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Analise de Fatores Ergonomicos em atividades de serventes de carpintaria:
Aplicagdo de Sistema para comparagao entre padrées de movimento produtivo e
fadiga.

RESUMO

Objetivo - avaliar os impactos dos fatores ergondmicos na saude e produtividade nas atividades do servente de
carpinteiro na industria da construgdo civil.

Metodologia — O estudo adotou uma abordagem quantitativa e qualitativa, com foco exploratério, visando comparar
padrées de movimentagdo produtiva com padrdoes de movimentagdo associados a fadiga. Foram empregados
métodos inovadores ,incluindo o uso software Kinobot para monitoramento de movimentos e a aplicagdo do
questionario Bipolar de dor para avaliagdo da fadiga, além de um formuldrio elaborado para coletar dados do perfil
dos trabalhadores. O estudo envolveu amostra de 15 participantes, e buscou relacionar fatores ergonémicos com a
produtividade nas atividades didrias.

Originalidade/relevincia — O gap tedrico é a correlagdo dos fatores ergondmicos com analise de padrdes de
movimento a partir do software kinobot para verificagdo desses movimentos e suas correlagdes com a produtividade.
Resultados — Em relagdo a Revisdo Sistematica de Literatura, observou-se que ha poucos estudos relacionando a
ergonomia e produtividade aplicados a canteiros de obras. Verificou-se que questdes como mudangas climaticas,
fase da obra com etapas em conclusdo apresentando ritmo de trabalho mais lento e a fadiga podem interferir no
desenvolvimento das atividades. Percebeu-se que os diferentes periodos das obras sejam considerados, pois se
tornam fator determinante para percepgao da fadiga.

Contribui¢des tedricas/metodoldgicas — embora existam trabalhos que abordem questdes metodoldgicas, bem
como a aplicagdo em etapas de questiondrios para identificar fatores ergonémicos, sua integragdo com a
produtividade representam uma contribuigdo diferenciada.

Contribuigdes sociais e ambientais - Do ponto de vista social, este estudo é relevante por contribuir para a melhoria
das condigdes de trabalho, promovendo o bem-estar fisico e psicolégico dos trabalhadores da construgdo civil. Além
disso, a redugdo da fadiga e o aumento da eficiéncia podem gerar beneficios econdmicos significativos, tanto para os
trabalhadores quanto para as empresas do setor e, por sua vez, contribuicbes ambientais com a melhor gestdo e
aproveitamento de recursos para fins de cumprimento dos Objetivos do Desenvolvimento Sustentavel.

PALAVRAS-CHAVE: Ergonomia. Produtividade. Fadiga no Trabalho.

Analysis of Ergonomic Factors in Carpentry Activities: Application of a System for
Comparing Productive Movement Patterns and Fatigue.

ABSTRACT

Objective - to assess the impacts of ergonomic factors on health and productivity inthe activities of carpenters in the
construction industry.

Methodology - The study adopted a quantitative-qualitative approach, withan exploratory bias in order to compare
productive movement patterns with movement patterns associated with fatigue, using innovative methods such as
Kinobot software for movement monitoring and the Bipolar Pain Questionnaire for fatigue assessment, in addition to
a form for surveying the profile of workers with a sample of 15 participants, relating ergonomicfactors to productivity
in daily activities.

Originality/relevance — The theoretical gap is the correlation of ergonomic factors with the analysis of movement
patterns using Kinobot software to verify these movements and their correlations with productivity.

Results — Regarding the Systematic Literature Review, it was noted that there are few studies that relate ergonomics
and productivity applied to construction sites. It was found that issues such as climate change, the phase of the work
with stages in completion presenting a slower work pace, and fatigue can interfere with the development of activities.
It was noted that the different periods of the works should be considered, as they become a determining factor for
the perception of fatigue.

Theoretical/methodological contributions — although there are studies that abo methodological issues, in addition
to the application of questionnaires in stages to identify ergonomic factors, their application and interfaces with
productivity represent a differential.

Social and environmental contributions — From a social perspective, this study is relevant because it contributes to
improving working conditions, promoting the physical and psychological well-being of construction workers. In
addition, reducing fatigue and increasing efficiency can generate significant economic benefits for both workers and
companies in the sector and, in turn, environmental contributions through better management and use of resources
to meet the Sustainable Development Goals.
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Analisis de factores ergondmicos en las actividades de los carpinteros: aplicaciéon de
un sistema para comparar los patrones de movimiento productivo y la fatiga.

RESUMEN

Objetivo: evaluar los impactos de los factores ergonémicos en la salud y la productividad en las actividades de los
carpinteros en la industria de la construccién civil.

Metodologia: el estudio adoptd un enfoque cuantitativo-cualitativo, con un sesgo exploratorio desde la perspectiva
de comparar los patrones de movimiento productivo con los patrones de movimiento asociados a la fatiga, a partir
de métodos innovadores, como el software Kinobot para el seguimiento de movimientos y la aplicacién del
cuestionario Bipolar de dolor para evaluar la fatiga, ademas de un formulario para recopilar el perfil de los
trabajadores con una muestra de 15 participantes, relacionando los factores ergonémicos con la productividad en las
actividades diarias.

Originalidad/relevancia: la brecha tedrica es la correlacion de los factores ergondmicos con el analisis de los patrones
de movimiento a partir del software Kinobot para verificar estos movimientos y sus correlaciones con la
productividad.

Resultados: en cuanto a la revisidon sistemdtica de la literatura, se observd la escasa cantidad de estudios que
relacionan la ergonomiay la productividad aplicadas a las obras de construccién. Se comprobd que cuestiones como
el cambio climatico, la fase de la obra con etapas en fase de finalizacidn que presentan un ritmo de trabajo mas lento
y la fatiga pueden interferir en el desarrollo de las actividades. Se observé que deben tenerse en cuenta los diferentes
periodos de las obras, ya que se convierten en un factor determinante para la percepcién de la fatiga.
Contribuciones teédricas/metodolégicas: aunque existen trabajos que abordan la ergonomia y la productividad
aplicadas a las obras de construccidn, aun hay pocos estudios, lo que refuerza la contribucion practica y tedrica del
presente estudio. En cuanto a las cuestiones metodoldgicas, ademds de la aplicacidn de cuestionarios por etapas para
identificar los factores ergondmicos, su aplicacion e interfaces con la productividad representan un diferencial.
Contribuciones sociales y ambientales: desde el punto de vista social, este estudio es relevante porque contribuye a
la mejora de las condiciones de trabajo, promoviendo el bienestar fisico y psicolégico de los trabajadores de la
construccion civil. Ademas, la reducciéon de la fatigay el aumento de la eficiencia pueden generar importantes
beneficios econdmicos, tanto para los trabajadores como para las empresas del sector y, a su vez, contribuciones
medioambientales con una mejor gestidn y aprovechamiento de los recursos con el fin de cumplir los Objetivos de
Desarrollo Sostenible.

PALABRAS CLAVE: Ergonomia. Productividad. Fatiga en el trabajo

RESUMO GRAFICO

Analysis of Ergonomic Factors in Carpentry Activities:
Application of a System for Comparing Productive Movement
pattams and Fatigue, METHODOLOGY
quantitative and exploratory
approach;
= comparison of productive

OBJECTIVE

Theoretical/methodological contributions -
limited number of studies, which reinforce
the practical and theoretical contribution of
this study. Regarding methodological
issues, in addition to the application of
questionnaires in stages to identify
ergonomic factors, their application and
interfaces with productivity represent a
differential.

Social and environmental contributions -
contributing to the improvement of
working conditions, promoting the physical
and psychological well-being of
construction workers. In addition, reducing
fatigue and increasing efficiency can
generate significant economic benefits for
both workers and companies in the sector.

Environmental contributions through
better management and use of resources to
meet the Sustainable Development Goals.

assess the impacts of
ergonomic factors on health
and productivity in the
activities of carpenters in the
construction industry.

movement patterns with
movements associated with
fatigue using Kinobot software
for movement monitoring;
application of the Bipolar Pain
Questionnaire to assess fatigue;
form for surveying workers'
profiles.

As for the Systematic Literature Review, it was noted that there are few
studies linking ergonomics and productivity applied to construction
sites. It was found that issues such as climate change, the phase of the
project with stages nearing completion presenting a slower pace of
work, and fatigue can interfere with the development of activities. It was
noted that the different stages of construction should be considered, as
they become a determining factor in the perception of fatigue.
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1 INTRODUCTION

The Civil Construction Industry (CCl) playsasignificant rolein the global economy, given
its involvement in strategic projects for the urban and industrial development of countries (Silva
et al., 2024). The CCl is directly related to each country’s modernization process through its
participation in the construction of hospitals, schools, housing developments, and industrial
facilities (Souza Junior et al., 2024).

In Brazil, the CCI, in addition to contributing to social commitments by addressing
housing needs, supports economic growth through the execution of infrastructureand building
projects, expanding access to income and employment opportunities across the country
(Medeiros et al., 2024).

Phenomena such as globalization have intensified activities in these sectors in the
pursuit of higher quality, lower costs, and shorter execution times. However, operational
processes that fall outside an ideal market scale have negatively affected service quality, leading
to work overloads and losses in productivity and technical efficiency (Fries; Hostalk, 2021).

In modern industrial society, the drive to intensify productivity, aimed at improving
work processes and production methods at the lowest possible cost, has increasingly been
conditioned by the demand for enhanced worker performance (Sampaio; Levezo; Coutinho,
2020). Nevertheless, in the construction sector, this disproportionate acceleration in task
execution is intrinsically linked to an increase in risk situations in environments that are
unfavorableto workers’ physical conditions (Sampaio; Lavezo; Coutinho, 2020). As aresult, work-
related illnesses and accidents occur, affecting the lives of these professionals in multiple ways
(Sampaio; Lavezo; Coutinho, 2020).

According to Mohamed and Addow (2022), to ensure the overall performance of
construction projects, companies must integrate ergonomic and occupational safety conditions
in a coordinated manner so that operational efficiency and productivity are accompanied by
effective practices aimed at protecting workers’ health and well-being, thereby reducing risks
and preventing occupational accidents. In this regard, Boakye et al. (2023) argue that activities
inherent to the construction sector require prolonged physical effort, handling, transportation,
and unloading of materials, exposure to external and unsafe conditions, and the adoption of
postures that place workers in continuous vulnerability.

Sampaio, Lavezo, and Coutinho (2020) state that the rate of occupational accidents in
the construction sector is amongthe highest, highlighting the urgent need to adopt preventive
and awareness measures to mitigate risks and prevent accidents at construction sites through
investments in process management, identification of contributing factors, and the promotion
of ergonomically satisfactory working environments.

According to data from the Ministry of Social Security, published in the Statistical
Yearbook of Occupational Accidents (AEAT), 724,228 occupational accidents were recorded in
Brazil in 2024, representing an increase of 15.11 percent compared with 2020. Construction
activities ranked sixth nationwide, with 10,641 occupational accidents, distributed by category
as follows: accidents reported with a Work Accident Report (CAT), 9,189; typical occu pational
accidents, 7,719; commuting accidents, 1,362; work-related diseases, including repetitive strain
injuries and work-related musculoskeletal disorders, 108; and accidents without registration for
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CAT issuance, 1,452 (Brazil, 2024). In 2024, a total of 724,228 occupational accidents were
recorded nationwide, representing an increase of 11.3 percent compared with 2023. Another
relevant finding is that construction activities ranked fifth nationally, with 15,320 occupational
accidents related specifically to building construction (Brazil, 2024).

Low levels of professional qualification, inadequate educational attainment, high
unemployment rates, and insufficient regulatory oversight are factors that contribute to
negligence by companies in the civil construction sector, thereby increasing the occurrence of
accidents and the expansion of ergonomic risks, which in turn lead to occupational diseases,
workplace accidents, and absenteeism (De Souza Junior et al., 2024). In light of these factors,
scientific research seeks alternatives to eliminate or mitigate the conditions to which these
workers are exposed, aiming to ensure solutions that promote improved productivity while
safeguarding physical health and well-beingin the work environment (Souza Junior et al., 2024).

In this context, occupational safety and health, through its various lines of research,
highlights ergonomics as a factor that must be continuously revisited from the perspective of
adapting work to people, so that they can perform efficiently with comfort and safety (Couto,
2021). According to Lop et al. (2019, p. 1272), “ergonomics is a broad science encompassing a
wide variety of working conditions that can affect worker comfort and health, including
ergonomic factors.”

Within the scope of Brazilian legislation, Regulatory Standard No. 17 (NR-17),
established by the Ministry of Labor and Employment, aims to ensure adequate ergonomic
conditionsin the workplace in orderto preserve workers” health and safety (Brazil, 2011). NR-17
sets forth guidelines covering several aspects, such as work organization, workstations,
equipment, furniture, and environmental conditions, with the purpose of minimizing adverse
health impacts and preventing occupational diseases, especially those related to repetitive
efforts and inadequate postures (Brazil, 2011). According to Souza and Georges (2020), the SO
45001 standard establishes guidelines for the systematic management of emerging risk profiles,
contributing to workforce health maintenance, reduction of downtime, and achievement of
optimal productivity levels.

Thus, it is observed that these uncontrolled factors, based on the working conditions
identified at construction sites, may result in injuries or health-related problems, including the
development of Repetitive Strain Injuries (RSI) and Work-Related Musculoskeletal Disorders
(WRMSD) (Souza Junior et al., 2024).

According to Brazil (2012), RSl and WRMSD are conditions associated with repetitive
efforts, lifting and handling of loads, inadequate postures, and fatigue, circumstances to which
construction workers are particularly exposed, either due to improper execution of tasks or due
to overload and repetitive efforts that ultimately affect worker productivity.

In this way, ergonomics is consolidated as a field that studies the interactions between
individuals and the components of the work system, seeking to adapt working conditions to the
physicaland psychological capacities of workers. From this perspective, Mori and Demori (2019,
p. 218) emphasize that “the recognition of ergonomic risks by construction managers and
workers can contribute to their elimination or mitigation.”

Souza Junior et al. (2024, p. 11-12) highlight that the labor activity of construction
helpers generally leads to exposure and, consequently, health risks. This occurs because these
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workers often lack technical knowledge and therefore perform tasks that require substantial
physical effort.

The labor activity of a construction helper is generally the first role undertaken by
individuals who seek to acquire other construction-related skills. Most of these workers do not
possess technical knowledge of many tasks performed at construction sites. The helper acts as
an assistant who supports construction activities by assembling and dismantling frameworks,
cleaning areas, excavating trenches, transporting materials such as sand in wheelbarrows,
preparing plaster and cement mixtures, sieving sand, finishing reflecting pools, among other
tasks. This clearly indicates that the helper performs a function that requires considerable
physical effort and repetitive movements, which consequently exposes these workers to health
risks (De Souza Junior et al., 2024, p. 11-12).

Therefore, this factor was decisive in the selection of these individuals for the
investigation of the problem addressed in this study. In addition to recognizing helpers as one of
the professional groups most affected by working conditions in civil construction, it is also
evident that technology can become a major ally in addressing challenges at construction sites
(Couto, 2021). Inthis sense, the use of systems to compare productive movement patterns and
fatigue-related movement patterns represents an innovation that can be applied across various
sectors of the construction industry. Beyond improving productivity, such systems can provide
objective data to support more accurate ergonomic interventions (Couto, 2021).

With technological advancements, ergonomic analyses have benefited from portable
systems that enable real-time monitoring of workers, offering accurate and continuous data on
movements, postures, and physiological conditions during task performance (Golabchi et al.,
2017). Technologies such as wearable sensors, 3D cameras, software such as Kinebot, and
physiological monitoring devices have emerged as effective tools for collecting ergonomic data
in dynamic work environments like civil construction (Golabchi et al., 2017).

Recent studies published in the National Journal of City Management emphasize the
importance of deepening knowledge regarding the applicability of digital technologies in the
pursuit of productivity and efficiency, thereby promoting improved practices in the civil
construction sector (Sampaio et al., 2024).

Accordingly, this research begins with an analysis of how ergonomicaspects, supported
by new technologies, can contribute to accident reduction and improvements in working
conditionsin the civil constructionindustry. Theaim is to promotea safe work environmentand
to identify feasible pathways toward improved productivity and enhanced quality of life for
workers, while also reducing absenteeism due to health problems arising from ergonomic
inadequacies.

It is assumed that ergonomic factors and fatigue can impact the productivity of
carpentry helpers’ activities in civil construction, particularly in reinforced concrete formwork
and stripping tasks. Therefore, the present study will be conducted through a comparison
between productive movement patterns and movement patterns associated with fatigue.

2 OBIJECTIVES

2.1General Objective
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To evaluate the impacts of ergonomic factors on fatigue and productivity in the
activities of carpentry helpers in the civil construction industry through the use of technology.

3 METHODOLOGY

3.1 Research Design

This study adopted an exploratory and descriptive research design which, according to
Gil (2011), allows for greater depth and familiarity with the research problem, as well as
improved dissemination of knowledge regarding the specific characteristics of the phenomenon
under investigation. The research approach was quantitative in nature, enabling the
generalization of common results identified through statistical treatment and data analysis, as
well as the measurement of predefined variables based on the frequency of occurrences
(Oliveira; Guimaraes; Ferreira, 2023).

The methodology was structured in stages: (1) Systematic Literature Review (SLR) with
meta-analyses following the PRISMA guidelines; (2) literature review based on books, master’s
dissertations, and doctoral theses; and (3) definition of the object of study through field
research.

With regard to the Systematic Literature Review, it was conducted to support scientific
investigation through methodical analyses based on predefined criteria, drawing on existing
publications that address ergonomics and productivity within the context of civil construction
(Jesus; Fucale; Rabbani, 2022).

The second stage of the study involved field research aimed at achieving the proposed
research objectives, grounded in theoretical contributions related to ergonomic factors
associated with productivity. At this stage, the data collected underwent processes of collection,
analysis, and interpretation of phenomena that reflect reality from the perspective of the
individuals involved (Marconi; Lakatos, 2017).

3.2 Research Participants and Study Ldocus

A large construction company headquartered in Recife was selected, specifically
operating in the stages of formwork and stripping of reinforced concrete. The research
participants were carpentry helpers engaged in activities involving the assembly and
disassembly of reinforced concrete formwork, aged 18 years or older.

Data collection was carried out directly at the construction sites where the participants
performed their activities. The research instruments, including questionnaires and
complementary tools, were administered in personinthe work environmentin orderto ensure
greater participant familiarity with the context of the activities under analysis.

The study was conducted with eight carpentry helpers from two construction
companiesin Recife. The purpose of this preliminary test was to assess the logistical feasibility
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of applying the instruments, as well as to verify the clarity and comprehension of the questions
by the workers, thereby allowing for methodological adjustments prior to the main data
collection phase.

33 Data Collection Instruments and Analysis

Data collection was carried out in two distinct stages, employing a mixed approach
that combined questionnaires and ergonomic assessment tools. In Stage 1, the Worker Profile
Questionnaire, covering sociodemographic and occupational aspects, was applied. This
standardized instrument was used to characterize the workers’ profiles, including information
such as age, length of experience, job function, and health history. Subsequently, the Bipolar
Fatigue Assessment Questionnaire (QBAF) was administered, a validated scale designed to
measure participants’ subjective perceptions of fatigue levels (Couto, 2020).

The method involved administering the questionnaires at different times in order to
assess distinct work scenarios. Participants completed the instrument at the beginning, middle,
and end of the workday. The questionnaire consists of 14 items, in which participants marked 1
if theyfeltno discomfortor pain and 7 if they experienced high-intensity discomfort or pain. A
score of 4 could be selected to represent an intermediate condition, while scores of 2 or 3
indicated lowerlevels of fatigue and scores of 5 or 6 indicated higherlevels of fatigue. It should
be noted thatan identification code was assigned to each worker; however, participants did not
have access to their previous responses recorded at the beginning of the workday.

Data collection also took place at the workstation through the Preliminary Ergonomic
Assessment form, with the objective of evaluating aspects related to work organization,
equipment, load handling, and postures adopted during task execution.

During site visits, it was identified that the construction phase selected forthe study,
namely the assembly and stripping of reinforced concrete formwork for the construction of slabs
in a 24-story building, was nearing completion. At the same time, other construction phases
were underway, such as the construction of the building’s swimming pool and garage.
Consequently, the application of the Worker Profile Questionnaire and the Bipolar Fatigue
Questionnaire took place during a period of lower productivity at the site, which was also
considered relevant for the purposes of the analysis. In total, eight carpentry helpers
participated in the study.

The questionnaires were administered at three different times during the workday: at
the beginning of the shift at 8:00 a.m., in the middle of the shiftat 11:30 a.m., and at the end of
the shift at 4:30 p.m. Each participant completed three questionnaires, resultingin a total of 24
questionnaires administered.

3.4 Data Analysis

For the analysis of quantitative data, the findings related to the workers’ profiles and
the bipolar items used to assess fatigue were examined using descriptive statistics.

4 RESULTS
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4.1 Results Of The Systematic Literature Review Mapping

The articles were retrieved from scientific databases and organized with the support
of the StArt (State of the Art through Systematic Review) software, which is freely provided by
the Software Engineering Research Laboratory (LaPES) of the Federal University of Sdo Carlos
(UFSCar). The articles were cataloged according to authorship, title, year of publication,
database, and country of origin. After extracting allidentified articles, duplicates were removed,
and an initial screening was conducted to apply the remaining inclusion and exclusion criteria.
Subsequently,afull-textreading of the selected articles was carried out to extract data relevant
to the research questions. Inthe initial search, 1,510 articles were identified. Afterapplying the
selection criteria, the PRISMA flow diagram presented in Figure 1 was obtained:

Figure 1 — PRISMA flow diagrama

Identification of studies from databases

Studies identified:
Studies removed before the screening stage: 65
g Science Direct (n = 617)
5 Web of Science (n = 55) Removed due to duplicate records across databases (n = 60)
% Scopus (n = 247) | Removed for not being in English {n = 2)
5 Engineering Village (n 308) Removed for being outside the study period (n = 3}
= ZbMart (n = 23)
OSFl.gov (n=265)
Total (n=1510)
¥
Pre-selected studies | Removed for not being related to the study topic after title,
(n=1445) abstract, and keyword analysis (n = 1,362)
: I
T . ¥ Studies without full-text access (n = 10)
ﬁ rseu;g::ﬁ ?ﬁlfcgg;j for full-text " | Studies excluded from the review (n = 14)
. Studies excluded for addressing topics related to design,
g:;‘:::nf:r'ﬁ%e‘i i;ugr)quahty " | automation, processes, management, and training (n = 29)
E Studies included from
'g the databases (n = 30)
E

Source: Authors

After documentary analysis through the reading of the selected and evaluated articles,
30 studies composed the Systematic Literature Review, providing the theoretical foundation for

the development of the present study.
Regarding the bibliometric results, according to the databases consulted, the articles

were predominantly found in the following sources: ScienceDirect, accounting for 41 percent of
the included articles; Engineering Village, with 20 percent; and Scopus, with 16 percent. The
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analysis also revealed that several countries have conducted studies on this topic, with China
and Italy standing out in terms of the number of published articles, as shown in Figure 2:

Figure 2 — Distribution of Publications by Country

Source: Authors

The analysis of the distribution of publications related to the topic highlights the
geographic diversity of scientific production, underscoring the global interest in ergonomic
factors and their implications for productivity. China leads with the highest number of
publications (6), followed by Italy (4), India (3), and the United States (3), reflectingthe central
role these countries play in scientificand technological research. Other countries, such as Tunisia
(2), indicate growing regional interest in the topic, while countries including Canada, New
Zealand, Ethiopia, Australia, Japan, Argentina, Korea, Portugal, Germany, the Netherlands, and
Poland each contributed one publication. This distribution suggests a collective effort, albeit
concentrated in certain regions, to deepen the understanding of ergonomic and productivity-
related aspects across different labor activities.

Through the Systematic Literature Review, it was possible to gatherinformation on the
scope of research on this topic in different countries, as well as to identify challenges, benefits,
and limitations reported in otherstudies. These findingswereimportant foridentifying research
gaps and for investigating ergonomic factors, productivity, and fatigue in carpentry helpers’
activities. Moreover, the reviewed studies revealed the existence of productive movement
patterns and fatigue-related movement patterns, with an emphasis on ergonomic factors and
health prevention related to occupational diseases in the civil construction sector.

The bibliometric analysis enabled the identification of patterns in co-authorship
networks and allowed for the recognition of national and international influences, as it
represents an essential tool in the management of scientific production (Lima et al., 2019). In
this way, it was possible to assess the representation of publications and growth within this line
of research. Initially, the number of publications over the last ten years (2014—2024) was
examined in order to evaluate the evolution of the topic, as shown in Figure 3.

e2529
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Figure 3 — Distribution of publications by year

Number of Publications

0 1 2 3 4 5 6 7 8

N 2024 ®2023 W 2022 m 2021 m 2020 ® 2019 = 2018 m 2016 ®m 2015

Source: Authors

Publicationsin journals related to the topicshowed a growth trajectory overthe years.
Between 2015and 2019, the number of publications remained relatively stable, with an average
of one to two publications per year. From 2020 onward, a continuous incre ase was observed, as
the number of publications doubled compared with the previous year, reaching higher levels of
scientific output. Afteranalyzing the 30 articles included in the Systematic Literature Review, it
was possible to group theminto thematic axesin order to identify how the studies address the
research object, as presented in Figure 4:

Figure 4 - Thematic axes of the articles

Ergonomic Interventions vs. Software _ 37%
Ergonomic Factors vs. Ergonomic _ 33%
Assessments
Productivity vs. Health _ 20%
Fatigue vs. Productivity - 10%

Source: Authors

As shown in Figure 4, the thematicaxis Ergonomic Interventions and Software stands
out, accounting for 37 percent of the analyzed articles. In these studies, the use of technological
toolsis emphasized as amechanism to accelerate results within shortertimeframes. At the same
time, it is observed that traditional ergonomicasse ssmentmethods are also gaining prominence
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in examining the relationship between work activities and workers’ health across various
sectors. This trend has encouraged researchers to seek alternative approaches to reduce
occupational diseases and to promote work environments with higher quality standards and
improved productivity.

Figure 5 — Comparison of ergonomic methods and assessments

Fatigue vs. Productivity and Ergonomic Factors Ergonomic
Productivity Health vs. Ergonomic  Interventions and
assessments Software

B Methods M Softwares M Tools

4,5
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Source: Authors

In parallel, Figure 5 presents a comparison of ergonomic methods and assessments,
analysis tools, and the use of software, according to the articles reviewed.

4.2 Experimental sample — analysis of questionnaire data

The questionnaire was divided into five sections: general data; education and
professional experience; working conditions; health and well-being; and psychological and social
aspects. Accordingly, the main aspects used in the analysis are highlighted below.

Regarding general data, all participants were male. The age groups of 31-40 yearsand
41-50 years each accounted for 37.7 percent of the sample (3 participants each). The age group
of 51-60 years represented 12.5 percent (1 participant), as did the group aged over 60 years,
also with 12.5 percent (1 participant). In terms of marital status, the largest group consisted of
married workers, correspondingto 57.1 percent of the sample, followed by single workers, with
42.9 percent.

With respect to education and professional experience, 62.5 percent of the
participants reported incomplete elementary education, while 37.5 percent had completed
secondary education. This highlights the educational issue, which directly affects learning
processes, asit influences how knowledgerelated to occupational safety and health prevention
can be transmitted through training programs. An important finding is that all participants had
received training related to Occupational Safety, including Regulatory Standards covering
personal protective equipment, machinery and equipment, ergonomics, work at height, first aid,
and occupational safety and health in the civil construction industry.
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Regarding working conditions, 100 percent of the workers reported working more than
eight hours per day, following a schedule from 7:00 a.m. to 12:00 p.m. and from 1:00 p.m. to
5:00 p.m. from Monday to Thursday, and from 7:00 a.m. to 12:00 p.m. and from 1:00 p.m. to
4:00 p.m. on Fridays. It is noteworthy that these working hours vary according to the
construction phase; in this case, the project was in the finishing phase, with some stages still
underway toward completion.

Regarding difficulties in performing activities in the work environment, 100 percent of
the participants identified climatic conditions as an unfavorable factor. With respectto the use
of Personal Protective Equipment (PPE), allworkers reported regular use, corresponding to 100
percent compliance, as illustrated in Figure 6. The figure presents the types of PPEappropriate
to the identified risks, including physical, chemical, biological, and accident-related risks,
according to the activities performed at the construction site. PPE use was supported by
individual delivery records and monitored by the occupational safety technical team.

Figure 6 — Personal Protective Equipment (PPE)

Helmet and Safety

Gloves

Safety Boots

Safety harness - Parachutist
Ear protector

Lanyard: Arab cap; Protector

Source: Authors

Considering the health and well-being dimension addressed in the questionnaire, it
was observed that 25 percent (2 participants) had experienced occupational accidents,
specifically falls and a cut to the index finger of the right hand. This finding, combined with the
consistently high rates of accidents in the civil construction sector, reinforces the need to
intensify daily preventive actions at construction sites, highlighting their critical importance for
raising awareness among both workers and leadership. Due to the repetitive movements and
posturesinvolved in carpentry helper activities, 25 percent of the workers reported experiencing
bodily pain. This may indicate that the upper limbs and or other body regions require greater
attention and preventive measures to avoid injuries or work-related musculoskeletal disorders
(WRMSD).

According to Couto (2020), fatigue constitutesa priority area within ergonomics, and
under conditions of overload, workers tend to exhibit symptoms of exhaustion. Fatigue can
manifest in different forms and may contribute to ergonomically related injuries. As shown in
Figure 7, 62.5 percent (5 participants) exhibited moderate fatigue, while 37.5 percent (3
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participants) reported low levels of fatigue at the end of the workday. Despite these findings, all
participants reported feeling motivated (100 percent) to perform their work activities.

Figure 7 — Level of fatigue at the end of the workday

® Llow ® Moderate = High = Very High
Source: Authors
Medical monitoring was assessed through the analysis of medical examinations, in
accordance with Regulatory Standard NR-06. As shown in Figure 8, 100 percent (8) of the
participants underwent pre-employment medical examinations, 75 percent (6) underwent
periodic examinations, and 25 percent (2) underwent medical examinations related to job
function changes. This represents arelevant aspect to be considered, as it reflects the company’s

compliance with legal requirements and the monitoring carried out by the medical team aimed
at preventing occupational diseases.

Figure 8 — Medical examinations performed

Exit medical exam = 0%
Job change medical exam [ 25%
Return-to-work medical exam = 0%
Periodic medical exam [N 75
Pre-employment medical exam [N 100%

Never underwent medical... 0%

Source: Authors

With regard to the identification of findings related to the bipolar pain questionnaires,
this method was developed by Nigel Corlett from Nottingham, England, based on the same
criteria as qualitative tests known as Likert scales (Couto, 1996), with further refinement by
ergonomist Hudson Couto. The method allows the assessment of individuals’ subjective
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perceptions through a bipolar questionnaire consisting of a sequence of paired adjectives, in
which respondents answer the questions by referring to their sensations at a given moment
during work. This questionnaire represents a significant contribution to fatigue assessment.

In this study, the questionnaire was administered to eight carpentry helpers in June,
during formwork assembly activities, specifically the construction of the swimming pool, and
stripping activities on the first floor slabs and columns of the vertical building. Workers with
movement limitations, a prior diagnosis of chronic musculoskeletal disorders such as repetitive
strain injuries or work-related musculoskeletal disorders, herniated discs, or tendinitis, as well
as those undergoing physical rehabilitation, were excluded from the study. Data collection
generated three questionnaires per participant, administered at the beginning, middle, and end
of the workday, and workers did not have access to information regarding their previous
responses.

Accumulated fatigue was considered present when the first questionnaire showed a
score equal to or greaterthan 4 in the following aspects: pain in the neckand shoulder muscles
and pain in the arms, in addition to the continuity of complaints throughout the workday. The
levelof fatigue was determined based on the final questionnaire,administered at the end of the
workday, according to the following criteria: absence of fatigue, scores up to 3 in each item;
moderate fatigue, scores of 4 or 5 in any item, provided that the score at the beginning of the
workday was not higher than 3; and intense fatigue, scores of 6 or 7 in any of the items. When
a score equal to or greater than 3 was recorded in the first questionnaire, subsequent
guestionnaires were analyzed to determine whether there was an increase in the score over the
course of the workday.

Figure 9 — Mean values of the bipolar scale
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Mean Values for 8 Workers (Scale from 1 to 7)
Parameter Beginning of the Workday | Mid-Workday End of the Workday
Level of Fatigue 1 1.125 1.375
Concentration 1 1.125 1.125
Overall Mean Pain 1 1 1
Productivity 3.25 1.5 2.25

Source: Authors

The mean values of the bipolar scale showed no changes in the level of fatigue,
concentration, or overall body pain, which remained at a low intensity during the middle and
end of the workday. This stage of the study was important for examining the relatio nship
between fatigue and low productivity, as well as the interferences identified for the analysis.
Therefore, the research willbe continued at other construction sites, during phases with higher
productivity levels and involving the assessment of additional groups. Nevertheless, this stage
was essential for verifying the applicability of new field research procedures.

5 FINAL CONSIDERATIONS

The results of the Systematic Literature Review initially contributed to identifying the
perspectives of practices and theoretical approaches adopted by authors who have previously
investigated this topic. It was observed that, although there are studies addressing ergonomics
and productivity applied to construction sites, the number of such studies remains limited,
which reinforces the practical and theoretical contribution of the present research.

With regard to the application of questionnaires, visits were conducted to two
construction companies in the Metropolitan Region of Recife, allowing the identification of
potential challenges related to participants’ comprehension, time availability, and the
effectiveness of the data collection instruments used. It was found that factors such as climatic
changes, construction phases nearing completion with slower work rhythms, and worker fatigue
may interfere with task performance. Therefore, it is necessary to conduct observations at
different moments and to consider the specific phases of construction projects, as these aspects
become determining factors in the perception of fatigue.

The results are aligned with the principles of the 2030 Agenda, especially Sustainable
Development Goal 8 (SDG 8), which aims to promote sustained, inclusive, and sustainable
economic growth, full and productive employment, and decent work for all. More specifically,
this research directly contributesto target 8.8 by providing technical and scientific evidence to
protect labor rights and promote safe and secure working environments for all workers in the
civil construction sector. In this sense, the adoption of ergonomic practices based on movement
data not only strengthens the commitment to decent and safe work, but also proves to be a
viable strategy for increasing productivity, reducing absenteeism, and fostering the social and
economic sustainability of the sector.
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