 4 5 4 4 4 4 4 4 4 4 5
ES 5 4 5 6 5 5 5 5 5 6 4
EE 6 7 9 9 6 6 6 6 6 9 7
AT 7 8 7 8 7 7 8 7 7 8 8
SI 8 6 8 7 8 9 11 9 8 7 6
BE 9 15 14 12 12 10 7 10 9 13 15
FR 10 10 6 5 9 8 9 8 10 5 10
PT 11 9 11 11 10 11 10 11 11 11 9
EU 12 11 10 10 14 12 15 12 12 10 11
LT 13 12 15 15 11 14 12 14 13 15 12
DE 14 14 12 13 15 13 13 13 14 12 14
LV 15 13 16 18 13 15 14 15 15 18 13
(074 16 17 17 16 16 16 16 16 16 16 17
IT 17 16 13 14 17 17 17 17 17 14 16
HU 18 18 18 17 18 18 18 18 18 17 18
SK 19 19 20 20 19 19 20 20 19 20 19
EL 20 20 19 19 20 20 19 19 20 19 20
PL 21 21 21 21 21 21 21 21 21 21 21
BG 22 22 22 22 22 22 22 22 22 22 22
RO 23 23 23 23 23 23 23 23 23 23 23
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Table 3 shows that the best and worst positions are occupied by the same countries,
regardless of the normalization algorithm used. The closer to the middle, the greater the
diversity in ranking positions. This observation is confirmed by the standard deviations
and ranges of variation in ranking positions shown in Table 4 and Fig. 1.

Table 4. Ranking statistics

Code Stand. Deviation Interval Code Stand. Deviation Interval
DK 0.00 0 cont

NL 0.40 1 LT 1.42 4
SE 0.40 1 DE 0.92 3
IE 0.40 1 LV 1.79 5
ES 0.63 2 CZ 0.47 1
EE 1.34 3 1T 1.51 4
AT 0.52 1 HU 0.40 1
SI 1.45 5 SK 0.52 1
BE 2.66 8 EL 0.52 1
FR 1.99 5 PL 0.00 0
PT 0.82 2 BG 0.00 0
EU 1.62 5 RO 0.00 0

Figure 1 shows that Belgium (BE) has the highest variability in ranking position,
ranking 9th out of 23 possible positions according to DESI. The volatility decreases as
one moves away from the central position, but it is subject to cyclical fluctuations of
roughly similar periods.

The normalization algorithms tested were grouped using the k-means method to
determine which produced similar results. The number of classes, determined using the
Elbow method [35] (Fig. 2), was five.

Classification showed that the maximum linear normalization (N6), Jiittler’s and
Korth’s normalization (N8), and Lai and Hwang normalization (N9) algorithms produced
results closest to DESI (N1). They were found in Class 0. Class 1 included algorithms
that normalize data only by dividing by a value determined from the data. Class 2
included all algorithms where the divisor is the standard deviation. Class 3 included the
only nonlinear algorithm in the list. Class 4 included algorithms where the divisor is the
maximum value of the data set (Table 5).

A good normalization algorithm ensures the stability of ranking results. Changing
the index value for any country should not affect the differences in index values between
other countries. For example, if one of the indicators for Denmark (DK) was incorrectly
measured, affecting its index value, correcting this value should not change the difference
in index values for Sweden and Norway.

The index values for each country were treated as a vector pattern. Denmark (DK)
was selected because it ranked first. For Denmark, the value of the “l1a2 Above basic
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digital skills” index was changed from —50 to 4-50 of the original value in increments of
1. For each increment, the DESI index values for each country were calculated, creating
a vector. Each vector was then compared with the benchmark vector. In this procedure,
Denmark’s index values were removed from the vectors, and their average values were
subtracted. The distances between the resulting points were calculated, and this value
should be zero. Alternatively, the index values for all countries (except Denmark) could
change by the same amount, which would not affect the interpretation of the result.
Figure 3a shows the calculated distance changes for the zero-class normalization
algorithms. The graphs for DESI, Lai and Hwang normalization, maximum linear nor-
malization, and Jiittler’s and Korth’s normalization overlap. Changes in the index values
within a certain range do not affect the index values for other countries. However, outside
this range, the graphs rise sharply, resulting in increasingly significant changes in index
values. Maximum linear normalization and Jiittler’s and Korth’s normalization methods
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Table 5. Classification of normalization agorithms

Normalization algorithm Class
N1 DESI 0
N6 Maximum linear normalization 0
N8 Juttlers and Korths Normalization 0
N9 Lai and Hwang Normalization 0
N3 Vector normalization 1
N4 Linear normalization sum based 1
N10 Normalization equalizing the average to 1 1
N2 Z transformation 2
NI11 Normalization equalizing the standard deviation to 1 2
N7 Non-linear normalization 3
N5 Enhanced accuracy normalization 4

perform more favorably than DESI here, as the increase in distance values is only on the
right part of the graph and is less steep.

Figure 3b shows the calculated distance changes for the normalization algorithms
from class 1 and DESI The impact of changing the index value for one country here
does not significantly affect the index values for other countries. However, the impact
appears with even the slightest change in the index value. By far, the most favorable is
the linear normalization sum-based algorithm, for which the distances change the least.

Figure 3c shows the calculated distance changes for the class 2 and linear normaliza-
tion sum-based algorithms and DESI. The waveforms for all the algorithms from class 2
overlap. They have a similar character to the waveforms from class 1, with the right side
of the graph being non-linear. The linear normalization sum-based algorithm performs
best in this comparison.

Figure 3d shows the calculated distance changes for the normalization algorithms
from class 3, class 4, linear normalization sum-based, and DESI. The non-linear normal-
ization algorithm from class 3 is characterized by a very rapid increase in distance values
on the right side of the graph, much larger than DESI. On the left side of the graph, the
values obtained for it are zero. The enhanced accuracy normalization algorithm on the
left side of the graph has values very close to the linear normalization sum-based algo-
rithm. On the right, the graph is clearly non-linear, and the values are higher than those
for the linear normalization sum-based algorithm. The enhanced accuracy normalization
algorithm performs best right after the linear normalization sum-based algorithm.
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Fig. 3. Changes in distance between vectors representing DESI index values for classes

4 Conclusion

The normalization algorithm used in DESI produces results most similar to the Lai
and Hwang normalization, maximum linear normalization, and Jiittler’s and Korth’s
normalization algorithms. These algorithms are characterized by the lack of impact of
a change in one country’s index value on the differences in the index values of other
countries within a certain range. Outside this range, the impact grows rapidly. The linear
sum-based normalization algorithm performs best, as its influence is always present
but very weak. The second-best algorithm, though slightly worse than the linear sum-
based normalization, is enhanced accuracy normalization. The strength of the impact
of a change in an indicator for one country on the index values of other countries
depends on the weight of that indicator. The smaller the weight of the indicator, the
weaker the impact. In the case of DESI, the large number of indicators means that
individual indicators have small weights. Ultimately, the impact will be small, but it
can be cumulative. A common issue is the lack of data for individual countries, which
may come in late. Adding a country to the ranking after obtaining its missing data will
cause changes in all indicators after normalization, potentially significantly impacting
the index values for other countries.
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The susceptibility of the entire ranking order to a change in the value of one coun-
try’s indicator is one of the major problems of ranking methods. Another problem worth
studying is the sensitivity of the ranking to data precision. Few data are known precisely.
However, some data are subject to measurement errors, some are estimated with a cer-
tain precision, and some change over the course of the year, making the indicator values
different at the end of the year compared to the beginning. Therefore, it would be worth-
while to check how sensitive the DESI ranking is to data fluctuations and to supplement
the index with a measure indicating how much it can change due to imprecision and
fluctuations in the indicators. This would make it possible to indicate which countries
are better than others, and which are ranked equally due to similar DESI index values
and the imprecision and fluctuations in its value.
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Abstract. This article describes an approach for maintaining a high-quality ques-
tion test database, implemented in a real-world case study. The approach leverages
answering history from past tests to identify and address problematic records, thus
enhancing the overall quality of the database. Key criteria for selection include the
percentage of incorrect answers, the proportion of choices for single distractors,
and the time spent on each question. These criteria effectively highlight questions
needing revision.

The method demonstrated simplicity and efficacy in managing a large dataset
from past examinations, ensuring continuous database quality. Almost all records
flagged for revision were modified by reviewers, leading to significant improve-
ments in the percentage of correct answers in subsequent tests. This indicates
that the primary issue was often the question construction rather than test-taker
knowledge.

An automated module was developed using PHP and MySQL, integrated
with frontend frameworks for enhanced usability. This module assists in identi-
fying problematic questions, with final decisions made by reviewers. The study
concludes that this tool is valuable for systematic improvements, maintaining the
integrity and reliability of the assessment process.

Keywords: Automated Testing - Question Database - Exam Quality - Test
Analysis - Answer History - Question Revision - Test Integrity - Response
Patterns - Test Efficiency

1 Introduction

Tests have long been a fundamental component of educational assessment, providing
a systematic approach to evaluating knowledge and skills. Beyond academic environ-
ments, tests are essential for professional certification and licensure, ensuring that indi-
viduals meet the requisite standards to perform their roles proficiently. Fundamentally,
tests serve several critical functions in both educational and professional contexts. They
offer a quantifiable measure of an individual’s knowledge and comprehension of a par-
ticular subject or topic, functioning as a vital assessment tool. By identifying strengths
and weaknesses, tests can pinpoint areas where a learner requires additional support or
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instruction. The prospect of being tested motivates learners to engage more deeply with
the material and assume responsibility for their learning [1, 2]. In professional settings,
tests verify that individuals possess the necessary knowledge and skills to perform their
duties safely and effectively.

The format of a test significantly influences its efficacy and the type of information
it yields. Multiple-choice questions (MCQs) present several answer choices, only one of
which is correct, offering an efficient means to assess a broad range of content [3]. Free-
response questions require brief written answers, allowing for more nuanced responses
than MCQs. Administering tests to large groups necessitates automation, which is chal-
lenging for written-response tests. MCQs are more appropriate to automated testing
systems, making them a popular assessment tool in both educational and professional
contexts due to their versatility and ease of grading. With technological advancements,
automating MCQ tests has become increasingly feasible, offering benefits such as effi-
ciency, accuracy, and scalability. These tests provide a structured approach to assess-
ing a wide range of knowledge and skills, particularly effective for evaluating recall,
comprehension, and application of information.

Deploying tests on online platforms facilitates easy access and administration. These
platforms can manage various administrative tasks such as scheduling, proctoring, and
providing immediate feedback. One of the most significant advantages of test automation
is the provision of instant grading. Automated systems can grade tests by comparing the
selected answers to the correct answers stored in a database, eliminating the need for
manual grading and significantly reducing the turnaround time for results. Any testing
method requires a question test database, which is central to an automated testing system.
Each question should include the stem (the question itself), the correct answer, and
several distractors (incorrect options). Questions must be unambiguous, with one correct
answer and reasonable distractors. It is crucial to avoid complex wording and ensure that
all options are grammatically consistent with the question stem. Automated systems can
generate tests by randomly selecting questions from the database, ensuring that each
test is unique and reducing the chances of cheating or receiving the same test during a
retake. Questions can be selected based on predefined criteria such as difficulty level or
knowledge scope.

2 Question Test Base

Developing a comprehensive question bank encompassing all relevant topics and diffi-
culty levels is crucial when implementing an examination system. The question database
should be regularly updated to ensure it remains current and relevant. Maintaining high-
quality questions within a large question database can be challenging. To maximize
the effectiveness of automated testing, several ongoing actions are necessary. One key
action is ensuring the quality of questions, which involves creating high-quality items
that accurately measure the intended knowledge or skills. It is also important to avoid
ambiguous or misleading questions within the database [4, 5]. Another critical element
that enhances automated testing is the test question structure. Each test should include a
range of difficulty levels, combining easy, moderate, and difficult questions to accurately
evaluate the range of test-takers abilities. Additionally, individual test questions should
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cover all testing areas. This means that the question database structure should categorize
questions not only by difficulty level but also by knowledge area. Regular updates and
improvements are essential for maintaining high question quality. This process requires
questions to be reviewed and updated continually, which can be time-consuming, espe-
cially for large question databases [6]. Identifying elements that need improvement or
updating is a demanding task, with the criteria for review varying depending on the
purpose of the update.

Constant changes in various fields necessitate the regular updating of questions.
These changes may include legal amendments, product or procedure updates, or time-
based questions that reference specific dates [7]. Such updates are not the only challenge
in maintaining a high-quality question database. In some cases, questions prepared by
subject matter experts may lack clarity. Experts might use mental shortcuts or jargon
familiar to those within the same field, but these can be unclear when used in test ques-
tions. Therefore, questions should be written using clear and generally understandable
language [8]. Locating such unclear questions in an extensive database is even more
difficult than identifying those with substantive errors. The challenge, therefore, is how
to maintain continuous question quality in large question databases. One possible app-
roach was presented in this article, based on a case study where automated testing is
used to maintain high service quality for customers.

3 Periodic Testing as an Effective Tool for Maintaining
High-Quality Staff

The research was conducted in a real production environment where automated tests
are used to maintain high service quality. The quality of service depends primarily on
the individuals responsible for executing specific procedures and actions. The knowl-
edge and competencies of staff play a crucial role in shaping a company’s performance
and long-term success. It is important to understand how these factors influence various
aspects of a business. One of the most direct impacts of staff knowledge and competence
is on productivity and efficiency. Employees with a deep understanding of their roles
and organizational processes are more adept at identifying inefficiencies and suggesting
improvements. Competent employees tend to make fewer mistakes, thereby reducing
the time and resources needed for error correction and enhancing overall operational
efficiency. Knowledgeable employees are often the source of new ideas and creative
solutions, leveraging their expertise to develop innovative approaches to business chal-
lenges. Furthermore, skilled employees excel in problem-solving, effectively addressing
complex issues, and contributing to continuous improvement within the company. All
these factors positively impact the quality of service provided, thereby enhancing cus-
tomer satisfaction [9, 10]. Well-trained employees are pivotal in delivering high-quality
customer service. Employees with a thorough understanding of the company’s prod-
ucts and services can better meet customer needs and expectations, leading to increased
satisfaction and loyalty.

Well-trained staff also positively impact other areas. The company’s reputation is
significantly influenced by the professionalism and competence of its staff. Competent
employees help maintain a high level of professionalism, which enhances the company’s
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image. Knowledgeable employees are better equipped to handle changes in the market,
technology, or organizational structure. Their ability to adapt quickly and efficiently
ensures that the company remains agile and responsive to external pressures. A highly
skilled workforce provides a strategic advantage in a competitive market [11]. Skilled
employees are better equipped to execute the company’s strategic plans effectively,
aligning their efforts with the organization’s long-term goals and ensuring successful
implementation [12]. The impact of staff knowledge and competencies on a company’s
success cannot be overstated. From enhancing productivity and driving innovation to
improving customer satisfaction and strengthening the company’s reputation, skilled
employees are the backbone of any successful organization. By investing in workforce
development, companies can build a resilient, adaptable, and highly competitive business
poised for long-term success. To achieve this, the subject company decided to invest
not only in training and staff development but also in an automated testing tool that
continuously assesses current knowledge and skills. This tool also identifies areas where
further training is needed and measures the effectiveness of completed training programs.

The service provider in this case study chose to qualify and maintain the creden-
tials of their representatives through periodic competence tests. Given that the service is
provided in person across various locations nationally, and with a workforce of approxi-
mately 2,500 representatives, traditional and regular testing would be impractical. Hence,
an automated online testing system was implemented. Consequently, each staff member
representing the company in front of clients must maintain current knowledge of the
company’s products and services. Employees work through the company’s online sys-
tem, where appropriate credentials are assigned. To keep their accounts active, which
is necessary for their daily tasks, they must pass periodic verification tests. These tests
include questions and problems designed to assess whether representatives are capable
and competent to perform their jobs safely and effectively.

This approach has another rationale. The type of service offered by the company
may be provided by representatives periodically. This means an employee may be active
for a specific period when the service is needed in a region, otherwise, they may be in
a standby state, with their service provision suspended. It is well known that if skills
and knowledge are not actively used, they may diminish over time. Continuous learning
and application of skills are necessary to remain a competent and competitive employee.
Technologies, methodologies, and industry standards evolve rapidly, and professionals
need to keep up with these changes to maintain relevance in the job market [ 13]. Regular
training, attending workshops, and staying updated with industry trends are critical for
career growth and effectiveness. In this case, after a break, a representative is required to
take a test to confirm their ability to deliver the service properly. Thus, the testing system
in this environment not only examines active employees periodically but also ensures
that returning employees have updated and adequate knowledge to perform their jobs
effectively. That is another argument to keep question database updated and reviewed.
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4 Maintaining High-Quality Exam Questions Through Automated
Analysis

Maintaining the quality of examination questions is crucial to ensure that assessments
are fair, reliable, and valid measures of an examined person’s performance. Examination
questions are the foundation of any assessment system. High-quality questions not only
accurately measure knowledge and skills but also enhance the purposefulness of con-
ducted training and tutorials. Ensuring the quality of the questions involves a systematic
approach to their development, review, and maintenance. As stated before company that
is a subject of the case study implemented an individual approach to questions database
maintenance based on constant monitoring of the percentage of incorrect answers to
questions. The main problem of massive question databases is how to select those that
are the most likely subject to error. Another issue is to locate questions that are just
outdated. This may be records concerning procedures or rules that are no longer in use
or were depreciated. Finding and filtering those records is half the battle. So this app-
roach aims to find such questions and verify if they need to be updated, revised, or just
deleted. What is more complicated this process needs to be executed constantly because
the database needs to be updated all the time.

To address the problem, the approach involved investigating questions that received
the highest number of incorrect answers. When a particular question presents difficulty
in obtaining the correct answer, it becomes a prime candidate for review and revi-
sion. Accordingly, the existing testing system was enhanced with an answer analyzer
that tracked the responses of the individuals being tested. Furthermore, the application
designed to create and maintain the question database was augmented with additional
analytical capabilities for each question. Consequently, each question in the database
was evaluated based on its difficulty, indicated by the frequency of incorrect responses.
This enhancement enabled the identification of questions that could be subject to poor-
quality data. A low number of correct answers does not automatically imply that a
question is flawed. In some instances, the question may simply be challenging, result-
ing in many test-takers not knowing the correct answer. However, it is equally possible
that the question is poorly constructed or requires updating. In the most critical situa-
tions, there may be an issue with the correct answer’s definition, where the incorrect
answer is mistakenly marked as correct [14]. To further elaborate, the extended system’s
answer analyzer operates by compiling response data and generating statistical reports
on the performance of each question. This data-driven approach allows for a more pre-
cise identification of problematic questions. The analyzer considers factors such as the
distribution of responses, time taken to answer each question, and patterns of repeated
errors among different groups of test-takers.

To implement the described approach, a proprietary solution in the form of an ICT
(Information and Communication Technology) system was specifically designed. This
system includes an expanded version of the previously developed question test base
environment. The expansion features an authors’ module that links each question to
an extensive set of examination data, facilitating the identification of elements useful
for maintaining and ensuring the high quality of the testing data. The ICT system’s
architecture integrates several key components to support this approach. Firstly, the
question test base environment serves as the central repository for all test questions.
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This environment is equipped with advanced data analytics tools that analyze response
patterns and error frequencies taking into account the number of times in which the
question was used in a test. The authors’ module is a significant addition to this envi-
ronment. It provides a comprehensive interface for subject matter experts to access and
review detailed examination data associated with each question. By examining trends in
incorrect answers, the module helps identify questions that may require revision due to
ambiguity, outdated content, or potential errors in the correct answer key. Moreover, the
system incorporates basic machine learning algorithms to automatically flag questions
that consistently yield high rates of incorrect responses. These algorithms analyze large
datasets to detect patterns and anomalies that might indicate issues with question qual-
ity. This automated analysis assists authors in prioritizing their review efforts, ensuring
that the most problematic questions are addressed first. Additionally, the ICT system
features robust reporting capabilities. It may generate detailed reports that summarize
the performance of each question, highlighting areas of concern and providing candi-
dates for improvement. These reports are essential for maintaining transparency and
accountability in the question review process.

In this particular case, multiple-choice questions in the test were displayed in a way
where the order of answers was randomized in each test. That is a widely used method
to enhance the fairness and integrity of assessments. This approach involves presenting
the same set of questions to different test-takers but varying the sequence in which
the possible answers are listed. Randomizing answers helps balance any unintentional
preference that might occur if correct answers were always positioned in a particular
order. This ensures that no specific answer position (e.g., always ‘A’ or ‘C’) is perceived
as more likely to be correct. By reducing predictability, randomizing answer choices
contributes to the overall reliability and validity of the test. It ensures that test scores
more accurately reflect a test-taker’s knowledge and understanding rather than their test-
taking strategies. Using such a method of answer order randomization makes analysis
a little more complicated because the algorithms need first to investigate what was
the answer order in that particular case. On which position each answer was located
and which one was chosen by the test taker? After that all records need to be unified
to the original question and answer sequence, to display an analysis that matches the
appearance displayed in the editor.

5 Question Analysis Online Module

To perform the analyses described in this article, an author’s module was developed. This
module was part of an internet-based system used to maintain the question database.
Initially, the original system was only used to manage questions by creating new ones,
editing, or deleting existing entries. These management activities were limited to manual
and occasional reviews, typically triggered by information or complaints from tested
individuals. Such an approach does not lead to a high-quality question database. To
identify records that need review, a new approach was introduced, involving a module
that acted as an analyzer of test history concerning the existing question database. The
primary function of the module was to search for suspicious questions by analyzing
test response records. When atypical behavior was detected, it was linked to a specific
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question in the database, which was then marked for review. The analyses were based
on elements such as incorrect answer rates, time spent on answering questions, and a
high percentage of incorrect responses pointing to a specific answer, regardless of its
position in each test occurrence (Fig. 1).

#  Question Answers Correct
1 Are paper EKUK cards used in the current system? A: NO. (CORRECT)
(322) B: YES @ 00:09
C: Yes, but only for those starting the examination procedure. P2
D: Yes, but only for exams paid for by EU funds. edit
2 What changes have been introduced in the topics A: The changes only concern changing the name of the operating system in the
(41 related to module B1 - Basics of working with a questions to Windows Vista/7. @ 0039
A computer compared to modules M1 and M2? B: Changes in the theoretical questions, which have been adapted to current &
trends in working with a computer and in the network, as well as adapting the edit
questions and tasks to the operating system. (CORRECT)
C: The changes only concern combining the old M1 and M2 modules into a whole n
and giving them the name B1.
D: The B1 exam does not contain a practical part.
3 What is the procedure for launching a service fora At The same as for a person without a disability.
352 disabled person? B: A person with a disability cannot access the service. @ o018

C: The procedure requires the approval of the person supervising the region.
D: It is necessary to consult with the disabled person whether all stages are
accessible to them, and in the event of inaccessibility, adapt the procedure

according to the instructions available in the documentation. (CORRECT)

Fig. 1. General view of a question list with basic module analysis and markers.

The module was developed using the existing application programming language
PHP, and the system utilized a MySQL database. To enhance readability and user engage-
ment, additional frontend frameworks were employed. The Bootstrap 5 framework was
used for responsiveness, Icons 8 provided graphic elements, and Google Charts facili-
tated the visual presentation of data for better understanding. It is important to note that
the module primarily assists in identifying problematic questions; the final decision on
whether a question should be modified or deleted is made by a reviewer. This research
aimed to determine how such a mistake detection module can help locate questions that
require review and to assess the accuracy of these suggestions. Screenshots containing
sample data were presented to demonstrate the module’s operation.

The primary interface for identifying questionable records was the general list of
questions in the test database. Each question and its possible answers were displayed in
a row. Each row included a question identification number, linking it to a record in the
database. The question stem was displayed in the second column, while distractors and
the correct answer were in the third column, with the correct answer marked in green
and labeled “CORRECT.* The last column displayed the percentage of correct answers
for the question in past tests, without analyzing the breakdown of incorrect answers. A
stopwatch icon indicated the average time spent on the question, helping to estimate if
the question was excessively lengthy or problematic. The most critical indicator was the
red exclamation mark in a triangle, marking questions that required review due to high
incorrect answer rates and longer response times compared to similar questions (Fig. 2).

For further analysis, reviewers could access detailed data through the record editing
option. This screen displayed the full questions and answers, along with key elements



Enhancing Examination Question Quality Through Data-Driven 159

The content of the question:
id: 352

What changes have been introduced in the topics related to module B1 - Basics of working with a i compared to dules M1 and M2?
u The changes only concern changing the name of the operating system in the questions to Windows Vista/7.

B Changes in theoretical questions that have been adapted to current trends in working with computers and networks, as well as adapting questions and tasks to the operating
system. (CORRECT)

G The changes only concern combining the old M1 and M2 modules into one and giving them the name B1.
The B1 exam does not include a practical part.

Number of answers: 584 [correct: 356 (61%) , incorrect: 228 (39%) ]
®average response time: 00:39

Distribution of answers to the question

AR R 8 Number of answers
R T ———— I
g ¢ _ Number of answers

- I ' /°

0 50 100 150 200 250 300 350 400

Fig. 2. Full content of the question and detailed analysis of past given answers.

needing attention. It presented hard numbers on the frequency of the question’s use,
the number of correct and incorrect responses, and the average response time. The
most valuable data were the detailed response histories, shown as horizontal bar charts
where each bar represented one answer, and its length indicated the number of times
it was chosen. For instance, in this example, the distractor marked as answer D caused
the highest percentage of incorrect answers. Using active charts from Google Charts
allowed for displaying exact numbers when hovering over each bar. In this case, answer
D was chosen 175 out of 584 times, indicating that nearly 30% of test-takers believed
it was correct. This was highlighted with a red badge and warning icon. Distractors A
and C were also chosen as correct answers by some, but their selection numbers were
relatively low, likely due to a lack of knowledge in the tested area.

With this decision-making panel, reviewers have access to multiple data points based
on real test data. They can decide whether to edit or delete a question to improve the
overall quality of the question database. By editing a question, the reviewer archives the
old record (to maintain past test integrity) and replaces it with the updated content. From
that moment, the question will appear in tests in its new form, and the history analysis
will reset to begin tracking new responses.

6 Summary

The article presents an approach implemented in a case study to maintain a large question
test database effectively. By leveraging answering history from past tests, the method
allows for the identification of records that compromise the quality of the question
database. The criteria used for selection include the percentage of incorrect answers, the
proportion of choices for single distractors, and the time spent on each question. These
criteria proved to be effective in identifying inaccurate records.

Applying these criteria to a large dataset from past examinations demonstrated that
this method is both simple and effective for maintaining continuous database quality.
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Among the records flagged for revision, nearly all were deemed necessary for modifica-
tion by the reviewers. Following these modifications, which involved altering either the
question or the possible answers, there was a significant improvement in the percentage
of correct answers in subsequent tests. This suggests that the issues in past tests were
often due to poorly constructed questions rather than a lack of knowledge among the
test-takers.

The module developed for this purpose has proven to be a valuable and efficient
tool. Its use in the described case study indicates its potential for ongoing application
to ensure the question database remains well-maintained and accurate. This approach
allows for systematic improvements and helps maintain the integrity and reliability of
the assessment process. The described company plans to continue using this tool in the
future to uphold the quality of its question database.
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Abstract. This paper responds to the need for in-depth analyzis of trends in data
science and the requirements of data science professionals in the long term. The
primary goal of the research is to analyze trends within the Polish data science job
market. The study covers job openings in Poland from 2015 to 2023, containing
more than one million job advertisements. This extensive dataset, which spans
nine years, allows us to present changes and trends in the demand for data science
specialists in the Polish labor market. This study utilized a variety of data analyzis
tools and techniques at various stages of the data workflow: (1) data acquisition—
Beautiful Soup and Apache Spark were used to extract data from the website; (2)
data cleaning and preparation—Pandas, NLTK, and Spacy were used to clean and
prepare the data for analyzis; (3) exploratory analyzis—LLM Mistral, Pandas and
Matplotlib were used to conduct exploratory analyzis of the data. Understanding
this evolution is critical not only for data science professionals, but also for edu-
cators who develop relevant curricula, policymakers who design skills training
programs and HR departments that deal with talent acquisition in the dynamic
labor market.

Keywords: NLP - job offers analyzis - labor market trends - Polish labor
market - data science

1 Introduction

In today’s rapidly changing technological landscape, data science has emerged a major
driving force behind innovation and data-driven decision-making across industries [6].
By leveraging powerful algorithms and vast datasets (big data), data science unlocks
valuable insights that can significantly improve customer service and operational effec-
tiveness. As a result, businesses are experiencing a surging demand for skilled data
scientists who can interpret and analyze this information. This demand has reached
unprecedented levels worldwide in recent years [5].

In Poland, the technology sector is also growing strongly, but the data science job
market exhibits a developmental gap compared to established markets in Western nations
like the United States and the United Kingdom [3]. This discrepancy can be partly
attributed to a longer history of investment in technology and data analytics in these
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countries and greater financial support. However, Poland demonstrates a trajectory of
rapid growth [18]. Companies are increasingly recognizing the value of data-driven
knowledge, leading to an increase in demand for data science specialists. This trend is
fuelled by both domestic companies and Western firms operating in Poland, who are
actively recruiting local talent [16]. As a result, the data science field in the Polish job
market is experiencing a process of convergence with the standards observed in Western
countries. This research aims to analyze trends in the Polish data science job market. We
focus on job postings advertised on pracuj.pl, a prominent Polish job portal, between
2015 and 2023. Pracuj.pl boasts a significant user base with nearly 6.5 million registered
users and 40,000 active recruiters, providing access to an extensive dataset of job listings
for our investigation [20].

By analyzing these postings, we aimed to provide insights into the growth and trends
of the demand for data science professionals in Poland. Understanding this evolution
is crucial not only for data scientists navigating career opportunities but also for edu-
cators developing relevant curricula, policymakers designing skills training programs,
and industry leaders refining their talent acquisition strategies in the dynamic tech job
market.

This study focuses on analyzing job postings for data science positions in Poland
between 2015 and 2023. We found this timeframe particularly relevant because it covers
a period of very significant growth and development in the field of data science. We
employed a quantitative approach, utilizing NLP (Natural Language Processing) tech-
niques to examine a vast dataset of job listings. Our analyzis aims to identify trends in the
demand for data science professionals, focusing on the specific skills, tools, and qualifi-
cations sought after by employers. Additionally, we explore potential regional variations
within the Polish job market for data science specialists. Our study underscores the inter-
disciplinary nature of the field of data science and recognizes that various economic,
technological, and social factors can influence observed trends.

In addition, while conducting literature research, we discovered a research gap.
Among about 50 papers dealing with issues related to analyzing job opportunities for IT
professionals, none dealt with the situation in Poland. This finding became an additional
motivation and confirmation of the importance of undertaking the research.

The paper is structured as follows. In the next section, we provide an overview of
global trends in employment analyzis for data science experts in Poland. The Methodol-
ogy part describes how the dataset was prepared. In the Results section, we examined the
number of job posts for the three roles of data analyst, data engineer, and data scientist
across the country and by region, and then compared the tools, technologies, and soft
skills required of candidates for each position. Finally, we shared our findings on trends
in the Polish data science employment market, as well as our future research goals.

2 Related Work

To contextualize our investigation of the Polish data science job market, we conducted
a comprehensive literature review of global trends in job offer analyzis. We utilized the
Scopus database as a primary source, supplemented by additional credible sources. The
search encompassed scholarly publications dating from 2003 to 2023. This extensive
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review identified approximately 500 relevant papers on job offer analyzis. Within this
corpus, roughly 10% pertained specifically to the data science field. Notably, only three
studies focused on the Polish job market; however, none directly addressed our specific
area of inquiry, necessitating their exclusion from further analyzis.

To examine trends in the data science labor market, the authors of the related papers
used various methodologies. These include data mining techniques for analyzing job
postings [7], quantitative content analyzis for identifying required skills and tools [13],
and surveys or placement reports to understand industry demand [9]. Existing research
highlights the ever-evolving nature of the data science job market, with a constant shift
in required skill sets. Consequently, studies across various domains, such as job perfor-
mance optimization [8], sentiment analyzis for startup success [6], and student placement
prediction [19], emphasize the critical need for data science professionals. While these
studies encompass diverse topics, a common thread lies in their focus on methodologies
like skills profiling, job title identification, skill mapping, and skill recommendation. This
focus underscores the importance of understanding employment trends and addressing
challenges related to job matching and classification within the data science field. In
this context, the results on the situation in Poland will make a valuable contribution to
science and will be of interest.

The data science domain is undergoing a significant shift. Studies indicate a grow-
ing demand for skills related to artificial intelligence (AI), cloud computing, and SQL,
while the reliance on traditional tools like Excel and SPSS is diminishing [13]. This trend
reflects the increasing prominence of data in various sectors and the evolving nature of
data-related professions. Artificial intelligence (Al) has had a profound impact on the
job market, automating tasks and creating new job opportunities [4]. This necessitates
adaptation within the job market to accommodate emerging skillsets and needs [17] and
[11]. While Lerman (2015) previously suggested that the job market, particularly IT
occupations, might not face a significant skills shortage despite the rising demand for
skilled workers, the landscape has demonstrably changed. Technological advancements
have propelled the job market towards a greater emphasis on automation and Al. Orga-
nizations are recognizing the need to equip their workforce with the necessary skills
(reskilling and upskilling) to navigate these new roles demanding advanced capabilities
[12]. This trend aligns with projections from the US Bureau of Labor Statistics, which
anticipates a substantial growth (35%) in data analytics jobs between 2022 and 2032,
significantly exceeding the average growth rate across other industries (3%) [2]. As new
digital technologies emerge to optimize company operations, data analysts are poised to
become even more crucial and sought-after.

The report “The Data Scientist Job Market in 2024” noted that Python was referenced
in 78% of job postings for data scientists in 2023 and in 57% in 2024. The demand for
natural language processing abilities has risen from 5% in 2023 to 19% in 2024. Excel
remains an important tool in the data scientist’s arsenal, as listed in 10% of job post-
ings—though to a lesser extent than in prior years (26% in 2023). The development of
artificial intelligence underscores the essential nature of data science skills. Understand-
ing, developing, and innovating in Al projects requires mastery of statistics, probability,
Python, APIs, machine and deep learning [21].
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It is worth noting that in 2023, data scientists accounted for only 3% of individuals
laid off by large IT businesses. Other tech workers, such as software engineers, were
hit far harder, accounting for more than 22% of all layoffs. This figure emphasizes that
data scientists play an important role in technical progress and business, especially in
the face of enormous layoffs. [21].

The researchers address also the importance of aligning employers and academia,
highlighting the need for collaboration in curriculum development to ensure that the
skills taught align with the demands of the job market [19] and [14]. This collaboration
is essential to bridge the gap between theory and practice, preparing graduates with the
relevant skills needed to succeed in the real world. When UC Berkeley added a new data
science major in 2018, and it quickly became one of the school’s most popular majors
[15].

3 Methodology

Our study analyzed online job postings from pracuj.pl, for the period 2015-2023. The
process of downloading data from the website involved several steps. The algorithm
followed a specific procedure: systematically scanned through all available subpages,
captured the URLSs of job offers, and stored them in a list. Subsequently, each URL was
accessed, and the corresponding web content was saved as a pickle file. PySpark was
employed for data extraction because of its effective handling of massive volumes of
data. This is especially crucial when dealing with Windows, as it can be challenging to
manage a lot of little, large-capacity files and to make use of all the available CPUs.
The data that was downloaded included the job title, job language, date of first pub-
lication, company description, experience, requirements, capabilities, employer name,
responsibilities, etc. The data was collected in a data frame format, containing 1,049,560
records and 59 columns, which posed a challenge in extracting observations relevant to
the data science domain. Irrelevant features and records with missing values exceeding
75% were excluded to improve data quality. Additionally, only entries with an ‘en’ flag
were considered, indicating English language postings to align with the research focus.
Initially, we filtered job postings containing the keywords “data” or “analyst” to discern
the breadth of job titles under scrutiny. From the query we received 29,521 unique job
titles, indicating a substantial diversity potentially hindering detailed analyzes. Among
the 10 most frequently obtained job names were also those unrelated to data science,
such as business analyst, financial analyst, senior business analyst, etc. Consequently,
we refined our search scope to encompass job titles featuring the keyword “data”.

This narrowing of the search met our expectations because among the most frequently
occurring job titles were those that reflect the main areas of activity in the field of data
science and align well with our research goals (see Fig. 1). It became justified to focus
on job postings containing the three key phrases: “data scientist”, “data engineer”, and
“data analyst”. This allowed for a more focused and in-depth analyzis of the data science
labor market in Poland. Despite narrowing down the scope, the diversity of job titles
remained substantial, with 378 unique titles for “data scientist,” 529 for “data engineer,”
and 1498 for “data analyst,” respectively. To better understand the data science labor
market in Poland and compare job postings, we unified the job title values into three
professional groups:
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e data scientist—with 2634 records,
e data engineer—with 5227 records,
e data analyst—with 6259 records.
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Fig. 1. The most common job titles that include the term “data”

In summary, the main filtering criterion targeted occupations within the “job title”
column containing the terms “data scientist,” “data engineer,” and “data analyst.” This
selection aimed to restrict the dataset to postings relevant to the research objectives
within the data science domain. The final analyzis focused on a cleaned dataset of
14,120 records and 7 relevant columns.

4 Results

The results of the analyzis of the number of job offers in Poland for three positions: Data
Analysts, Data Engineers and Data Scientists in 2015-2023 were presented in Fig. 2. The
number of job openings for Data Analysts remains relatively low through 2020. From
mid-2021 to the end of 2022, there was a slight increase in the number of announcements,
but in 2023 we again see a gentle decline. At the beginning of the analyzed period, job
postings for Data Engineer positions were low compared to Data Analysts roles.

There were only single job offers or none. However, in the middle of 2021, there was
a noticeable increase in the number of ads, and then the number of ads for this position
equaled the number of ads for Data Analysts. Initially, the situation with Data Scientist
was similar to Data Engineer, there were only a few job offers. In 2021-2022, there
was a marked increase in interest, as with the other two positions. However, in 2023,
the number of offers fell again, even more so than for Data Analysts. Currently, Data
Engineer dominates in terms of job offers, it is the most sought-after role in data science.

The significant spike in job postings for all three positions was around 2021 to early
2022. After that, there is a noticeable decline in job postings for all three roles. The
first release of ChatGPT was in late November 2022, which is likely the reason for this
decline. Technologies like ChatGPT and other language models have the ability to auto-
mate and minimize the time of some operations, especially those involving large volumes
of data processing, such as predictive modelling, image and natural language recogni-
tion, and recommendations. Employers had been holding off on hiring new employees,
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Fig. 2. Job postings for different positions in different years and months 2015-2023

expecting artificial intelligence to help reduce the number of workers and cut operating
costs. However, such technology is not intended to replace human occupations, but to
improve the efficiency and precision of their tasks [1]. Furthermore, Al development
and deployment necessitate the involvement of professionals such as data scientists,
researchers, data analysts, and engineers. This can be seen in the presented chart: after a
gentle decline in the number of job openings in the fall/winter of 2022, we see an upward
trend again in 2023, especially for Data Analyst.

The changes observed in the chart could also potentially be linked to the COVID-19
pandemic. The pandemic had a serious impact on global labor markets. The effects were
sudden and often surprising: millions of people lost their jobs or took vacations, and
others quickly had to adapt to working from home while offices were closed [10].The
COVID-19 pandemic lasted in Poland from 20.03.2020 to 01.07.2023. In the context of
the data industry, the significant spike in job postings around 2021 to 2022 could be a
result of increased digital transformation efforts during the pandemic. Companies may
have accelerated their data initiatives in response to the new challenges posed by the
pandemic, leading to a higher demand for data professionals.

In the next step, the distribution of the number of offers in each region was examined.
It was noted that the demand for data analyzis and data science specialists is not evenly
distributed across different regions of Poland. The highest demand for these professions
is found in the largest urban areas of the country, primarily in regions that symbolize
the development of technological companies and higher education institutions that edu-
cate specialists in data-related professions, namely Mazowieckie (Warsaw), Matopolskie
(Cracow), Dolnoslaskie (Wroclaw), and Pomorskie (Gdansk) (see Fig. 3).

Another analyzis was focused on job offers in terms of the required tools and tech-
nologies for candidates in the field of data science. Based on the research of the dataset
content, a list of leading technologies and tools expected from data science professionals
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Fig. 3. Job offers for various positions in different regions of Poland

has been compiled. The list includes programming languages (Python, R, SQL, Scala),
data analyzis applications (Excel, Power BI), big data technologies (Spark, Hadoop),
and cloud computing technologies (AWS, Azure, Databricks for Spark).

Changes in the technologies required over the studied time were shown in Fig. 4.

Analyzis of this figure provides several interesting conclusions:

Since 2015, a strong trend illustrating the increasing importance of programming tools
for data analyzis can be observed. At the beginning of the period under consideration,
programming languages (Python, R, and SQL) and Excel were already present, but
Excel was the primary tool for data science. From 2019 onwards, a predominance of
Python and SQL over Excel can be observed.

Python’s dominance over R is increasing rapidly as of 2017, and this may be related
to the versatile nature of Python as a tool used at every stage of data analyzis appli-
cation development. Two decades ago, statistical data analyzis dominated, and R
was the primary tool for data scientists. With the advent of TensorFlow in 2015,
an open-source library for deep learning, Python’s importance in data science has
systematically increased.

Nowadays a significant portion of the data science world is shifting to cloud comput-
ing. While there was no demand for cloud computing specialists in data analyzis in
the early years of the period under consideration, recent years indicate that they are
becoming a key corporate resource for data analyzis. This is reflected in employers’
growing interest in technologies such as Azure, Databricks and AWS.

In the big data domain, it is also evident that Apache Spark is gaining popularity over
Apache Hadoop. With this increase in demand for Spark specialists, there is also a
growing need for programming languages such as Scala and SQL for implementing
Spark in cloud computing (e.g. Databricks).

With a high probability, the emergence of ChatGPT and the development of LLMs

(large language models) are influencing the job market and the structure of requirements
for data science specialists. These initial signs could be observed in 2023, where job
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postings began to include requirements related to LLM technology. However, the number
of these advertisements was so small that they were not captured in the analyzis.
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Fig. 4. Technologies for data science in the years 2015-2023

To complement the analyzis of technological requirements for data science special-
ists, a study of so-called soft skills was also conducted. In the prepared dataset, job
postings contain a description of requirements in the form of unstructured text, and it
is very difficult to identify the key expectations of the future employer. To gain insight
into soft requirements, it was assumed that an effective way to achieve this goal would
be to look at the list of the most frequently occurring phrases, in the form of n-grams,
which are the basic method of NLP. After obtaining a list of the most common bigrams
and trigrams, the focus of the rest of the study was on trigrams, as they were considered
more informative. The results were presented in Fig. 5.

The analyzis of these trigrams allows for formulating several important conclusions.
The highest requirements regarding experience in each role are placed on candidates for
the position of data engineer. These candidates are also expected to have experience with
big data technologies. Surprisingly, strong analytical skills and problem-solving skills
are not equally important for data scientists as they are for data analysts.

Detecting key skills of job candidates using uni-, bi- and tri-grams proves to be a
simple and effective method, providing these most common expectations of job compa-
nies. The disadvantage of this method is that this process takes place with a large human
participation to extract the elements of interest for the analyzis. The appearance of Large
Language Models on the market of data analyzis tools prompted the authors of the arti-
cle to ask themselves whether these types of models can better cope with the extraction
of the features of the analyzed text that are of interest to the researcher. An analysis
environment was prepared for this study, using the open-source Ollama platform to run
LLM Mistral on our local Linux-based machine. We decided to use Mistral locally to
gain more control over the configuration and customization of the environment using the
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Fig. 5. 20 most frequently occurring trigrams for requirements

LLM for analyzis purposes. The task of the LLM-based analyzis model was to analyze
the text of the job advertisement and extract keywords relating to soft and technical skills
that should be included as separate features of the Pandas dataframe. Table 1 shows an
example of the first row of the dataframe after the procedure.

Most of the features were detected correctly, e.g. among the technical skills appeared:
data mining, statistical analysis, machine learning, python, R, SQL, etc., and among the
soft skills: communication, meticulousness, and patience. Some attributes were even
additionally formatted correctly, e.g. instead of ‘fluent’ and ‘english’ we got ‘fluency in
English’. Unfortunately, there were also incorrect answers, e.g. among technical skills
there appeared: excellent communication skills, organizational skills, or self-discipline.
The above example shows that using an LLM to extract keywords from text and classify
them semanticly is a very promising approach, despite the imperfections observed in the
table. We believe that LLMs, with certain modifications, can be very successful in this
type of task due to the automation and the significant time savings for researchers.

5 Conclusion and Future Work

The analyzis of job offers presents valuable research material not only for labor market
specialists but also for analysts examining developmental trends across various industries
and professions. At the beginning of the analyzis period, the number of offers for each
position did not change significantly over time. An increase in the number of job offers
for all three positions occurred between 2021 and early 2022, but a decrease in the
number of offers was observed thereafter. In our opinion, these changes may have been
related to the covid-19 pandemic and the emergence of ChatGPT. In-depth research
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Table 1. Skills detected by LLM Mistral

Oryginal requirements
(tokens)

Skills detected by LLM Mistral

Technical

Soft

[‘least’, 2°, ‘years’,
‘professional’, ‘experience’,
‘working’, ‘data’, ‘scientist’,
‘andor’, ‘data’, ‘analyst’,
‘strong’, ‘experience’, ‘data’,
‘mining’, ‘statistical’,

data mining, statistical
analysis, machine learning,
python, R, SQL, pyspark,
Scala, big data, excellent
communication skills,
organizational skills,

communication, excellence,
meticulousness, patience,
attention to details, great
organizational skills,
self-discipline, fluency in
English

‘analysis’, ‘good’,
‘knowledge’, ‘statistical’,
‘modeling’, ‘machine’,
‘learning’, ‘techniques’,
‘tools’, ‘experience’, ‘python’,
‘andor’, ‘r’, ‘proficiency’,
‘sql’, ‘andor’, ‘pyspark’,
‘andor’, ‘scala’, ‘skills’,
‘ability’, ‘work’, ‘big’,
‘amounts’, ‘data’, ‘ability’,
‘clearly’, ‘easily’, ‘present’,
‘analysis’, ‘outcome’,
‘excellent’, ‘communication’,
‘skills’, ‘meticulousness’,
‘patience’, ‘attention’,
‘details’, ‘great’,
‘organizational’, ‘skills’,
‘selfdiscipline’, ‘sense’,
‘ownership’, ‘fluent’,
‘english’, ‘b2c1’]

self-discipline, fluent English

(e.g., interviews, surveys) is needed to verify these conclusions. We also conducted a
regional analyzis of job offers. It confirmed that the greatest demand for data science
specialists is in major urban areas. In the third step, an analyzis of the required tools and
technologies for data science candidates was undertaken. Noticeable over the years has
become the dominance of Python and SQL while the demand for specialists in cloud
technologies has increased. Based on the evaluation of the trigrams, it was noted that
the highest experience requirements are placed on candidates for the position of data
engineer.

In summary, our study points to hypotheses and theories about the growing demand
for data science occupations, the impact of artificial intelligence on job creation and skill
requirements, and the influence of social processes on the observed changes. However,
further research would be highly recommended to provide conclusive evidence and delve
into the long-term trends driving this transformation.
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What is worth mentioning, the collected dataset contains more than one million jobs

from 9 years, so it offers great opportunities for in-depth analyzis using advanced natural
language processing and machine/deep learning techniques.

In future research, we plan to focus on an extended analyzis of soft requirements for

data science specialists. We plan to use tools such as LLMs to perform automated detec-
tion of these requirements. We also plan to compare the requirements of the analyzed
labor market with the educational offerings of universities in Poland. We would like
to investigate whether these universities are preparing graduates of the kind the labor
market expects.
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Abstract. The objective of this paper is to empirically investigate the efficacy
of using Deep Reinforcement Learning (DRL) to maximize investment returns
by incorporating expected optimal closing prices of long positions into a daily
strategy. This paper extends existing research on the impact of stop-loss orders
on investment strategy results and brings contribution of these orders to trading
strategies into a completely new perspective. We propose a novel approach using
DRL, in contrast to fixed-price stop-loss strategies, trailing-stop strategies, or other
machine learning approaches. In the backtesting experiment, daily OHLCYV data
for stocks from the NASDAQ-100 index (as of May 2024) were used for the period
spanning from January 2014 to January 2024. The strategy is compared with buy-
and-hold, stop-loss, and trailing stop-loss strategies. Significant effort was made to
accurately reflect market conditions in the simulation. We found a positive impact
of using DRL compared to other tested strategies when encountering entirely new
data, suggesting positive serial market correlations. The results suggest that appro-
priate closing rules and active management of stop levels can increase investment
returns without necessarily reducing portfolio return volatility.

Keywords: NASDAQ-100 - Deep Reinforcement Learning - Stop-Loss -
algorithmic trading - backtesting - machine learning in trading - algorithmic
strategy - closing rules - trading simulation

1 Introduction

Itis common for investors to protect their returns by applying stop-loss (SL) orders, which
activate market transactions when a certain threshold in the asset’s price is reached, trig-
gering a sell order for long positions and a buy order for short positions [1]. Among
investors, the SL order is primarily considered a risk-reducing tool rather than a key
part of a profit-taking strategy. Besides the obvious benefit of SL mitigating the dispo-
sition effect [2, 3], there is controversy regarding the efficacy of stopping losses using
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SL orders. In [4], further extended in [5], researchers provide both empirical and ana-
Iytical evidence that in an environment governed by the Efficient Markets Hypothesis
(EMH) [6] and described by the Random Walk Hypothesis, SL does not effectively
stop losses. However, under more realistic conditions with positive market correlations,
well-described by Behavioral Finance, SL adds values. On the other hand, some argue
that using SL has neither a positive nor negative impact on a portfolio’s performance
[7]. Additionally, there is evidence suggesting a positive impact of using SL for assets
with a high probability of losing and a low probability of large gains [8], as well as for
the combination of SL with the momentum strategy [9].

A significant challenge arises when selecting the appropriate level for closing a
position [10]. Closing too early generally limits potential profits, while closing too
late might result in substantial losses. With the rise in popularity of machine learning
algorithmic trading strategies, one approach addressing the SL issue [11] uses supervised
learning techniques for SL price prediction to create a profit-taking high-frequency
trading strategy.

In this paper, we propose a profit-taking strategy based on dynamic SL order using
Deep Reinforcement Learning (DRL), which yields promising results broadening hori-
zons both for investors and scientists. We present a trading agent that learns to choose the
expected optimal stop-loss levels through trial and error in a simulated environment after
each market close. The environment is deterministic, so the objective of the agent is to
maximize immediate rewards. In our study design, we follow the guidelines provided in
[12]. First, we set stopping prices relative to the open, rather than the close, to overcome
the overnight phenomenon. Second, we adjust the SL thresholds using volatility as a
reference.

2 Data Description

The data used in this experiment consists of daily open (O), high (H), low (L), close (C),
and volume (V) (OHLCV) data for stocks listed on the NASDAQ-100 index, spanning
from January 2014 to January 2024. The NASDAQ-100 index comprises the 100 largest
non-financial companies listed on the NASDAQ stock exchange, based on market cap-
italization. It is important to note that the NASDAQ-100 index list changes over time
due to annual rebalancing, typically occurring in December. The index list used in this
study is dated May 2024.

Some of the stocks do not have historical data dating back 10 years or less. Therefore,
stocks were filtered based on the required minimum data length to conduct an evaluation.
The OHLCYV data for a given asset is a sequence of numbers, where for each day d within
the date range, we can distinguish Oy, Hy, Ly, Cg4, V4. The data is divided into training
and test datasets with a ratio of 8:2.

3 Environment

3.1 Observation Space

Before taking an action for day d + 1, the agent performs an observation after day
d. The agent’s state is 15-dimensional. The environment is deterministic, meaning the
agent’s action does not influence the next state. Each observation is calculated based
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on historical data only, specifically after the market closes each day. To predict utilities,
the agent has access to the given day’s OHLCV data and corresponding information
regarding previous days. Data is normalized via described operations (ratio or fractional
change) to ensure each observation represents values in a similar range, independent of
time and asset, which further stabilizes deep network training and predictions.

The basic elements of the observation for a given day d of the dataset are the open
Oy, high Hy, and low L, prices relative (r) to the corresponding close price (Cy). They
are calculated as shown in (1).

Oq Hy Lq

Or,d = = Hr,d = = er

= — 1
Cy Cy ’ Cy M

The close price relative indicator, denoted as C; 4, is the ratio of C4 to C4_1. Conversely,
V:.4 1s the fractional change in day-to-day volume. Both equations are presented below in
(2). High V; 4 and upward/downward trend might suggest substantial market movements
that could potentially cause an asset to increase/decrease further in price. C; 4 > 1 might
be interpreted as a short-term upward trend, while C; ; < 1 might indicate a short-term
downward trend. This logic is similar to that applied in the on-balance volume indicator.

Via= 24 1, Gy =
r,d = Vdfl s Lrd = Cdfl

2

Furthermore, feature extraction, an important part of training a deep network, was con-
ducted. This includes calculating the moving average SMA,, 4 (3) along with the standard
deviation o, 4 (4) for various periods n including the day d and preceding days. The
rationale for choosing standard deviation and moving average is as follows: Based on the
moving average calculated for longer and shorter time periods, it is possible to predict
whether the trend is upward or downward and the likelihood of the price increasing
or decreasing the following day. On the other hand, a low/high standard deviation for
a short period relative to a high/low standard deviation for a longer period suggests a
decrease/increase in volatility, which might be reflected during the following trading
day. Further explanation can be found in [13].

n—1

1
SMA, 4 = - Cy_i» where n € {2,'5, 10, 20, 30} 3)
n
i=0
n—1
= (Cq_i — SMA,, 4)?
Ond = 2iz0 (Cai nd)” here n € (2.5, 10,20, 30) o))
n

Both SMA,, 4 and o, 4 are provided to the agent relative to Cy, as shown below in (5).

SMAn’d On.d
—7 U d =
Cy o Cy

SMA .0 = ®)
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3.2 Action Space

After observing day d — 1, the agent can choose action a for day d from am,x + 1 possible

Spcl,max _Spcl,min

actions, where amax = + 1. Here, Spct,max is the maximum stop-loss level

Spct,step
expressed as a percentage, Spct,min is the minimum stop-loss level, and Syt step is the step
size in the closed-set range. Thus, the action spaceisA = {0, 1,2, ..., amax} and a € A,

where action equal to zero is the additional always occurring action, which translates to
sell order. For any action, the corresponding expected optimal closing price is calculated
as shown in (6) below.

100 — S :
Sda = (+ﬁf’“> .04, wherea €{0,1,2,..., amax} (6)

The action translates into a market decision for the next day, signaly 4, specifically for
the next market open, as shown in (7). Market sell and market buy orders are market-
on-open (MOO) orders. A stop-loss order is submitted immediately after the buy order
is executed or as an MOO order. In the latter case, One Cancels the Other (OCO) must
be applied, meaning the stop order should be canceled if the buy order is canceled. The
second option is generally preferred because the first requires action after the market
opens and can result in a time gap between the execution of the buy order and the
submission of the stop order. The selected option may depend on the broker, particularly
whether OCO is supported. If the agent is already in a position, any unexecuted stop-
loss order is canceled immediately after Cy_1, and a new stop-loss order is submitted
immediately after Og.

sell if a = 0 and in position
hold if @ = 0 and not in position
buy and stop with S; if @ > 0 and not in position
update stop with S; if @ > 0 and in position

)

signaly o =

To determine Spce,min and Spet,max, a train data analysis was conducted based on Kernel
Density Estimation (KDE) of the price drop from open to low (see Fig. 1), where the
drop is the percentage change from market open to the asset’s lowest price during a given
day.

Additionally, an empirical analysis was conducted by observing the KDE of actions
chosen by the agent during training (see Fig. 1). The following logic was applied: If
the density of the maximum action amax was significantly higher than that of other
actions, it could indicate that the agent might prefer a stop-loss level higher than the
chosen Spcqmax to increase reward, thus Spermax should be increased, and vice versa.
However, increasing Spe,max Substantially can cause the deep neural network (DNN) to
take longer to converge or to converge to a sub-optimal solution, which involves going
with the market by applying the apax action instantly. The action parameters used for the
training are as follows: Spetmax = 1.9, Spetmin = 0.1, and Spegsep = 0.2. Furthermore,
the agent’s choice precision can be improved through chart analysis and tuning the
Spet,maxs Spet;mins aNd Spetstep parameters.
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Fig. 1. Actions analysis

3.3 Agent Reward

After day d is over and the market is closed, the agent is rewarded for making a decision
based on the observation from day d — 1. The reward is the difference R; (10) between
the open-to-open (daily) strategy return DRgrategy,s (8) and the open-to-open (daily)
market return DRmarket,d (9)-

0 if not in position
DRgrategy,d = W - 100 if SL executed (Lg < Sg) )
Tmarket,d if SL not executed (Ly > Sy)
O4+1 — Oy
DRmarket,d = Z 72100 9)
Oq
Rd = DRstrategy,d - DRmarket,d (10)

If the agent is not in a position during the day, the reward is always 0. If the stop-loss
was not triggered during the trading day, the reward equals the market daily return. A
stop-loss order is triggered when the low price L, is lower than or equal to the stop-loss
order price S;. The stop-loss cannot trigger at a market opening because the stop-loss
order is submitted right after the market opens with a price lower than the opening price
and is canceled after the market closes. An arbitrary slippage of slipp = 0.0001 was
applied to simulate market conditions close to reality. The slippage could be a potential
cause of criticism directed at the presented results in this paper and should be taken into
consideration when analyzing the results.

4 DRL Algorithm

The algorithm can be seen as improved and adjusted to the problem Deep Q-learning
(DQL) algorithm [14] with y = 0, where y is discount factor for future rewards. The
environment was intenionally simplified by not providing state elements that would be
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action-dependent, such as position or available cash, to expedite the learning process
and achieve optimal results in the primary area of interest. However, the environment
can be easily converted to reflect Markov process. For example, if the available cash is
relatively low compared to an asset’s price, the agent should take less risky actions to
avoid ending up with a lack of possibility of buying back the asset or drastically lowering
expected future rewards. More about using DQL in algorithmic trading can be seen in
[15]. The significant benefit of using DRL, although not tested here, is the possibility
for the agent to continuously learn when interacting with a live trading environment.
An epsilon greedy policy (see e.g. [16]) was applied to address “exploitation vs
exploration" problem. The probability of selecting a random action is €, which decays
linearly over the first 1440 episodes from an initial value of ¢ = 1 to a final value
of € = 0.01, and then decreases exponentially. To mitigate the network “catastrophic
forgetting" problem a replay buffer is used to store all experienced transitions.

Dense_0 (Dense)

Activation: relu

Input shape: (None, 15) | Output shape: (None, 512)

I

Dense_1 (Dense)

Activation: relu

Input shape: (None, 512) | Output shape: (None, 512)

}

dropout_5 (Dropout)

Input shape: (None, 512) | Output shape: (None, 512)

|

Output (Dense)

Activation: linear

Input shape: (None, 512)

Output shape: (None, 11)

Fig. 2. DNN architecture

4.1 Deep Neural Network

The objective of the agent is to maximize immediate rewards in the investment envi-
ronment by taking actions with the maximum expected utility resulting from the envi-
ronment’s observation. Therefore, the input to the Deep Neural Network (DNN) is the
observation and the output is the action’s utilities. The network consists of two hidden
layers with 512 units each (see Fig. 2). To achieve better generalization and prevent
overfitting, several regularization techniques were applied. Firstly, every episode lasts
only 10 days and each episode is a randomly selected slice from the training dataset,
which mixes up densely data with different characteristics. Moreover, a dropout layer
[18] was used with a dropout rate of 0.1. The training process involves only a subset
(approximately. 25%) of the entire training dataset. The Adam optimizer, introduced
in [19], was used with a learning rate 0.0001, which has been shown to improve DRL
performance.
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5 Methodology

The training dataset consists of approximately 200 000 days of data. The training process
consists of 4320 episodes, each 10 days long. For each episode, a ticker is randomly
selected from NASDAQ-100 tickers and then a slice of the stock’s data is randomly
selected. Every day, the DNN is fitted for one epoch to a batch sampled from the replay
buffer (stored experiences) spanning over 126 days.

The agent is evaluated over a 2-year period with starting cash being 10 - Cy. The
agent can trade with fractional trades of 1 - 10~13, always using 90% of available cash.
In a marginal situation where there is not enough cash to satisfy an MOO buy order,
the position is not taken. 10% of the cash must be put aside to be able to repurchase the
position in case of a price rise from close to open. Fractional trades with low fractions
were used because the fraction and starting cash relative to an asset’s price depend on
the broker used and cash available for investment. Commission fees were not taken into
consideration, as many online brokers now offer commission-free trading. As previously
mentioned, slippage with a value of 0.01% was used in the experiment.

Apart from the B&H strategy, we compare the designed strategy with fixed stop-loss
and trailing-stop strategies, with stop levels corresponding to each action of the agent, to
demonstrate that using dynamic thresholds inevitably leads to better performance than
fixed ones. Trades sizing differs for the B&H strategy and is equal to 100%. The fixed
stop-loss strategy can be seen as the designed strategy with stop levels that are fixed
and not updated across days. In contrast, the trailing-stop strategy resembles the DRL
strategy more closely, as the stopping level is adjusted daily to the current opening price.
We provide cumulative returns along with risk-adjusted cumulative returns, assuming
zero risk-free returns as performance measures.

6 Results

To present the results, a sample of assets with various market returns, was selected (see
Tabel 1, with tickers showing lower market returns on the left). The results indicate that
trailing stop-loss (SL) is evidently more efficient than fixed SL in terms of returns, but not
necessarily when considering risk-adjusted returns (see Table 2). The aggressive trailing
stop level TrailingSL ; proved to be the best strategy in the context of risk-adjusted
returns. Nevertheless, the objective of the agent was to maximize returns, not the Sharpe
ratio. The selected starting cash value (10Cp) favors assets with a higher price per share,
which led to higher overall returns (Portfoliomean < Portfolio), but also demonstrated
that both fixed and dynamic trailing SL strategies are more effective for such assets.
Further research could focus on extracting features of assets that favor these strategies.

The DRL strategy was shown to effectively adjust stop levels, yielding positive results
on average for both tickers with negative market returns and positive market returns (see
Fig. 3). None of the strategies outperformed the B&H strategy for assets with a positive
trend, which could be attributed to some buy orders not being executed due to significant
overnight price increases. Although these instances were rare, the drastic rise in prices
could have significantly impacted the overall results. SL strategies with low fixed stop
levels were more effective at stopping losses but also tended to cut gains, and vice versa.
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Table 1. Cumulative returns benchmark

Ticker PYPL IDXX AEP LIN VRTX | Portfolio | Portfoliomean
Strategy
DRL —-26.74 | -7.71 —18.10 |28.49 51.63 |28.36 17.55

TrailingSLo 1o | —30.06 | —1.17 3222 [36.10 |59.01 |20.56 | 11.45
TrailingSLo 70 | —42.45 (1196 7653 2576 5025 2556 | 11.28
TrailingSLo3p | —49.03 | —7.68 | 10.13 1682 |69.96 20.06 | 9.69
TrailingSL{ 70 | —47.16 | —18.22 129.46 3957 7242 1522 945
TrailingSL; 50 | —50.26 | —11.75 12637 |33.53 |56.78 |17.63 9.6
TrailingSLi 99 | —57.13 | —18.37 551 2676 7537 |14.64 8.62
TrailingSLoso | —47.94 | —13.67 16550 2850 |46.69 2449  |8.49
TrailingSLogo | —28.38 | —9.46 2976 3561 |51.04 |23.19 834
B&H —68.88  —1031 |5.81 2589 12028 11.65 | 8.00
TrailingSLy 1o | —43.32 | —12.64 4642 3691 4159 [17.37 730
TrailingSLi 30 | —47.28 | —28.27 12631 2559 |59.62 |1536 642

FixedSL; 1o | —54.80 ' —9.70 | 17.28 |9.19 | 109.70 | 6.98 4.67
FixedSLgoy | —49.87 | —19.50 | 19.16 |9.60 | 10833  6.92 448
FixedSL; 79 | —65.93 | —1934 1664 1093 | 109.19 5.92 436
FixedSLi39 | —58.76 ' —9.96 1601 | 831 102.27 5.8 3.64
FixedSL; sy | —60.58 | —1222 | 17.84 822 10957  6.04 3.63
FixedSLg79 | —54.34 | —35.87 1873 856 | 109.09 |4.46 3.26
FixedSLg 19 | —63.78 ' —10.79 120.64 | —10.00 |110.52 |—148  2.15
FixedSLi g9 | —66.18 | —27.76 | 1531 | 9.92 | 108.80 |4.57 2.10
FixedSLgsy | —54.72 | —15.79 11938 | —12.73 |109.85 |3.07 1.94
FixedSLg39 | —59.12 | —13.33 | 14.69 | —13.73 |110.33 |0.79 0.61

7 Conclusions

As mentioned in [20], SL orders have hidden costs that are revealed by stopping out not
only down-trending but also up-trending movements, as shown also on Fig. 3. However,
setting dynamic day-to-day stop levels helps mitigate these costs. The usage of DNNs
to adjust stop levels is a promising approach, but results indicate that this may have a
negative effect on returns volatility. Standard deviation seems to be a good indicator
for adjusting stop levels [13], as the agent achieved positive results by incorporating it
into its observations. Despite the promising results presented in this paper, they should
be viewed with some skepticism. Although the tested assets are expected to be rela-
tively liquid, in real market conditions, slippage could be significantly larger during
major market movements that cause an asset to fall in price, potentially impacting the
strategy’s results negatively. Additionally, the results may not hold across different date
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Table 2. Sharpe ratio benchmark

Ticker PYPL IDXX AEP LIN VRTX Portfoliomean
Strategy

TrailingSLg —1.08 0.16 0.62 0.98 1.39 0.42
TrailingSL1 —1.46 —0.15 —-0.04 1.02 1.27 0.32
FixedSL 5 —0.95 —0.01 0.18 0.24 3.01 0.30
FixedSLg 9 —0.90 —0.07 0.16 0.27 2.90 0.30
FixedSLg 7 —0.83 —0.15 0.19 0.25 2.97 0.29
FixedSL1 i —0.94 0.01 0.13 0.26 3.03 0.29
TrailingSLq 5 —1.04 —0.22 0.33 1.45 2.26 0.27
TrailingSLg 5 —-1.29 —0.31 0.71 0.77 1.64 0.27
FixedSLg 5 —0.97 —0.02 0.22 —0.08 3.04 0.27
FixedSL1 9 —1.01 —0.10 0.10 0.27 2.94 0.27
DRL —1.46 —0.06 —0.62 0.82 1.07 0.27
FixedSL1 7 -0.97 —-0.04 0.12 0.29 297 0.27
TrailingSL1 7 —0.70 —0.28 0.48 1.24 222 0.26
TrailingSLg 7 —0.78 0.29 0.31 0.80 2.04 0.25
FixedSLg 1 —0.85 0.03 0.27 —-0.04 3.10 0.25
TrailingSL1 3 —-1.22 —-0.30 0.38 1.17 1.97 0.25
TrailingSLg 9 —1.64 —0.03 0.08 1.00 1.51 0.24
B&H —-1.17 0.05 0.22 0.65 3.03 0.24
FixedSL 3 —0.93 0.01 0.25 —0.09 3.09 0.21
TrailingSL1 g —1.02 —0.26 0.25 0.72 3.38 0.21
TrailingSLg 3 —1.31 —0.01 —-0.27 1.06 1.93 0.13

ranges or for different portfolios. Further research is needed to examine the character-
istics of the assets that yield the most profits for the strategy. Moreover, the reason for
increased returns volatility in the presented strategy, despite not involving short selling
[21], remains unclear. Changing objective of the agent from maximizing daily returns
into maximizing risk-adjusted returns calculated over some days period could be the
solution for lowering the volatility. Other solution could involve transformation of the
environment from deterministic to non-deterministic by adding cash available into the
observation space, where the agent would be forced to consider future consequences of
its actions and potentially lower the risk. Future research could be conducted in a more
realistic simulated environment using higher frequency data, including price spreads,
to minimize slippage error. When trading large volumes, it’s crucial to recognize that
slippage can be significantly impacted and potentially altered drastically. Additionally,
consideration of commission fees remains essential in these scenarios.
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Fig. 3. Returns on average for tickers with negative and positive market returns
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Abstract. A prosumer is a person who plays the role of a consumer and a producer
simultaneously. He shares his knowledge and experience from using a product,
gives feedback, and helps to improve products and services. Such an attitude is
very desired by the producers as they benefit from it. The most common way to get
feedback is to conduct a survey. Sometimes, it is hard to convince clients to fill out
the questionnaire. Machine learning and deep learning techniques give opportuni-
ties to predict survey responses based on a sample of real survey results. The aim
of the research was to determine the possibility of classifying prosumer survey
respondents depending on their method of assessing each decision-making factor
separately using selected machine learning and deep learning methods. Decision
trees, LightGBM, and neural network models were used. The input data were the
respondents’ characteristics and the output data was the importance of four fac-
tors in the prosumption decision-making process. The accuracy of built models
was the highest for prosumption destimulants using DNN, for information con-
tribution using Decision trees, for communication channels using DNN and for
stimulants using LightGBM. The presented research shows that there is a possibil-
ity of predicting the importance of decision-making factors based on respondents’
characteristics. It may be especially important for smaller companies that do not
have much money or time to take large market surveys.

Keywords: Prosumer - Decision-making process - Prediction - Neural
networks - Machine learning - Deep learning

1 Introduction

Today’s consumers are active users of goods and services. They establish relationships
with producers using information and communication technologies (ICT) and the Inter-
net. They share knowledge and experience using a product or service and become pro-
sumers. The term refers to customers engaged in the co-creation of products and services.
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Prosumers have a dual function in society, both consuming and producing for themselves
or others. They may receive different incentives from companies involved in the selling
process [1, 2].

Knowledge is the key advantage of modern market competition. It increases effi-
ciency and productivity in every enterprise, enables a better response to consumers’
needs, and helps create new and innovative products [3]. The most common way to
get knowledge and consumer feedback is to take surveys. The survey response rate is
important in marketing because companies want to identify customers’ attitudes toward
products and services, which helps determine long-term relations and supports enlarg-
ing the market share. Companies need valid survey results to make decisions about their
efforts to attract new customers and to lower the retention of the old ones. The survey
response rate has recently declined [4]. One of the solutions to get missing results might
be to predict survey responses based on respondents’ characteristics. Companies have
databases of certain characteristics of their customers. They also sometimes have survey
results conducted on the part of the clients. Based on real survey results, it is possible
to predict the attitudes of the rest. Machine learning and deep learning techniques give
such opportunities.

The aim of the research was to determine the possibility of classifying prosumer
survey respondents depending on their method of assessing each decision-making fac-
tor separately using selected machine learning and deep learning methods, including
decision trees, LightGBM, and neural networks. Separate estimation of each model for
each factor corresponds to how the factors were created: they are assumed to be indepen-
dent and unrelated to each other (orthogonal rotation). The model’s input data were the
respondents’ characteristics, and the output (classifying variable) was the respondent’s
assessment of a given factor.

To achieve the aim of the study, two hypotheses were posed. The methodological
hypothesis assumes that the machine learning / deep learning model effectively assigns
qualitative and quantitative respondents’ characteristics to how individual factors are
assessed in the prosumption decision-making process. The hypothesis will be verified
positively if the model parameters are satisfactory. The second hypothesis is the cognitive
hypothesis, which assumes that how a respondent evaluates individual decision-making
factors depends on their individual characteristics. This hypothesis will be verified based
on the interpretation of the model.

The structure of the paper is as follows. Section 2 presents the related works. Section 3
indicates materials and methods, including data source, data preparation, and modeling.
In Sect. 4, the results are presented and discussed. Section 5, the conclusion, summarizes
the paper’s findings and indicates the future research directions.

2 Related Works

In the scientific literature, one can find various examples of the application of machine
learning and deep learning methods for predicting survey results based on respondent
characteristics. Predictive models in survey analysis often use various machine learning
algorithms to predict results based on survey data. Traditional methods include regres-
sion analysis, decision trees, and support vector machines (SVMs). Linear and logistic
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regression models are often used to determine the relationship between survey vari-
ables and outcomes. They are advantageous because of their interpretability but can
lack ac-curacy when dealing with complex, non-linear relationships [5]. Decision tree
and random forest models are popular because of their ability to deal with non-linear
relationships and interactions between variables [6]. SVMs are used for classification
tasks in survey data, especially when the data set is not linearly separable. They have
been used to categorize prosumer attitudes based on survey responses [7].

Deep learning techniques, such as neural networks, offer significant co-benefits in
processing large-scale and high-dimensional survey data. These methods can uncover
complex patterns and interactions that traditional machine-learning techniques may miss.
Artificial neural networks have been used to predict survey results related to consumer
satisfaction and behavior. They can model complex non-linear relationships but require
significant computational resources and data preprocessing. Although traditionally used
in image processing, CNNs have been adapted to analyze structured survey data by
treating it as a spatial grid. This approach is less common but has shown potential in
exploratory research. RNN and LSTM models are suitable for time series data and
sequential information. They have been used in longitudinal surveys to predict trends in
prosumer behavior over time [8, 9].

Data imputation techniques are methods used to replace missing values in datasets.
Data gaps are common in survey analyses and other datasets, and imputation helps
maintain the integrity of analyses by preventing problems associated with missing data.
Machine learning methods are often used to deal with missing data in surveys. Imputation
of missing values is crucial to ensure the durability and consistency of analysis results.
The panel survey research used decision trees to predict and model when respondents do
not answer. Analysis of respondent characteristics included a variety of demographics,
history of participation in previous surveys, and variability in the dataset. Decision trees
were used to develop models that flexibly accounted for complex, non-linear relation-
ships between outcomes and explanatory variables. The methods used were found to be
more effective than the classical logistic regression model in predicting nonresponse in
panel surveys [10].

There are also studies on identifying factors that affect survey response rates and
how different factors can affect survey response rates. Decision tree analysis was used
to examine the impact of various survey features on response rates in published surveys.
Researchers analyzed aspects such as the method of data collection, the survey spon-
sor, the level of confidentiality, the method of invitation to participate, and the cultural
background of respondents [4].

Metamodeling was used to combine two different methods: a survey and a decision
tree. Data was collected through surveys, while a decision tree was used to analyze and
present decision-making situations. The survey metamodel considered various character-
istics of respondents, such as their role, participation in the survey, and degree of involve-
ment in completing the survey. Decision trees were used to model the decision-making
process based on the collected survey data [11].

A decision tree analysis method was used to study tourists’ purchasing preferences
and intentions. Data was collected through questionnaires, and the study focused on
tourists’ characteristics, travel patterns, and shopping behaviors that may influence
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their purchase intentions. Data analysis was carried out using the decision tree analysis
method, which allowed the identification of key factors affecting tourists’ preferences
and purchase intentions [12].

Decision tree algorithms were used to identify factors affecting student success and
reducing school failure. Three classifiers were used to analyze questionnaires completed
by students. The survey included 161 questionnaires containing 60 questions on health,
social activities, relationships and academic performance, most of which were related
to student achievement. The analysis helped identify key determinants of educational
success and develop strategies to reduce the number of failures in the educational system
[13].

Decision trees were used to analyze teachers’ behavior in completing online surveys,
where the response time to survey questions was studied. Two decision tree techniques
and a factor analysis method were used to reduce the number of input variables. Finally,
a simplified decision model was developed based on four variables: years of teaching,
school level, gender, and area, which maintained statistical equivalence with the original
model using eight input variables. The use of decision trees made it possible to classify
the timing of survey responses, considering respondents’ characteristics such as age,
gender, years of schooling, school level, and area of residence [14].

However, no articles were found on examples of the application of machine learning
and deep learning methods in the prediction of survey results for predicting the impor-
tance of factors influencing prosumer decisions. Only one publication was found for
the keywords “prosumption” and “machine learning.” The paper proposes a method for
strategic day-ahead marketing in multi-period energy markets using a machine-learning
approach based on neural networks. An energy aggregator with renewable energy gen-
eration facilities must plan for energy production and consumption (prosumption) when
the amount of renewable energy produced is not accurately predicted the day before. If
there is a difference between the planned and actual prosumption profile, i.e., an imbal-
ance, the aggregator must bear the cost of imbalance penalties. As a scheduling method
to avoid paying imbalance penalties, a machine-learning-based scheduling model based
on the results of previous transactions is proposed. Specifically, the planning model
is represented as a neural network, which gives an advantage in computational cost
compared to the kernel method. To develop a training algorithm, it was shown that the
gradient of the profit function with respect to the design parameters can be calculated as
a solution to a linear programming problem. Finally, the effectiveness of the proposed
method is demonstrated using a numerical example [15].

Prosumption here is related to the management of energy production and consump-
tion, which refers to the concept of a prosumer who not only consumes energy but
also produces it. Machine learning is used to develop a planning model that helps the
aggregator make energy management decisions to avoid the costs associated with the
imbalance between planned and actual energy production [16]. Prosumption in the con-
text of machine learning is emerging primarily in the energy field, where it involves
both energy production and consumption. It is a concept referring to user involvement
in both energy production and consumption, usually in the context of renewable energy
sources. Unlike survey data, where research focuses on respondents’ subjective answers
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to questions, prosumption topics connected to machine learning focus on analyzing hard
data, such as transactional data related to energy production and consumption [16].

Prediction of factors influencing prosumer decisions involves the analysis of various
attributes, such as economic incentives, environmental impact, and social impact. More
interdisciplinary research is needed to integrate behavioral science, economics, and data
science knowledge to develop holistic models of prosumer decisions. This is indicated
as an important research gap in the scientific literature [17].

3 Materials and Methods

3.1 Data Source

The data used in the research were taken from a survey conducted on a group of 1620
prosumers [18], which was a representative group of respondents for the population of
Poland. The questionnaire consisted of questions about respondents’ characteristics and
of the selected aspects of consumer attitudes connected to prosumption. The answers
to respondents’ characteristic questions were single-choice descriptive answers, and the
answers to the questions about the prosumption attitudes were given on a 7-point Likert
scale from O to 6.

Based on the answers obtained, the dimensions of the research area were reduced
by using EFA with varimax rotation. The method allowed us to isolate key factors in
respondents’ assessments. These factors were subjected to further statistical analysis. As
a result, the key decision-making factors of the prosumer attitudes were identified and
indicated with the use of EFA. These factors were: prosumption destimulants, informa-
tion contribution, information channels, incentives for prosumption, and reactive attitude
[18]. The factors loadings were expressed as numbers from 1 to 6 in increments of 0.2.

3.2 Data Preparation

The dataset taken to modeling consisted of five respondents’ characteristics (sex, age,
education level, place of residence, subjective income satisfaction) and values of four
factors influencing prosumption: prosumption destimulants, information contribution,
communication channels, and stimulants. The factors were used as classification (target)
variables in the models built.

The database needed filling in and transformations. Missing data (relatively few)
were filled with the average; the distribution of the variable with missing data was
symmetric and close to normal. The answers to respondents’ characteristic questions
(models’ input data) were transformed into numbers:

— quantitative interval data were recoded into an ordinal numerical variable of the mean
value from the interval;

— ordinal text data was recoded into an ordinal numerical variable;

— categorizing text data was recoded into consecutive integers.

Factor values (models’ output data) were recoded with three levels:
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— level O was defined when a factor value had a mean value within its confidence interval.
This level should be defined as an indeterminate assessment; the respondent cannot
decide whether a given factor is important to him or not in relation to the population;

— level -1 when values were below the confidence interval. This means that the
respondent assesses a given factor as insignificant in relation to the population;

— level + 1 when values are above the confidence interval. The respondent assesses the
impact of a given factor relatively highly.

Factor coding favors the minimization of unmarked states in favor of states that
discriminate between respondents. The sample of the dataset is presented in Fig. 1.

education place of income prosumption information comnunication

level residence satisfaction destimulants contribution channels Stimulants

I0 sex age

22276879 65 3 650000 4

620568031 45 150000

44722240 55 350000

a2 © N o o

1 -1 -1 -1 1
0 2 0 1 -1 1
95983054 0 55 3 650000 -1 -1 -1 1
1 1 1 0 1 1
0 1 0 1 0 1

@ NN A

209403870 35 500

1615 102839976 45 650000

1616 664039958 55 75000

1617 653284324 21 75000

1618 172377433 65 500

© © © 4 a
@ NN o
A w O © N

1619 28547253 45 500

1620 rows x 10 columns

Fig. 1. The sample of the dataset.

3.3 Modeling

The dataset consisted of 1620 records and was divided into two sets. 80% of the dataset
(1296 records) was used to train and validate the model, and 20% (324 records) for
testing the prediction capabilities. The set for training and validation was divided into
two parts: 80% was used for training (1036 records), and 20% was used for validation
of the model (260 records).

In order to predict the importance of factors, models using three different techniques
were created: classification decision trees, LightGBM boosting, and deep neural network
(DNN). The deep neural network model was the main model. We developed a fully
connected model of DNN. The results of the remaining two models were compared to it,
and the best solution was indicated. For each model, accuracy was calculated. Precision
and recall were measured for decision trees and neural networks. Additionally, feature
importance was measured for decision trees and LightGBM.

4 Results and Discussion

The first models built on the dataset were the decision trees. Decision trees are a widely
used technique in research to examine the impact of various survey features on response
rates in conducted surveys [4, 6, 11, 12]. For each of the outputs tested in the research
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presented in this paper — decision-making factors — another tree had to be built. Among
many hyperparameters of decision trees, the criterion, which measures the quality of
a split, and the maximum depth of the tree, which is the number of split levels, were
changed in order to get the best results. The criterion hyperparameter was changed
between gini and entropy, and the maximum depth of trees was tested from 2 to 5. As
the measure that defined the best solution, the accuracy of the model validation was
calculated. Table 1 presents the hyperparameters and results of the decision trees for
which the accuracy of model validation was the highest among tested variants and other
selected measures of trees, i.e., the accuracy of validation, precision, recall, and finally,
the accuracy of prediction of the values on new data.

Table 1. Hyperparameters and results of decision trees

Parameter prosumption information communication stimulants
destimulants contribution channels

criterion Gini Gini Entropy Entropy

max_depth 2 2 4 4

Accuracy of 0.415 0.481 0.581 0.523

validation

Accuracy of 0.389 0.497 0.534 0.519

prediction

As seen in Table 1, the accuracy of the models’ validation is not high. The highest
value was obtained for the factor communication channels, 0.581. The precision and
recall of this tree were also the highest among all the factors; both equaled 0.39. In
most cases, the accuracy of factors’ values prediction on new data was lower than the
accuracy of model validation. Only for the information contribution tree was it a little
higher. The values of accuracy and other parameters (precision, recall) were a bit lower
than in other studies [4, 6, 13], but this was probably due to other tree parameters that
were not changed in these studies.

Among respondents’ characteristics, age seems to be the most important feature
influencing decision tree models (Fig. 2). It was the most important for three out of four
factors. It was not important at all for prosumption destimulants only. For this factor, sex
and income satisfaction were the only two characteristics that mattered and were nearly
equally important. Place of residence seems to be the least relevant for all tested factors.

The second method used to predict the values of factors was LightGBM boosting for
the decision trees. As for classic decision trees, other models were built for each factor.
Among hyperparameters for LightGMB, trees’ learning rate and maximum depth were
changed to get the best accuracy. The learning rate tested values were: 0.1, 0.5, and 1.0;
maximum depth was changed between 2 and 5, as in decision trees. Table 2 summarises
the models’ hyperparameters that obtain the highest accuracy of validation.

The highest accuracy, 0.585, was achieved for the communication channels factor. A
little lower accuracy was measured for stimulants. The lowest value for this parameter,
0.388, was calculated for prosumption destimulants. Besides stimulants, the learning
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Fig. 2. The feature importance for decision trees.
Table 2. Hyperparameters and results of LightGBM boosted decision trees.
Parameter prosumption information communication stimulants
destimulants contribution channels
Learning rate 0.1 0.1 0.1 0.5
max_depth 2 3 2 2
Accuracy 0.388 0.469 0.585 0.523

rate of 0.1 gave the best results in most cases. The maximum depth of a boosted tree was
mostly 2. Only for the information contribution factor, the best depth was 3 levels.

The feature importance for LightGBM boosted decision trees is presented in Fig. 3.

Age is the most important respondents’ characteristic for almost all factors. Only
in the case of the prosumtion destimulants, is income satisfaction more important. The
least important feature for all factors is sex.

The last developed model was based on a deep neural network. This technique has
also been used in survey response prediction [3, 8, 9]. The network was built using Keras
Framework based on Tensorflow Engine. The first model was developed with two hidden
layers, but the performance of this model was low (accuracy about 0.27). Then, several
experiments were performed with different models’ architectures, and hyperparameters
were tuned. The best results were achieved using the architecture presented in Fig. 4.

The model is a multi-class classifier (three classes). There are 4 hidden layers.
The following hyperparameters were set: relu activation function for hidden lay-
ers and softmax activation function for output layer. The BatchNormalization and
Dropout were used. Without dropout, the overfitting phenomenon appeared. We used
sparse_categorical_crossentropy as aloss function and sparse_categorical_accuracy as
an accuracy metric. The reason for using these functions is to provide labels of classes
as integers. The adam was used as an optimizer. For the training process, the number
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Fig. 3. The feature importance for LightGBM boosted decision trees.
Layer (type) Output Shape Param #
batch normalization (Batch (None, 5) 20
Normalization)
dense (Dense) None, 10 60
dense 1 (Dense) None, 50 550
dropout (Dropout) None, 50 0

( )
( )
( )
dense 2 (Dense) (None, 25) 1275
( )
( )
(

dropout 1 (Dropout) None, 25 0
dense 3 (Dense) None, 12 312
dense 4 (Dense) None, 3) 39

Fig. 4. The architecture of the deep neural network model.

of epochs equaled 100, and batchsize 25. Figure 5. Presents the results of the training
process.

The learning process is characterized by a high level of fluctuation. This may result
from the fact that training data is not large enough or diverse enough. The results of DLL
model are presented in Table 3.

After building all the models, the accuracy of the models’ validation was compared
to asses which method is the best for the prediction of factors importance in the presump-
tion decision-making process. Table 4 summarizes the accuracy of classic classification
decision trees, Light GBM-boosted decision trees, and neural networks.

Based on the information provided in Table 4, the highest accuracy was achieved for
prosumption destimulants using DNN (0.398), for information contribution using Deci-
sion trees (0.497), for communication channels using DNN (0.586), and for stimulants
using LightGBM (0.523). It was not as high as for the prediction of hard data because



Machine Learning for Prediction of the Importance

193

0.56
0.54
T 0.52
o
-
&
0.50 7
0.48
0.46
6 Zb 4‘0 6|0 810 160
epoch
Fig. 5. The training process of DLL.
Table 3. Results of DLL model.
Parameter prosumption information communication stimulants
destimulants contribution channels
Accuracy of 0.449 0.508 0.538 0.531
validation
Accuracy of 0.398 0.423 0.586 0.472
prediction
Table 4. The accuracy of built models.
Model prosumption information communication stimulants
destimulants contribution channels
Decision trees 0.389 0.497 0.534 0.519
LightGBM 0.388 0.469 0.585 0.523
DNN 0.398 0.423 0.586 0.472

of the subjective nature of the output variable. Human behavior and social preference

prediction is more complicated and harder [19].

Supervised methods based on trees were used by other authors for survey results
to replace missing data in survey analysis [10], to identify factors that affect survey
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response rates [4], or to classify the timing of survey responses [14]. All of these research
took respondents’ characteristics as input data. The models’ accuracy was around 0.8,
which was higher than in the research presented in this paper. However, the aim of
our research and the output data were different; we aimed to predict the importance of
factors influencing decision-making. The goal was much harder than predicting whether
arespondent would answer the survey questions or not or how much time he would need
to fill in the questionnaire. The complex nature of subjective data used in our research
is reflected in the level of the models’ measures.

Research considering prosumption and machine learning mainly focuses on opti-
mizing energy production and distribution processes, taking into account various factors
such as the variability of renewable energy production, energy demand, or costs associ-
ated with imbalances in the energy system. By analyzing transactional data and energy
consumption patterns, machine learning models such as decision trees or neural net-
works can be used to forecast energy production and consumption and optimize energy
planning [16, 20]. Unlike survey research, which focuses on the subjective opinions and
preferences of respondents, prosumption research using machine learning emphasizes
analyzing objective data and using it to make decisions in the energy field. These include
the development of predictive, optimization, and classification models that can be used
to improve the efficiency of energy systems and reduce energy management costs. In
this way, machine learning methods in prosumption are becoming an important area of
research in the context of sustainable development and efficient use of energy resources
[16]. However, this topic is very far from our research.

Conducted research allows us to verify the hypotheses posed in the Introduction.
The first was methodological and assumed that the machine learning or deep learning
models effectively assign qualitative and quantitative respondents’ characteristics to
how individual factors are assessed in the prosumption decision-making process. The
verification of this hypothesis is based on the models’ parameters. As the parameters
are not on a high level, the verification should be rather negative. However, considering
that subjective assessments are more complicated to predict, the hypothesis might be
verified positively, as the models’ measures are quite satisfactory. More research is
needed to check if other parameters of built models may influence their accuracy. The
second hypothesis was cognitive and assumed that how a respondent evaluates individual
decision-making factors depends on their individual characteristics. This hypothesis may
be verified positively because the results showed that a respondent’s age was the most
important feature influencing the models in most cases. Other characteristics did not
show such a clear impact on the results.

Positive verification of the posed hypotheses implies that the aim of the research was
achieved. Determination of the possibility of classifying prosumer survey respondents
depending on their method of assessing each decision-making factor separately using
selected machine learning and deep learning methods, including decision trees, Light-
GBM, and deep neural networks, is possible. Still, the model parameters are not as high
as expected when predicting hard data. Taking into account the nature of output data,
the parameters of the models are quite satisfactory. More research is needed to improve
models or test other machine learning or deep learning techniques.
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S5 Conclusion

The conducted research showed that it is possible to predict the importance of factors
in the decision-making process of prosumers based on respondents’ characteristics. The
output data are subjective, so the model measures are not as high as when predicting
hard data, but they are quite satisfactory. This is the main contribution of the research,
as it opens the way to building models that would predict the survey answers when the
response rate is low, or the respondents are unwilling to share knowledge and experience.

Connected to the above, there are practical implications for survey conductors. When
there is a problem with getting the survey answers, or the answers are needed in a very
short time, or the cost of conducting research is high, there is a possibility to build a
model that would predict the survey answers based on a sample of collected data. This
may be a solution, especially for smaller companies that do not have the money or time
to conduct large market surveys.

The main limitation of the research was the use of a dataset that was not large enough
and did not have enough diverse data. The augmentation of data will be performed
in further research. Another limitation is using only one type of neural network. The
NARX neural network can be analyzed in future research. Future research will also
cover improving built models, mainly changing different hyperparameters to obtain
higher accuracy. Other techniques will also be used to predict factors importance in
the decision-making process. Finally, the authors would like to try to build models that
would directly connect respondents’ answers with factors’ importance, simplifying the
statistical analysis of the results of such surveys.

Disclosure of Interests. The authors have no competing interests to declare that are relevant to
the content of this article.
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Abstract. The Evaluation based on Distance from Average Solution (EDAS)
method is a prominent Multi-Criteria Decision-Making (MCDM) technique used
torank alternatives based on their distance from an average solution. While EDAS
is effective and requires fewer calculations than other MCDM methods, it suffers
from the rank reversal paradox. This paradox occurs when minor changes in the
input data lead to significant and illogical shifts in the rankings of alternatives,
undermining the reliability of the decision-making process. We propose the Rank
Reversal Free EDAS (RRF-EDAS) approach to address this issue. RRF-EDAS
modifies the traditional EDAS method by introducing static decision boundaries
for criteria determined by experts. These boundaries define each criterion’s mini-
mum and maximum values, creating a stable reference point for normalizing the
decision matrix. This adjustment prevents the rank reversal paradox by ensur-
ing that the normalization process is based on fixed values rather than dynamic
changes in the data. The proposed RRF-EDAS approach was tested using Spear-
man’s weighted correlation coefficient to analyze rank stability. Results show that
RRF-EDAS eftectively eliminates rank reversal, providing more consistent and
reliable rankings than the classical EDAS method. While using fixed boundaries
has limitations in dynamic environments, RRF-EDAS offers a robust solution for
scenarios where stability and trust in the ranking process are crucial.

Keywords: MCDA - Rank reversal - EDAS - Reference point

1 Introduction

Multi-Criteria Decision-Making (MCDM) is the decision-making process in situations
with multiple, often conflicting, criteria for evaluating alternative solutions [26]. MCDM
plays a key role due to the complexity of decisions that require consideration of multiple
aspects of a problem simultaneously. Through the use of MCDM, it is possible to make
more balanced and reasoned decisions that better meet diverse needs and priorities. In
addition, MCDM is extremely useful when finding an optimal solution that maximizes
benefits while minimizing costs, risks, or other undesirable effects is necessary [3]. Using
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this approach increases the transparency of the decision-making process, which in turn
can lead to greater acceptance and trust from stakeholders.

Many MCDM approaches are widely used in sustainability [31], industry 4.0 [6],
medicine [20], green governance [25], and others [34]. The most popular MCDM
approaches are echnique of Order Preference Similarity to the Ideal Solution (TOP-
SIS) [2], ELimination Et Choice Translating REality (ELECTRE) [10], Preference Rank-
ing Organization METhod for Enrichment Evaluations (PROMETHEE) [4], Analytic
Hierarchy Process (AHP) [36], Analytic Network Process (ANP) [13], or VIseKriter-
ijuska Optimizacija I Komoromisno Resenje (VIKOR) [18]. These approaches are the
classic MCDM approaches. Their logic is mainly based on ranking or classifying alter-
natives based on their performance on various criteria and selecting the most preferred
option. TOPSIS, for example, is based on identifying the option closest to the ideal and
farthest from the anti-ideal. AHP and ANP are based on hierarchization and analysis of
the relationships between criteria. However, new MCDM approaches such as Stable Pref-
erence Ordering Towards Ideal Solution (SPOTIS) [7], Best-Worst Method (BWM) [22],
RANking COMparison (RANCOM) [33], Multi-Attributive Border Approximation area
Comparison (MABAC) [19], and Evaluation based on Distance from Average Solution
(EDAS) [12] are also being developed. These new methods often introduce innovative
ways of aggregating assessments, weighting criteria, or analyzing uncertainty, allowing
for a more flexible and user-specific approach to solving decision-making problems.

The Evaluation based on Distance from Average Solution (EDAS) method, devel-
oped by Keshavarz Ghorabaee et al. in 2015 [12], ranks alternatives in complex multi-
criteria decision-making problems. Unlike traditional methods such as TOPSIS and
VIKOR, which rely on distances from ideal and anti-ideal solutions, EDAS uses aver-
age values as a benchmark. The logic behind EDAS is to calculate positive (PDA) and
negative (NDA) distances from average values, which allows for a more realistic and
practical ordering of alternatives [28].

However, there needs to be a solution in the EDAS method in the form of the paradox
of reversal of rankings. The paradox of reversal of rankings is when a change in the
value of one of the criteria leads to a non-intuitive change in the ranking order of the
alternatives. This means that an alternative that was initially better can suddenly worsen
despite a seemingly minor change in the data. This paradox is encountered in many
MCDM methods, such as TOPSIS, VIKOR, AHP, and ELECTRE. The paradox of
reversed rankings is undesirable because it undermines confidence in the results of
decision analysis and can lead to the selection of less favorable alternatives. It can also
introduce uncertainty and complicate the decision-making process, as users cannot be
sure of the stability and reliability of ranking results.

Therefore, this paper proposes the Rank Reversal Free EDAS (RRF-EDAS) app-
roach, which addresses the rank reversal paradox. In order to eliminate this problem, an
additional parameter has been introduced in the EDAS method in the form of decision
boundaries for criteria. These boundaries are defined by decision experts or decision
makers, who determine the most minor and most significant value of the selected cri-
teria in the decision problem. Using these boundaries, an average point is determined,
which is used to normalize the decision matrix. Using normalization based on static data
makes obtaining a model resistant to the rank reversal paradox possible. The proposed
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approach has been tested for reversal of rankings using Spearman’s weighted correla-
tion coefficient. In addition, the RRF-EDAS approach was compared with the classical
EDAS method to show the differences and the susceptibility of EDAS to rank reversal
paradox.

The rest of the paper is organized as follows. Section 2 presents a literature review
related to the phenomenon of reverse rankings. Section 3 presents preliminary assump-
tions, i.e., a description of the EDAS method and the weighted Spearaman correlation
coefficient. Section 4 presents the proposed RRF-EDAS approach. Section 5 presents a
study on the phenomenon of reversal of rankings, where the phenomenon in the EDAS
approach is transferred and the absence of the phenomenon in the RRF-EDAS approach
is shown. Section 6 presents a discussion of the reversal of rankings phenomenon and
the proposed approach. Important aspects of the proposed approach and its limitation are
also pointed out in this section. Finally, Sect. 7 presents conclusions and future research
directions.

2 Literature Review

Rank reversal paradox is a phenomenon that occurs in a Multi-Criteria Decision Making
(MCDM) process when the ranking of an option or decision changes after an alternative
is added, removed, or modified [1]. It is particularly problematic because it undermines
the consistency and stability of the analysis results, leading to uncertainty and potential
errors in decision-making [30]. In practice, this means that decisions based on the analysis
results may be unreliable, which is unacceptable in the context of strategic planning or
resource management.

Rank reversal occurs in many popular MCDM methods, including the Analytic
Hierarchy Process (AHP) [17, 29], where adding or removing alternatives can change
the hierarchy of existing options. A similar problem arises in the Technique for Order of
Preference by Similarity to Ideal Solution (TOPSIS) method [8], where new alternatives
can affect the relative positions of existing options relative to the ideal solution. Multi-
Attribute Utility Theory (MAUT) is also susceptible to rank reversal due to changes in
preferences or the addition of new options [9], which can lead to changes in ratings and
rankings.

To counter the problem of rank reversal, several methods have been developed to
minimize its impact or eliminate the phenomenon. One such method is the Reference
Ideal Method (RIM) [5], which seeks to preserve rankings’ stability by considering
decision boundaries and referring to a reference ideal point. Another method is the
Stable Preference Order Towards Ideal Solution (SPOTIS) [7], which stabilizes the
ranking by comparing alternatives with the ideal solution, thereby reducing the impact
of new options on the existing ranking. The Characteristic Objects Method (COMET)
[23] is based on distance from characteristic objects and their values, eliminating rank
reversal and leading to more realistic results than traditional methods such as TOPSIS.

In addition to the methods mentioned above, specific normalization techniques and
hybrid approaches effectively deal with rank reversal. R-normalization, for example,
includes procedures such as Max-Min normalization and Max normalization, which
minimize the impact of dependence on alternatives by adjusting parameters accordingly
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[24]. G-normalization, used in the G-TOPSIS method, uses a cumulative normal distri-
bution function to normalize criteria values, which ensures that values remain constant
regardless of the number of alternatives and stabilizes the ranking [27]. Fuzzy normal-
ization [14, 16], based on fuzzy set theory, allows more flexible evaluations, stabilizing
rankings and reducing the impact of rank reversal. Finally, hybrid approaches, such as
TOPSIS-COMET [15] and VIKOR-COMET (V-COMET) [32], combine the advantages
of different methods to increase the stability and consistency of rankings, minimizing
the risk of rank reversal and providing more reliable results in multi-criteria analysis.

3 Preliminaries

3.1 The EDAS Method

In the Evaluation based on Distance from Average Solution (EDAS) method, the Positive
Distance from Average (PDA) and Negative Distance from Average (NDA) are calculated
to determine the alternative preference value [12]. The optimal alternative has a higher
distance from the worst solution and a lower distance from the ideal solution [11].
Its advantage lies in requiring fewer calculations to achieve the results [21]. EDAS is
designed to evaluate decision alternatives according to the following steps:

Step 1. Define a decision matrix of dimension n x m, where n is the number of
alternatives, and m is the number of criteria (1).

X11X12 «+ - XIm
X21 X2 ... X2
Xij = " (1

Xnl Xn2 -+« Xnm

Step 2. Calculate the average solution for each criterion according to the formula (2).

" Xii
n

AV;
Step 3. Calculating the positive distance from the mean solution and the negative distance
from the mean solution for the alternatives. When the criterion is of profit type, the
negative distance and the positive distance are calculated using equations (3) and (4),
while when the criterion is of cost type, the distances are calculated using formulas (5)
and (6).

max (0, (AV; — X;))

NDA; = = 3)
J
0, (X; — AV,
PDA; = max( (A"/ ) @)
J

0, (X — AV
NDA,-j:maX( (A"; ) 5)
J
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max (0. (AV; - X;)
AV

PDA; = (6)

Step 4. Calculate the weighted sums of PDA and NDA for each decision variant using
equations (7) and (8).

m
ASP; =) " wjPDA; (7
j=1
m
SN; =) wjNDA;; (8)

j=1

Step S. Normalize the weighted sums of negative and positive distances using equations
(9) and (10).

SN;
NSN;j=1— — )
max; (SN;)
SP;
NSP; = —————— (10)
max;(SP;)

Step 6. Calculate the evaluation score (AS) for each alternative using the formula (11).
A higher point value determines a higher ranking alternative.

1
AS; = E(NSPi + NSN;) an

3.2 Weighted Spearman’s Correlation Coefficient

The weighted Spearman rank correlation coefficient (r,,), introduced by [37], is based
on the traditional Spearman coefficient but includes weighting factors. This modification
increases the effect of changes in leading positions on the total correlation score. The
correlation is calculated between two rankings, each with a size of N, where x; is the
position in the first ranking and y; in the second (refeq). The coefficient of r,, ranges from
-1 to 1: one indicates identical rankings, minus one inverted, and zero no correlation.
This approach gives different rankings different levels of significance. The r,, coefficient
is mathematically defined as follows (12):

6-3(xi—y) 2 (n—xi+1)+(m—yi+1))
- n-(n3 +nz—n—l) (1 2)

rwzl

4 Proposed Approach: The RRF-EDAS Method

This section presents the RRF-EDAS approach, which addresses the rank reversal para-
dox. The approach has been modified to determine the mean solution using static bounds,
reducing the rank reversal paradox. In order to eliminate it, the normalization format in
the last step of the classic EDAS method was also changed, using maximum normal-
ization on the determined sum distances. The algorithm of the proposed RRF-EDAS
approach consists of the following steps:
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Step 1. Define a decision matrix of dimension n x m, where n is the number of
alternatives, and m is the number of criteria (13).

.xll x12 ...x1m
X21 X22 + . X2m
Xy = (13)
Xnl Xn2 -+ - Xum

Step 2. Provide boundary (B) values for each criterion.
Min M.

b/lwl}’l b}wax

bz m bz ax

B = (14)

m m
Step 3. Calculate the average solution for each criterion based on the decision boundaries
according to the formula (15).

Lo m Mi
AV = E(bj ] ) (15)
Step 4. Calculating the positive distance from the mean solution and the negative distance
from the mean solution for the alternatives. When the criterion is of profit type, the
negative distance and the positive distance are calculated using equations (16) and (17),
while when the criterion is of cost type, the distances are calculated using formulas (18)
and (19).

max (0, (AV; — X;))

NDA;; = AV, (16)

PDA; = max (0, g(‘,/—AVj)) (17
J

oy = " (jv’_ AV)) (18)
J

PDA; = max 0. (/:“‘/? — X)) (19)
J

Step 5. Calculate the weighted sums of PDA and NDA for each decision variant using
equations (20) and (21).

m
ASP; = Z w;PDA; (20)
j=1

m
SN; =) wjNDA;; @21
j=1
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Step 6. Calculate the normalized assessment score (NAS) for each alternative using the
formula (22). A higher point value determines a higher ranking alternative.

DST;
NAS; = — (22)
max(DST;)
where
DST; = (1 — SN;) + SP; (23)

The entire RRF-EDAS algorithm can be represented using Fig. 1.

Rank Reversal Free Evaluation based
on Distance from Average Solution

Step 1. Define the decision matrix
Voo e T T 1
Step2. 1 Provide boundary values for each |

' criterion 1

Determine the average solution

Step 3. : based on the bounds 1
Calculating the positive and negative
Step 4. X .
distance from the average solution
Calculate weighted sums from the
Step 5. determined distances
Step 6. 1 Calculate the normalized '

assessment score (NAS) I

Fig. 1. RRF-EDAS algorithm.

5 Research on the Rank Reversal Paradox

In this paper, a study is presented to resolve the paradox of ranking reversals in the
Evaluation based on the Distance from Average Solution (EDAS) method. To do this, a
proposed Ranking Reversal Free EDAS (RRF-EDAS) approach, which is based on an
assumption related to the boundaries of the decision problem, was used. Suppose we are
dealing with a decision problem consisting of two criteria and twelve alternatives. In the
framework of the present work, the data for the problem were drawn from the interval
[0, 1]. In the work, the reference set means the set of 12 alternatives shown in Table 1.

With the proposed RRF-EDAS approach, decision boundaries for each criterion
were decided to be set at values from O to 1. This decision was made due to the range
of drawing values for the set of alternatives. In real problems, it is recommended to use
historical boundary values or values consistent with the model.
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Fig. 2. Boundaries of EDAS and RRF-EDAS models with alternatives and average solutions.

With the help of Fig. 2, the limits of the considered decision models (EDAS and RRF-
EDAS) are presented, as well as the average solutions and the set of alternatives. As can be
seen, the RRF-EDAS approach uses boundary values to determine the average solution.
As aresult, alternatives are normalized statically rather than dynamically, as in the EDAS
approach. The EDAS approach determines the average solution from a set of alternatives.
Because of this, the EDAS model may be more sensitive than approaches such as TOPSIS
or VIKOR, which refer to ideal and negatively ideal solutions. Determining the mean
solution by EDAS using alternatives is one of the steps leading to the paradox of reversed
rankings in this model. By excluding the alternative(s), the reference, i.e., the mean
solution, also changes; thus, normalizing the values of the alternatives also changes.
Therefore, the RRF-EDAS approach uses fixed/static values.
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14

RRF-EDAS (Without)
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12 3 4 5 6 7 8 910
EDAS (Reference)

(a) EDAS.

12 3 4 5 6 7 8 910
RRF-EDAS (Reference)

(b) RRF-EDAS.

Fig. 3. Comparison of rankings from EDAS approaches from a reference set and a set with
exclusions.

Suppose we exclude two boundary alternatives from the reference set. At this point,
the model’s boundary will change, as will the average value of the alternatives. This
leads to a change in the mean solution and normalized values. By evaluating the entire
set of alternatives and ranking only 10 alternatives, we get a different ranking using the
EDAS approach than by evaluating 10 alternatives and ranking them. In contrast, with
the RRF-EDAS approach based on fixed values, the model evaluates the alternatives
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with reference to the same mean solution. The paradox of reversal of rankings in the
model is noticeable in the rankings shown by Fig. 3a.

In contrast, the absence of this paradox in the proposed approach is shown using
Fig. 3b. In addition, the rankings themselves are presented using Table 2. In it, it can be
seen that the 4 positions in the EDAS approach were changed for pairs of alternatives
(A1, Az) and (Ag, A10). In contrast, these items remained unchanged in the RRF-EDAS
approach.

Table 2. Summary of rankings from EDAS and RRF-EDAS for an example with reverse rankings.

A; EDAS RRF-EDAS
Reference Without Reference Without

Al 2 3 2 2
Ay 9 9 9 9
A3 3 2 4 4
Ay 8 8 8 8
As 10 10 10 10
Ag 6 7 6 6
Aq 1 1 1 1
Ag 4 4 3 3
Ag 5 5 5 5
Ajo 7 6 7 7

Given the broader spectrum of possible paradox reversal of rankings, the EDAS and
RRF-EDAS approaches were also examined for exclusions of subsequent alternatives.
Using Fig. 4, an analysis of the exclusions of each alternative from the reference set is
presented. For each exclusion, the resulting ranking was examined by correlation with
the reference rank in which the excluded alternative was not included. As can be seen,
only in two cases of exclusion of alternatives, i.e. alternative Ag and alternative Ao,
did there not reversal of rankings. This means the EDAS approach is very sensitive to
changing the reference set by adding/removing an alternative. The same analysis was
also performed on the RRF-EDAS approach, visualized using Fig. 5. No reversal of
rankings was shown for this approach, which means that this approach is more stable
than the EDAS approach.

In addition, a simulation was conducted that included various randomly generated
decision matrices and excluded 2, 5, 10, 25, and 50 alternatives. The decision matrices
were drawn 1,000 times for each scenario, excluding alternatives. The study also included
different criteria (2, 5, 10, 20). However, due to the similar results in each criterion
studied, it was decided to present only an example for two criteria.

To analyze the reversal of the rankings in the EDAS and RRF-EDAS methods for each
alternative exclusion scenario, box plots showing the values of the weighted Spearman
correlation coefficient were used in Fig. 6. In addition, the data were described using
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a statistical table that included characteristics of the data distribution, such as mean,
standard deviation, minimum and maximum values, and quartiles.

Table 3 shows the statistical results for both methods, RRF-EDAS and EDAS. It is
worth noting that the EDAS method is prone to reverse rankings. In some cases, the
rankings of alternatives may be reversed relative to the decision maker’s expectations.
In contrast, the RRF-EDAS method is characterized by the absence of this phenomenon.
The average value of the weighted Spearman correlation coefficient for the RRF-EDAS
method is 1.000, suggesting an excellent correlation between the rankings obtained in the
various simulations. In contrast, for the EDAS method, the average is 0.999, indicating
a very high correlation but slightly lower than for RRF-EDAS. This means that in the
case of the EDAS approach, the phenomenon of reversal of rankings occurs, while in
the case of the RRF-EDAS approach, this phenomenon does not occur.

6 Discussion

This study addresses the rank reversal paradox in the EDAS multi-criteria decision-
making (MCDM) method and proposes the RRF-EDAS approach as a solution. The rank
reversal paradox, where small changes in inputs lead to significant shifts in alternative
rankings, is a known issue in many MCDM methods, including TOPSIS and VIKOR.
While these methods use normalization techniques to mitigate this problem, such as
fuzzy or R-normalization, these solutions are not directly applicable to EDAS due to its
reliance on an average solution and end-process normalization.
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Fig. 6. Analysis of rank reversal in EDAS and RRF-EDAS methods under different numbers of
alternative exclusions (random sets of 100 alternatives, two criteria).

Table 3. Summary of statistical metrics for reverse ranking analysis in EDAS and RRF-EDAS
methods with different numbers of excluded alternatives (random sets of 100 alternatives, two
criteria).

Approach Mean STD Min 25% 50% 75% Max
RRF-EDAS | 1.000000 | 0.000000 | 1.000000 | 1.000000 | 1.000000 | 1.000000 | 1.000000
EDAS 0.998947 | 0.002064 | 0.964692 | 0.998955 | 0.999691 | 0.999893 | 1.000000

The RRF-EDAS approach, by using constant values, eliminates the rank reversal
paradox, offering more stable results. However, this method, like other fixed-boundary
models such as R-TOPSIS [24], R-VIKOR [35], SPOTIS [7], RIM [5], or COMET
[23], has limitations in evaluating alternatives with criteria outside predefined ranges.
Although these fixed-boundary models provide greater stability compared to dynamic
value-based methods, their applicability may be restricted in evolving real-world sce-
narios where criteria values fluctuate. Nonetheless, in contexts where result stability is
crucial, RRF-EDAS and similar approaches may be preferable.

7 Conclusions and Future Research

This paper introduces the RRF-EDAS approach to address the rank reversal paradox
associated with the EDAS method. The analysis indicates that EDAS can produce unex-
pected and illogical rankings of alternatives, a problem that RRF-EDAS successfully
mitigates. Tested on a generic case, RRF-EDAS demonstrated stability while adhering
to model constraints, suggesting it effectively prevents reverse rankings and provides
more reliable results. Future research should explore the applicability of RRF-EDAS to
scenarios with uncertainty, assess its performance under varying inputs, and apply it to
real-world decision-making contexts like project management and strategic planning, to
evaluate its practical utility and identify potential areas for enhancement.
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Abstract. In the beginning, the popularity of Internet shopping was determined
by the ability to make purchases at any time; over time, attention began to be paid
to other criteria that influence the assessment of the quality of functioning of e-
commerce platforms. The analysis of available literature and own research enabled
the identification of a total of 33 criteria grouped into seven groups: functionality,
security/privacy, assurance, convenience, personalization, customer satisfaction,
and behavioral intentions. Bearing in mind that MCDM methods are widely used
in quality assessment processes, this article uses the AHP and Entropy method,
which made it possible to carry out analyses regarding the impact of changes in
one group of criteria on the others and the overall quality level of the functioning of
e-commerce platforms. The obtained results indicated the completeness of criteria
set identified, as all of them are relevant to assess the quality of functioning of
e-commerce platforms.

Keywords: AHP - quality assessment - e-commerce - management -
e-commerce platform

1 Introduction

E-commerce is a solution that brings effects, services, or information between controllers
and sellers via electronic devices connected to the Internet [1]. What distinguishes e-
commerce from traditional trade is that buyers need the opportunity to physically check
the product before purchasing it; they decide to buy it based on its description, photo,
ratings, and reviews of other users [2].

In 1979, the first online purchase was made in Great Britain. Currently, the e-
commerce market is worth approximately USD 8§ trillion and is expected to reach
over USD 18 trillion in 2029. This means that online shopping is currently the most
common form of shopping. Over the next few years, it will become a primary sales
strategy, enabling customers to purchase many goods from different parts of the world
[3]. Analyzing research on e-commerce, a significant increase in scientists’ interest in
the quality of services offered by e-commerce platforms is noticed. This results in the
identification of many factors influencing the quality level. These factors are quantitative
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and qualitative, making it worth using a multi-criteria approach to assess them. There-
fore, the main aim of the article is to presents the possibility of using a multi-criteria
approach to evaluate the quality of functioning of e-commerce platforms. The article
includes the following sections: Section 2 — Literature review — E-Commerce platforms’
quality assessmend, Section 3 — MCDM approach in the quality assessment process,
Section 4 — The methodology, Section 5 — Research results and Section 6 — Discussion
and Conclusion.

2 Literature Review - E-commerce Platforms’ Quality Assessment

The growing popularity of e-commerce platforms has also contributed to conducting
many studies on the quality of their functioning. These studies were determined by the
fact that the research on service quality conducted so far did not cover the e-commerce
market. Moreover, in the beginning, the main advantage of e-commerce was that making
purchases no longer required leaving home; they could be made at any time of the day;
now, apart from these two main factors, many others can be identified that significantly
influence how customers perceive e-commerce platforms. These factors contribute to the
popularity of e-commerce platforms and demonstrate the quality of their functioning.

This resulted in much attention being paid to developing models that assess the
quality of functioning of e-commerce platforms. The model developed by M. Blut et al.
[4] made it possible to identify and then verify the criteria that should be considered
when determining the quality of functioning of e-commerce platforms. G. Sharma [5]
developed a model covering the factors affecting customers’ overall satisfaction level
using the e-commerce platform service. The model proposed by R.P. Mohanty et al.
[6] distinguishes three main groups of factors - basic-must, performance-expected, and
delight-excitement, covering 24 sub-criteria. In turn, the hierarchical model developed
by M. Ingaldi [7] makes it possible to identify areas that require improvement to increase
the quality of functioning of e-commerce platforms.

Research on e-commerce platforms also covers issues related to identifying factors
that arouse customers’ willingness to make online purchases [8], problems caused by the
COVID-19 pandemic or the impact of technological innovations on the post-pandemic
e-commerce economy [9]. The literature studies conducted on the level of quality of
functioning of e-commerce platforms enabled the development of many criteria, includ-
ing a total of 33 criteria in seven main groups: functionality [10], security/privacy [11],
assurance [12], convenience [13], personalization [14]), customer satisfaction [15] and
behavioral intensities [12].

However, taking into account the multi-criteria nature of the factors contributing to
the overall level of quality, in this article, we propose using the Analytical Hierarchy
Process and Entropy methods, which belongs to the MCDM group, widely used in
assessing the quality of various phenomena.

3 MCDM Approach in the Quality Assessment Process

For many years, the level of service quality was examined using the SERVQUAL method;
however, over time, research was undertaken in which, in addition to this method, MCDM
methods were used. Such research was carried out, among others, by T-H. Hsu et al. [16]
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developed a service quality measurement model using the CV-SQ model in conjunction
with the fuzzy linguistic preference relations (Fuzzy LinPreRa), which can be an essential
tool in service quality management. M.A.S. Monfared and F. Dadashian [17] presented a
new multiple-criteria decision-making (MCDM) methodology for assessing the quality
of textile products. C-C. Wei et al. [18] proposed a fuzzy model to analyze the knowledge
quality level, including a knowledge quality fuzziness index (KQFI) and a checking gate.
The aim of the research conducted by A.K. Garside et al. [19] was to assess the quality
of services of online transport service providers using MCDM methods. Jou et al. [20]
use the Analytical Hierarchy Process (AHP) and SERVQUAL methods to assess the
quality of bus transport services. J. You and T. Xu [21] proposed using MCDM methods
to evaluate the quality of data assets by combining the best worst method (BWM), the
order preference technique based on similarity to the ideal solution (TOPSIS), and the
triangular fuzzy number, which was used to evaluate the quality of commercial bank
asset data.

As seen above, multi-criteria MCDM methods are commonly used to assess the
quality level in various areas. However, the analysis of available literature in this field
made it possible to identify a significant research gap: the need for MCDM methods to
assess the quality of e-commerce platforms’ functioning. This article is a response and
an important complement to the identified research gap.

4 The Methodology

The research aimed to assess the quality of functioning of online platforms operating
in Poland - advertising platforms, shopping platforms, price comparison websites, auc-
tion websites, and online stores. For the research, a survey questionnaire was developed
consisting of issues enabling the assessment of the quality of the functioning of online
platforms. The answers to the questions took the form of a 5-point Likert scale, which
allowed obtaining the most detailed answers possible. 491 respondents participated in
the study, and the research was conducted from March to August 2023. The Analytical
Hierarchy Process method was used to carry out the analyses, which enables the decom-
position of a complex decision-making problem and the creation of a final ranking for a
finite set of variants, as is the case in this case.

4.1 Analytical Hierarchy Process

Modeling using the AHP method has numerous applications in multi-criteria technical,
economic, political, and social decision support, e.g., conflicts and negotiations, quality
management, resource allocation, variant selection, team decision support, cost-benefit
analysis, credit analyses, production management, formulating strategies and evaluation
of their principles.

The foundations of the AHP method are the T.L. Saaty’s theory [22]. T.L. Satty (1990)
states that human judgments are relative, depending on the current system of values, the
role held, and the characteristics of the evaluator. Consequently, there are different points
of view on evaluation, which results in different values of partial utilities.



216 P. Bajdor

The superordinate goal, located at the top of the hierarchical decision-making struc-
ture, is the target state resulting from the successful solution of the decision-making prob-
lem. Each variant’s implementation of the primary objective results from the fulfillment
of intermediate objectives (expressed by the corresponding criteria and sub-criteria).
The idea of the method is based on presenting the results of comparisons of evaluation
criteria and selection alternatives in the form of square matrices. The procedure begins
with defining the goal and a coherent family of criteria relevant to a given group of
interveners in the decision-making process. The next stage is iterative and compares the
designated criteria in unique pairs using the formula:

Wi

= (1)

while:

1
rij€{1,2,3,...,9},rij=:fori,j: 12,...,n
ji

where:

n - size of the square comparison matrix,

rjj - the degree of dominance of the i-th criterion over the j-th,

wi, wj -coefficients with values from the Saaty scale (absolute ranks of the Ki and
Kj criteria).

The degree of mutual dominance is determined using the criteria introduced by T.L.
Saaty’s binary relationship, distinguishing five basic situations: equivalence situation,
a situation of weak preference, situation of significant preference, a situation of clear
preference and a situation of absolute preference.

The possibility of indirect relationships is also assumed, resulting in the creation of a
nine-point scale. The adoption of such a constructed scale (based on natural numbers) is
justified from the point of view of psychology, in particular, the Weber-Fechner theorem
(the relationship between a change in the stimulus and the effect) and the statement that
a person can compare at most 7 2 objects at the same time (Table 1).

Table 1. Quality criteria for the functioning of purchasing platforms

Equivalence Weak Strong Very strong Extreme Intermediate
preference preference preference domination grades
1 3 5 7 9 2,4,6,8

The result of the previous step is the obtained character preference matrix:
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Synthetic indicators are the values of the utility function of subsequent decision
variants and are determined using the additive form:

UA) =Y wixej 3)

j=1
where:

e U(Ai) -values of the utility function of the i-th decision variant,
e c¢ij - the value of the i-th alternative due to the j-th attribute (criterion),
e wij - the weight of the j-th criterion.

Several methods are used to determine global preference vectors (weights) and local
preferences. The maximum eigenvalue method discussed above is prevalent.

Since AHP is based on the use of expert reactive weights, in the following research,
it was decided to replace subjective weights with a different method of determining
objective weights - the Entropy method, which includes three main steps [23]:

Step 1. Normalization of the decision matrix X = [Xjj]mxn:

X, ij

Pij — ST “)
Step 2. Calculation of entropy h;:
m
hj = —(Inm)~! Zpij * Inpj; (®))
i=1
Step 3. Calculation of weights values:
1 —hj
I ©

5 Research Results

The evaluation was made using the AHP method; the averaged input data was normalized
using the sum normalization method (Table 2). Calculations using equal weights for the
seven main criteria groups. The sub-criteria weights were distributed equally based on
the weights of the main criteria. For comparison, calculations were performed using
criteria weights calculated using the objective Entropy method based on the input data.

The results show that both rankings are identical, but there are differences in the
values of the AHP utility function for the evaluated alternatives.
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Table 2. Results of AHP and Entropy Evaluation

Place AHP, Equal AHP, Equal AHP, Equal AHP, Equal
weights, utility | weights, ranking | weights, utility | weights, ranking
function value function value

Advertising 0.1945 5 0.1935 5

Platforms (AP)

Shopping 0.2023 2 0.2030 2

Platforms (SP)

Price Comparison | 0.2048 1 0.2058 1

Websites (PCW)

Auction Websites | 0.1985 4 0.1979 4

(AW)

Online stores 0.1998 3 0.1998 3

(0S)

Criteria group C; - Functionality

1 PCW
2 ISP
~
c 3 oS
-4
4 AW
5 IAP

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
The weight of the criteria group C;

Fig. 1. Sensitivity Analysis for Functionality

5.1 The Sensitivity Analysis

As the weight of one main criterion was increased, the weights of the remaining groups
were equally adjusted so that the sum of the weights was 1. The sub-criteria weights
were distributed equally based on the weights of the main criteria.

In both cases, despite modifications to the weights of the C1 and C2 criteria groups,
there were no shifts in the rankings (Figs. 1 and 2).

If the importance of the C3 criteria group increases from its weight exceeding 0.5
(50%), shopping platforms advance from the second place to the first place, and price
comparison websites drop from the first place to the second place (Fig. 3). There were
no changes in the rankings for the remaining alternatives.

If the importance of the C4 criteria group increases by more than 0.8 (80%), shopping
platforms advance from second place to first place, and price comparison websites drop
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Criteria group C, - Security/Privacy

1{ e . . . ° o [PCW
21 sp
~
€3 oS
o
4 law
5 P

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
The weight of the criteria group C;

Fig. 2. Sensitivity Analysis for Security/Privacy

Criteria group Cs - Assurance

24 >< Pcw

x
€3 0os
o
4 AW
5 IAP

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
The weight of the criteria group Cs

Fig. 3. Sensitivity Analysis for Assurance

from first place to second place (Fig. 4). There were no changes in the rankings for the
remaining alternatives.

If the importance of the CS5 criteria group increases by more than 0.5 (50%), the
auction website advances from fourth place to third place, and the online store drops
from third place to fourth place (Fig. 5).

There were no changes in the rankings for the remaining alternatives. Despite mod-
ifying the weights of the C6 and C7 criteria groups, the rankings were not changed
(Figs. 6 and 7).

6 Discussion and Conclusion

The above-presented research results using the AHP method in the field of MCDM meth-
ods constitute an innovative approach to assessing the quality of functioning of online
platforms. Previous research involving the use of MCDM in the area of e-commerce
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Criteria group C4 - Convenience
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Fig. 4. Sensitivity Analysis for Convenience

Criteria group Cs - Personalization
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x
€ 34 AW
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The weight of the criteria group Cs

Fig. 5. Sensitivity Analysis for Personalization

focused, among others, on creating a comprehensive and complete framework for assess-
ing m-commerce services by developing a hybrid model tested on the example of food
delivery platforms [24]. M-commerce services were the subject of research by G. Kabir
and MAA Hasin [25], aimed at elucidating the factors that affect success in m-commerce.
Factors influencing the choice of distribution channels among general trade, modern
trade, e-commerce, and hyperlocal trade for FMCG companies were also studied [26].
The efficiency of e-commerce supply chains was also measured by identifying key per-
formance metrics (KPM) [27] or assessing the selection of suppliers in fashion supply
chains [28].

It follows from the above that many studies have been conducted on e-commerce
platforms, but the research context was very diverse. However, the research carried out in
this article presents a comprehensive set of criteria consisting of the quality of functioning
of e-commerce platforms, taking the form of advertising platforms, shopping platforms,
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Criteria group Ce - Customer Satisfaction
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Fig. 6. Sensitivity Analysis for Customer Satisfaction

Criteria group C7 - Behavioral Intensions
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Fig. 7. Sensitivity Analysis for Behavioral Intensions

price comparison websites, auction websites, and online stores operating in Poland and
offering an extensive range of products and services.

In the era of universal access to the Internet and the spread of purchases made via
online platforms, assessing the quality of their functioning is one of the most important
aspects of managing these platforms. As indicated above, so far, many attempts have
been made to assess the quality of their functioning, using models previously used to
evaluate traditional shopping platforms and now adapted for the needs of e-commerce
platforms, or also using MCDM methods; however, limiting the research to a specific
type of e-commerce platform, industry of activity or specific products offered via e-
commerce platforms. However, more comprehensive research has yet to be conducted
to assess the quality of functioning of several types of e-commerce platforms offering
various products and services. This highlights the comprehensiveness of the research
conducted and its usefulness. To assess the quality of the functioning of e-commerce
platforms, the AHP and entropy methods were used, which enabled analyses of the
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significance of individual criteria constituting the overall assessment of the quality of
the functioning of e-commerce platforms.

The proposed method can be used to conduct a similar assessment but at the interna-
tional level; it also allows for the examination of other types of e-commerce platforms
and allows the development of a ranking based on the main and partial criteria used.
The proposed approach can also be a tool for managers to more effectively manage e-
commerce platforms, in which quality plays one of the most critical roles in determining
their development in the e-commerce market and their further development. Moreover,
the research results presented in the article make a significant contribution to the exist-
ing literature on the criteria influencing the comprehensive assessment of the quality of
functioning of e-commerce platforms, especially those operating in Poland.
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Abstract. Floating photovoltaic (FPV) systems are a novelty of interest in Poland
due to the demand for increasing the share of renewable energy sources in elec-
tricity generation. Due to the novelty of FPV systems, insufficient maturity, and
limited research available, FPV systems are an area requiring intensive research to
evaluate their potential as a competitive solution to classical ground-mounted pho-
tovoltaic systems (GMPV). The evaluation of FPVs involves multiple indicators
comprising aspects such as cost-effectiveness from an economic point of view and
technical performance. This suggests the usefulness of multi-criteria analysis in
their evaluation. However, the choice of method should take into account aspects
such as sustainability and decision-maker preferences in addition to the multi-
criteria analysis. The aim of this paper is to introduce the Strong Sustainability
Paradigm based Technique for Order Preference by Similarity to Ideal Solution
(SSP-TOPSIS) method for modeling the degree of compensation reduction of cri-
teria according to the strong sustainability paradigm. The method was applied to
the practical multi-criteria problem of evaluating FPV systems against a reference
GMPYV system taking into account technical and economic aspects. A modification
of the level of compensation reduction and the preferences of the decision maker
were included in the sensitivity analysis. The results confirmed the suitability of
the proposed multi-criteria evaluation approach in intelligent decision supporting
requiring consideration of compensation reduction and different preferences. The
results indicate the potential of FPV systems as an alternative to GMPYV, espe-
cially in terms of technical performance, and encourage further research into FPV
in terms of its suitability and cost-effectiveness.
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1 Introduction

The Polish energy system is mainly based on coal-fired energy and is currently facing
a transformation towards an increased share of renewable energy sources in the econ-
omy [10]. This necessity is driven by the European Union’s goal of achieving climate
neutrality by 2050 [7]. The advantages of a transition towards energy systems based on
renewable energy sources are to reduce dependence on imports of fossil fuels, to mini-
mize the harmful impact of the economy on the climate and the environment by limiting
emissions of greenhouse gases and pollutants into the atmosphere, and to slow down the
depletion of natural resources [8]. However, the installed capacity of renewable energy
sources (RES) in Poland is not high enough to cover the peak in power demand, resulting
in the need to import electricity from neighboring countries. These limitations can be
partly solved by the introduction and development of floating photovoltaics (FPV) [1].

To accelerate the development of FPV in Poland, it is worth investigating its cost-
effectiveness under Polish conditions [3]. Such a simulation study comparing a ground-
mounted photovoltaic system as a reference and four different FPV designs was carried
out by the authors of the mentioned article [1]. For the simulation, the authors used
PVsyst software. PVsyst gives an analytical solution using well-defined variables. The
study aimed to determine whether the application of FPV can be beneficial in Poland. This
provides an opportunity to conclude not only on the profitability of such an investment but
also on the adaptation of the products available on the market to the specifics of the region
and the legal barriers, especially in the context of the fact that floating photovoltaics are
currently new in Poland. The study was carried out for the artificially created upper
reservoir of the Porabka-Zar pumped-storage hydropower plant. Because the reservoir
is artificially created, the environmental impact is mitigated. As the auction mechanism
provides the most cost-effective prices for PV systems below 1 MWp, the installed
capacity was chosen to be 983.04 kWp. This paper constitutes a valuable contribution to
the rising topic of evaluating floating photovoltaic systems. The authors have provided
the parameters of the photovoltaic systems investigated with a group of technical and
economic indicators relevant to their evaluation and conclusions confirmed by analysis
through simulation. Due to the value of the present study, the authors decided to use it as a
reference for investigating the potential of FPV in relation to GMPV using multi-criteria
analysis [1].

However, the study identified areas that represent an interesting research gap regard-
ing the method of their evaluation. Firstly, the evaluation is carried out and the results are
analyzed for each indicator individually. This method of evaluation forces each aspect to
be considered separately, which is difficult for many evaluation dimensions. Secondly,
the study did not take into account the preferences of decision-makers regarding the
relevance of individual indicators and groups of indicators. Thirdly, the aspect of assess-
ing the sustainability of the alternatives studied was not included. These observations
motivated the authors to propose a multi-criteria approach taking into account compen-
sation reduction in line with the strong sustainability paradigm and the preferences of
decision-makers [2].

The aim of this paper is to analyze and evaluate FPV in relation to the reference
GMPYV using a multi-criteria Strong Sustainability Paradigm based Technique for Order
Preference by Similarity to Ideal Solution (SSP-TOPSIS) method taking into account
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the possibility of modeling a reduction in criteria compensation. Such a study will be
a valuable addition to the study already carried out in [1]. This is justified by the fact
that the study presented earlier forces the analysis of each indicator separately and does
not take into account the decision-maker’s preferences regarding the relevance of the
criteria. The SSP-TOPSIS method allows all criteria to be considered simultaneously
and aggregates the assessment results. In addition, the feature to model the compensation
reduction of criteria provides the possibility to assess the sustainability of the systems
under consideration. Compensation reduction prevents poor performances for some cri-
teria from being compensated by outstandingly favorable performances of other criteria.
This approach provides a new contribution to intelligent decision support and is in line
with the strong sustainability paradigm relevant to the assessment of RES issues. In
addition, the paper includes a sensitivity analysis with varying values of criteria weights
and sustainability coefficient values.

The rest of the paper is organized as follows. Section 2 provides basics and assump-
tions of the proposed method and presents practical case study. The research results
are demonstrated in Sect. 3 and discussed in Sect. 4. Finally, in Sect. 5 conclusions are
drawn.

2 Methodology

The SSP-TOPSIS is a novel method incorporating the basics of the well-known and
commonly used Technique for Order Preference by Similarity to Ideal Solution (TOP-
SIS) method, that takes into account the distance of alternatives from ideal and anti-ideal
reference solutions [13]. The proposed method includes a novel stage that enables mod-
eling criteria compensation reduction. Compensation is a shortcoming of multi-criteria
methods originating from American school like TOPSIS [13], VIKOR (Vlsekriterijum-
ska Optimizacija I Kompromisno Resenje) [12], and AHP (Analytic Hierarchy Pro-
cess) [11]. This stage incorporates reducing the compensation achieved by subtracting
the Mean Deviation (MD) from the performance value. MD is the difference between
the performance of the alternative for a given criterion and the averaged performance
within the criterion across all alternatives multiplied by the sustainability coefficient. The
sustainability coefficient s is used for modeling compensation reduction and is within
the scope of 0 to 1. It may be set as the standard deviation from the normalized decision
matrix within each considered criterion. Detailed Steps of the SSP-TOPSIS method are
given below.

Step 1. Compute the Mean Deviation MDj; for every performance value contained in
the decision matrix by subtraction of the mean value X; from performance values x;; for
every C; criterion. Then, multiply the outcome by s; coefficient. Coefficient s; denotes the
sustainability coefficient, which reflects the level of criteria performance compensation
reduction, and its values are real numbers within the range from 0 to 1. Value O of the s
coefficient denotes a lack of compensation reduction. On the other hand, the s coefficient
equal to 1 represents a full reduction of compensation. Criteria are numbered by j =
1,2, ..., m. High values of s; denote a more significant reduction in the compensation
of a j-th criterion performance value. Otherwise, low values of s; define a low degree
of reduction in the compensation of a j-th criterion. The complete procedure of Mean
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Deviation calculation is carried out with Equ. (1).
MDj; = (xjj — Xj)s; @))

Step 2. Set 0 values to these MD_;; for profit criteria C; that are lower than 0. When
MD; is lower than O it denotes that x;; is lower than X, ;. Assign O values for these
MD_j; for cost criteria C_; that are higher than 0. It denotes that r_;; are higher than
X_j. Mentioned procedure is presented by Equ. (2)

MD;j =0¥ MD,; <0 v MD_jj >0 )

where MD;; defines Mean Deviation values computed for criteria C;. This stage is relevant
since it is intended to prevent improving unmentionable performance values that are
outliers from the mean toward the worse.

Step 3. Subtract MD;; values from performance values x;; included in decision matrix
x;j according to Equ. (3).

tij = xjj — MD,‘j 3)

The rest of the steps are identical to the classic TOPSIS method.

Step 4. Normalize the decision matrix demonstrated in Equ. (4) with the chosen normal-
ization method, such as the Minimum-Maximum normalization or Vector normalization.
In Minimum-Maximum normalization, normalized values represented by rl.;' for profit
criteria and r;; for cost criteria are obtained using Equ. (5). After normalization, all
criteria are transformed to profit type.

I 12 -+ tn
1 12 -+ Iop
T = [tij]mxn = . .. “4)
Iml 2~ tmn
. tij — minj(t,;/) - maxj(t,:/) — tjj
Yo maxi(ty) —mini(ty) Y maxp(ty) — min;(t;)

®)

Step 5. Compute the weighted normalized decision matrix. In order to do so, multiply
values contained in the normalized decision matrix by the corresponding criteria weights
wj as Equ. (6) shows.

Vij = Tijwj (6)

Step 6. Calculate the Positive Ideal Solution (PIS), namely v, and Negative Ideal

Solution (NIS), namely vj_ using Equ. (7). PIS contains the maximum values of the
weighted normalized decision matrix, while NIS includes its minimum values. Since
the decision matrix was normalized in the previous step, the division of criteria into
profit and cost is unnecessary.

v = {vf, v;r, ceey v,J[} = {max;(vjj)}, v, = vy, v b = mini(vip}  (7)
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Step 7. Compute the Euclidean distance from PIS D;r and NIS D; for each alternative
with Equ. (8).

®)

Step 8. Compute the score for each alternative included in the analysis according to
Equ. (9). The C; value is always within the range between 0 and 1. The alternative that
demonstrates the highest C; value is considered the best scored. The ranking is built by
sorting alternatives according to preference values in descending order.

D

Ci=—"1 9
" D7 +Df ®)

Case study

Table 1 shows the technical parameters and economic indicators proposed in the
reference research paper referred by the authors in this research. The individual param-
eters and indicators can be either profit-driven, where the objective is to maximize their
value, or cost-driven, where the objective is to minimize their value. Area is a cost
parameter because, due to the design, the usable area of a floating photovoltaic system
is often limited. In addition, an appropriate distance from the edge of the reservoir is
required. Final PV system yield is a profit-driven parameter, as the aim is to strive for
the highest possible efficiency. The final system yield is the net power output of the
entire PV system on the AC side per unit of rated installed capacity on the DC side of
the system. The capacity factor PR is the ratio of the electricity actually generated and
the electricity that would be generated if the modules were always operating at STC
(Standard Test Conditions) efficiency and is a profit parameter. Annual Energy Density
(AED) is a profit criterion. Irradiance-weighted average temperature, on the other hand,
is a cost criterion and achieves a more reliable comparison between different PV sys-
tems than average module temperature, as it does not take into account hours without
sunshine. Three well-established indicators, namely Net Present Value (NPV), Internal
Rate of Return (IRR), and Levelised Cost of Energy (LCOE), were used to evaluate the
systems from an economic perspective. LCOE is a measure of the average net present
cost of generating electricity by a power plant over its lifetime. It represents the average
revenue per unit of electricity generated that would be required to recover the costs of
constructing and operating a power plant over its assumed life and operating cycle and is
calculated as the ratio of all discounted costs required to generate electricity (including
construction) divided by the discounted sum of the quantities of energy actually deliv-
ered. Table 2 shows decision matrix including the performances collected for the PV
systems considered in the present study against the criteria presented in Table 1.

The alternatives evaluated include four floating PV systems and one reference classic
ground-mounted PV system (GMPV S25). Among the FPV systems are two systems
produced by Ciel&Terre: C&T S12 and C&T EW12 and two by Solaris Synergy: SolSyn
S12 and SolSyn S25. Profit criteria are represented by 1 and cost criteria are denoted by
—1.
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Table 1. Criteria for photovoltaic systems assessment.

Criteria Unit Type

Technical parameters

C1 Area [mz] Cost

Cy Yy (Final PV system yield) [kWh/kWp] Profit
C3 PR (Performance ratio) [%] Profit
Cy AED (Annual Energy Density) [kWh/mz] Profit
Cs Twa (Irradiance-weighted average temperature) [°C1 Cost

Economic indicators

Ce NPV (Net Present Value) [€] Profit
Cy IRR (Internal Rate of Return) [%] Profit
Cg LCOE (Levelized Cost of Energy) [€/MWh] Cost
Co Minimum auction price for which NPV =0 [€/MWh] Cost

Table 2. Performance values collected for evaluated photovoltaic systems.

Technology Cq (&) C3 Cy Cs Ce Cy Cg Co

GMPV 825 10982 | 1079 |86.92 |96.5 25.5 | 82645 133 73.2 |46.7
SolSyn S25 15220 |1104 |89.52 |71.3 19.1 | 82426 12.9 74.5 1469
SolSyn S12 9901 1046 |89.26 |103.8 |19 44062 10.63 |79 51.1

C&T S12 9901 1027 | 87.67 |102 222 | —26787 |8 88.8 |57.2
C&TEWI12 8514 936 87.99 | 108 214 | -83161 |33 96 63.5
Criteria types | —1 1 1 1 —1 1 1 -1 -1
3 Results

This section provides the results of research conducted in three stages. The first stage
includes the assessment of considered PV systems using SSP-TOPSIS with the change
of level of criteria compensation reduction by modification of sustainability coefficient
values. Table 3 contains scores of SSP-SPOTIS achieved by evaluated alternatives for
the following s coefficient values incremented from O to 1 by 0.1 for each criterion. The
analysis presents the application of the modification of the s coefficient for all criteria
simultaneously, as previous studies with modification of the s coefficient only for selected
groups of criteria did not report significant shifts in rankings for this problem. Criteria
weights were set as equal, which means all considered criteria are equally important to
decision-makers.

Based on SSP-TOPSIS scores rankings of PV systems were generated. Shifts in
rankings appearing during the incrementation of s coefficient are displayed in Figure 1a.
It can be noted that for lack of compensation reduction, which is the same as the use of
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TOPSIS the ranking leader is SolSyn S12. SolSyn S12 maintains its leadership position
in the ranking regardless of the increase in criterion compensation reduction caused by
increasing s, which indicates the sustainable performance values of this system compared
to the other alternatives included in this analysis. The second rank is taken by the SolSyn
S25 FPV system for s coefficient up to and including 0.8, with higher s values the system
falls to third rank.

Floating photovoltaic systems rankings Floating photovoltaic systems rankings

1 SolSyn 512 1 \ SolSyn 512
2 C&T 512 > C&T 512
~ ~
S3 SolSyn 525 S3 C&T EW12
o o
4 GMPV S25 4 SolSyn 525
5 C&T EW12 5 GMPV S25

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 09 1.0
Sustainability coeffcient

01 02 03 04 05 06 07 08 09
Technical criteria importance rate

(a) Shifts in rankings for s coefficient mod-(b) Shifts in rankings for technical criteria
ification. weights modification.

Floating photovoltaic systems rankings

1 / GMPV S25

2 SolSyn S25
R SolSyn 512
[-4

4 C&T 512

5 C&T EW12

01 02 03 04 05 06 07 08 09
Economic criteria importance rate

(c) Shifts in rankings for economic criteria
weights modification.

Fig. 1. Shifts in rankings appearing during sensitivity analysis with SSP-TOPSIS.

Drops of alternatives in the rankings with an increase in s mean that there are areas
where the alternatives have extremely favorable values compensating for poor values
appearing within other criteria. An increase in s reduces this compensation, which causes
the alternatives to fall. However, SolSyn S25 and GMPV S25 fall for rather high values
of s, indicating that they have quite sustainable performances across all criteria. The FPV
C&T S12 system emerged as an interesting alternative, ranking penultimate fourth with
low compensation reduction, while moving up to second place with s values greater than
0.7, indicating the overall balanced performance of this alternative despite their lack of
outstanding values. The worst performer in this analysis is the FPV C&T EW12 system,
which is justified by the outlier poor performances for most criteria.

Analysis of the performances allows us to notice that the SolSyn S12 has an extremely
favorable value for criterion Cs (Tywa). In this case, the superiority of the SolSyn S12
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and the other FPV systems over the GMPV can be seen in terms of module operating
temperature. The water-cooling effect of the FPV shows effectiveness and reduces the
Trwa compared to the reference GMPV S25. SolSyn S12 also presents a favorable perfor-
mance for criteria C4 (AED) and C3 (PR). At this stage of the analysis, it can be noted
that the SSP-TOPSIS ranking leader SolSyn S12 shows more favorable performance
than GMPYV S25 in the area of technical criteria.

The aim of the next stage of the research was to check how decision-makers’ prefer-
ences for each criterion group affect scores. For this purpose, the weights of the technical
and then economic criterion groups were modified with the sustainability coefficient set
as the standard deviation for the standardized performances within each criterion. The
research therefore simultaneously incorporated the sustainability aspect of the alter-
natives and the preferences of the decision-makers. Firstly, a sensitivity analysis was
carried out for the weights of the technical criteria. The weights of the technical criteria
group were gradually increased from 0.1 to 0.9 in 0.1 increments, and the weights of the
individual criteria in this group were distributed equally. At the same time, the weights
of the economic criteria group were reduced and distributed equally for each criterion
in this group. Table 4 includes SSP-TOPSIS scores for sensitivity analysis considering
technical criteria weights modification.

Table 4. SSP-TOPSIS scores received for technical criteria weights modification.

Technology | 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

GMPV S25 0.9390 | 0.8733 | 0.8037 | 0.7319 | 0.6610 | 0.5964 | 0.5440 | 0.5084 | 0.4900
SolSyn S25 | 0.9354 | 0.8738 | 0.8077 | 0.7412 | 0.6792 | 0.6268 | 0.5881 | 0.5642 | 0.5526
SolSyn S12 | 0.8165 | 0.8181 | 0.8215 | 0.8272 | 0.8350 | 0.8437 | 0.8512 | 0.8564 | 0.8590
C&T S12 0.4421 1 0.4508 | 0.4687 | 0.4967 | 0.5325 | 0.5697 | 0.6013 | 0.6227 | 0.6336
C&TEWI12 | 0.0690 | 0.1422 | 0.2191 | 0.2984 | 0.3775 | 0.4518 | 0.5150 | 0.5605 | 0.5852

Figure 1b displays shifts in rankings during increasing of technical criteria weights.
It can be observed that when the significance of technical criteria is low, GMPV S25 is
the leader of the ranking. As the significance of the technical criteria group increases,
GMPV 825 successively drops in the ranking until it reaches the last place for the high
significance of technical criteria. The PV systems that move up as the significance of
the technical criteria group increases are the FPV systems among which we can mention
SolSyn S12, which was the leader in the sensitivity analysis ranking taking into account
the modification of s coefficient, C&T S12, and C&T EW12. In the next step, sensitivity
analysis considering increasing of the economic criteria weights group was performed
analogously to sensitivity analysis considering technical weights modification. SSP-
TOPSIS scores achieved by considered PV systems during sensitivity analysis involving
economic criteria weights incrementation are shown in Table 5. Shifts in rankings during
the sensitivity analysis involving economic criteria weights increasing are visualized in
Figure 1c. It can be observed that the results obtained for increasing the importance
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of the economic criteria group are opposite to the results obtained when increasing the
importance of the technical criteria group.

Table 5. SSP-TOPSIS scores received for economic criteria weights modification.

Technology | 0.1 0.2 0.3 04 0.5 0.6 0.7 0.8 0.9

GMPV S25 | 0.4900 | 0.5084 | 0.5440 | 0.5964 | 0.6610 | 0.7319 | 0.8037 | 0.8733 | 0.9390
SolSyn S25 | 0.5526 | 0.5642 | 0.5881 | 0.6268 | 0.6792 | 0.7412 | 0.8077 | 0.8738 | 0.9354
SolSyn S12 | 0.8590 | 0.8564 | 0.8512 | 0.8437 | 0.8350 | 0.8272 | 0.8215 | 0.8181 | 0.8165
C&T S12 0.6336 | 0.6227 | 0.6013 | 0.5697 | 0.5325 | 0.4967 | 0.4687 | 0.4508 | 0.4421
C&TEWI12 | 0.5852 | 0.5605 | 0.5150 | 0.4518 | 0.3775| 0.2984 | 0.2191 | 0.1422 | 0.0690

For the predominant importance of the economic criteria, the reference GMPV S25
system leads the ranking. However, this situation is only the case for a very high impor-
tance of the economic criteria. When the importance of the economic criteria is set at
70% or less, the SolSyn S12 FPV system is the leader, as in previous studies. Among
the FPV systems, the SolSyn S25 system also achieved a good result in increasing the
importance of economic criteria.

4 Discussion

Research on the multi-criteria evaluation of PV systems including four FPV systems and
areference GMPYV using the SSP-TOPSIS method shows that the results are influenced
by the level of criterion compensation reduction and the relevance of the different crite-
rion groups for the decision maker. The results demonstrated that the most competitive
alternative to GMPV is the SolSyn S12 FPV system, which shows an advantage over
GMPYV, especially in terms of technical criteria. Among the superior technical aspects of
FPV over GMPY, it is worth mentioning the operating temperature of the module (Cs —
Tiwa), which is influenced by the water-cooling effect in the case of FPV. FPVs achieve
higher values than GMPV:s for the other technical criteria, especially for C3 (PR) and C4
(AED), but also for Cy (Area) and C; (Yy) for selected FPV systems. The higher PR for
FPV is justified by the fact that the modules on the water have a lower temperature, so
their power is closer to the nominal power, and therefore the PR increases [6, 9]. How-
ever, the results may vary depending on geographical location. For example, at latitudes
closer to the Equator, high temperatures affect PV output more significantly than in the
Polish climate, so FPV structures are more justified there. It should also be emphasized
that the simulations carried out in the study from the reference paper referred to by the
authors do not take into account the wind speeds and environmental temperatures that
can occur between land and water. These results should therefore be treated with caution
as preliminary research on emerging FPV technology [1].

In the case of the economic analysis, systems based on the Ciel&Terre design, that
indicate lower profits, were found to be unprofitable. The reference study presented in
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the reference article showed that, in the case of C&T EW12, even the highest auction
price does not provide a profit, confirming the authors’ results. Systems using Solaris
Synergy designs proved to be far more profitable than Ciel&Terre and are a competitive
alternative to GMPV when technical criteria are also taken into account. However, if only
economic criteria are considered, GMPV can provide more profit than FPV systems,
at least in an auction mechanism. On the other hand, floating technologies are still
immature, hence their cost decline may proceed faster compared to conventional systems,
making FPV more financially competitive [4, 5]. Furthermore, according to the authors
of the reference article, the results could change in favor of FPV if a longer period was
analyzed or other sales channels were taken into account [1]. It is to be expected that
as the technology develops and more manufacturers enter the market, the price will
come down. In addition, new European or local financial incentives (e.g. fixed prices for
floating photovoltaic installations) could increase the profitability of FPV [6].

5 Conclusions

Floating photovoltaics is currently a novelty in Poland, so the reference work, which
contains the data on which the authors based their analysis, is the only comprehensive
source of knowledge on how such systems can work in Polish conditions. The results
obtained confirmed the authors’ observations in the reference study, which demonstrates
the usefulness of the proposed method. It allowed simultaneous multi-dimensional anal-
ysis, the results of which were obtained in an automated manner and are consistent with
the reference study, confirming the usefulness and reliability of the proposed approach.

In conclusion, FPV currently appears to have limited profitability in Polish condi-
tions, especially from an economic point of view. The additional efficiency due to the
water-cooling effect cannot compensate for the high investment costs. However, addi-
tional long-term experiments would need to be conducted to verify whether the results
of various studies can be implemented in simulations for colder climates. The results
obtained confirm the potential of the selected FPV systems to demonstrate a technical
advantage over GMPV. This, combined with the maturation of FPV technology and the
prospect of decreasing costs, could make FPV a viable competitive alternative to GMPV.

This paper as preliminary research has several shortcomings such as the limited set
of alternatives evaluated and the use of only one MCDA approach. Directions for future
work include an examination of the proposed method for other datasets addressing the
problems of energy generation from renewable sources and a comparison of the proposed
method with other methods considering a strong sustainability paradigm. In order to
enhance the practicality and applicability of the findings, it would be advantageous to
consider in future analyses a more comprehensive investigation of the impact of FPVs
on local aquatic ecosystems and to expand research on the durability and maintenance
of these systems in the long term. It is advisable to consider the regulatory and legal
issues concerning installations in public and private waters and potential barriers related
to infrastructure and integration with the existing energy grid.
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Abstract. Information and Communication Technologies (ICT) enables support-
ing decision-making processes on an increasingly broader spectrum of quality
problems that have previously been difficult to quantify. One such process is aca-
demic tutoring, which aims to support student development. The quality of this
process depends on the appropriate tutor selection for the tutee. The key determi-
nant of the success of this process is the matching of the parties to this relation-
ship. So far, all stages of the process were carried out traditionally and pairs were
selected based on students’ indications, which was subject to many errors. The aim
is to create a concept of transforming the tutor and tutee matching process using
ICT with a multi-criteria analysis. The co-participant observation conducted at the
Wroclaw University of Economics and Business was used to build the concept.
We believe that technologies supporting multi-criteria analysis can improve the
quality of the above processes. With the right pairing, collaboration can generate
much more value for both sides, and the multi-criteria analysis could be performed
by artificial intelligence-based systems using artificial neural networks.

Keywords: academic tutoring - multi-criteria decision analysis (MCDA) -
Information and Communication Technologies (ICT)

1 Introduction

The development of information and communication technologies (ICT) and the devel-
opment needs of society have undergone spectacular changes in the last two decades.
Therefore, it can be observed that education is one of the industries that has been very
intensively implementing modern technologies in recent years. Moreover, new teaching
methodologies are being sought because traditional methods do not meet expectations
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and their effectiveness is clearly declining [1]. Educational processes are evolving —
because of equipping teaching processes with advanced technologies and using increas-
ingly innovative teaching forms. The increase in social awareness that education should
play a key role in the economic development of every country contributes to the search
for development strategies and greater attention to these processes. These trends are
visible primarily at the level of academic education, which has greater opportunities
to make course forms more flexible. Providing high-quality education is an important
task of an educational institution, and continuous improvement of the effectiveness of
teaching processes is forced by the market expectations of future employers.

One of the modern forms of education is academic tutoring, defined as the essence
of which is to support students’ talents through individual cooperation with experienced
academic tutors. Tutoring is a multi-stage process. Tutoring begins with the tutor and
tutee getting introduced to each other. Then together they identify their goals, and tasks
to be completed during the entire tutoring process or a selected meeting. Together they
develop a plan of action and dates for future meetings. Then they check that the meaning
of all the tasks and the assumptions of the work are understood in the same way. This
concludes the selected meeting.

The main advantage of academic tutoring is to work individually with a student in a
1-1 relationship. Educating students in 1 and 1 is expensive for academic institutions and,
what’s more, it does not always yield the intended results. Some of the problems are the
growing number of students or the lack of formal supervision of tutoring [2]. Switching
from group educational processes to individual ones increases the standards and quality
of education, but the effects are not always optimal. The main success determinant
is the proper selection of individuals collaborating and cooperating in the tutor-tutee
relationship which will bring a positive atmosphere to the learning process.

Currently, the processes of connecting cooperating pairs are conducted traditionally
by comparing the student’s choices with the recommendations of the academic teacher.
Two of the authors of this article are academic tutors in the BIPS (Business Individ-
ual Study Program) at the Wroclaw University of Economics and Business (WUEB).
Based on their own experience, the authors note the potential to implement multi-criteria
decision analysis (MCDA) in the academic tutoring process, especially in the aspect of
finding the right tutor and tutee. The complex methodology of MCDA can be facilitated
to be conducted using ICT.

The current research article is destined to address potential solutions to the con-
cerns that have been identified, based on that the authors defined the following research
questions:

Question 1: In what stages of tutoring do multi-criteria problems appear?

Question 2: How can MCDA be used in the process of matching tutor and tutee during
tutoring?

Question 3: What is the role of ICT in the concept of using MCDA in the matching
process?

The article aims to invent a methodology for transforming the tutor and tutee match-
ing process with a multi-criteria analysis using ICT. The use of solutions supporting
multi-criteria decisions, on the one hand, may contribute to improving the efficiency of
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the whole process, and that may open the doors to the prospect of scalability of this
process and increase its availability to a larger group of students.

2 Theoretical Background

2.1 Matching Tutors and Tutees Process

Tutoring is one of the modern education methods. In the tutoring process, students
learn and develop their competencies and knowledge under the supervision of a tutor
for each student (or two or three students at a time) [3]. Face-to-face tutoring has also
improved motivation-related factors such as students’ interest in the tutored subject (e.g.
[4]). Moreover, the tutor’s task is to help the student work around difficulties. The tutor
helps the student to develop a strategy for acquiring knowledge and skills while helping
him understand what does not work. In addition, tutors inspire students to identify
and take up challenges, invoke curiosity, and maintain their sense of control over their
development process. Human tutors don’t give their students clear solutions but rather
tips and suggestions that motivate them to overcome challenges [5].

The relationship between the tutor and tutees is highly interactive because the tutor
constantly provides feedback to tutees as they solve problems, learn, or develop their
skills [5]. Some publications suggest that the interactivity facilitated by human tutoring is
key to its effectiveness [6]. Optimizing the effectiveness of tutoring requires appropriate
profiling of the tutoring process entities. Profiling needs the acquisition and use of data
about people who want to participate in the tutoring process or are already involved
in this process. This data should be used to make informed, optimal decisions about
qualifications for the tutoring program and to plan the progress of the tutoring process
to ensure its most excellent effectiveness [7].

Profiling in the context of tutoring involves creating detailed descriptions or models
of the tutor and student based on various characteristics, including, but not limited to,
general knowledge, learning or teaching preferences, behaviors, talents, goals, skills,
etc. Profile modeling involves the analysis of data from multiple sources to build a
comprehensive picture of the student and tutor. Tutor and student profiling aims to
provide a personalized and adaptive tutoring experience based on each student’s unique
characteristics and needs. Artificial intelligence (Al) solutions are used in the profiling
process [8].

To maximize the tutoring process’s effectiveness, it is essential to match tutees and
tutors. To match tutors effectively with tutees, it is vital to consider a few determinants.

Effective conduct of the tutoring process requires, first, that the tutor has appropriate
knowledge of the tutoring subject. When selecting a tutor and a student, the tutor’s expe-
rience, previous tutoring experience, and substantive knowledge should also be consid-
ered. It can be assumed that tutors who have successfully passed the content knowledge
assessment will be more willing to provide students with accurate and comprehensive
explanations during tutoring sessions [9].

Empirical research on human and computer tutoring has revealed characteristics of
novice and experienced tutors [10, 11], Socratic and teaching strategies [12], patterns of
collaborative dialogue in tutoring [13] and the interrelationships between tutor and tutee
engagement, skills [14], motivation, and learning [15, 16]. More skillful and engaging
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tutors can positively impact tutees’ performance. On the other hand, a proactive and
engaged tutee is more likely to lead to higher tutoring gains.

Factors such as the tutor’s teaching style and ability to provide interactive feedback
must also be considered to match tutors and tutees [14]. In addition, the tutee’s learning
style should be considered, referring to how the student prefers to perceive the learning
material (e.g., graphical representation, audio materials, and text representation) [5].
Adjusting these factors can optimize a tutoring session to facilitate a successful tutoring
experience for the tutee.

The interactivity and feedback provided by the tutor during the tutoring session deter-
mine the effectiveness of this process. Therefore, when matching tutors and tutees, it is
essential that the tutor conducts an interactive dialogue, provides feedback, and adapts
their tutoring style to the tutee’s requirements so that the tutee’s preferences and tutoring
needs are met. However, the interactivity of both tutors and tutees is conditioned by per-
sonal traits. Personality traits can play a significant role in influencing people’s behavior.
Researchers use the five-factor model of personality (FFM) to describe intra-individual
predispositions (i.e., temperament). The FFM dimensions represent fundamental indi-
vidual differences, explain current behavior, and predict future actions [17]. Therefore,
matching tutors and tutees should also consider whether they have traits like neuroticism,
extroversion, openness, agreeableness, and conscientiousness because they are signifi-
cantly related to tutees’ behaviors. Additionally, demographic variables such as study
grade, gender, and social group can be considered to understand tutees’ behavior [18].

In summary, matching tutors and tutees should be based on data regarding partici-
pants’ static and dynamic characteristics in the tutoring process [5]. Static characteristics
include information such as gender, age, and mother tongue. Dynamic characteristics
come from the features that determine tutors’ and tutees’ behaviors. The challenge is
finding individuals’ relevant dynamic attributes to optimize the matching process [19].
The dynamic characteristics include knowledge and skills, previous tutoring experience,
learning and teaching styles and preferences, personal traits, and cognitive factors like
the ability to learn and the ability to solve problems and make decisions.

2.2 Multi-Criteria Decision Analysis (MCDA)

MCDA contributes to identifying options and then systematically evaluating them based
on a set of decision criteria MCDA is a driving force for decision making. Currently, all
sub-processes of academic tutoring, which are aimed at verifying candidates applying
for the program, identifying the candidates’ characteristics, and, ultimately, the key
stage of pairing cooperating tutor-tutees, take place in the process of identifying people
with whom the program participants would like to yield optimal results. This process
is conducted traditionally, and the analysis is carried out by creating simple selection
matrices. Even though only thirty candidates are admitted to the program annually, this
stage is one of the most labor-intensive and tedious sub-processes, especially since the
analysis is performed manually by two process coordinators. At this stage, no ICT tools
supporting MCDA are used. Moreover, the selection of tutoring relationship partners is
currently conducted before individual people are subjected to tests such as competence
tests, work style tests, or predispositions to a role in project teams. This means that this
subprocess is carried out separately from the analysis of features that can significantly
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increase the effectiveness of this process. Therefore, the authors of this article believe
that creating a concept of using tools supporting MCDA can significantly improve not
only this stage of selecting tutoring pairs but also the quality of the tutoring process.

MCDA should be used when solving decision-making problems where a large num-
ber of criteria are accumulated that may influence the outcome of the decision-making
process [20]. MCDA tools are responsible for correctly identifying and defining these
criteria. In the current situation of the pairing process, it is not possible to consider more
variables than just the students’ indications, which are often accidental and result from
a misunderstanding of the purpose of the tutoring process. If this process could use ICT
solutions enabling assessment resulting from various criteria in which many factors are
defined, the process would be much more adequate to the expected effects.

MCDA parameters common to all the considered alternatives constitute the basis
for their assessment and determination of the most optimal one in terms of the pursued
goal. In the process of selecting tutor-tutee pairs, the cooperating people must have the
expected characteristics so that the cooperation can bring the highest expected results.

Usually in decision-making problems, the variables that have the greatest impact
on the final decision are complex. This is also the case with the qualities of both the
tutor and the tutee, especially when there will be an opportunity to submit them to
prior evaluations identifying such criteria as talents, work styles, and career preferences.
Multi-criteria problems are based on a large amount of information of a complex and
contradictory nature, often reflecting different points of view and changing over time
[21]. The primary purpose of the multi-criteria analysis is to support decision-making
[22]. MCDA is a certain mechanism, sequential steps that help decision-makers make
choices that are based on many different variables [23].

According to the authors, multi-criteria analysis can also be used in other stages of the
tutoring process, apart from the sub-process of matching pairs cooperating throughout
the development process, because it can also be used to solve such decision-making
problems as sorting, ranking, describing, designing, and creating a portfolio [24].

The above concept is possible to implement in the tutoring process, but only if ICT
tools are used. The traditional method of assessing candidates, verifying their charac-
teristics, and selecting pairs, i.e., the so-called matching that takes place in the current
situation does not assume the possibility of using the assumptions of multi-criteria anal-
ysis - because even with such a small group size as 30 potential candidates for tutee
and 30 tutors, it is too large a set of variables. Therefore, the authors, based on their
experiences resulting from participation in the BIPS program and direct participation in
individual tutoring sub-processes, proposed such a concept supporting decision-making
processes.

3 Methodology

3.1 Research Procedure

The research for this article was carried out according to this research procedure,
including both the theoretical and empirical parts (Fig. 1).

The research procedure began with the identification of the research problem based on
the author’s experience, as well as co-participant observation at the WUEB. The research
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Fig. 1. Research procedure

problem was described as the necessity of transforming the process of matching tutors
and tutees with the use of ICT to conduct MCDA. Therefore, the research aims to develop
the concept of using multi-criteria analysis in the process of matching tutors and tutees
in academic tutoring. Then the research questions presented in the introduction of the
article were developed. In the next step, the authors analyzed the literature related to the
described topic based on scientific papers from the Scopus database, as well as Google
Scholar. Selected results were presented in the theoretical background. The authors then
completed the theoretical part of the study and began to develop the concept of using
MCDA in matching tutors and tutees in the academic tutoring process. The foundation
for developing the concept was co-participatory observation during the BIPS program
at the WUEB. The final step of the study was an evaluation of the developed concept by
two authors who were tutors in the mentioned BIPS program.

3.2 The Process of Multi-Criteria Decision Analysis (MCDA)

Within the scope of this paper, the authors proposed the concept of using MCDA in the
process of matching tutors and tutees in the process of academic tutoring. MCDA can
be carried out within 5 stages [25] (Fig. 2).

Goals * Develop realistic analysis objectives.

Stakeholders « Stakeholder identification.
* Identification of stakeholder needs.
o * Identify criteria for action.
* Verify that the criteria meet stakeholder needs.

Criteria

Weights and * Assigning weights to selected criteria.
ratings * Assigning scores to criteria.

Discussion and » Comparison of stakeholder results to check the
evaluation direction of action.

Fig. 2. Steps in multi-criteria decision analysis
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It should be noted that the stages of MCDA will not be implemented in their entirety
- instead, all the assumptions necessary for the entire process will be prepared. Currently,
in the traditional matching process, data from the various stages are not collected. The
matching process takes place before the competency tests of the tutor and tutee.

In further work, there is a possibility of extracting data from previous competency test
results, entering them into the developed MCDA template, and identifying the results.

4 Results

The authors used Decision Modeling and Notation (DMN) to formulate the assumptions
for conducting the multi-criteria analysis. Criteria and weights for tutor-tutee matching
based on psychological tests including Gallup, FRIS, and other supplementary tests have
been modeled (Fig. 3).

Finalrank = Mitpolicy: Uniqus
GALLUP result FRIS result Other results [+] Final rank [+ ] Anmatations.
A mutip
Final rank
GALLUP Test FRIS Test | Other Tests
GALLUP Test | Hitpolicy: Unique ~
Then
[+] GALLUP results Rank [+] Annotations

t|w|w|lo|v|a|w|n|s

Fig. 3. Visualization and decision tables in DMN of matching assumptions
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The purpose of the developed concept of using multi-criteria analysis in the tutor-
tutee matching process in academic tutoring is to enhance the process and improve the
accuracy of matching. Stakeholders in this analysis include students (tutees), academic
teachers (tutors), and tutoring program coordinators. Among the criteria, the authors
chose two tools/personality tests:

e Gallup - is a research tool created by Donald Clifton at the Gallup Institute to assess
aperson’s so-called “talents” as well as their intensity. In the end, a participant learns
about their five dominant talents, which they can use productively.

e FRIS - a tool for understanding and describing a human’s style of thinking and acting
based on four cognitive perspectives - facts, relations, ideas, and structures. They
show the relevance of perceiving certain information.

Rules can be generated for the created decision tables (Table 1). It should be noted that
only the table for the Gallup test is shown in the figure to illustrate the designed concept.
If the concept is implemented, tables can be designed based on various personality tests
with appropriate scales.

Table 1. Rules generated for decision tables.

Rule Meaning

IF “GALLUP Test = = “Developer” AND
“FRIS Test” = “Visionary” and “Other
Tests” = “Fighter” THEN “Final rank” = 10

If the value from the GALLUP Test returns the
“Developer” feature and FRIS Test returns the
“Visionary” value and the Other Tests returns
“Fighter” then we receive a value of 10

IF “GALLUP Test = = “Individualization”
AND “FRIS Test” = “Partner” and “Other
Tests” = “Individualist” THEN “Final rank”
=3

If the value from the GALLUP Test returns
“Individualization” and FRIS Test returns
“Partner” value and the Other Tests returns
“Individualist” value, then we receive a value
of 3

IF “GALLUP Test = = “Relator” AND
“FRIS Test” = “Competitor” and “Other
Tests” = “Relations” THEN “Final rank” =

If the value from the GALLUP Test returns
“Relator” FRIS Test returns the “Competitor”
value and Other Tests returns the “Relations”

17 value, then we receive a value of 17

The returned “Final rank” from each rule will be used in the match-up of the tutee
with a tutor. The assumption is that this matching can use more rules for a more secure
match and to meet the expectations of the parties to the agreement. The values resulting
from the rules prepared in this way can then serve as input values for the development
and execution of a multi-criteria matching analysis. A simplified process for matching
tutor and tutee is shown by the authors below (Fig. 4).

Once the tutee and tutor are accepted into the tutoring program, they complete person-
ality tests (such as Gallup, FRIS, and others). Once filled out, an automated multi-criteria
analysis is performed, which makes the connection between the tutee and the tutor. This
step will be performed by Al methods using artificial neural networks, classification,
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Fig. 4. A model for an improved matching process

regression, or other methods. After the pairing is done, the information about the match
is sent to the interested sides. Once the information is sent, formal cooperation begins.
If there are errors in the matching process, the corresponding person will be notified of
the error, which will result in the application of appropriate procedures to correct the
error that occurred.

5 Discussion and Conclusion

The article aimed to invent a methodology for transforming the tutor and tutee match-
ing process with a multi-criteria analysis using ICT. Based on the study, the authors
responded to the research questions.

Chi, M., Jordan, P., VanLehn, K., Litman, D. rightly noted that the key to the effec-
tiveness of tutoring is the interactivity of its entities [7]. However, it is determined by
many factors. Siler, S.A. and VanLehn, K. believe substantive knowledge is one of the
most important factors [10]. Boyer, K.E., Phillips, R., Ingram, A., Ha, E.Y., Wallis,
M., Vouk, M., Lester, J. believe that the teaching style determines the effectiveness of
tutoring [15]. At the same time, Cohen, P.A., Kulik, J.A., Kulik, C.-L.C. rightly pointed
out that the effectiveness of tutoring is also determined by the tutee’s learning style [6].
Additionally, Ehrler, D.J., Evans, J.G., McGhee, R.L. emphasize that the importance of
personality traits cannot be ignored [18], as they determine people’s interactivity and
thus influence the effectiveness of tutoring. However, the effectiveness of tutoring is not
defined by the possession of a set of specific features by the tutor and the tutor but as
rightly emphasized by Ehrler, D.J., Evans, J.G., McGhee, R.L. matching the features of
the tutor and tutee [18]. There may be many such matching combinations, so finding the
optimal pair - from the perspective of tutoring effectiveness - requires a multi-criteria
analysis. It is the basis for modeling the profile of tutors and tutees (Question 1).

In the case of many tutors and tutees in a tutoring program, performing a multi-criteria
analysis by a human would be time-consuming and, therefore, ineffective. As Alshaikh,
F. and Hewahi, N. emphasize, Al solutions may be used in the profiling process. Thus,
multi-criteria analysis could be conducted by Al-based systems using artificial neural
networks (Question 3).

The DMN used to specify the rule set mainly contains three specification parts.
The decision requirements graph describes how data is propagated between the various
decisions made. A simple expression language is defined by how values are extracted
from variables and decision tables (Fig. 5).
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Decision modeling

Deterministic model (inputs are certain) Probabilistic model (inputs are uncertain)
Example: Linear programming Example: College acceptance

Fig. 5. Models in decision modeling

Considering their various characteristics, MCDA can be used to match tutors and
tutees. Data from psychological tests, including the FFM or FRIS test, can be regarded
as particularly important because, as Ehrler, D.J., Evans, J.G., McGhee, R.L write,
psychological tests reveal fundamental individual differences, explain current behavior
and predict future activities [18]. As Alshaikh, F., Hewahi, N. emphasize, tutor and tutee
profiling aim to provide personalized and adaptive learning based on each tutee’s unique
characteristics and needs [9]. Thanks to the appropriate selection of pairs, cooperation
can generate much greater value for both parties (Question 2).

Decision modeling notation enhances a complete understanding of the research
need and improves decision-making. At the same time, it is also a scientific method
of approaching problems in a replicable and repeatable way and reducing bias. When
deterministic models are implemented, inputs are certain and multi-attribute decision-
making and there is another stream of probabilistic models in this model there is no
certainty of the data set. In our study, the primary limitation lies in the dependency on
ICT systems for data accuracy and consistency. Any flaws or biases in the data input
can significantly impact the outcomes of MCDA. Additionally, the scope of the study
is confined to the context of the WUEB, which may limit the generalizability of the
findings to other institutions or settings.

In terms of theory, our study contributes to the existing body of knowledge on
the integration of ICT in educational processes, particularly in improving the accuracy
of decision-making through MCDA. Practically, the implementation of our proposed
ICT-assisted matching process can streamline tutor-tutee pairings, potentially reducing
errors and improving the overall effectiveness of academic tutoring. This has significant
implications for educational institutions aiming to leverage technology for improved
student support and development. Further research can be carried forward by automating
the process with portal execution semantics in which input data nodes, decision nodes,
and reusable logic components. Behind each element in the decision, modeling is driven
by supporting decision logic typically in the form of decision tables. In further research,
we can combine BPMN (Business Process Model and Notation) and DMN processes
with machine learning predictive models to attain an explainable Al solution.

Disclosure of Interests. The authors have no competing interests to declare that are relevant to
the content of this article.
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Abstract. Sustainability is a complex concept that requires consideration of
multiple dimensions in assessment. To fulfill these requirements, multi-criteria
decision-making methods (MCDA) are employed to aggregate multiple sustain-
ability indicators. However, in many MCDA methods such as Technique for Order
of Preference by Similarity to Ideal Solution (TOPSIS), for example, the phe-
nomenon of criteria compensation is observed, which is contrary to the strong
sustainability paradigm. The mentioned limitation became the motivation for
developing a new Multi-Target Technique for Order of Preference by Similar-
ity to Ideal Solution (MT-TOPSIS) method based on the classic TOPSIS method,
which allows multi-criteria evaluation with consideration of performances of alter-
natives concerning individual target values. The proposed method was used to
evaluate European countries in terms of implementing the Europe 2020 strategy.
The results demonstrate the complexity of evaluating sustainable development
involving multiple targets and how to take them into account.

Keywords: Multi-Target TOPSIS - Sustainable development - MCDA -
Sustainable Development Goals

1 Introduction

This paper presents the application of an innovative extension of the TOPSIS (Technique
for Order of Preference by Similarity to Ideal Solution) method called Multi-Target
Technique for Order of Preference by Similarity to Ideal Solution (MT-TOPSIS) to
evaluate the European countries’ implementation of the Europe 2020 program. Europe
2020 1is the EU’s agenda for improving strategic areas such as employment and economic
growth [8]. The European Council adopted this program on 17 June 2010 as the successor
to the Lisbon Strategy [2]. Its objectives include intelligent and sustainable social and
economic growth in the EU for the upcoming decade [10]. The strategy’s primary goals
are to achieve high employment rates, productivity, and social cohesion while minimizing
harmful effects on the environment [14]. To achieve its objectives, the EU adopted
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ambitious targets covering fields of employment, research and development (R&D),
climate change and energy, education, and poverty reduction, which were to be achieved
by the Member States by 2020. These targets were converted into individual national
targets, reflecting the situation and capacity of each Member State to contribute to the
common objectives of the strategy [5]. Indicators designed specially to support the
Europe 2020 strategy are used to monitor progress toward the set targets and assess the
distance to reach them [11]. Data on the indicators are available on the Eurostat website’s
Europe 2020 headline indicators section. A set of nine indicators to support the analysis
of member country progress is included in Table 1. The European strategy adopted the
above objectives under three key priorities: Smart growth: development of an economy
based on knowledge, research, innovations, and education of the society, Sustainable
growth: promoting a resource-efficient, green, competitive economy, Inclusive growth:
supporting job creation and poverty reduction [9].

Targets included in the Europe 2020 strategy reflect the level of ambition of each
country based on individual capabilities that they can set in their common pursuit of
the Europe 2020 strategy. The indicators allow individual country performance to be
assessed against the targets set. Currently, the Europe 2020 strategy has reached the end
of its life cycle, making an important contribution to the socio-economic development
of the EU [1]. However, the 2030 Agenda for Sustainable Development continues to
implement this strategy, and Eurostat will continue to play a key role in monitoring
the sustainable development of EU countries. Therefore, the strategy’s conclusion is the
appropriate moment to summarize and assess the degree to which individual EU countries
have fulfilled their commitments under the strategy. These indicators provide a valuable
statistical tool for analyzing the achievement of the EU strategy objectives and can be
used at the national level and in assessing how well individual objectives have been met
compared to other countries. Multiple criteria appearing in the framework of the Europe
2020 program make the Multi-Criteria Decision Analysis (MCDA) methods suitable for
evaluating alternatives with regard to its criteria, allowing for the simultaneous inclusion
of many criteria given in different units and with opposing objectives (maximization for
profit criteria and minimization for cost criteria [6]. In previous work, researchers have
attempted to evaluate European countries in the context of the implementation of the
Europe 2020 strategy using multi-criteria methods such as TOPSIS and VIKOR [12].
Although these methods allow multiple evaluation criteria to be taken into account
simultaneously, their basic version does not offer the possibility to evaluate alternatives
in relation to individual expected target values. This is because these methods make it
possible to evaluate alternatives by taking into account their performance in relation to
reference points determined generally for a full set of considered alternatives [7].

The reference solutions are determined differently depending on the algorithm of the
MCDA method, for example, for the TOPSIS method the reference solutions are positive
ideal solution and negative ideal solution, and the alternatives are evaluated based on
the Euclidean distance from them. For the VIKOR (VlseKriterijumska Optimizacija I
Kompromisno Resenje) method, the reference solution is the ideal solution, similar to
the SPOTIS (Stable Preference Ordering Towards Ideal Solution) method [13]. In the
methods discussed above, the construction of reference solutions is performed based
on the full dataset collectively for all alternatives. The alternatives are then evaluated
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Table 1. Evaluation criteria of the implementation of the Europe 2020 strategy.

C; Criterion name Unit Sustainability target | Dimension (key
priority)

Cq Employment rate, age | % of total Maximize Inclusive growth
group 20-64 population

Cy Gross domestic % of gross Maximize Smart growth
expenditure on R&D | domestic product
(GERD) (GDP)

C3 Greenhouse gas % of amount Minimize Sustainable
emissions emitted in 1990 growth

Cy Share of renewable Y% Maximize Sustainable
energy in gross final growth

energy consumption

Cs Primary energy MTOE (Million | Minimize Sustainable
consumption tonnes of oil growth

equivalent)

Ce Final energy MTOE (Million | Minimize Sustainable
consumption tonnes of oil growth

equivalent)

Cy Greenhouse gas MTOE (Million | Minimize Sustainable
emissions in ESD tonnes of oil growth
sectors equivalent)

Cg Early leavers from % of population | Minimize Smart growth
education and training | aged 18-24

Co Tertiary educational | % of population | Maximize Smart growth
attainment aged 30-34

C1o | People at risk of Thousand persons | Minimize Inclusive growth
poverty or social
exclusion

in relation to a single reference solution. A limitation of this approach is the lack of an
individual approach for each alternative, which is required, for example, when assessing
the sustainable development of countries. Different countries have different possibili-
ties and potentials depending on their individual conditions and it may be desirable to
assess their implementation of individually defined goals. An example of such a decision
problem is the assessment of European countries against the implementation of goals
included in the Europe 2020 strategy. In this decision problem, the aim is to assess the
implementation of the goals in relation to the targeted values, which are defined indi-
vidually for each country in the target matrix, instead of assessing countries concerning
each other.

The lack of a customized approach to evaluating individual alternatives in relation to
individually constructed reference solutions constitutes a research gap that the authors
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of this paper aim to fill. Therefore, in this paper, the authors propose a novel MT-
TOPSIS method that allows one to take into account the ideal reference points assigned
individually for each evaluated alternative, taking into account its current objectives and
the possibility of achieving them. Dataset with criteria performance and target values
collected for evaluated countries from Eurostat are included in the Github repository
along with the implemented MT-TOPSIS method in Python 3 at the link https://github.
com/energyinpython/Multi-Target-TOPSIS. The rest of the paper is organized as follows.
Section 2 provides fundamentals, assumptions, and mathematical formulas developed for
MT-TOPSIS. Section 3 provides and discusses research outcomes. Finally, in Section 4,
the research summary is drawn and limitations and future work directions are outlined.

2 Methodology

The proposed Multi-Target TOPSIS (MT-TOPSIS) method is the new extension of the
classical TOPSIS method, allowing evaluation alternatives concerning targets set indi-
vidually for each alternative. Such an extension is necessary when, due to the specificity
of the problem, the individual goals for each alternative have different values, and it
is recommended that the overall preference value is obtained based on them. Assume
that X = [x;j]uxn is a decision matrix with criteria performance values for evaluated
alternatives represented by Equation (1)

X11 X12 - Xin

X21 X22 -+ -+ X2p
X = [xij]mxn = . Ce (1)

Xml Xm2 = Xmn

where m denotes number of alternatives (i = 1, 2, ..., m) and n means number of criteria
G=1,2,...,n),and T = [tjj]nxn is target matrix containing target criteria performance
values individually designated for evaluated alternatives expressed by Equation (2).

1 2 -+ tn

Iy 12 -t
T = [tij]mxn = . . . . )

Il tm2 -+~ tmn

Step 1. Thresholding of target matrix. This step includes thresholding of target matrix
with goal criteria performance values. The target matrix contains individually set tar-
get performance values for each alternative. These values represent the goals that the
alternatives individually pursue. Thus, attainment of assumed values is identified as the
achievement of the targets. An alternative may achieve a better value for a criterion than
the target value. For example, such a situation occurs when the alternative achieves a
higher value than the target value for the profit criterion or when the alternative reaches
a lower value than the target value for the cost criterion. In the TOPSIS method, the dis-
tance of the alternatives from the reference solutions is calculated using the Euclidean
distance, which always has a positive value. Obtaining better-than-target results would
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cause increasing distances from the reference ideal solution to be determined in the
second-to-last step of the algorithm. The mentioned situation would result in a paradox-
ical worsening of final scores as the alternative achieves results better than the target.
Therefore, a target matrix thresholding procedure is required. The target matrix thresh-
olding procedure involves replacing the values in the target matrix with decision matrix
values when the decision matrix values are higher in the case of profit criteria or lower
for cost criteria. The target matrix thresholding is provided in the following Equation (3)

P xijif ype=1 N x5 > t;; V type = —1 A x5 <t 3)
Vol if tpe=1 A xj <ty vV type=—1 A x;j > t;

where type denotes criterion type and takes value 1 for profit type and -1 for cost type.
Step 2. Normalization of decision matrix and target matrix. Normalization tech-
niques using maximum or minimum and maximum values are recommended for deci-
sion matrix and target matrix normalization in the MT-TOPSIS algorithm. These tech-
niques include minimum-maximum normalization, linear normalization, and maximum
normalization. Boundary vectors containing maximum and minimum values required
for these normalization techniques are determined from the decision matrix and target
matrix. A matrix combining the decision matrix and target matrix is created for this
purpose by vertical concatenation of matrices X and T, as Equation (4) demonstrates.

X11 X12 =+ Xln

X21 X22 *+* X2pn
Xml Xm2 -+ X,
A= [aij]2m><n e " “4)

11 2 -+ tn
] - g

| Iml Im2 - T

In minimum-maximum normalization normalized values of decision matrix for profit

. . + . . — . . .
criteria r;; and for cost criteria ry; are obtained applying Equation (5).

pf o ST mintay) - ma(ay) - X (5)
i maxi(ay) — ming(ag)’ ¥ maxj(ay) — min;(ay)

where r;; denotes normalized values of the decision matrix. The normalization of the
target matrix is performed analogously, for profit criteria rtl;.r and for cost criteria 1 as
shown in Equation (6).

ot tij — minj(a;j) = — max;j(a;) — tj ©)
Y maxj(aj) — minj(a;)’ Y maxj(aj) — minj(a;j)

Step 3. Calculation of weighted normalized decision matrix and weighted nor-
malized target matrix. Weighted normalized decision matrix is computed according
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to Equation (7) and weighted normalized target matrix is calculated as Equation (8)
demonstrates,

Vij = Wjrij (7)

Vijj = wjrtjj (8)

where w; represents the weight of jth criterion, v;; denotes weighted normalized values
of the decision matrix and vt;; express weighted normalized values of target matrix.
Step 4. Determination of Positive Ideal Solution (PIS) and Negative Ideal Solution
(NIS). In the MT-TOPSIS algorithm, the weighted normalized target matrix vt plays the
role of vectors with PIS for each alternative. NIS includes minimum values of weighted
normalized decision matrix and is determined as Equation (9) shows.

Vj_ = vy, v, ) = (ming(vi) ©)

Step 5. Calculation of Euclidean distance from PIS and NIS. Calculation of alterna-
tives’ distance from individual PIS (Dl.+) and NIS (D;") included in vt is performed for
each alternative according to Equation (10).

n

Z(V[j — Vl‘,'j)z, Dl_ =

j=1

(10)

Step 6. Calculation of the relative closeness to the Positive Ideal Solution. Calculation
of the score for each considered alternative according to Equation (11). This step is
identical to the last step of the classic TOPSIS. The C; value is always between O to 1,
and the alternative that has the highest C; value is the best. It implies that for TOPSIS,
the ranking is created by descending sorting of alternatives by preference value.

D

C= "1 11
" D+ D b

3 Results

This section presents the MT-TOPSIS ranking for countries evaluated according to the
implementation of the Europe 2020 strategy in 2020, taking into account the achieve-
ment of the criteria values concerning the goals set in the strategy. The contents of this
section include a dataset of performance values of evaluated countries in terms of Europe
2020 targets, target performance values determined for considered countries regarding
the mentioned criteria and results of MT-TOPSIS evaluation in comparison with assess-
ment using reference classical MCDA methods: TOPSIS, SPOTIS (Stable Preference
Ordering Towards Ideal Solution) [4], and VIKOR (VlseKriterijumska Optimizacija I
Kompromisno Resenje) [3], which do not consider target values individually. The selec-
tion of a set of reference MCDA methods is justified because TOPSIS is the basis of
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newly developed MT-TOPSIS, and SPOTIS and VIKOR are methods considering ideal
reference points in assessment. Thus, the assumptions of all methods included in the
research are similar. Table 2 displays performance values of evaluated countries col-
lected from the Eurostat database for 2020 in terms of nine indicators that are criteria of
model assessment.

Table 2. Decision matrix with countries’ performances collected for 2020.

Country Symbol |C1 | Cy | C3 Cy Cs Ce Cy Cs | Co

Belgium BE 70 3.52|82.67 [9.924 |43.88 |33.29 7428 |81 478
Bulgaria BG 73.1 10.86 | 57.16 |21.564 |17.19 |9.54 27.12 |12.8 |33.3
Czechia CzZ 79.7 11.99 | 64.82 |16.244 |37.47 |2448 6776 |7.6 |35

Denmark DK 77.8 13.03 | 70.69 |37.204 | 15.32 |13.15 |32.49 |93 498
Germany DE 80 |3.14 |70.44 |17.354 |262.49 |201.66 | 439.66 | 10.1 | 36.3
Estonia EE 78.8 [ 1.79 | 49.98 |31.889 |4.31 2.78 6.53 7.5 443
Ireland IE 734 1123 |113.6 |[11.984 |13.43 |11.18 4456 |5 58.1
Greece EL 61.1 | 1.49 190.84 |19.677 | 19.68 |14.33 |44.29 |3.8 439
Spain ES 65.7 | 1.41 | 119.74 | 18.362 | 105.03 |73.76 | 200.93 |16 |44.8
France FR 72.1 |2.35 | 83.1 17.216 | 208.36 | 130.23 | 341.13 |8 48.8
Croatia HR 66.9 | 1.27 | 7523 |28.466 | 7.76 6.47 16.82 |22 |34.7
Ttaly IT 62.6 | 1.54 | 84.41 |18.181 | 132.32 | 102.74 | 272.34 | 13.1 | 27.8
Cyprus CY 749 10.85 | 153.81 | 13.8 22 1.57 431 11.559.8
Latvia LV 76.9 0.7 |4595 |40.975 |4.26 3.86 9.04 72 1492
Lithuania LT 76.7 | 1.17 | 42.64 |25.461 | 6.23 531 1436 |56 |59.6
Luxembourg | LU 72.1 |1.13 |94.16 |7.047 |3.94 3.81 9.23 82 622
Hungary HU 77.51.62 |67.82 |12.614 |23.89 |18.01 |43.48 |12.1 332
Malta MT 77.3 10.66 | 96.14 |8.488 |0.74 0.54 1.38 12.6 |39.8
Netherlands | NL 80 |2.29 |88.58 [8.768 |58.38 4552 |100.16 |7 54

Austria AT 74.8 13.22 | 102.66 |33.626 |29.73 |26.07 |50.73 |81 |41.6
Poland PL 73.6 | 1.39 | 87.42 |12.164 | 96.53 |71 206.85 | 5.4 |47

Portugal PT 74.2 1 1.58 | 118.9 |30.619 |19.54 |15.02 41.56 |89 |39.6
Romania RO 70.8 1 0.47 | 46.84 |24.29 |30.92 |23.53 7546 |15.6 264
Slovenia SI 75.6 |2.15 9435 |21.974 | 6.13 4.39 10.82 [4.1 |46.9
Slovakia SK 7251092 |59.16 |16.894 |15.15 |10.34 |21.77 |7.6 |39.7
Finland FI 76.5 1294 | 81.41 |43.081 |29.8 2328 2932 |82 [49.6
Sweden SE 80.8 |3.51 | 7528 |56.391 |41.82 |30.93 |30.5 7.7 522
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Table 3 provides a matrix with target values of performances assigned to particular
countries in terms of nine indicators acquired from the Eurostat database. The leader of
the MT-TOPSIS ranking is Croatia. Croatia achieved a leading position in the ranking of
the method taking into account the Europe 2020 targets, although in the rankings of the
classical methods evaluating only performances, the country ranked 14th for TOPSIS
and SPOTIS and 12th for VIKOR. It means that Croatia has achieved performances
realizing the goals set for the country to the greatest extent among all the countries
considered. When the level of achievement of the Europe 2020 goals is considered during
the evaluation, Croatia scored higher than the leaders of the classic MCDA rankings,
such as Sweden, Finland, and Denmark. This result shows that the requirements for
Croatia, considering the country’s capabilities against the Europe 2020 criteria, are set
lower than for the leaders of the classic MCDA rankings.

The second place in the MT-TOPSIS rankings went to Denmark. The country is
ranked third in the TOPSIS, SPOTIS, and VIKOR rankings. This result confirms Den-
mark’s strong position in terms of overall values and meeting the highly set Europe 2020
targets among other European countries. MT-TOPSIS ranks Sweden third. On the other
hand, Sweden is the leader in the rankings of the three classic MCDA methods included
in this analysis. This means that Sweden has a very high overall performance of the
Europe 2020 criteria, which allows it to obtain a leading position and achieve the targets
set at a good level, reaching its third place in this respect.

For comparative analysis, the results were compared with the ranking of the classical
TOPSIS method, which was generated based on the criteria’ values without considering
the objectives’ values. It can be observed that the MT-TOPSIS ranking built based on
evaluation with target values differs significantly from the TOPSIS ranking generated
only based on performances. In the next stage, in addition to the classic TOPSIS method,
two other classic MCDA methods that are also based on reference solutions were included
in the comparative analysis: SPOTIS [4] and VIKOR [3] considering only alternatives’
performances. Results are displayed in Figure 1 and provided on GitHub in detail.

Among the countries that have been rated much better in the MT-TOPSIS ranking,
which takes into account the level of achievement of the Europe 2020 targets individually
for each country rather than generally as it happens in the classic MCDA methods can be
mentioned Czech Republic, Germany, Croatia, Italy, Hungary, Netherlands, Poland, and
Slovakia. On the other hand, Greece, Spain, Cyprus, Portugal, and Romania are among
the weakest countries in achieving the individual Europe 2020 targets. The observed
differences in results reflected in different rankings demonstrate significant differences
between the MT-TOPSIS approach and classical approaches such as TOPSIS, VIKOR,
and SPOTIS. These differences show that for a decision problem requiring the evaluation
of alternatives against individually determined reference solutions, the use of classical
MCDA approaches is not adequate, as it does not allow for the consideration of individual
reference solutions for each alternative.

In the next stage of the research, Pearson’s correlation coefficient was used to com-
pare the rankings obtained by each MCDA method objectively. The correlation values
displayed in Figure 2 show that the rankings of the classical MCDA methods considering
only performances, i.e., TOPSIS, SPOTIS, and VIKOR, are convergent, as their corre-
lations have high values close to 1. The correlations between the MT-TOPSIS and the
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Table 3. Matrix with countries’ target performances in Europe 2020 program.

Country C1 (&) C3 Cy Cs Ce Cy Cg Co

Belgium 73.2 3 80 13 43.7 325 68.25 9.5 47
Bulgaria 76 1.5 80 16 16.9 8.6 26.54 11 36
Czechia 75 1 80 13 39.6 253 67.2 55 32
Denmark 80 3 80 30 17.4 144 32.06 10 40
Germany 77 3 80 18| 276.6| 1943 41091 10 42
Estonia 76 3 80 25 6.5 2.8 6.02 9.5 40
Ireland 69 2 80 16 13.9 11.7 37.65 8 60
Greece 70 1.2 80 18 24.7 184 60.05 10 32
Spain 74 2 80 200 1198 80.1| 212.39 15 44
France 75 3 80 23| 2199 1314 34248 9.5 50
Croatia 62.9 1.4 80 200 11.15 7 19.32 4 35
Ttaly 67 1.53 80 17 158 124  291.01 16 26
Cyprus 75 0.5 80 13 22 1.8 3.98 10 46
Latvia 73 1.5 80 40 54 4.5 9.99 10 34
Lithuania 72.8 1.9 80 23 6.5 43 15.24 9| 487
Luxembourg 73 23 80 11 4.5 4.2 8.12 10 66
Hungary 75 1.8 80 13 24.1 144 52.83 10 34
Malta 70 2 80 10 0.7 0.5 1.17 10 33
Netherlands 80 2.5 80 14 60.7 52.2| 107.36 8 40
Austria 77| 3.76 80 34 31.5 25.1 47.75 9.5 38
Poland 71 1.7 80 15 96.4 71.6| 205.18 4.5 45
Portugal 75 2.7 80 31 22.5 174 49.08 10 40
Romania 70 2 80 24 43 30.3 89.81 11.3] 267
Slovenia 75 3 80 25 7.3 5.1 12.31 5 40
Slovakia 72 1.2 80 14 16.4 9 25.95 6 40
Finland 78 4 80 38 35.9 26.7 28.51 8 42
Sweden 80 4 80 49 434 30.3 36.08 7 45

TOPSIS, SPOTIS, and VIKOR rankings are lower, demonstrating their divergence. The
results obtained confirm the similarity of the performance of classical MCDA approaches
such as TOPSIS, VIKOR, and SPOTIS and the divergence of the results returned by MT-
TOPSIS. This demonstrates that MT-TOPSIS evaluates alternatives in a different way
than reference methods, taking into account individual reference solutions, which is
confirmed by the low correlation with the rankings given by classical MCDA meth-
ods. Different algorithms cause the observed divergences for considering performance
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Fig. 1. MCDA rankings of evaluated countries.

data by the MT-TOPSIS method and the other classic MCDA methods included in the
research.
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Fig. 2. Correlation between MT-TOPSIS ranking and classical MCDA rankings.

MT-TOPSIS evaluates alternatives in terms of the proximity of performances to
individual targets. It means that in the chosen strategy, each country has set target values
to pursue, and it is natural that they differ between countries. This is because individual
countries vary in area, population, geography, climate, and government policy. Using the
MT-TOPSIS method, a country closer to reaching an individual target will be evaluated
better than a country with a higher performance value, but its achievement relative to
the individual target is weaker.

4 Conclusions

The purpose of this paper was to present a newly developed methodological framework
based on the basic assumptions of the TOPSIS method, which makes it possible to
evaluate sustainability goals by taking into account target values. The newly developed
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MT-TOPSIS method eliminates a limitation of the classic TOPSIS algorithm, which, by
aggregating all criteria into a single score, results in their full compensation, so good
performances within others can compensate for poor performances of some criteria. In
practical terms, the MT-TOPSIS method has been employed to perform a comprehensive
assessment of the European Union countries involving a multi-criteria analysis of the
level of implementation of the recommendations of the Europe 2020 strategy. The results
show that MT-TOPSIS shows great usefulness when assessing the implementation of
strategies for which we have target values of individual evaluation criteria.

The proposed method has demonstrated its practical usefulness in assessing Euro-
pean countries against the implementation of the Europe 2020 strategy. It shows potential
for usefulness in other practical problems of sustainability assessment. Among them are
problems of evaluation concerning the implementation of any established development
programs in which specific measurable targets are set for the individual alternatives to
be evaluated, such as, for example, countries, regions, cities, and companies. Such prob-
lems may include the evaluation of the renewable energy economy or the sustainable
development of cities, settlements, and communities. The proposed approach can be
useful in assessing and identifying potential areas of improvement when extended by
sensitivity analysis.

As this is preliminary research focused on multi-criteria analysis considering indi-
vidual reference solutions, a limitation of this paper is the application of only one MT-
TOPSIS method considering individual reference solutions. A further limitation is the
experiment with the proposed approach performed for a single dataset. Future work
directions include the development of other MCDA methods such as VIKOR and SPO-
TIS towards the possibility of including individual reference solutions and the use of the
developed approaches for other datasets.
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