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Abstract

Abstract: This paper presents a comprehensive overview of the
evolution, current landscape, and future trajectory of Cognitive
Ergonomics (CE) in Europe, based on discussions at the ECCE con-
ference in 2024 in Paris, France. CE, grounded in disciplines such
as cognitive psychology, computer science, and human factors, has
evolved through technological and methodological shifts. Histor-
ically, CE addressed issues of human error and usability in early
computing contexts, progressing from individual-focused models
to complex socio-technical and human-Al systems. European devel-
opments have been shaped by regional paradigms—Scandinavian
participatory design, British psychological frameworks, Italian au-
tomation methodologies, French task analysis, and interdisciplinary
German approaches—reflecting diverse academic and industrial
contexts. Human error research, particularly its systemic framing
and ethical dimensions, has remained a central theme, with increas-
ing relevance in emerging intelligent technologies. Recent trends
highlight the integration of generative Al, brain-computer inter-
faces, and human-machine collaboration. Future challenges include
addressing ethical concerns, preserving human autonomy, and pro-
moting sustainable interaction design. This review underscores
the continued importance of CE in guiding responsible techno-
logical innovation and calls for stronger collaboration between
researchers, industry, and policymakers. By examining CE’s mul-
tidisciplinary roots and regional expressions, the paper aims to
contribute to a deeper understanding of its evolving role in shaping
human-centered technology.

CCS Concepts
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1 Introduction

On October 11, 2024, the European Association of Cognitive Er-
gonomics (EACE) facilitated an interactive forum at ECCE 2024
in Paris, France. The forum used digital participation tools to ex-
plore interactively the history, present state, and future of Cognitive
Ergonomics (CE) in Europe, along with its evolving domain and
significance. Participants engaged in discussions and shared ideas
through an interactive tool, ensuring an inclusive exchange of in-
sights. The topic areas covered on the forum were structured around
these CE themes:

e Disciplinary roots of CE
o CE paradigms

e CE in Europe

o CE outside Europe

o CE Futures

and these are now discussed in turn.

2 Disciplinary roots of cognitive ergonomics

Cognitive Ergonomics has its roots in various disciplines, including
process control, art, education, and medicine. Historically, physics
and physiology have played significant roles in shaping cognitive
approaches, yet contemporary studies often overlook the integra-
tion of physics, despite its foundational influence on key CE con-
cepts such as workload, effort, time, and visual exploration. The
field also draws from cognitive psychology, ergonomics, computing,
cybernetics, information theory, sociology of innovation, work psy-
chology, and decision-making. Contributions from neuroscience,
science and technology studies, philosophy, ethics, and social psy-
chology further enrich the discipline, expanding its application to
accessibility and human-centered design.

3 Paradigms in cognitive ergonomics

The evolution of CE paradigms has been shaped by an inventory
of past and emerging approaches. New paradigms often emerge
as reactions to novel technical advancements, influencing areas
such as programming languages, usability, user interface design,
mental models, and user experience. Key perspectives include hu-
man information processing, cognitive load, attentional capacity,
mental workload, and human-computer interaction. The field also
encompasses varied focuses, including company-, designer-, user-,
stakeholder-, system-, and environment-centric approaches.

In particular, distinct strands exist within CE, such as cutting-
edge technologies such as virtual reality, applied psychology in
machine interaction, interaction design, and sociotechnical systems
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that examine group interactions in work and political environments.
In addition, CE benefits from both experimental psychology and
real-world ecological studies, balancing methodological rigor with
practical applicability. In the field of CE, human error has been one
of the most widely debated areas of study in Europe, marked by a
considerable diversity of approaches.

Several phases can be identified. Initially, almost a century and a
half ago, attention to human error focused on perceptual, cognitive,
and psychological processes [21, 35], with an emphasis on the indi-
vidual. Over time, scholars expanded their perspective to consider
interactions between operators, contexts, and technologies. This
shift began notably in the 1950s [37], when human error began to
be understood within sociotechnical organizational models. Early
CE paradigms were triggered by the available and developing state
of technology. The computers that were available around 1960 had
limited hardware memory (e.g., 12 K memory words of 32 bits, a
single accumulator), input/output through a row of switches and
lamps, and a connected telex machine (that read / punched 5- or
7-hole symbols in paper tape). The most advanced languages for
these machines were the procedural programming language FOR-
TRAN [4] and ALGOL 60 [5], and the list processing language LISP
[26]. In 1963, Engelbart demonstrated the first computer mouse, a
large step in ergonomic human-computer interaction design [15].

As programable computers were immediately used in many dis-
ciplines and for many professions, the choice of programming lan-
guage and program paradigms were found to have an ergonomic
effect, both on the original process of programming, but also on
maintenance and sustainability. Edgar Dijkstra strongly advocated
for procedural design of programs and against the use of go-to
commands [14].

An early operating system, annex programming environment
(since 1969), intended to be used by scientists as well as office
workers, was UNIX [32], though Cognitive Psychological analysis
revealed that the use by non-experts required considerable attention
[27].

4 Cognitive ergonomics in Europe

The European situation of CE started at several locations. Profes-
sionals originally published, and read, in their own language, but
English as a second language was increasingly common for interna-
tional conferences, scientific collaboration, and Europe-wide spon-
sored projects. The development of User Interface Management
Systems (UIMS) [28] was a typical European breakthrough, trigger-
ing attention for user needs and for adaptive systems. Conference
series developed focusing on the relation between Psychology and
Informatics [36], leading to the concepts of Software Ergonomics
and Interactive Systems [19].

An originally typical Scandinavian focus was on “work”, collabo-
ration, and participatory design [11]. British and French university
teams collaborated in European ESPRIT projects on Process Control
and related theory development [10] [9] and on the Psychology of
Programming Interest Group (https://ppig.org). In Spain, Cognitive
Psychology groups started cognitive psychological research by fo-
cusing on the user’s mental model of the system [13], Design for
Cultural Heritage [34], and on design for users with special needs

[2].
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A pivotal moment that brought human error to the forefront of
scholarly attention was The NATO Conference on Human Error,
organized by Neville Moray and John Senders in Bellagio, Italy,
in September 1983. During this event, the 23 participants were
invited to reflect on a set of key issues. It was on this occasion that
David Woods presented a position paper advocating for a shift in
focus "behind human error"—toward the various aspects of design
that can lead to what they termed system-induced error. These
were also the years in which Erik Hollnagel and David Woods
were developing their new approach known as Cognitive System
Engineering [20], and around the same period, Jens Rasmussen
introduced his action control model, commonly referred to as the
skill-rule-knowledge model, later detailed in his book Information
Processing and Human-Machine Interaction [30](1986).

At the end of the 20th century, focused academic centers devel-
oped, e.g. the Man-Computer Interaction Research project (MAC-
INTER, 1979-1986) at Humboldt University, related to the Interna-
tional Union of Psychological Science (IUPsyS), with colleagues
from German-speaking and other European countries.

Conferences like EURINFO ’88 — “First European conference
on information technology for organizational systems”, and EU-
TECO ’88 - “Research into Networks and Distributed Applications”,
served to report and disseminate results and stimulate more inter-
national collaboration, as did the COST Action of the European
Communities.

In response to both theoretical and practical pres-
sures—especially as incidents and disasters in service and
high-risk production systems increased—British psychologist
James Reason [31] introduced a classification of human error,
distinguishing between execution errors (slips and lapses) and
planning or problem-solving errors (mistakes). He also developed
the Swiss-cheese model to illustrate how multiple layers of
organizational defenses can fail, leading to accidents. That
book already contained a vast amount of research devoted to
understanding human error, reflecting the wide range of analytical
approaches available at the time, an impressive body of work that
laid the foundation for influential theoretical developments.

Among the many contributions in this flourishing intellectual
landscape, Liam Bannon [8] deserves mention for his theoretical
reflections on the "social" nature of work, and for his argument
that computer systems should support—not hinder—human activity.
Equally illuminating are the contributions of Jean-Michel Hoc, who
situated human error within the collaborative processes between
natural and artificial agents. Rather than viewing error as a devia-
tion from a normative standard, he conceptualized it as the result
of cognitive regulation under conditions of incomplete information,
time pressure, and increased workload [18].

Theoretical reflections on human error have been consistently
supported by both laboratory and field studies. Among the many
contributions, the work of Frese and colleagues stands out for hav-
ing expanded the understanding of errors in everyday operational
activity, highlighting the potential positive value of errors—for in-
stance, in promoting the discovery of new interactive possibilities
with the system [16]. In a seminal study conducted at the University
of Giessen in Germany, they recreated a realistic computer training
context. Participants, divided into two groups, either received or
did not receive training specifically aimed at error management.
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Their findings showed that error management training can im-
prove performance, particularly in tasks not performed under time
pressure.

Other studies have focused on real-world contexts. For example,
Mazabheri et al. [25] analyzed 115 grounding incident reports from
the Finnish Safety Investigation Authority and the UK Marine Acci-
dent Investigation Branch, along with 163 near-grounding incident
reports from the ForeSea and Finnpilot databases. This field-based
data analysis led them to develop a revised version of the Human
Factors Analysis and Classification System (HFACS) as a framework
for reviewing incident reports. Their findings indicated that after
mechanical failures, human error is the second most reported cause
of incidents. However, the authors pointed out that this may largely
be the result of the presence of a blame culture in the reporting
practices of the sector.

Currently, research on human error is increasingly addressing
technological contexts, particularly those involving interaction with
intelligent technologies. This includes research into morally unac-
ceptable behavior produced by social robots [17, 22, 33, 38] as well
as studies on errors committed by Artificial Intelligences and judged
in terms of severity by human observers [1, 29, 39]. Further investi-
gations focus on errors emerging in integrated human-intelligent
system interactions [3, 12, 23, 24].

In summary, Europe has developed—and continues to move to-
ward—a wide range of approaches to the study of human error,
ranging from individual-centered frameworks to integrated models
that account for the interactions between humans, organizations,
and evolving technologies, reflecting the diverse cultural and scien-
tific perspectives across countries.

The development of CE in Europe varies across regions, with
different schools of thought, industry applications, and influential
figures shaping its trajectory. Historically, European developments
in CE have been influenced by regional variations in academic
and industrial research. In the German-speaking region, early re-
search focused on user interface management systems and inter-
disciplinary collaboration between informatics and psychology.
Scandinavian countries pioneered participatory design, emphasiz-
ing user involvement in system development. The United Kingdom
contributed significantly through cognitive psychology and human
factors research, leading to practical applications in industrial de-
sign. France, with institutions such as INRIA, played a vital role
in advancing task analysis and cognitive ergonomics in process
control systems.

In Italy, CE was once a unified discipline but has since frag-
mented into specialized fields such as SIGCHI. However, Italian
pioneers such as Sebastiano Bagnara played a crucial role in inte-
grating cognitive psychology with human-computer interaction
and interaction design. His contributions span theoretical research,
ergonomics, and applied psychology, influencing education and
training methodologies in automation [7] [6]. Efforts to reintegrate
these areas through a shared ethical perspective could enhance
cohesion and impact. Similarly, French-speaking ergonomics has
traditionally emphasized field-based applications over experimental
research, with ongoing discussions about the integration of diverse
perspectives, including UX, neuro-ergonomics, and occupational
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health. Industry engagement with CE remains limited, with compa-
nies more frequently addressing user experience and human factors
rather than explicitly recognizing cognitive ergonomics.

5 Cognitive ergonomics outside Europe

Beyond Europe, CE follows varied trajectories influenced by re-
gional academic traditions, technological advancements, and indus-
try needs. Past paradigms in global CE have responded to emerging
technologies, fostering approaches like user-centered design, par-
ticipatory design, and human-media interaction. Cross-cultural
studies highlight the challenges of differentiating national iden-
tity from broader cultural influences, raising questions about the
role of beliefs, religion, and economic development in shaping CE
applications. Ethical considerations, regulatory frameworks, and
international collaborations are critical factors in advancing CE on
a global scale.

6 Future directions in cognitive ergonomics

The future of CE encompasses numerous emerging trends, including
advancements in brain-computer interfaces, generative Al, and par-
ticipatory design. Discussions on AI’s role in CE suggest that while
AI can complement human capabilities, ethical design and gov-
ernance are necessary to mitigate unintended consequences. The
concept of human-AI collaboration is gaining traction, emphasizing
the importance of cognitive ergonomics in guiding responsible Al
development.

Another area of interest is the evolving relationship between
humans and technology, particularly regarding attention, working
memory, and the potential long-term effects of digital integration.
Some researchers question whether society might eventually limit
AT automation to preserve human well-being and autonomy. The
role of CE in sustainable development, low-tech solutions, and
ethical technology adoption will also be critical in shaping future
research and practice.

7 Conclusions

The field of Cognitive Ergonomics continues to evolve, influenced
by interdisciplinary contributions, technological advancements, and
regional variations in its development. While CE has historically
integrated diverse academic perspectives, there is a growing need
for increased collaboration between researchers, industry practi-
tioners, and policymakers. By addressing emerging challenges in Al,
human-computer interaction, and sustainability, CE can continue
to enhance user experience, cognitive well-being, and the design
of future technologies. The discussions at ECCE 2024 underscored
the importance of maintaining a dynamic and inclusive approach
to CE, ensuring its relevance in an ever-changing technological
landscape.
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