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Abstract. In an era of rapid technological advancement and escalating societal expectations, the effective teaching of
engineering ethics has become an indispensable imperative. While traditional pedagogy successfully imparts
foundational ethical principles and codes of conduct, a significant body of literature suggests a critical chasm between
this theoretical knowledge and the complex, high-pressure realities of professional practice. This study addresses this
existing gap between the abstract ethical principles taught in engineering curricula and real-life practice, aiming to
empirically investigate the shortcomings of current pedagogical approaches and propose evidence-based
recommendations to enhance graduate preparedness. The methodology involved a targeted study with a test group of
students, who were assessed through scenarios designed to simulate real-world professional challenges, including
conflicts of interest, organizational pressures to cut corners, and psychological factors like obedience to authority. The
results revealed a significant discrepancy: while students demonstrated competent theoretical knowledge of ethical
codes, they proved largely ill-equipped to apply these principles under simulated organizational pressure, empirically
confirming the hypothesized gap. The originality of this research lies in providing empirical validation of the
inadequacies in traditional ethics education, moving beyond widespread theoretical critique. It challenges pedagogical
models focused solely on abstract principles by demonstrating the decisive impact of organizational and psychological
factors on decision-making and refutes the assumption that knowledge of codes is sufficient for ethical practice.
Consequently, the findings have profound practical significance, providing a clear mandate for pedagogical change.
They form the basis for an actionable framework for educators, advocating for the integration of experiential learning,
such as high-fidelity case studies and role-playing, to cultivate practical wisdom and moral courage, thereby offering a
blueprint for curriculum enhancement and a foundation for future longitudinal research.
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HeobxigHMi iMnepaTUB: NOWYK WAAXY Y WBWAKONMHHOMY NaHAwWadTi
BUKNafgaHHA iHXeHepPHOI eTUKN B AMHAMIYHOMY CYCMifIbHOMY KOHTEKCTi

Mpineno H. B., boposuk O. 0.

lMonTaBcbkuii AepxaBHuiA arpapHuil yHiBepeuTeT, MNonTasa, YkpaiHa

AHoTauifa. B enoxy CTPIMKOro TEXHOMOMYHOr0 PO3BUTKY Ta 3POCTAlOMMX CYCMiMbHUX OYiKyBaHb eqeKTUBHE
BUKMNaJaHHS iHXEHEPHOI €TUKM CTamno HaramnbHOK HeobxigHicTio. Xoya TpaguuinHi neparorikyHi nigxogm yCcnilHo
HaB4aloTb 6a30BUM E€TUYHUM MPUHLMNAM Ta KOAEKCaM MOBEAIHKW, 3HaYHUII MacuB iCHYIOUMX AOCHIMKEHb BKa3ye Ha
iCHYBaHHS KPUTUYHOT PI3HULL MK LIUMU TEOPETUMHUMM 3HAHHAMM Ta CKNagHUMK peanisMu npodecii. Lie focnimkeHHs
po3rnsgae Len iCHylumMii po3puB MiX abCTpakTHUMW ETUYHUMW NPUHLMNEMM, L0 BUMKNAAAKTLCA B OCBITHIX
KOMMOHEHTAX OCBITHIX MporpaMm iHXEHEpPHOro CNPSIMYBaHHS, Ta peanbHO MPakTUKOW, 3 METOK eMMipuyHoro
BOCNMKEHHS HEOOMIKIB Cy4acHUX MeaaroriyHuX MigxodiB Ta HagaHHs HaykoBO OOIPYHTOBAHUX peKOMeHAaLin ans
NiABULLEHHS TOTOBHOCTI BMWMYCKHWKIB-iHXeHepiB. BukopuctaHa wmetogonoria BKMoyana LinboBe [AOCHIMKEHHS
npoBeeHe 3 TECTOBOK MPYNO0 CTYAEHTIB, SAKMX OLHIOBaNM 3a 4ONOMOrOK MPaKTUYHUX CUTYaLii, po3pobneHux ans
iMiTaLii peanbHUX NPOdeciinHUX BUKMWKIB, BKMHOYAI04M KOHEAIKTK iHTEpECiB, OpraHisaviiHuii Tck 3 60Ky kepiBHLTBA
Ta NCUXOMOTiYHi dhakTopu. PesynbTaTi [OCMIMKEHHS BUSIBUNM 3HAYHy npobrnemy — xova 3400yBadi BULOI OCBITH
NPOAEMOHCTPYBaNW OCTATHI TEOPETUYHI 3HAHHS ETUYHUX KOLEKCIB Ta PO3yMiHHS iX MPWUHLMNIB, BOHU BUSBUNNCS
NepeBakHO HEMiAroTOBNEHUMM [0 iX 3aCTOCYBaHHS! B YMOBaX iMITOBAHOTO OpraHi3auiiHoro TUCKY, WO eMnipuiHo
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nigTBEPAUNO FNOTETUYHY HEBIAMOBIQHICTL ICHYIOYOTO HABYAHHS iHXEHepHOi eTukn. OpuriHanbHICTL  LbOro
LOCTIIKEHHs NOnsrae B HafaHHi eMMIPUYHOro NIATBEPAXEHHS HeONiKIB TPaAWULINHOT €TUYHOI OCBITH, BUXOAAYM 3a
MEXi NOLUMPEHOT TEOPETUYHOI KpUTUKKU. BOHO CTaBWTH Nig CyMHIB NefarorivHi Mogeni, siki 30cepekeHi BUKIIOYHO Ha
abCTpaKTHUX MPUHUMNAX, AEMOHCTPYKUM BMpILLANbHUIA BNIMB OPraHisauiiHUX i NCUXOMOriyHMX akTopiB Ha
MPUAHATTA PillieHb, | CNPOCTOBYE NPUMYLLEHHS, L0 TEOPETUYHE 3HAHHS ETUYHUX KOAEKCIB iHXEHEPIB € 4OCTaTHIM Ans
iX BMPOBA[KEHHSA Yy XWUTTA. Buxogsum i3 BuLle3a3HAUYeHOro, OTpUMaHi pesynbTaTu MawTb MMKUbOKe npakTUyHe
3HAYEHHs, HadalouM YiTKMI iMnepaTuB AN negaroriyHnX 3MmiH. BoHu MoxyTb 6yTW noknageHi B OCHOBY Ai€BOi
nporpamu Ans ocBiTsH, Lo Byae niaTpuMyBaTy iHTErpaLlilo eMnipuyHOro HaBYaHHS, 30Kpema, po3rnsay peanicTUyHNX
KelMciB, pOrbOBKX irOp Ta CUMYMALiA ANS PO3BUTKY MPAKTUYHMX HABWYOK, MPOMOHYKOYW TaKUM YMHOM MnaH Ans
BAOCKOHANEHHS OCBITHIX MPOrpam Ta OCHOBY AJ151 NOAaNbLUMX AOCHImKEHb.

KnioyoBi cnoBa: eTvka, 0CBiTa, METOAOMOriS, COLianbHU KOHTEKCT, NPUAHATTS PiLleHb, OpraHi3aLliiHum TUCK.

| Introduction

The significance of engineering ethics cannot be overstated. It serves as the moral compass for a
profession entrusted with shaping the physical and digital worlds, directly impacting public safety, environmental
health, and overall quality of life. The most fundamental tenet, enshrined in virtually every engineering code of
ethics, such as that of the National Society of Professional Engineers (NSPE), is the engineer's duty to «hold
paramount the safety, health, and welfare of the public» [1]. This is not an abstract ideal but a tangible
commitment with life-and-death consequences. Unfortunately, the history of engineering is punctuated by
failures where ethical lapses contributed to tragedy. The Hyatt Regency walkway collapse in Kansas City in
1981, where a design change was made without proper engineering review, leading to 114 deaths, serves as a
stark reminder [2]. Similarly, the Challenger space shuttle disaster, meticulously analyzed by Diane Vaughan,
revealed how organizational pressures and a «normalization of deviance» could override engineering concerns
about safety [3]. These two infamous disasters are not merely technical failures but profound ethical ones,
demonstrating the critical need for engineers to possess not only technical competence but moral courage and
a steadfast commitment to public well-being. As emphasized in a widely used textbook, «Engineering Ethics:
Concepts and Casesy, ethical decision-making is integral to responsible engineering practice [4].

Engineering is a profession, distinguished from a mere occupation by its specialized knowledge,
commitment to public service, and the trust society places in its practitioners. This trust is fragile and hard-won,
as ethical conduct is the bedrock upon which this trust is built and maintained. When engineers act ethically,
transparently, and responsibly, they reinforce the public's confidence in the profession. Conversely, scandals
like the Volkswagen emissions deception, where engineers were implicated in deliberately designing «defeat
devices» to cheat on emissions tests, severely damage this trust, not just in the company involved but in the
profession as a whole [5]. As Michael Davis argues in «Thinking Like an Engineer: Studies in the Ethics of a
Profession» (1998), professional ethics is about adhering to a standard of conduct that goes beyond mere legal
compliance; it's about what defines a «good engineer» in a moral sense. Ethics education, therefore, plays a
crucial role in instilling this sense of professional identity and collective responsibility.

Engineering is inherently innovative, constantly pushing the boundaries of what is possible. However,
innovation without ethical guidance can lead to unintended and harmful consequences. As new technologies
like artificial intelligence (Al), genetic engineering, autonomous systems, and big data analytics emerge, they
bring with them a host of novel ethical dilemmas. Sara Baase's «A Gift of Fire: Social, Legal, and Ethical Issues
for Computing and the Internet» has long been a key text highlighting the societal impact of computing
technologies and the ethical questions they raise [6]. Engineers are at the forefront of developing these
technologies and thus bear a significant responsibility to consider their broader societal implications, including
bias in Al algorithms [7], privacy in an era of ubiquitous data collection, accountability for autonomous decision-
making, and the potential for misuse. Engineering ethics provides the frameworks and cultivates the foresight
needed to steer innovation in beneficial and just directions.

The impact of engineering projects on the natural environment is profound and often long-lasting, too.
Engineering activities have significant environmental footprints, from resource extraction and energy production
to manufacturing and infrastructure development. A growing ethical imperative within the profession is the
commitment to sustainability and environmental stewardship. This involves designing products and processes
that minimize environmental harm, conserve resources, reduce waste, and address the challenges of climate
change. Caroline Whitbeck, in «Ethics in Engineering Practice and Research», emphasizes a problem-solving
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approach to ethics, which readily applies to designing for sustainability [8]. The concept of «life-cycle
assessment» and designing for the «circular economy» are technical approaches with deep ethical
underpinnings, reflecting a responsibility to future generations and the planet’s health.

Engineering ethics also guides professional conduct, including honesty, integrity, competence, and
avoiding conflicts of interest. Engineers must be truthful in their professional reports, statements, or testimony
and undertake assignments only when qualified by education or experience. They also have a responsibility to
continue their professional development throughout their careers. Ethical codes provide a framework for
navigating situations where personal interests might conflict with professional duties, ensuring that decisions are
made in the best interest of clients, employers, and the public.

But, the education of future engineers in ethics is increasingly recognizing a crucial gap: the chasm
between abstract ethical principles taught in academia and the complex, often «messy», realities of professional
practice within organizations. This heightened focus on organizational dynamics, power structures, and the
psychological pressures isn't accidental; it's driven by several converging factors that underscore its critical
importance.

While proficient in imparting abstract ethical principles and codes of conduct, traditional engineering ethics
education often fails to adequately prepare graduates for the complex realities of ethics decision-making within
contemporary organizational and societal contexts. This theory-practice gap is increasingly problematic as
engineers face escalating pressures from rapid technological advancements, globalization, intense market
competition, complex power dynamics within organizations, and heightened public scrutiny regarding the
societal and environmental impact. Consequently, engineers may find themselves ill-equipped to navigate real-
world ethical dilemmas where professional responsibilities conflict with organizational pressures, personal
values, or ambiguous situational factors, potentially leading to unethical conduct, harm to the public,
environmental damage, or erosion of trust in the engineering profession.

This study is needed to investigate the specific shortcomings of current pedagogical approaches and
identify effective strategies for bridging this gap. High-profile ethical failures in engineering highlight the severe
consequences that occur when ethical considerations are inadequately addressed in practice. The existing
chasm between academic ethical training and the realities of professional life suggests that current educational
models may not adequately emphasize the organizational, psychological, and systemic factors that influence
ethical behavior. Therefore, further research is needed to understand how engineering ethics education can be
reformed to more effectively integrate these complexities, ensuring future engineers are not only aware of ethical
principles but also possess the practical wisdom, courage, and skills to apply them under pressure within diverse
and challenging organizational environments.

The purpose of this study is to investigate the existing shortcomings of current engineering ethics
education based on the example of the Engineering and Technology Faculty students’ test group. The ultimate
aim is to propose evidence-based recommendations to enhance the preparedness of engineering graduates to
navigate ethical dilemmas effectively and responsibly within dynamic organizational and societal contexts.

To achieve the study’s purpose, the following research objectives will be pursued: to critically analyze
current pedagogical approaches, content, and assessment methods in engineering ethics education to identify
specific limitations in addressing problematic topics; to identify and characterize the common types of
organizational pressures (e.g., conflicts of interest, pressures to cut corners, loyalty dilemmas) and psychological
factors (e.g., obedience to authority, groupthink, moral disengagement) that engineers frequently encounter in
professional practice and analyze students’ preparedness to face them; to propose a framework or set of
actionable recommendations for enhancing engineering ethics curricula and pedagogical practices to better
equip future engineers for navigating the evolving landscape of ethical challenges in their professional lives.

Il Materials and Methods

Engineering ethics education, while crucial, often struggles to bridge the significant gap between abstract
ethical principles taught in academia and the nuanced realities of professional practice. While case studies are
staples, they are often presented retrospectively with clear «heroes» and «villains» or focus on catastrophic
failures. This can neglect the mundane ethical dilemmas and incremental decisions made under pressure. As
Newberry discusses, there’s a persistent challenge in making ethics education truly impactful and relevant to
the dilemmas students will face, moving beyond simplistic applications of codes to complex situations [9].
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Traditional formats often fail to simulate the pressure of real-world decision-making. Students don’t experience
the social dynamics or personal career risks involved in raising ethical concerns. While reviews [10] highlight
various interventions, the extent to which these fully replicate organizational pressures remains challenging.
Knowing the «right» thing is different from having the skills and courage to act on it effectively within an
organization. Pedagogy often underemphasizes how to navigate organizational politics or communicate
concerns persuasively.

Teaching engineering ethics often focuses on grand ethical theories and codes, which can seem detached
from day-to-day organizational drivers like profit motives and resource constraints. There’s insufficient content
on organizational behavior, corporate culture, and cognitive biases. Much content frames ethical dilemmas as
problems solvable by moral individuals, neglecting systemic pressures. Some researchers argue for broadening
ethics teaching beyond this individualistic approach to include social ethics and the role of engineers in societal
and organizational contexts, thereby addressing the systemic nature of many ethical problems [11]. At the same
time, the «micro-ethics» of daily professional conduct might be underrepresented. Teaching content may not
adequately help students develop a robust professional ethical identity that can withstand organizational
pressures.

As for limitations, assessments often prioritize recall of codes or theories, struggling to assess ambiguous
ethical reasoning or likely behavioral responses. So, the challenge lies in moving assessments beyond
theoretical understanding to evaluating practical ethical competence. Of course, qualities like integrity and
courage are hard to measure through traditional academic assessments, which can only add to the vagueness
of the problem.

For our study, we selected 1st and 4th-year students majoring in Industrial Engineering at the Faculty of
Engineering and Technology of Poltava State Agrarian University. Considering objective factors, a large and
multifaceted study requires many participants and a long time. Beginning with a smaller study group of 5-10
members offers distinct advantages before potentially expanding. In this setting, members often feel more
comfortable sharing ideas and asking questions without the pressure of a larger audience. Students perceive
group work as beneficial for gaining new perspectives and mutual support, experiences often amplified in
smaller, more manageable units [12]. This allowed more focused discussions and efficient problem-solving,
ensuring everyone grasps core concepts. It's also easier to effectively communicate and share study habits
within a smaller unit. Based on this, in general, 20 students were selected for participation. Each of the two
groups (10 students of the 1st course and 10 students of the 4th course) holds members of the same gender,
approximate age, and level of education.

At Poltava State Agrarian University, engineering ethics is introduced to students as an integral
component of the mandatory first-semester, first-year discipline titled «University Education». This foundational
course outlines the key characteristics of higher technical education in Ukraine, incorporating topics pertinent to
real-world engineering scenarios, and is generally designed to focus on the student’s adaptation to the evolving
demands of higher education [13]. For the present study, first-year students were selected because they had
recently covered these relevant ethical topics within the preceding 10 months of their university experience.
Fourth-year students were chosen as a comparative group; they had also completed this discipline in their first
year but had since augmented their theoretical knowledge with practical experience gained through several
industrial practicums at different enterprises and factories. Engagement in these industrial, rather than purely
academic, practicums is significant, it provides students with tangible experience in navigating multi-generational
teams, direct involvement in production processes, and an understanding of organizational management
hierarchies.

To effectively investigate the perceived and experienced gap between engineering ethics taught
academically and the complex realities of professional practice, a multi-method approach involving interviews,
questionnaires, and anonymous surveys was implemented. This allowed for in-depth qualitative insights and
broader quantitative comparisons between the target groups: 1st-year students with recent theoretical ethics
education, and 4th-year students who supplement this with industrial practicum experience. Before any data
collection, formal approval from students was obtained. All participants were provided with a clear explanation
of the study’s purpose, what their participation would entail, how their data would be used and protected, their
right to voluntary participation, and their ability to withdraw at any time without penalty. It was ensured that all
instructions were unambiguous and easy to understand.
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For the 1st year students, interviews and anonymous surveys explored understanding of ethical principles,
how they anticipate applying these in professional settings, and what ethical challenges they foresee. For the
4th year students, interviews and anonymous surveys delved into how their industrial practicums have shaped
their views on academic ethics, elicited specific examples of ethical dilemmas observed or experienced, and
understood how they navigated workplace dynamics concerning ethical conduct. The content of these surveys
and topics of interviews was somewhat based on the standardized DIT and DIT-2 tests — copyrighted
psychometric instruments developed by James Rest and colleagues, now managed and distributed by the
Center for the Study of Ethical Development at the University of Alabama [14]. While, of course, not the same,
created engineering-specific ethical dilemmas were specifically designed to assess students’ general
understanding and precise application.

Interviews were conducted in April and May 2025 using open-ended questions, allowing flexibility for
follow-up. The basic questions for both groups were the same — the only difference was that they asked students
to give an answer based on their experiences. All interviews were held in quiet, private locations. These are
some examples of asked questions: «When public safety conflicts with project cost or deadlines, how should an
engineer prioritize and justify their decision?», «When an engineer's duties to their client, employer, and the
public conflict, how should they determine which takes precedence?», «What key ethical issues should
engineering teams proactively address at the start of any new project?», etc. Questionnaires and anonymous
surveys, conducted at the same time, were used to gather specific information, enabling quantitative
comparisons between 1st and 4th-year students, and to collect honest responses on potentially sensitive topics
through anonymity. Surveys measured agreement and commonness of the answers with closed-ended
questions, trying to gauge true feelings about pressures to act unethically, willingness to report concerns, and
actual (unattributed) experiences of ethical breaches during practicums from recipients. Closed-ended questions
sounded like «In a situation where an employer’s demands conflict with the public's best interest, is an engineer's
primary obligation always to the public?» or «Do you believe that university ethics education has adequately
prepared you to identify and navigate potential conflicts of interest in professional settings?», etc. The survey
was distributed through an online platform (Google Forms). Because these surveys were anonymous, no
identifying information (names, specific student IDs) was collected.

Questionnaires were constructed as ethical dilemmas. The core of the dilemmas remains the same for
both 1st and 4th-year students, as ethics principles are constant. The key difference lay in the depth of
understanding of the contextual factors, the range of potential solutions considered, and the perceived weight
of consequences based on experience. These artificially constructed dilemmas were used to reveal how
experience shapes professional judgment. Each of the five dilemmas had a specific scenario covering one of
the core themes selected for this study. For example, the «Inspired Design Dilemmax had the following scenario:
«As a junior design engineer, you're pressed to complete a new product design. You remember a very similar,
effective solution to a key problem in a publicly available technical paper from a competitor (not patented).
Directly incorporating significant elements would save weeks and likely improve the product. Your company
rewards rapid innovation». In this example, the main ethical dilemma is about the ethicality of «borrowing» from
the competitor’s public design to meet deadlines and impress your bosses. These dilemmas were discussed
directly within the groups, comparing their reasoning, the factors they prioritize, and the proposed solutions,
highlighting how experience (or lack thereof) shapes ethical decision-making in practice.

Despite their capacity to reveal nuanced differences, these dilemmas are intentionally designed around
simple principles, such as honesty, public safety, responsibility, professional integrity, etc. The scenarios are
typically straightforward, presenting clear-cut conflicts that students can readily grasp, even with limited real-
world engineering experience. This inherent simplicity ensures that the fundamental ethical tension is easily
understood, allowing students to engage with the core problem without being bogged down by excessive
technical complexity or obscure contextual details. The goal is to provide an accessible entry point for ethical
reasoning, laying a foundation before possibly exploring more intricate variations.

The comprehensive analysis of student responses employed a robust mixed-methods research design,
integrating quantitative and qualitative data processing techniques to capture the full spectrum of insights. For
data derived from anonymous Google Forms surveys featuring closed-ended questions, statistical analysis was
conducted primarily using software packages such as advanced functionalities within Microsoft Excel. The initial
phase involved generating frequencies and percentages for categorical responses to understand the distribution

22



ISSN 2307-9770. Engineering and Educational Technologies, 2025, 13 (2), 18-30.
CC-BY © KrNU, EETECS, Priliepo, N., Borovyk, O., 2025

of choices and opinions. Then, they were visualized using bar charts, histograms, or pie charts to provide an
accessible overview. For rich textual data gathered from written open-ended questions within surveys and
detailed transcripts of group discussions and individual interviews focused on ethical dilemmas, qualitative
analytical methods were crucial. Qualitative content analysis focused on interpreting the meaning and
significance of content within its context, examining the presence, meanings, and relationships of specific words
and concepts. Narrative analysis was used for content that involved storytelling or detailed accounts of reasoning
processes to understand how students construct meaning and structure their ethical arguments.

The findings from quantitative and qualitative analyses were integrated to provide a more holistic and
validated understanding. For instance, detailed explanations found in open-ended answers or discussion
transcripts were illuminated and contextualized by the statistical trends identified in survey responses.
Conversely, themes emerging from qualitative data provided new hypotheses to be tested quantitatively in future
studies.

lll Results

Given the critical importance of ethics in engineering, its education cannot be a static enterprise. It must
be dynamic and responsive to the evolving nature of the profession itself and the ethical challenges it faces.
Early approaches to engineering ethics education often focused heavily on the memorization and application of
professional codes of ethics. While understanding codes is essential, contemporary ethics education recognizes
that codes alone are insufficient for navigating complex, novel, or ambiguous ethical dilemmas. As Michael Davis
argued, codes are a good starting point, but true ethical competence requires developing skills in ethical
reasoning, critical thinking, and moral imagination [15]. Modern pedagogy, therefore, emphasizes the
development of these cognitive skills, enabling students to analyze situations, identify ethical issues, consider
different perspectives, and justify their decisions based on sound ethical principles. The field has seen significant
pedagogical innovation aimed at making ethics education more engaging and effective for engineering students,
who are often pragmatic and problem-oriented.

Case studies remain a cornerstone, but they have evolved from simple, often decontextualized scenarios
to more complex, realistic, and open-ended narratives that reflect real-world engineering, such as those
discussed by M. S. Pritchard [4]. These typically include organizational pressures and stakeholder conflicts.

Different active learning strategies are becoming more popular. Role-playing scenarios allow students to
experience ethical dilemmas from different perspectives and practice communication skills. Debates on
controversial ethics issues can sharpen critical thinking and argumentation, and simulations can immerse
students in decision-making processes under pressure [16].

A particularly influential, relatively recent development is the GVV (Giving Voice to Values) curriculum
pioneered by Mary Gentile [17]. GVV shifts the focus from ethical analysis (identifying what is right) to ethical
implementation (developing strategies to act on one’s values effectively, especially in the face of opposition or
organizational pressures). This approach resonates strongly with the practical orientation of engineering
students and addresses the challenge of moving from knowing to doing.

As noted earlier, new technologies bring new ethical challenges. Engineering ethics education must
continuously update its content to address these. This includes Al, biotechnology, and cybersecurity ethics. It's
also increasingly recognized that individual ethical decision-making is heavily influenced by organizational
culture, power dynamics, financial pressures, and systemic factors of one’s place of employment. As such, ethics
education is expanding to include concepts like groupthink, normalization of deviance, obedience to authority,
ethical leadership, organizational climate, and moral distress. So, assessing the effectiveness of ethics
education is a complex but crucial endeavor. This field is moving beyond simply testing knowledge of codes or
theories, now, efforts are focused on assessing changes in students’ moral reasoning capabilities, often using
instruments like the Defining Issues Test (DIT), or developing specific rubrics to evaluate their ethical analyses
in written assignments or case study responses.

In many foreign countries, accreditation bodies, most notably ABET (Accreditation Board for Engineering
and Technology) in the United States, play a significant role in shaping engineering curricula, including ethics
education. ABET's Criterion 3, student outcomes, explicitly requires programs to demonstrate that their
graduates have «an ability to recognize ethical and professional responsibilities in engineering situations and
make informed judgments, which must consider the impact of engineering solutions in global, economic,
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environmental, and societal contexts» [18]. This mandate ensures that ethics remains a core component of
engineering education and drives institutions to evaluate and improve their approaches continuously.

In real life, engineers frequently navigate a complex landscape where organizational pressures and
internal psychological factors can significantly challenge their ethical decision-making and professional integrity.
Typically, they include conflicts of interest that arise when an engineer’s interests (financial, familial, reputational,
etc.) or loyalties could improperly influence, or appear to influence, their professional judgment or actions,
potentially compromising objectivity or fairness in their duties. For example, recommending a supplier in which
they have a personal financial stake.

Pressures to cut corners driven by tight deadlines, budgetary constraints, or competitive demands may
compromise quality, safety standards, thoroughness of testing, or ethical considerations to save time or money.
This can involve using substandard materials or skipping crucial design verification steps. Engineers often feel
strong loyalty to their employer, colleagues, or clients. This can create loyalty dilemmas and conflicts when these
loyalties clash with their primary responsibility to public safety, health, and welfare, or with legal and ethical
codes. For instance, being asked by a manager to conceal a design flaw from a client.

While not inherently unethical, relentless focus on meeting aggressive timelines and staying under budget
(schedule and budgetary constraints) can create an environment where ethical considerations are downplayed
or ignored, leading to decisions that prioritize project completion over safety or quality. Pressure to conceal
information or misrepresent data can involve being asked to withhold negative test results, exaggerate a
product’s capabilities, or downplay potential risks to secure a contract, appease stakeholders, or avoid regulatory
scrutiny.

Simultaneously, engineers are susceptible to several psychological factors that can impair ethical
judgment, for example, obedience to authority — a well-documented phenomenon [19] where individuals are
inclined to comply with directives from perceived authority figures, even if those directives conflict with their own
ethical judgment or professional standards. An engineer might follow a superior's unethical instruction due to
fear of reprisal or deference to their position. Groupthink occurs in cohesive groups where the desire for
conformity and unanimity overrides realistic appraisal of alternative courses of action or critical evaluation of
ethical implications. Individuals may suppress dissenting opinions to maintain group harmony, leading to poor
and potentially unethical collective decisions.

A set of psychological mechanisms that individuals use to rationalize or justify unethical behavior, allowing
them to act against their moral standards without self-condemnation, is known as moral disengagement.
Examples include euphemistic labeling (calling bribery «facilitation fees»), advantageous comparison
(comparing an unethical act to something worse), or displacing responsibility. In large teams or complex
organizational structures, individuals may feel less personal accountability for the outcomes of collective actions,
believing that others are responsible or that their contribution is insignificant. This diffusion of responsibility can
lead to inaction in the face of ethical concerns.

Normalization of deviance is a gradual process where small, seemingly minor deviations from accepted
standards or ethical norms become accepted practice over time. Each small step away from the ideal seems
inconsequential, but cumulatively, they can lead to significant ethical lapses or even disasters, as the
«abnormal» becomes the «new normal». Understanding these intertwined organizational and psychological
dynamics is crucial to identifying and mitigating ethical risks, thereby upholding their commitment to public safety
and professional standards. As for the results of the conducted research, the primary difficulty in numerically
representing data from interviews and open-ended questions is the unavoidable loss of rich nuance and context.
The researcher must interpret and code subjective, often conditional, responses into fixed categories, a process
that inherently oversimplifies complex personal beliefs and introduces potential bias. Therefore, as this study is
a cross-sectional analysis of existing opinions rather than a psychological survey, the charts successfully fulfill
their intended purpose by providing a clear and impactful snapshot of the prevailing attitudes within each cohort
at a specific moment in time.

The interview data (Fig. 1) reveal a systematic erosion of students' stated commitment to foundational
ethical principles as they progress through their engineering education. While first-year students express near-
unanimous agreement with core ethical tenets, fourth-year students consistently show a diminished, more
cynical perspective. This suggests that exposure to the perceived realities of the profession tempers their initial
idealism and forces a recalculation of what is practically achievable versus what is ethically ideal.
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INTERVIEWS ANALYSIS

1st year M 4thyear

Proactive ethical consideration requirement
Prevailing of individual decisions s 0%

Cruciality of honesty in reporting

Prevailing of public loyalties over client/employer
Data integrity as a duty

Prevailing of environmental responsibility
Whistleblowing as an ethical duty

Prevailing of public safety over cost/schedule

Fig. 1. Graphical representation of interview analysis

There is a stark decline in the prioritization of public good over other pressures. The belief that public
safety should prevail over cost/schedule drops from 90% to 60%, and that public loyalty trumps loyalty to a
client/employer fall from 70% to 40%. Similarly, commitment to environmental responsibility plummets from 80%
to 40%. This indicates that senior students are internalizing the organizational and financial pressures that often
conflict with their duty to the public. The most dramatic shift is seen in the perception of «whistleblowing as an
ethical duty», which falls from 70% among first-year students to a minority position of 30% among fourth-year
students. This aligns perfectly with previous data showing a perceived lack of support and a fear of reprisal.
Senior students have clearly learned that speaking out, while ethically correct in theory, is a personally risky and
often unsupported action in practice.

The only metric that increases is the «prevalence of individual decisionsy, which more than doubles from
30% to 70%. This is a crucial finding. It suggests that as students lose faith in organizational support systems
and collective ethical standards, they conclude that ethical choices are ultimately a matter of individual, isolated
struggle. They no longer see ethics as a shared, systemic responsibility but as a burden the individual must bear
alone. In conclusion, the interview analysis shows that while students may enter their studies with strong ethical
convictions, their educational journey — coupled with exposure to professional norms — systematically dismantles
this certainty. By their final year, they are less likely to prioritize the public, far less willing to act as whistleblowers,
and feel that the burden of ethical decision-making rests solely on their shoulders, highlighting a profound need
for an educational model that builds resilience and provides practical strategies for upholding ethics within
complex systems.

The data below (Fig. 2) also paints a vivid picture of a «reality check» that occurs as engineering students
progress through their academic careers. The findings strongly suggest that as students gain more knowledge
and exposure to the profession (through internships, advanced projects, and industrial practicums), their initial
optimism is replaced by a soberer and critical understanding of the ethical challenges they will face. Fourth-year
students are significantly more aware of the constant pressure in the field and the difficulty of real-life application
of ethical principles. Their education has made them more attuned to the gap between classroom ideals and
professional realities. The most telling finding is the dramatic drop in perceived «sufficiency of basic education
in ethics» from 80% to 30%. First-year students enter with faith in the curriculum, but by their final year, they feel
it has not adequately prepared them for the complexities of the real world. The shift from 40% to 0% on «effective
engineer support and protection» is alarming. It indicates that senior students have become completely
disillusioned, believing that formal systems to protect engineers who act ethically are non-existent or ineffective.

As awareness of external pressures and lack of support grows, students' confidence in their own
«effectiveness of pressure resistance» is halved. They realize that navigating ethical dilemmas will be much
harder than they initially thought. In conclusion, this data validates the hypothesis that traditional engineering
ethics education is insufficient. It shows that as students approach graduation, they increasingly recognize the
intense pressures, lack of institutional support, and practical difficulties of applying ethics, leaving them feeling
vulnerable and ill-equipped for the professional world.
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HIGHLIGHTS OF SURVEYS ANALYSIS

1st year M 4th year

Difficulty of real-life application 40%

Prevailing of unwritten rules and regulations 20%

Existance of constant pressure

Priority of society interests 60%

Sufficiency of basic education in ethics 30%

Effective engineer support and protection

Effectivness of pressure resistance
Fig. 2. Graphical representation of surveys highlights

This analysis (Fig. 3) continues to reveal a troubling erosion of ethical absolutism as students advance
through their engineering education. The data indicates a consistent shift from idealistic, principle-based
decision-making among first-year students to a more pragmatic, and often ethically flexible, mindset among
fourth-year students. The most dramatic finding is in the «Substandard Component Dilemma». While 100% of
first-year students would insist on the higher moral ground even if it caused delays, this conviction drops to 60%
among fourth-year students. This signifies a major shift, where nearly half of senior students are willing to
compromise on safety or quality to meet project timelines, a clear nod to perceived industry pressures. There is
also a further significant increase in the willingness of senior students to make actively unethical choices. For
instance, the readiness to misrepresent data to avoid conflict («Altered Emissions Data») more than doubles
from 20% to 50%, and the willingness to deploy a known «Biased Al Algorithm» skyrockets from 20% to 70%.
This suggests that senior students see such compromises as a more realistic or necessary part of the job.

ETHICAL DILEMMAS ANALYSIS

1st year M 4th year

Deploying potentially biased Al (The Biased
Algorithm Dilemma)

Reporting safety violations, risking resentment (The 20%
Workplace Safety Shortcuts Dilemma)

Developing a fully original solution (The "Inspired” 70%
Design Dilemma)

Misrepresenting data, but avoiding conflict (The
Altered Emissions Data Dilemma)

Insisting on the higher moral ground, causing 60%
delays(The Substandard Component Dilemma)

Fig. 3. Graphical representation of ethical dilemmas analysis

The «Workplace Safety Shortcuts Dilemmay provides stark evidence of how students learn to navigate
organizational dynamics. The willingness to report safety violations plummets from 60% in the first year to just
20% in the fourth year. This demonstrates that senior students have become acutely aware of the personal risks
associated with whistleblowing and are far less likely to challenge the status quo, aligning with the previous
chart's finding of a perceived lack of engineer support. In summary, this data illustrates the «theory-practice
gap» in action. Students enter their education with strong, clear-cut ethical principles. However, by the time they
are ready to graduate, their perspective has been reshaped by an awareness of professional pressures, leading
to a greater willingness to compromise on safety, misrepresent data, and stay silent about violations. This
highlights a critical failure of current education to equip students with the skills and courage to uphold their initial
ethical convictions in the face of real-world complexities.
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At the same time, more seasoned students demonstrate a deeper understanding of complex contextual
factors, moving beyond simplistic rule-following to consider stakeholder interests, societal impacts, and
unspoken professional norms. This also typically correlates with a broader range of potential solutions
considered, extending beyond immediate technical fixes to encompass communication strategies, policy
adjustments, or long-term preventative measures. Consequently, the perceived weight of consequences tends
to be more profound and far-reaching for experienced individuals, who are better equipped to anticipate
cascading effects on public safety, environmental integrity, and professional reputation, unlike novices who might
focus on more immediate or personal repercussions.

IV Discussion

Moving beyond purely theoretical instruction in engineering ethics towards more immersive, practice-
oriented pedagogical approaches is profoundly important and seems like the only right step. While
understanding ethical codes and philosophical principles provides a necessary foundation, it often fails to equip
students for the ambiguous moral landscapes they will inevitably encounter in their careers. Immersive methods
bridge this critical gap. These active learning strategies compel students to grapple with conflicting values,
stakeholder interests, and the tangible consequences of their decisions.

By engaging in these practical exercises, aspiring engineers develop crucial critical thinking, moral
reasoning, and communication skills under pressure. They learn to identify ethical issues proactively, analyze
them from multiple perspectives, and articulate justifiable courses of action. Furthermore, such approaches
foster a deeper sense of empathy and professional accountability, as students confront the human impact of
engineering choices. This practical application helps internalize ethical principles, transforming them from
abstract concepts into guiding tenets for professional conduct. Ultimately, this pedagogical shift not only teaches
ethics but also aims to cultivate engineers with a robust ethical compass, prepared to uphold public safety,
welfare, and the integrity of the profession. The recommendations below, based on the study results, ensure
future engineers are not only technically proficient but also ethically astute, ready to make sound judgments in
complex situations.

Implementing advanced Case-Based Learning (CBL) with complex and ambiguous scenarios will move
beyond simplistic right-versus-wrong cases to those mirroring real-world professional life, characterized by
incomplete information, conflicting stakeholder interests, significant uncertainties, and multiple viable (yet
imperfect) solutions. Such scenarios integrate technical complexities with socio-ethical dimensions, forcing
students to grapple with nuance [20].

Fostering direct engagement with industry professionals and incorporating structured interactions such
as guest lectures by engineers sharing their ethical dilemmas, mentorship programs, site visits, and collaborative
projects with industry or community partners. This provides students with firsthand accounts of organizational
pressures and the practical application of ethical principles, as advocated in community-engaged learning
approaches [21].

Employing interactive role-playing and simulations that design role-playing exercises where students
adopt different stakeholder perspectives (e.g., project manager, junior engineer, client, regulatory body) in an
ethical conflict can also be quite beneficial. Digital or virtual reality simulations [22] create immersive
environments where students can make decisions under simulated pressures (like time, budget, authority) and
experience their consequences in a safe space. Introducing students to various diverse established ethical
theories (utilitarianism, deontology, virtue ethics, care ethics) and practical decision-making models encourages
students to articulate their reasoning, justify their choices, and anticipate counterarguments.

It's imperative to cultivate a proactive, ethical mindset and professional identity in any student. Regular
reflective practice encourages students to critically examine their values, biases, emotional responses to ethical
dilemmas, and how these might influence their professional judgment and development of professional identity
[10]. Explicitly discussing common pressures like conflicts of interest, loyalty dilemmas, obedience to authority,
and groupthink equips students with strategies for ethical dissent, whistleblowing (and its protections or risks),
and fostering ethical leadership within teams.

Longitudinal and horizontal ethics integration shifts from isolated ethics modules to weaving ethical
considerations throughout the entire engineering curriculum, connecting them to technical subjects (e.g., safety
factors in design, data privacy in software engineering, environmental impact in materials selection), reinforcing
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the idea that ethics is integral to engineering practice. University curriculum must be dynamic, incorporating
contemporary issues and social justice implications of technology [23].

The dynamism of engineering ethics education is not only a response to changes within engineering itself
but is also profoundly shaped by the evolving societal context in which engineering is practiced. Societal values,
expectations, and challenges are not static; they shift over time, often in response to technological
advancements, cultural movements, and global events. The sheer pace of technological change, typically
described as exponential, means that new technologies with significant societal impact emerge faster than
society can fully comprehend or develop ethical and regulatory frameworks for them. This requires engineers to
engage in «anticipatory ethics» — to proactively consider the potential ethical implications of their work before
technologies are widely deployed. The pervasiveness of technology, from smartphones to loT devices, means
engineering decisions have more intimate and widespread effects on daily life than ever before, heightening
ethical scrutiny.

Engineering is an increasingly global profession. Engineers work on international projects, in multicultural
teams, and for multinational corporations. This globalization brings them into contact with diverse cultural norms,
legal standards, and ethical expectations [24]. What might be considered acceptable practice in one culture
could be ethically problematic in another, so engineering ethics education must therefore equip students with
cross-cultural competence and the ability to navigate these complex ethical terrains, understanding that
universal principles may need culturally sensitive application. This involves grappling with ethical relativism
versus universal ethical principles. There is a growing awareness of how engineering designs and technological
systems can inadvertently (or sometimes intentionally) perpetuate or exacerbate social inequalities. Examples
include biased algorithms in Al that discriminate against certain demographic groups [25] or infrastructure
projects that disproportionately benefit affluent communities while disadvantaging marginalized ones.
Engineering ethics is increasingly incorporating principles of social justice, calling for engineers to consider the
equitable distribution of benefits and burdens of their work and to design for inclusivity [26]. As the realities of
climate change, resource depletion, and biodiversity loss become more urgent, societal expectations for
environmental responsibility also shift. This has moved sustainability from a niche concern to a central ethical
imperative — the public increasingly demands that engineering solutions be environmentally sound, contributing
to a circular economy and mitigating climate impacts. Modern advances in robotics, automation, and Al are
poised to transform the labor market, potentially displacing large numbers of workers across various sectors.
This raises profound ethical questions about economic disruption, social safety nets, the purpose of work, and
the distribution of wealth generated by these automated systems [27]. Engineers developing these technologies
are not isolated from these societal impacts. Ethical considerations include designing Al systems that augment
rather than simply replace human capabilities, considering the retraining and societal adjustments needed, and
engaging in public discourse about the future of work in an increasingly automated world.

The validity of the hypotheses proposed in the Introduction is strongly supported by the results of this
study. Indeed, traditional ethics education, while strong in principle, demonstrably leaves a significant gap
between theory and practice. It can be increasingly perilous amidst escalating pressures from technological
acceleration, global competition, and complex organizational dynamics. Consequently, even 4th-year students
are often ill-equipped to navigate the nuanced ethical dilemmas they encounter in their professional lives.
Current pedagogical models (static presentation of the content of the codes of conduct and superficial
consideration of known disasters) are confirmed to inadequately address the critical organizational,
psychological, and systemic factors that heavily influence decision-making. Engineers often face conflicts
between their professional duties, corporate pressures, and personal values, with no clear tools to resolve them.
The direct result is an increased risk of public harm, environmental damage, and a significant erosion of trust in
the profession. Therefore, the call to change engineering ethics education is not merely academic but an urgent
professional necessity. Integrating methodologies such as CBL (Case-Based Learning), GVV (Giving Voice to
Values), and active role-playing scenarios is therefore essential, as these are the very tools that cultivate
engineers who possess not just theoretical knowledge but the practical wisdom and courage to apply ethical
principles under real-world pressure.
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V Conclusion

This study’s empirical results confirm and quantify a deeply concerning trend: the systematic erosion of
ethical commitment as student progress through their engineering education. The findings starkly illustrate that
while students enter their studies with strong idealistic convictions, they graduate with a more cynical, pragmatic,
and ethically flexible mindset. This is evidenced by a precipitous drop in their willingness to prioritize public safety
over project constraints, a profound fear of whistleblowing, and a growing readiness to make unethical
compromises such as misrepresenting data or deploying biased Al. This quantifiable decline directly validates
the study's central hypothesis and goes beyond the widely accepted notion of a «theory-practice gap»; it charts
the very process of its formation.

These findings directly refute the implicit theory that a knowledge-based education centered on abstract
principles and codes is sufficient to ensure ethical practice. Instead, this research lends powerful support to
theories from social psychology and organizational behavior, demonstrating that perceived situational pressures
—such as lack of institutional support and fear of reprisal — are dominant factors in shaping professional ethical
decision-making. The scientific novelty of this work lies in its empirical demonstration of this «ethical
disillusionment», moving the academic discourse from a theoretical problem to a measurable educational failure.
It advances scientific knowledge by showing that students are not merely becoming more «realistic» but are
internalizing a sense of isolation and concluding that ethics is an individual burden rather than a shared
professional responsibility.

The practical significance of these results is profound and urgent. They provide a clear mandate for a
fundamental change from passive instruction toward active, experiential learning. To be effective, engineering
ethics education must explicitly address and simulate the organizational and psychological pressures students
will face. The results can be used to design curricula that integrate high-fidelity case studies, role-playing
scenarios focused on navigating conflict, and strategies for building moral courage and ethical resilience. For
future research, this study lays the groundwork for longitudinal studies to track the real-world behavior of
graduates from these reformed programs and for comparative analyses across different institutional settings to
refine these crucial pedagogical interventions further.
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