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Abstract

Paper aims: This study aims to propose minimum ergonomics course content based on the current situation in top-tier
production engineering programs in Brazil.

Originality: This is a groundbreaking study that brings together two fields of production engineering: engineering education
and ergonomics. The findings contribute to the theoretical foundation of ergonomics by demonstrating a standard for
the characteristics of teaching plans.

Research method: A methodological procedure composed of five steps was developed: defining the research problem,
identifying universities, investigating the ergonomics course, analyzing data, and proposing a teaching plan. An investigation
in online databases of undergraduate production engineering programs aimed to identify course content, teaching
strategies, and professors’ qualifications.

Main findings: This study evaluated 88 courses, and the results showed a trend of programs with only one course with
60 class hours, focusing on general definitions, physical ergonomics, and Ergonomic Work Analysis. Ergonomics courses
mainly use traditional teaching approaches, and professors have diverse educational backgrounds, but most have some
production engineering in their curriculum.

Implications for theory and practice: This study provides two standardized plans for teaching ergonomics, as well as an
updated overview of how the course is currently taught in production engineering programs.
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1. Introduction

The organization of undergraduate engineering programs is a complex task. Including essential content
for future professionals within a short period requires specific knowledge and must comply with standards and
regulations set by higher authorities (Meixell et al., 2015). Engineering programs demand this complex organization
due to the intrinsic introductory knowledge courses of the exact sciences and their specific emphases.

Among the challenges of organizing different engineering curricula, production engineering requires the
development of aspects related to productivity, cost reduction, components of production systems, and human
aspects related to work (Sturm et al.,, 2015). Among these necessary aspects, ergonomics is essential in this
curriculum, but it is complex due to differences from other areas (Naeini & Mossaddad, 2013). This demand
is explained by its concept, which studies the adaptation of work to the worker to increase productivity and
psychophysiological well-being (International Ergonomics Association, 2021).

The complexity of distributing content for teaching ergonomics is mainly due to its multidisciplinary nature
(Caple, 2008; Zhang et al., 2023). Ergonomics is a science that encompasses different concepts related to work,
worker health, and the design of products and systems suitable for the worker (Thatcher et al., 2017). Thus, due
to the excessive content to be covered there are difficulties in developing education plans that address the main
ergonomics topics. Another factor contributing to the difficulty of organizing the ergonomics course is the little
attention given to human factors at work. The programs focus on increasing productivity and reducing costs
but invariably forget to invest in the worker as a source of improvements in the company (Alves et al., 2019).

Despite these difficulties, ergonomics courses are necessary for the current training of an engineer in the
job market. This need is explained by the importance of humanizing engineering professionals (Andrade et al.,
2010), but also that this professional understands their contribution and responsibility to society (Brasil, 2019)
and the reduction of alarming data on work accidents and illnesses (Benjaoran € Bhokha, 2010).

1t is essential, therefore, to understand the main characteristics of a course, such as ergonomics, which due
to its multidisciplinary nature, could be better structured. The Brazilian Association of Production Engineering
presents the main areas of the course and their primary knowledge (Associacdo Brasileira de Engenharia de
Producéo, 2023). However, it does not suggest a curriculum or the expectations of companies for professionals.
Furthermore, to structure a course in this area, its current context is necessary, both in the literature (Arezes £t
Swuste, 2013) and in practice of work situations and with the competencies of an ergonomist (Read et al., 2022).

Given the above, the objective of this study was to propose minimum ergonomics content based on the
current situation of courses in top-tier production engineering programs in Brazil. Additionally, we analyzed the
teaching strategies and the professors’ qualifications. These points guide the main research question: Considering
the multidisciplinary nature of ergonomics, what are the main characteristics of a standard ergonomics teaching
plan in production engineering programs in Brazil?

2. Theoretical background

2.1. The multidisciplinary nature of ergonomics in production engineering

Ergonomics has evolved as a scientific field focused on optimizing human-system interactions to improve
well-being and performance (Richardson & Thatcher, 2023; International Ergonomics Association, 2021). 1ts
multidisciplinary scope enables applications in physiotherapy, psychology, design, and architecture (Gielo-
Perczak et al., 2012). In production engineering, the focus is on analyzing work in production systems across
physical, cognitive, and organizational dimensions (Dul et al., 2012; Kadir et al., 2019).

An essential concern in physical ergonomics is the reduction of so-called Work-Related Musculoskeletal
Disorders (WMSDs), a source of temporary and permanent absences for different workers (Colim et al., 2021).
According to the evaluation of work based on concepts of biomechanics, physiology, and anthropometry, physical
ergonomics applies various methods to assess the workers’ force exertion, as well as the postures the conditions
of the working space and tool conditions, and the repetitiveness of movements (Garneau & Parkinson, 2016).

With the development of technology and its use in work situations, cognitive ergonomics began to gain
space through studies evaluating workers’ decision-making (Cardoso € Gontijo, 2012). These studies focus on
information processing, mental workload, and disorders arising from excesses used in carrying out activities
(Bridger €t Brasher, 2011; Young et al., 2015). In addition to focusing on the worker, different problems can
arise from irregularities in the macro ergonomic system due to its complexity in organizing work (Branco et al.,
2021). Organizational ergonomics optimizes socio-technical systems based on their structure, procedures and
rules (Rocha € Bau, 2023). 1ts application brings a mutual benefit: by reducing the risk of occupational diseases,
it provides a favorable environment for working (Soares & Soares, 2020).
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The methodology widely used in teaching ergonomics in Production Engineering is Ergonomic Work Analysis
(EWA), mainly in case studies of different work segments (Custodio et al., 2012; Losekan et al., 2019). Having
the main objective of investigating discrepancies between actual work and prescribed work, EWA investigates
how the worker performs his activities based on the requested standard (Pizo & Menegon, 2010).

From EWA’s perspective, the environment can also bring a series of complications related to its characteristics,
contributing to discomfort and reduced worker productivity. Research on lighting, noise, vibration, and temperature
indicates that workers can develop a series of disorders when these environmental factors are inadequate to the
necessary control limits (Merbah et al., 2020; Broday et al., 2017).

Other insights are also essential and taught in more minor aspects of production engineering. For example,
product ergonomics and its relationship with the Product Development Process (PDP) is applied across courses,
highlighting its bias towards the design area (Luque et al., 2022). Occupational safety, from its accident prevention
and investigation aspects and its relation to ergonomics, demonstrates how adapting working conditions to the
characteristics of the worker (Lallemand, 2012). Finally, accessibility shows in the ergonomics of the built environment
by eliminating different types of barriers and adapting them to environments for all individuals (Acioly et al., 2012).

2.2. Essential points in the design of a course

A series of factors must be investigated for the design of a course, bringing complexity to organizing them.
When designing a course in an undergraduate program, it is necessary to evaluate different issues related to
the organization of the curriculum and workload (Garcia €t Bizzo, 2013) to obtain better acceptance between
professors and students (Andrade et al., 2012). The organization of courses demonstrates how and at what
moment students complete the whole program and obtain the necessary knowledge (Digiampietri et al., 2016).

As for the program content, one must think about the technical and transversal competencies that the course
in focus can provide. Competencies are attitudes, expected to develop in students throughout the course (Passow,
2012). The techniques are related to the theoretical content of a given area, while the transversal ones are how
professional and social students behave (Cordeiro et al., 2020). Planning them in the project is necessary, especially
for what the market expects from the professional (Borchardt et al., 2009), as these skills result from the teaching
process. Additionally, it is essential that professors have academic and professional experience in the course area,
as a lack of experience may negatively affect student performance and retention (Costa et al., 2020).

Finally, the professor must reflect on learning strategies to develop students’ competencies. Active learning
strategies, for example, must be student-centered, where real work problems and situations are brought to
the classroom to discuss knowledge (Din & Gibson Junior, 2019). The insertion of these seeks to reduce the
application of traditional strategies (Freeman et al., 2014; Colim et al., 2022), in which the focus and holder
of knowledge is the professor who, through speech and explanation, achieves few student skills due to being
more passive through speaking and listening on the part of the student (Daouk et al., 2016).

Thus, active learning strategies have been increasingly used in engineering as they seek to ensure greater
student engagement (Grohs et al., 2018; Dunai et al., 2023), for lasting and more complete knowledge
(Qian et al., 2023), as well as the development of essential skills (Freeman et al., 2014; Colim et al., 2022).
Despite its advantages, its application still needs to be improved, mainly due to professors’ lack of qualifications
and training and possible student resistance (Belwal et al., 2020). Table 1 highlights examples of active learning
strategies applied in Occupational Health and Safety (Rodeghiero Neto & Amaral, 2024).

Table 1. Example of active learning strategies most used in teaching OHS.

Active Learning Strategy Definition References
Gamification The learning process involves student interaction with games based on Bodnar et al. (2016),
entertainment and fun practice Din & Gibson Junior (2019)
Problem-based Learning A strategy where students develop concepts by solving real problems in an El-Zein & Hedemann (2016),
active, integrated, and constructive way Qian et al. (2023)
Project-based Learning Multidisciplinary project where students propose the resolution of Kuo et al. (2019),
fundamental problems in the workplace, planned from start to finish Colim et al. (2022)
Team-based Learning Development of skills based on teamwork and collaboration between Hassall et al. (2020),
students to solve problems Swallow & Zulu (2020)
Case study A strategy where students develop skills based on details of actual cases Behm et al. (2014),
described in the literature Garcia-Fayos et al. (2020)
Learning Factory Laboratory practices that provide a realistic representation of the problems Kiritsis et al. (2013),
faced by students in natural work environments Silva et al. (2021)
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In addition to the aspects mentioned above, it is essential to define assessment methods with the knowledge
addressed in the course (Biggs & Tang, 2011). The Backward Design approach, for example, proposes an
instructional planning model that aligns the intended learning outcomes with the course objectives (Wiggins €t
McTighe, 2005). When designing a course structure, it is crucial to consider several interrelated elements: the
theoretical content to be covered, the specific characteristics of the course, the professor’s academic background,
the selected teaching methodology, and the expected learning outcomes.

2.3. Teaching ergonomics in an international context

Teaching ergonomics in production engineering programs shows significant variability worldwide, mainly due
to differences in curricular approaches. Dul et al. (2012) report that ergonomics education can adopt distinct
perspectives, ranging from technical approaches to sociotechnical and participatory ones. Complementarily,
Kadir et al. (2019) proposed a classification of ergonomics that is also used in education to address general
aspects of the field.

Not all universities include these approaches. To support the theoretical discussion in this article, the authors
conducted an exploratory analysis of ergonomics education in production engineering programs across different
countries. Based on a list of active researchers in ergonomics and human factors obtained from the Scopus
database, twelve professors were selected from Higher Education Institutions (HEI) in the United States, Portugal,
Peru, Mexico, China, Indonesia, Canada, the Netherlands, and Italy. Ergonomics courses from these universities
were analyzed due to their influential researchers.

All the HEIs analyzed offered at least one course dedicated to ergonomics, with an average workload of four
credits, corresponding to approximately 60 contact hours. The course titles reflected a diversity of approaches,
including topics such as work analysis, workstation design, occupational safety, and biomechanics.

Although general ergonomics concepts, such as history and classifications, were included in all programs,
the most prominent content was focused on work analysis and its physiological aspects. Topics such as
anthropometry, biomechanics, and work physiology were widely covered, along with ergonomic tools applied
in design projects. In contrast, organizational and environmental ergonomics topics were found in only half of
the courses analyzed, while cognitive ergonomics appeared sporadically. Accessibility and product ergonomics
were not found in the reviewed syllabi.

Moraes & Bitencourt (2021) also pointed out this issue in their study, reporting the predominance of physical
ergonomics in course content. Young et al. (2015) emphasized the need to incorporate cognitive ergonomics,
and the importance of organizational ergonomics. Nonetheless, a clear gap remains regarding essential and
comprehensive content for ergonomics education in production engineering.

3. Methodology

This study is a qualitative and descriptive research. The qualitative approach focuses on explaining concepts
and delving into essential topics for understanding the problem and the reason for such a phenomenon (Johnston
€t Dowling, 2023). 1t can also be descriptive, as it seeks to describe a population according to its characteristics
and relationships (Sandelowski, 2009). Similar studies, such as those by Boaventura et al. (2018), Fonseca et al.
(2020), and Paravizo et al. (2021), showed significant results for curricular analysis and changes using similar
methodological procedures. The data collection and analysis structures from these studies were adapted for this
research, which employed its own methodological procedure for the design of the proposed curricula.

The first stage investigated the absence of a minimum curriculum for ergonomics courses in production
engineering courses and their main characteristics. The investigation, therefore, was limited to active courses in
production engineering in a face-to-face system in public and private non-profit Higher Education Institutions
(HEI). We also sought courses in excellence according to the classification of the National Student Performance
Exam (ENADE), which is a scale developed by the Ministry of Education (MEC) of Brazil to evaluate undergraduate
programs, those with concepts five and four (highest notes on the scale).

The second stage used the National Register of Higher Education Courses and Institutions — e-MEC Register,
to search the HEI. After inserting the characteristics of production engineering programs, the platform returned
29 HEIs with grade five and another 59 with grade four in ENADE, totaling 88 HElIs.

The third stage consisted of searching for data in production engineering courses, electronic addresses, and
digital platforms of the HEls. The programmatic content, responsible professor, and teaching strategies were
the data sought and collected in the course’s teaching plans and proposals. After identifying the name of the
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professor responsible for the course, we investigated his academic background on the Lattes Platform, a virtual
CV system created by the National Council for Scientific and Technological Development (CNPq) in Brazil.

The researchers made telephone calls and emailed production engineering committees and their coordinators
for data not found on the platforms. By the end of this stage, they had identified 32 ergonomics courses in HEls
with an ENADE 5 rating and 65 ergonomics courses for HEIs with ENADE 4. Table 2 shows the main findings
for the HEIs and courses.

Table 2. Number of HEIs and courses found in the search.

Administrative category HEIs Total Courses Courses Courses
Number of . without number W]:ag:ta 52:: ;h; ansn\n?ers
HEls Private Federal State Municipal erg. of courses e -
public pubhc Public TS analyzed available on requestes were

platforms by email received
ENADE 5 29 4 21 3 1 3 32 29 3 0
ENADE 4 59 23 32 4 0 5 65 40 16 9
TOTAL 88 27 53 7 1 8 97 69 19 9

In the fourth stage, after registering and categorizing all the characteristics found, NVivo software version
15 was used to conduct a content analysis (Bardin, 2015) through an inductive approach. This method allowed
the identification of the most significant themes within the raw data collected (Thomas, 2006). Initially, an
open coding process was employed to identify meaningful units directly from the curricula. These initial codes
were then grouped interactively based on thematic similarities.

After the initial inductive coding process, the preliminary codes were reviewed and grouped. Subsequently,
well-established ergonomics classification frameworks (Dul et al., 2012; Salvendy & Karwowski, 2021) were
employed as theoretical references to refine, validate, and consolidate these codes, resulting in nine final
categories that represent essential content areas for ergonomics instruction. These categories were general
definition, physical ergonomics, cognitive ergonomics, organizational ergonomics, Ergonomic Work Analysis
(EWA), environmental factors, product ergonomics, work safety, and accessibility. The learning strategies used
to teach ergonomics were further analyzed using descriptive statistics, allowing the quantification and grouping
of similar instructional practices.

For professor qualification, the analysis was carried out according to their academic professional trajectory,
emphasizing the main stages: graduation, specialization, masters, and doctorate, as well as a discussion on
the themes of academic research. We use the ERG BR 1003 Standard, which categorizes the evaluation of the
teaching staff of courses based on their most important academic work: work in ergonomics, work in related
areas, and work in other areas (Associacio Brasileira de Ergonomia, 2006).

The fifth stage focused on developing two teaching plans based on the preceding analyses. These plans
took into consideration the average class time dedicated to ergonomics in production engineering programs,
aiming to suggest a realistic and applicable curriculum. Each area of ergonomics, as previously classified, was
allocated a specific number of classes, along with recommended teaching methodologies. This represents the
study’s main contribution. The plans were structured using the Backward Design approach (Wiggins & McTighe,
2005), which defined expected learning outcomes and how they would be assessed. Figure 1 summarizes the
procedures of this study, developed based on the adaptation of the research.

4, Results

The results are organized into five subsections (4.1 to 4.4), each corresponding to a key theme identified
during data analysis. These categories were primarily derived through an inductive coding process, in which
patterns and recurring topics were identified across institutional documents and teaching plans. Each subsection
focuses on a specific dimension: (1) initial course characteristics, (2) curricular content, (3) faculty qualifications,
and (4) pedagogical approaches.

4.1. Initial characteristics

After collecting the data described in the methodology, Table 3 presents the initial results of the characteristics
of the ergonomics courses. The data show similarities between the ENADE 5 and 4 HEIls, where most of these
(67) present an ergonomics course in the curriculum.
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Identified problem: lack of a Document and digital platform A simplified proposal for a
standardized curriculum. analysis from HEIs, focusing on teaching plan, considering
Research scope: analysis of programmatic content, current aspects and the
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rated 5 and 4 in ENADE instructional strategies. outcomes.
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Search on the E-MEC platform analysis with an inductive
for universities that meet the approach; descriptive
criteria: a total of 88 HEls. statistics used to count

teachers and strategies.

Figure 1. Methodological procedures for investigating courses.

Most (61) of these courses have sixty hours or four credits, which is HEIs with ENADE 5 (819%) than in ENADE
4 (54%). Their location is diverse, but those between the fifth and sixth semesters (40%) stand out. Most do not
have physical laboratories and ergonomics research (80%), making it challenging to develop academic projects.
The results found other distinct characteristics: three distance learning courses (EAD), an 1ES that presents four
ergonomics courses, an ergonomics course in the first semester, and only four undergraduate courses linked to
postgraduate programs.

Table 3 also shows a classification of the courses based on the names presented in the pedagogical projects
of the courses. 1t is possible to highlight the focus that the courses already direct their concepts and interrelate
them with ergonomics. Approximately 50% of the HEI present the course’s name as ‘Ergonomics.” However,
17 courses presented the name in conjunction with occupational safety, and another seven are related to
occupational engineering. Finally, some nomenclatures to call ergonomics were found, such as man-machine
adequacy and occupational biomechanics.

Table 3. Main characteristics of ergonomics courses in ENADE 5 and 4.

ENADE 5 ENADE 4 TOTAL
N % N % N %
Number of courses
Zero 3 10.34% 5 8.47% 8 9.09%
One 22 75.86% 45 76.27% 67 76.14%
Two 2 6.90% 8 13.56% 10 11.36%
Three 2 6.90% 0 0.00% 2 2.27%
Four 0 0.00% 1 1.69% 1 1.14%
Academic Workload
Thirty hours 3 9.38% 12 18.46% 15 15.46%
Fourty-five hours 1 3.13% 6 9.23% 7 7.22%
Sixty hours 26 81.25% 35 53.85% 61 62.89%
Seventy-five hours 1 3.13% 10 15.38% 11 11.34%
Ninety hours 1 3.13% 1 1.54% 2 2.06%
Not mentioned 0 0.00% 1 1.54% 1 1.03%
Localized semester
First and second semesters 0 0.00% 4 6.15% 4 4.12%
Third and fourth semesters 4 12.50% 7 10.77% 11 11.34%
Fifth and sixth semesters 15 46.88% 23 35.38% 38 39.18%
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Table 3. Continued...

ENADE 5 ENADE 4 TOTAL
N % N % N %

Seventh and eighth semesters 10 31.25% 15 23.08% 25 25.77%
Ninth and tenth semesters 0 0.00% 1 16.92% 11 11.34%
Optional 3 9.38% 5 7.69% 8 8.25%

Laboratory/research
Yes 9 31.03% 9 15.25% 18 20.45%
No 20 68.97% 50 84.75% 70 79.55%

Name of courses

Ergonomics 16 50.00% 31 47.69% 47 48.450%
+ hygiene and safety at work 3 9.38% 14 21.54% 17 17.53%
+ work engineering 3 9.38% 4 6.15% 7 7.22%
+ analysis and evaluation of work 3 9.38% 3 4.62% 6 6.19%
+ industry and production systems 2 6.25% 3 4.62% 5 5.15%
+ product and design 2 6.25% 2 3.08% 4 4.12%
+ advanced topics 1 3.13% 2 3.08% 3 3.09%
Ergonomic engineering 1 3.13% 2 3.08% 3 3.09%
Other names 1 3.13% 4 6.15% 5 5.15%

4.2. Program content of the courses

According to the methodology, the program contents in the teaching plans were divided into nine main
categories. In ENADE 5 courses, the topics that stood out most were the general concept of ergonomics (88%)
and physical ergonomics (72%); and, for ENADE 4, the highlights were in the topics of physical ergonomics
(80%) and EWA (71%). Figure 2 shows the percentage of courses that cover the main categories adopted by
the study and the main topics found.

The general definition category showed the introductory concepts and definitions of ergonomics, their
history, and their field of application. 1t also mentioned the objective of ergonomics, Brazilian Regulatory
Standard 17 (NR17), and the panorama of ergonomics in Brazil. Finally, teaching plans presented the general
classifications of ergonomics dimensions, the types of ergonomics, and the concepts of workload.

o == GENERAL DEFINITION o = PHYSICAL ERG. o = ORGANIZATIONAL ERG.

ANTHROPOMETRY, WORK

DEFINITIONS, HISTORIC, PHYSICAL ARRANGEMENT,

CLASSIFICATIONS, AND Pg‘éscll?;iﬁgNA;tD WORK ORGANIZATION, AND
OBJECTIVES OF ERGONOMICS BIOMECHANICS ERGONOMIC MANAGEMENT

E588% = E470% = @ E572% = E480% = 1%% E563% = E450% =

o — COGNITIVE ERG. o — EWA o — WORK SAFETY
MENTAL WORKLOAD, FIRE FIGHTING, REGULATORY
5 MAIN STEPS OF EWA, TASK
| , |
NFORMATION PROCESSING AND ACTIVITY ANALYSIS STANDARDS, AND

AND TRANSMISSION OCCUPATIONAL HYGIENE
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o =— PRODUCT ERG. o =— ENVIRON. FACTORS ] o = ACCESSIBILITY

E553% - E459% — E569% = E471% = =

PRODUCT DEVELOPMENT LIGHTING, NOISE,
PROCESS AND ERGONOMIC TEMPERATURE AND
ANALYSIS VIBRATION

E534% - E429% —% E531% - E446% - q €513% - E413% - W

Figure 2. Percentage of topics covered in ergonomics courses.
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The teaching plans for the Physical Ergonomics category covered main topics in physiology, biomechanics,
and anthropometry. Regarding the physiology of work, the teaching plans include concepts of energetic
aspects of the human organism, as well as static and dynamic work with efforts and pauses. For occupational
biomechanics, the topics covered the concepts of postures, heavy work, manual lifting and transport of loads,
repetitive movements, and postural analysis tools. Finally, for anthropometry, the concepts found were static
and dynamic measurements, range zones, biotypes, and job-sizing applications.

In the cognitive ergonomics category, the teaching plans include concepts of transmitting and processing
information, sensations, perceptions, and human memory. Concepts related to analyzing mental workload
and the consequences were reported, such as work stress, monotony, fatigue, and motivation. Organizational
Ergonomics presented definitions through work organization and studies of physical arrangement, selection,
training, and flexible work, shifts, and night shifts. Issues linked to ergonomic management, job rotation, and
working hours studies showed the organizational bias of ergonomics.

The Ergonomic Work Analysis category presented shows its five main stages and the specific analysis of the
task and activity. Furthermore, the consequences of carrying out EWA stand out, such as ergonomic demands
and instructions, ergonomic reports, use of Software, and Preliminary Ergonomic Analysis (PEA). Environmental
factors presented definitions such as lighting, temperature, noise, vibration, chemical agents, and humidity, with
their concepts, measurement scales, and impacts on worker health.

The Product Ergonomics category covered the concepts of adaptation and ergonomic analysis of products,
product development process, user-centered design, and survey. The highlighted topics for the occupational
safety category are fire prevention and fighting measures, first aid, Brazilian Regulatory Standards (NR), and
occupational hygiene. The Accessibility category brought concepts of universal design, special needs, and NBR
9050 (Accessibility to buildings, furniture, spaces, and urban equipment).

4.3. Qualification of ergonomics professors

Figure 3 shows the academic qualifications of professors in ergonomics. 1t is worth mentioning that there is
no undergraduate or doctoral degree in ergonomics in Brazil, only master’s degrees in ergonomics (Professional
Master’s Degree in Ergonomics — Federal University of Pernambuco) with a focus on design.

ENADE 5
MASTER ]—o{ DOCTORADE
- INDUSTRIAL ENG. - 5 ERGONOMICS — 7 ERGONOMICS — 1 ERGONOMICS — 2 ERGONOMICS AREAS — 13
- OTHER ENG. - 12 SAFETY ENG. - 10 INDUSTRIAL ENG. - 12 INDUSTRIAL ENG. — 10 SIMILAR AREAS - 3
L EXACT -5 OTHER ENG. -2 OTHER ENG. -6 OTHER ENG. — 4 OTHER AREAS - 12
- HEALTH -2 OTHER AREAS—5 OTHER AREAS—9 OTHER AREAS—9
- APPLIED SOCIAL -5 DO NOT HAVE - 8 DO NOT HAVE -0 DO NOT HAVE -3
L HumAN -2
ENADE 4

UNDERGRADUATE

SPECIALIZATION MASTER ]—0{ DOCTORADE

I~ INDUSTRIAL ENG. - 22 ERGONOMICS - 4 ERGONOMICS - 0 ERGONOMICS - 0 ERGONOMICS AREAS - 16
[ OTHER ENG.-21 SAFETY ENG. - 21 INDUSTRIAL ENG. - 23 INDUSTRIAL ENG. - 16 SIMILAR AREAS -2

= EXACT -7 OTHER ENG. -4 OTHER ENG. - 16 OTHER ENG. - 11 OTHER AREAS - 34

= HEALTH -4 OTHER AREAS - 26 OTHER AREAS -9 OTHER AREAS -7

[~ APPLIED SOCIAL -5 DO NOT HAVE - 20 DO NOT HAVE - 4 DO NOT HAVE - 18

= HUMAN -1

Figure 3. Qualifications of ergonomics professors in production engineering courses.

Few professors graduated in production engineering, but many undergraduates in other engineering areas,
such as Civil, Mechanical, and Forestry Engineering. Work safety concepts are seen in these, but reduced and
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focused on their respective areas. Architecture, Physiotherapy, and Design courses address ergonomics topics
related to their areas, such as worker rehabilitation and the development of comfortable products, space,
and furniture. Finally, undergraduates without ergonomics courses in the curriculum appeared in professor
qualifications, such as Pedagogy, Tourism, and Administration.

Eleven professors specialized in ergonomics at the /ato senso specialization level at HEIs. Another 31 professors
completed a specialization in occupational safety engineering. Finally, 28 of the professors analyzed do not have
a specialization. Only nine professors have a specialization in higher education teaching. Other specializations,
such as Neuropsychology, and Data Science, also appeared.

Only one professor held a master’s degree in ergonomics in another country. Most professors have a
master’s degree in production engineering (35). Other master’s degrees in engineering, such as mechanical, civil,
environmental, and agricultural, appeared for 22 professors. Other master’s courses, such as Design, Forestry
Sciences, Architecture, and Technology, were also found.

Two professors have a doctorate in ergonomics and, analogously to the master’s degree, the doctoral course
most found among these professors was Production Engineering (26). Another fact that stood out was the
number of professors pursuing a doctorate in different areas, such as Design, Health Sciences, Geography, and
Memory and Conservation (16). Other Engineering areas also identified were Mechanical, Civil Construction,
Electrical, and Agricultural (15). Four professors completed doctorates in other countries, such as France,
Belgium, Canada, and Portugal. Notably, 21 professors did not have a doctorate at the time of collection, with
10 of them in this training process.

Regarding academic work, 26 professors have a dissertation or thesis in ergonomics. Five professors conducted
their academic work in similar areas, such as occupational safety. Finally, 46 professors did their academic work
in other areas unrelated to ergonomics.

4.4, Teaching strategies in ergonomics course

The teaching plans that address learning strategies in ergonomics courses show that the most used forms are
traditional (lectures, video presentations, article readings, oral demonstration of content, and use of slide shows).
In these teaching plans, it is possible to observe that the primary assessment is conducted through exams and tests,
investigating whether the student is able to describe, in written form, the theoretical contents presented in class.

However, other activities demonstrate the professors’ intention to make the class more dynamic. Regarding
student teamwork, teaching plans present some strategies used to complement the teaching of theories, such as
group discussions, online forums, collaborative activities, dialogue classes, and seminars. To conduct theoretical
content, professors carry out exercises and guided studies, incorporate software and experimental practices,
and read and analyze scientific articles.

In some teaching plans, it is possible to observe the attempt to integrate the job market and ergonomics
content. To this end, professors assign group work in different companies to investigate issues related to workers
and to understand organizational structures, aiming to propose relevant improvements to the context of the
company visited. These activities allow students to develop competencies distant beyond the content, such as
team management, communication, and problem-solving.

In ENADE 5 courses, only one curriculum mentions the possibility of using active learning strategies in
ergonomics classes, even though it does not present how to implement them throughout the semester. It is
also possible to observe that only one teaching plan presents the need to develop competencies related to
production engineering. In ENADE 4 courses, a curriculum presents active learning strategies described and
explained throughout the semester: Project-based Learning and Gamification for teaching ergonomics. Finally,
three courses describe the competencies expected for each student to develop.

5. Discussion

The research found 88 undergraduate courses in production engineering on the MEC platform, meeting the
research delimitations. The first challenge was finding data for this research from the information collected. 1t
was very difficult to locate the data that must be published and public knowledge. Many do not explain these
essential items in a way that makes them easier to find, requiring intense and careful investigation.

Another concerning aspect stands out in this line: Eight HEIs do not have specific ergonomics courses. In a science
where the focus is to increase productivity and reduce costs, production engineering must include concepts that
promote concern for the workers’ psychophysiological well-being, as these are the ones responsible for guaranteeing
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the production and assets of companies (Neumann & Dul, 2010). Engineers are responsible for making the work
environment productive and adapted to the worker, highlighting the importance of ergonomics (Dul et al., 2012).

From the results, it is possible to analyze the most addressed content in ergonomics courses: EWA, general
definitions, and physical ergonomics. These contents are essential for understanding ergonomics focused on
production engineering, relating physical efforts and work activities (Dul et al., 2012; Bures, 2015). However,
these three topics represent some of the realities faced by a production engineer. The trends in the job market are
focused on office activities and using the computer in sitting positions. These environments should be improved
due to the high risk of developing WMSDs (Bao €t Lin, 2018) so that future professionals can understand the
role of ergonomics in these contexts.

Given these market changes, it is worth highlighting that occupational illnesses are also changing (Ramos et al.,
2022; Zorzenon et al., 2022). In the past, more diseases were associated with excessive manual activities involving
workers’” exertion and repetitive tasks. However, there is a more significant concern with cognitive activities and
mental work (Young et al., 2015). Therefore, it is necessary to know how to adapt work according to cognitive
characteristics, using ergonomics to avoid problems such as depression, anxiety, and burnout (Bridger € Brasher,
2011). 1t is essential to understand that the ergonomics concepts taught must meet the contexts of each country
and the entire complex work situation.

The three dimensions (physical, cognitive, and organizational) must be worked on in the classroom with
practical examples and activities. Nevertheless, more than 40% of the courses analyzed do not adress on concepts
of cognitive and organizational ergonomics, resulting in a limited view of ergonomics to aspects of load handling
and postures. Furthermore, different curricula link occupational safety to ergonomics. While occupational safety
teaches worker protection and accident analysis concepts, ergonomics focuses on the same factors but aims
at worker comfort (Hernandez et al., 2018). However, these areas can provide different knowledge in certain
situations, such as comfort and safety reference limits.

In addition to the program content studied, it is essential to analyze the academic trajectory that ergonomics
professors follow during their qualification and the development of the technical competencies necessary for
teaching (Barbosa €t Pinheiro, 2012). The most important fact in this case is that these professors’ qualifications
do not follow a standard. Most of these professors have specializations in ergonomics or occupational safety
engineering and undergraduate degrees in production engineering.

Fifty professors had academic experience in the production engineering program during their academic training,
at the undergraduate, master’s, or doctoral level. The remaining 31 professors lacked academic experience with
the area, and currently teach ergonomics courses to production engineering undergraduate students. Contact with
ergonomics may occur at different stages, either in courses explicitly named “Ergonomics” or through implicit
exposure: production engineering undergraduate courses, specialization in occupational safety engineering, or
academic work. In this sense, eight professors had no contact with ergonomics at any of these stages.

1t is necessary to investigate whether this contact with production engineering or the specialization of
occupational safety engineering is enough to be able to teach ergonomics to other students. Even so, 12
professors only had academic experience through their specialization in occupational safety engineering, and 24
only had experience through production engineering undergraduate. In these places, ergonomics is presented
in just one course (on average, around 2% of the workload of an undergraduate, as indicated in the initial
results section of this research).

An important aspect worth emphasizing is the pedagogical training of higher education faculty — that is, how
they acquire the necessary skills to teach (Seno € Belhot, 2009). Only eight professors have specialized qualifications or
education for teaching in higher education. It is essential to highlight knowledge to teach other students in engineering,
as it is not a course that develops teaching skills in its professionals (Barbosa & Moura, 2014; Chamlian, 2003).

This study demonstrates the diversity of qualifications among ergonomics professors in Brazil, following
studies on the diversity of teacher training in engineering undergraduate programs (Wankat, 1999; Matos et al.,
2014). None of these professionals have the same qualifications, with the same undergraduate, specialization,
master’s, and doctoral programs. This finding proves the difficulty of creating a standard for ergonomic professor
qualification as different areas contemplate it and develop different essential content for the academic profession.
In addition, it is impossible to observe academic works in the literature presenting the complexity of ergonomic
professor qualifications.

Regarding the teaching strategies used in ergonomics, it is evident that the predominant approach used by
professors is traditional. Studies indicate that this teaching approach is not the most effective, as it does not
lead the student to put into practice what has been learned, in addition to not develop different skills required
in the professional environment (Colim et al., 2022; Johnson & Ulseth, 2014; Nikolic et al., 202 1). The strategies
used in the analyzed teaching plans include videos, projectors, and whiteboards.
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It is also possible to observe that regardless of the number of approaches and practices in the classroom,
there are no references to active learning strategies in the teaching plans. The application of guided studies,
visits to company visits, and resolutions of literature theoretical issues contribute to a dynamic approach to
classes. However, these approaches do not assure the same performance that active learning strategies do, such
as the ones found in other researches, the use of Problem-based Learning, Gamification, and Project-based
Learning (Moody, 2011; Lima et al., 2017; Colim et al., 2022). For this to occur, the recently proposed strategies
and others already studied in the literature must be incorporated into the courses.

However, integrating the perspectives of companies and universities may be positive. This approach is essential for
the professionals’ development, leading them to understand the theory presented in the classroom and implement
in their practice and everyday market life (Freeman et al., 2014). Furthermore, explanations of other strategies to
promote this process such as the systematic ones to assure the resolution of problems that may arise are incipient.

The development of professional competencies in teaching plans still needs to be discussed. A suitable
professional must develop essential competencies throughout their learning, including teamwork, ethics, social
responsibility, problem-solving, and communication (Belwal et al., 2020; Kunrath et al., 2020). The teaching
plans do not show concern for these topics due to the sole use of traditional strategies and the lack of mention
of skills for passing the courses and assessing them (Rodeghiero Neto et al., 2025).

6. General contributions and conclusion

The contribution of this study provides teaching plans for ergonomics courses, prepared with essential topics
seen in the literature and in ergonomics courses at an international level, in addition to being plausible to be
applied in Brazilian HEIs, as highlighted in the justification of the study (Figure 4). These plans cover essential
points highlighted in this research.

ERGONOMICS 1

Production Engineering Undergraduate

Academic Workload: 60h Modality: mandatory
Prerequisites: - Location: sixth semester
Laboratory: Yes Chaining: Ergonomics 2
Professor: Qualification in Industrial Engineering
Additionalin Ergonomics or Safety Engineering

Program content and number of classes

3 classes on general definition of ergonomics;

History of ergonomics, general definitions and classifications,
relevant regulations and legal frameworks.

3 classes on Ergonomics Work Analysis (EWA);
Differences between task analysis and activity analysis, five main
stages of EWA, and analysis of real case studies.

2 classes on Organizational ergonomics;

Ergonomic analysis integrated with process mapping and
productive layout evaluation.

4 classes on Physical ergonomics;

Anthropometry, occupational biomechanics, and work
physiology; ergonomic tools for postural analysis.

3 classes dedicated to student evaluation;

Learning outcomes and competencies

Evaluate working conditions across different occupational contexts;
* Analyze, from the perspective of physical ergonomics, the working conditions
to which employees are exposed;
«  Apply an ergonomic work analysis to a real-world work situation.

Learning strategy

Problem-based Learning (PBL), Gamification, Think-pair Share,
Flipped Classroom, Traditional approach.

Evaluation methods

Objective tests, reports, and presentations resulting from the
applied active learning strategies.

ERGONOMICS 2

Production Engineering Undergraduate

Academic Workload: 30h Modality: mandatory
Prerequisites: Ergonomics 1 Location: seventh semester
Laboratory: Yes Chaining: Final Undergrad. Work
Professor: Qualification in Industrial Engineering

Additional in Ergonomics or Safety Engineering

Program content and number of classes

1 class on general definition of ergonomics;
Review of key concepts and definitions in ergonomics.

4 classes on Cognitive ergonomics;

Mental workload, overload and underload, mental workload
assessment tools, and consequences of cognitive overload.

6 classes on Environmental factors and work safety;
Noise, lighting, temperature, and vibration; occupational safety
concepts and strategies for error and accident prevention.

2 classes on Product ergonomics and Accessibility;
Productinterface and usability, adaptation of work environments
and tasks for people with disabilities.

2 classes dedicated to student evaluation;

Learning outcomes and competencies

Develop a work analysis based on current problems and ergonomic solutions;

+  Evaluate cognitive ergonomics in different occupational contexts;
«  Analyze safety and accessibility in workstations

Learning strategy

Project-based Learning (PjBL), Problem-based Learning (PBL), Team-
based Learning (TBL), Flipped Classroom, Jury Dynamics, Traditional
approach.

Evaluation methods

Objective tests, reports, and presentations resulting from the
applied active learning strategies.

Figure 4. Teaching plans for ergonomics courses in production engineering.
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This study emphasizes the need for at least one mandatory 60-hour ergonomics course. While prerequisites
for Ergonomics 1 are unnecessary, a dedicated physical space is recommended to support active learning and
practical activities. The ideal placement is in the sixth semester, after completion of core engineering courses. The
responsible professor should hold a degree in Production Engineering, with additional training in Occupational
Safety or Ergonomics.

The syllabus should include the four main ergonomics classifications, beginning with conceptual foundations
and EWA. Physical and organizational ergonomics should compose the core, emphasizing the workers’ well-
being and ergonomics management in production systems. As expected learning outcomes, students should
be able to evaluate working conditions across different occupational contexts, considering both physical and
organizational ergonomics, and apply an ergonomic work analysis in real situations.

Active learning strategies are recommended, such as problem-based learning, gamification, and flipped
classrooms. Techniques like Think-Pair-Share can promote discussion and knowledge exchange. Traditional
methods should be used less frequently than in current practice. The products resulting from these strategies
can be used as means of assessing the knowledge acquired, as well as tests conducted throughout the semester.

Considering the breadth of content, we strongly recommend a second ergonomics course for Production
Engineering students. With a reduced workload (30h), its structure and professor qualifications should align
with Ergonomics 1. As this course addresses various applied topics, it is suggested as a prerequisite for the
Final Undergraduate Project. The syllabus should begin with a brief review of general concepts, followed by
modules on cognitive ergonomics, environmental work factors, and the relationship between ergonomics and
occupational safety—covered over three sessions combining theory and practice. The course concludes with
product ergonomics and accessibility.

Active learning strategies are emphasized, with Project-Based Learning as the core method, allowing
students to address real-world problems identified in companies. Supporting strategies include Team-Based
Learning, Problem-Based Learning, Flipped Classroom, Jury Dynamics, and selective use of traditional methods
for theoretical and debate-oriented sessions. As a learning outcome, students are expected to develop a work
analysis based on current problems and ergonomic solutions, applying topics such as cognitive ergonomics,
accessibility, occupational safety, and product ergonomics.

The current situation of ergonomics courses seen in production engineering undergraduates, previously
unknown and without a standard, was analyzed based on the professor’s training, the content taught, and
the strategy used for teaching. As limitations of this study, the main one is the use of data available on the
internet. Thus, the analysis was based on published information, without confirming of whether the data are,
in fact, up to date.

For future work, we suggest extrapolating the data, researching other Brazilian and international HEls, and
allowing other to consider the issues collected. As a complement to the teaching plans developed, we suggest
research highlighting the primary technical and transversal skills necessary for graduates of ergonomics courses
in production engineering. Additionally, to support and validate the developed teaching plans, it is recommended
to evaluate their effectiveness based on the perceptions of students and professors.
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