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Abstract. The European Project Semester (EPS), offered by the Insti-
tuto Superior de Engenharia do Porto (ISEP), is a capstone programme
designed for undergraduate students in engineering, product design, and
business. EPSQISEP fosters project-based learning, promotes multicul-
tural and interdisciplinary teamwork, and ethics- and sustainability-driven
design. This study applies Natural Language Processing techniques, spe-
cifically text mining, to analyse project papers produced by EPSQISEP
teams. The proposed method aims to identify evidence of ethical concerns
within EPSQISEP projects. An innovative keyword mapping approach is
introduced that first defines and refines a list of ethics-related keywords
through prompt engineering. This enriched list of keywords is then used
to systematically map the content of project papers. The findings indi-
cate that the EPSQISEP robotics project papers analysed demonstrate
awareness of ethical considerations and actively incorporate them into
design processes. The method presented is adaptable to various applica-
tion areas, such as monitoring compliance with responsible innovation or
sustainability policies.

Keywords: Engineering Education, Ethics, Ethics-driven decision-making,
Ethics-driven design, Ethics Categories, Ethics Keywords, European Project
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1 Introduction

The European Project Semester (EPS) is offered by a network of European
universities, including the Polytechnic of Porto at the Instituto Superior de
Engenharia do Porto (ISEP) [2]. EPS is a capstone semester designed mainly
for engineering undergraduates, combining project-based learning and multicul-
tural teamwork. In addition, EPSQISEP is strongly oriented toward ethics and
sustainability-driven design [I1]. The aim of this research is to determine whether
students effectively demonstrate these competencies in the technical-scientific
papers in which they report on their project work.

Natural Language Processing (NLP) models have gained significant impor-
tance in recent years, primarily due to advances in their ability to analyse and
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understand human language in an automated manner [8]. This research uses
NLP techniques to assess whether EPSQISEP raises awareness of ethical issues
among participants. Silva et al. [13] took a first step in 2019, identifying and
manually collecting evidence of ethical design and development practices from
reports and presentations of three EPSQISEP projects in the field of robotics.
It highlighted the effectiveness of the programme in instilling ethical behaviour
and decision-making in participants.

The current method goes further by defining a list of categories and keywords
related to ethical concepts and terminology and applying a semi-automated key-
word mapping analysis to robotics project papers.

This paper is structured as follows. Section [2] delves into keyword mapping,
Section [3] details the method used to analyse team papers, Section [ briefly
describes the set of robotics projects processed, and Section [f] describes the
experiments and the results. Finally, Section [6] presents the conclusions and
outlines future directions.

2 Keyword mapping

NLP has grown significantly in recent years, primarily due to its flexibility to
adapt to a wide range of applications. This research explores text mining, speci-
fically keyword mapping, to process student-written deliverables and detect the
presence of ethical concerns.

Keyword mapping has been applied to process and identify relevant patterns
in documents. This is the case of scientific literature review [9] or the identifica-
tion of sustainability concerns, including Sustainable Development Goals (SDGs)
[QI5I7IT10). In 2021, Lopez-Belmonte et al. [9] presented a comprehensive anal-
ysis of the existing literature on the integration of robotics in educational set-
tings. The study employed bibliometric, co-occurrence, and co-citation analyses
to map the scientific landscape of this research area, identifying key trends, in-
fluential publications, and emerging themes. In 2023, Wang et al. [15] introduced
a method inspired by Elsevier’s previous SDG mapping efforts. This approach
utilises text mining and n-gram analysis to extract global and local SDG-related
keywords from publication metadata, including titles, keywords, and abstracts.
The extracted keywords are then sorted by frequency and relevance, followed by
a manual review to ensure their meaningfulness. The final list of SDG-related
keywords is known as the Auckland list. In 2024, Kashnitsky et al. [7] proposed
an alternative method for mapping research to SDGs, which has been adopted
by Times Higher Education for its Social Impact rankings. The authors bench-
marked existing approaches using established SDG validation datasets. More
recently, in 2025, Malheiro and Guedes [10] applied mapping techniques to anal-
yse 15 EPSQISEP project papers, gathering evidence of sustainability-driven
design and alignment with the SDGs. Their study leverages the Auckland list
of SDG-related keywords to conduct an initial keyword frequency analysis, veri-
fying the presence of SDG-related terms within the dataset. Subsequently, they
perform a more sophisticated SDG category co-occurrence analysis, which in-
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volved executing SDG-specific queries to associate keywords with relevant SDG
categories within the analysed documents. Inspired by this research, the current
work uses keyword mapping to process and detect evidence of ethical concerns
in text documents. Based on the conducted search, this study is the first to map
ethical evidence in student deliverables using a replicable text mining approach.

3 Proposed method

The main objective of this research is the design of a text mining method to
detect evidence of ethics-driven design in EPS@QISEP robotics projects. First, it
determines the list of ethics categories and keywords, and then, using that list,
applies the category and keyword mapping to the data set of project papers.
Figure |1| represents the proposed NLP-based processing pipeline, comprising
data collection, pre-processing, processing and visualisation.

EPS@ISEP
Robotics Papers

Irrelevant elements
Data collection File unification
Tokenisation
User-defined Lemmatisation
ethics
categories Data pre-processing

Keyword frequency
Cross-tabulation
Co-occurrence

Ethics
x Categories & keywords ) Data processing Keyword cloud
Cross-tabulation plot

ChatGPT-40 Co-occurrence plot
Gemini
Perplexity

Result visualisation

Definition of ethics
keywords

Fig. 1. Processing pipeline

Most of these processing steps rely on KH Coderﬂ a computer software pack-
age designed for quantitative content analysis and text mining. It allows re-
searchers to explore and extract meaningful insights from textual data, namely
word clusters, descriptive statistics like term frequency, term frequency distribu-
tion (TF), document frequency distribution (DF), TF-DF plots, word associa-
tion, and co-occurrence network of words [5].

Data collection downloads and extracts the text of the robotics papers (in PDF
format) from the institutional repository, obtaining six text files (TXT).

3 |http://khcoder.net/en/| [Accessed in March 2025].
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Definition of the list of ethics-related keywords explores ChatGPT—4cﬂ Geminﬂ
and Perplexityﬂ through prompt engineering together with a set of user-
defined ethics categories.

Data pre-processing involves data filtering and cleansing and query preparation:
(i) Removes irrelevant parts from each paper, such as author information,

affiliation, figures, tables, acknowledgments, and references, and stores
the result in a text file (TXT).

(4i) Unifies the TXT files with the help of KH Coder, where the individual
files correspond to sections.

(ii) Applies traditional pre-processing steps, such as stop-word removal, to-
kenisation (splits the resulting text into individual words and sentences)
and lemmatisation (obtains the base word form according to the con-
text), using KH Coder and reusing the default Stanford Part-of-Speech
tagger.

(iii) Creates the category queries (coding rules) to be used in the category
analyses according to the KH Coder coding syntax. Each query associates
the corresponding set of keywords with a given category via Boolean
operators, making it possible to identify the presence of ethical keywords
and categories simultaneously.

Data processing determines keyword frequency as well as category frequency
and co-occurrence using KH Coder:

(i) Calculates the frequency of occurrence of ethics-related keywords in the
data set considering that most keywords are compound rather than single
words. The results are exported as a CSV file for visualisation.

(i) Applies the category queries to the data set, providing the input to
create: () the contingency table known as the frequency-based cross-
tabulation matrix; and (i) the semantic network also referred to as co-
occurrence network.

Result visualisation of the keywords and categories present in the data set:

(i) Cloud of the ethics-related keywords found using an online generatmﬂ

(it) KH Coder cross-tabulation bubble graphs showing the relative frequency
of categories in individual papers.

(i11) KH Coder co-occurrence network graph showing the coincidence of cat-
egories in individual papers.

4 Robotics projects

EPS@ISEP projects are developed by multidisciplinary and multicultural teams
and aim to solve real problems that affect individuals, society, or the planet [10].
To date, six teams have used intelligent robotics to tackle problems in the areas
of education, entertainment, monitoring, and cleaning, resulting in the Animo,
Bro-Fish, Bubbles, GraphBot, MyBird and MopBot solutions.

* lhttps://chatgpt.com/| [Accessed in March 2025].

® lhttps://gemini.google.com /| [Accessed in March 2025].

5 |https: //www.perplexity.ai/| [Accessed in March 2025].

7 https:/ /www.wordclouds.com/| [Accessed in March 2025].
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Animo is a sustainable livestock surveillance system developed in 2023. It aims
to help farmers monitor cattle herds over large remote areas by deploying a
blimp-based aerial solution to collect real-time data without using thermal
engines. Animo is equipped with cameras and sensors to track animal loca-
tion, behaviour, and health, transmitting data to farmers via a mobile app
for remote monitoring and control. The team focused on sustainability and
ethical engineering, selecting environmentally friendly materials such as Vec-
tran, Mylar, and Tedlar for the envelope laminate structure and acrylonitrile
styrene acrylate plastic for weather-resistant components. The system was
designed to reduce costs, improve animal welfare, and minimise environmen-
tal impact [1].

Bro-Fish is a biologically inspired swimming robot intended to be an educational
toy for children aged between eight and twelve. Designed in 2014, this fishlike
robot aims to teach concepts related to mechanics, programming, and the
physics of floating objects while fostering interest in technology and sustain-
ability. It features an innovative tail mechanism that mimics the undulating
motion of fish to generate propulsion, allowing for controllable swimming
directions. The prototype is designed to be customizable, enabling hands-on
experimentation with its components, and addresses broader themes of en-
ergy efficiency and ocean sustainability, making it a unique tool for playful
learning and engagement in science, technology, engineering, and mathemat-
ics (STEM) fields [6].

Bubbles is a didactic robotic fish developed in 2016. It aims to introduce children
aged between 5 and 10 to robotics and programming through an interactive
and educational aquatic toy. The robotic fish is designed to float and move
left or right, mimicking real fish movements. It is programmable via a block-
based interface (Ardublock), allowing users to create simple commands for
motion and LED lighting control. The project emphasises affordability, sus-
tainability, and accessibility, using biodegradable polylactic acid and recy-
clable components while keeping costs low. The team focused on engineering
ethics, sustainability, and legal compliance, ensuring adherence to EU toy
safety regulations [12].

GraphBot is a voice-controlled drawing robot created in 2016. The primary ob-
jective of the team is to engage young children, particularly girls, in STEM by
introducing an interactive and creative tool. With a modular and expandable
design, GraphBot offers automated drawing capabilities, user customization,
multilingual interface, wireless connectivity, and multisensory feedback (vi-
sual or audio). The design and development of GraphBot addresses specifi-
cally gender bias and inclusivity and contemplates ethical engineering, honest
marketing, sustainability awareness, legal and safety compliance, open-source
and affordability [4].

MyBird project from 2014 addresses the design and implementation of a flapping-
wing flying robot. The battery-powered prototype, built with lightweight
materials, is based on a biplane concept. Inspired by birds and insects, it
takes off, flies, and lands without a propeller, operating like an ornithopter.
The prototype’s key functionalities include manual launching and the ability
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to fly short distances [3]. It was designed as an educational tool to teach me-
chanics, programming, and the physics of floating objects to young students.
The project emphasizes on sustainability and ecological awareness.
MopBot is an autonomous cleaning robot developed in 2020 to support waste
collection and management in large indoor spaces such as shopping malls
and universities. The robot is designed to navigate autonomously, detect
and collect waste, and optimize cleaning efficiency while reducing human in-
tervention. It features two vertical brushes, a vacuum system, and obstacle
detection sensors for effective operation. The project emphasizes sustain-
ability and ethical engineering, using recyclable materials, energy-efficient
components, and a sustainable packaging solution that can be repurposed as
a battery disposal box. It incorporates safety features, including emergency
stop functions and real-time notifications for maintenance needs. Due to the
COVID-19 pandemic, the project was completed using simulation tools in-
stead of a physical prototype. Despite challenges in remote collaboration,
design adjustments, and component selection, the final design successfully
integrates functionality, sustainability, and affordability, making it a viable
solution for autonomous cleaning in large-scale indoor environments [14].

5 Experiments and results

5.1 Data set

The data set includes six robotics project papers (see Table . These projects,
developed by six teams between 2014 and 2023, involved 27 students from 11
countries and 16 different engineering, product design and business majors. The
papers share a common structure based on the EPSQISEP learning process, as
the teams receive a template with writing instructions for each section. English
language and writing skills are worked on as part of the Communication module
and the technical-scientific content is checked by the team of project coaches.

Table 1: Data set.

Project Pages Words Source

Animo 10 3250 Blommestijn et al. (2023) [I]
BroFish 8 6199 Ishii et al. (2015) [6]
Bubbles 15 6467 Reinhardt et al. (2017) [12]
GraphBot 14 5505 Dziomdziora et al. (2017) [4]
MyBird 8 5044 Caramin et al. (2015) [3]
MopBot 12 4139 Tuluc et al. (2021) [14]

The text extracted from the PDF files was purged from the author, affiliation,
acknowledgments and references elements and unified into a single TXT file.
This file includes the remaining parts of each input paper as sections, making it
possible to identify the contribution of each paper individually and globally. The
unified file has six sections (corresponding to the six papers), 549 paragraphs
and 1609 sentences.
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5.2 Keywords

The list of keywords was defined with the help of three public large language
models (LLMs) — ChatGPT-40, Gemini and Perplexity — via prompt engineering.
The results, containing single and compound words, were integrated, cleansed of
duplicates, and organised under the categories defined by the authors. The twelve
ethics categories adopted in this research are Professional Integrity and Responsibil-
ity, Public Safety and Welfare, Environmental and Social Impact, Ethical Decision-Making,
Legal and Regulatory Compliance, Stakeholder Considerations, Conflict and Resolution,
Research and Innovation Ethics, Ethical Codes and Frameworks, Cultural and Global Con-
siderations, Teaching and Ethics Education, and Specific Ethical Issues in Engineering (see
Table [3]). The list was obtained through the prompt-driven dialogue presented
in Table 21

Table 2: Prompt-driven dialogue.

Who Text

“The current research context is that of ethical decision-making by en-
gineering students during their capstone design project. The designed
method is based on the detection of evidence of ethical concerns in
the work of students through keyword mapping. You are the researcher
who defines this list of keywords. Organize the list into the following 12
categories: Professional Integrity and Responsibility, Public Safety and
Welfare, Environmental and Social Impact, Ethical Decision-Making,
Legal and Regulatory Compliance, Stakeholder Considerations, Con-
flict and Resolution, Research and Innovation Ethics, Ethical Codes
and Frameworks, Cultural and Global Considerations, Teaching and
Ethics Education, and Specific Ethical Issues in Engineering. Add all
relevant synonyms. What is your final list of categories, keywords and
their synonyms to map evidence of ethical concerns in project papers
written by engineering undergraduates?”

User

“Here is the structured list of categories, keywords, and synonyms to
ChatGPT-40 map evidence of ethical concerns in engineering capstone project pa-
pers: list of categories, keywords, and synonyms’

“Absolutely. Let’s build a comprehensive keyword list for ethical con-
cern detection in engineering student capstone projects, organized into
12 categories. Methodology: We’ll focus on keywords that suggest con-
sideration of ethical implications, potential conflicts, or the need for
responsible decision-making. Synonyms will be included to capture a
broader range of language. list of categories, keywords, and synonyms”

Gemini

“Here’s a comprehensive list of categories, keywords, and their syn-
Perplexity onyms to map evidence of ethical concerns in project papers written by
engineering undergraduates: list of categories, keywords, and synonyms”

The final list contains 227 distinct keywords — including both single and
compound words — organised under the specified categorie&ﬂ

8 Available at https://www.ave.dee.isep.ipp.pt/ “mbm/EthicsCatsKeys.xlsx!
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5.3 Mapping

The mapping of ethical evidence relies on term frequency, category queries, con-
tingency or co-occurrence analyses to characterise the links between ethics cat-
egories and the contents of project papers. This technique creates: (i) a con-
tingency table, also called a cross-tabulation matrix, containing the observed
counts of ethics categories within papers; and (i) a graphical co-occurrence net-
work representation of the frequency of ethical categories in individual papers.
The mapping, performed at the sentence level, found 18.84 % of the ethics-related
keywords. When considering categories, since the same keyword can belong to
multiple categories, this value increases to 28.63 %. Table [3| summarises the key-
words found in the data set per category, considering the frequency, percentage,
and ratio of keywords found by category.

Table 3: Ethics keywords found by category.

Category Frequency (%) Ratio

1 Conflict and Resolution 1 0.00 1/14
2 Cultural and Global Considerations 71 4.05 8/24
3 Environmental and Social Impact 113 5.29 12/28
4 Ethical Codes and Frameworks 93 411 6/21
5 Ethical Decision-Making 80 3.36 7/23
6 Legal and Regulatory Compliance 30 0.50 6/27
7 Professional Integrity and Responsibility 84 1.00 14/35
8 Public Safety and Welfare 66 0.93 14/36
9 Research and Innovation Ethics 47 2.55 7/28
10 Specific Ethical Issues in Engineering 101 4.48 8/29
11  Stakeholder Considerations 81 2.05 9/28
12 Teaching and Ethics Education 4 0.25 2/12

Figure [2] shows the generated keyword cloud. The size of the words is pro-
portional to their frequency of occurrence in the data set. The keyword cloud
provides an overview of the most frequent ethics-related terms found. The top
ten words are Sustainability, Experience, Research, Ethics, Environmental, Monitoring,
Efficiency, Teamwork, Budget and Safety.

Figure |3| holds the results of the cross-tabulation or contingency analysis
between the papers and the ethics categories. The size of the squares is propor-
tional to the number (frequency) of keywords found by category and paper. The
papers more aligned with ethics are Animo and MopBot, while the more popular
categories considering all papers are Environmental and Social Impact, Specific Ethi-
cal Issues in Engineering, and Cultural and Global Considerations, all with a frequency
higher than 65 (see Table [3)).

Figure [4] displays the results of the co-occurrence analysis between categories
and papers. This analysis identifies the commonalities among the six papers con-
sidering the different ethics categories. Only three categories are not addressed
in all papers: Conflict Resolution is just referred to in Bubbles; Teaching and Ethics
Education is referred to in Bubbles, GraphBot and MopBot, and Public Safety and
Welfare referred to in Animo, Bubbles and MopBot.
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Fig. 3. Cross tabulation of ethics categories per paper.

6 Conclusions

This research successfully applied text mining to evaluate the integration of ethi-
cal considerations in EPSQISEP robotics projects. By developing a novel method
that combines prompt engineering with LLMs and traditional text mining tech-
niques, the study was able to systematically identify and extract evidence of
ethical concerns in student project papers.
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The analysis of six robotics project papers developed between 2014 and 2023
revealed that 19 % of the keywords related to ethics were present in the data set
sentences. The most prominent ethics categories found were Environmental and
Social Impact, Specific Ethical Issues in Engineering, and Cultural and Global Consider-
ations, demonstrating that EPSQISEP effectively promotes ethical awareness in
participants. The Animo and MopBot projects showed stronger alignment with
ethical principles, suggesting that recent projects may be incorporating more
ethics-driven approaches. The co-occurrence analysis indicated that most ethics
categories were addressed by all projects, with only three categories (Conflict Res-
olution, Teaching and Ethics Education, and Public Safety and Welfare) appearing in a
subset of projects. This consistent pattern suggests that the EPSQISEP teams
successfully integrated ethical concerns into their robotics projects.

Although ethical concepts are often intangible, the method provided empir-
ical evidence that EPSQISEP effectively develops technical competencies that
incorporate ethical considerations, preparing engineering students to better ad-
dress complex societal challenges. The results also suggest that it is possible to
improve the integration of ethical and sustainability principles during the de-
sign phase. The method has potential for broader applications, namely in the
monitoring of compliance with sustainability or responsible innovation policies.
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However, there are some limitations. The method ignores the context of the
keywords and the results strongly depend on the list of ethics categories speci-
fied by the user and the list of keywords and the category-keyword association
provided by the LLMs. The data set is small and lacks ground truth. Bench-
marking the performance of the proposed method was not possible due to the
lack of public annotated data sets and the absence in the literature of alternative
methods addressing the same problem. Future work should address these issues
by further refining the method with more sophisticated NLP techniques, vali-
dating the lists of keywords and category-keyword associations, and enlarging
and manually annotating the dataset for future benchmarking.
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