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Participatory Ergonomic Approach
for Workplace Improvements:
A Case Study in an Industrial Plant

Hélia Fonseca, Nuno Santos, Isabel Loureiro and Pedro Arezes

Abstract This paper aims to describe the development of an ergonomic program
based on the principles of Participatory Ergonomics, in order to implement work-
place improvements. A case study was conducted in an industrial plant where several
musculoskeletal disorders were previously identified as being the main cause of a
high absenteeism. As a result of the ergonomic intervention program, several dif-
ferent improvements measures were implemented, improving several workplace
aspects, namely workers’ posture and, consequently, their working conditions. The
obtained results indicate that there was a significant ergonomic improvement in tasks
where the proposed measures have been implemented. The workers’ satisfaction has
increased considerably after the implementation of the suggested measures. Finally,
it was possible to conclude that based in the success of this project, the same
approach can also be extended to the remaining company’s workplaces.
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1 Introduction

The way companies works is more important than ever to ensure success and future
sustainability. Many businesses realize that real success requires continuous
improvement in several key-areas, including business performance, costs, quality,
occupational safety and health, and environmental protection. Human component
has taken an important role in almost industries. The study of the influence of
Human factors in industries aims to guarantee that working conditions are as
adequate as possible, ensuring workers’ motivation, while preventing diseases and
accidents. By doing so, healthy and motivated workers will be more willing to
increase productivity.

Participatory Ergonomics (PE) is an intervention strategy to reduce risks related to
physical load. Usually, there are several reasons for its implementation. First, it
addresses one of the categories of occupational risks with the greatest impact on
workers’ health, both in terms of incidence, prevalence, or disability [1]. Additionally,
the basic principle of PE is to enable workers to participate in the identification of risks
resulting from exposure to physical loads in the workplace, as well as to propose and
evaluate appropriate corrective measures for each situation. Finally, it enables solu-
tions’ development without interfering with the technical procedures.

According to Martin et al. [2], a participatory approach can encourage sustain-
ability by using industry and workplace knowledge with design skill to meet all
objectives, including the goal of sustainability. The most effective business system
is the one that achieves all the sustainability’ standards such as, economics, envi-
ronmental, production, quality and occupational health, as well as meeting the
needs of all the stakeholders.

Nowadays, industries are under a lot of pressure for several reasons as increasing
of demands force manufacturers to improve the flow of assembly orders together
with a more efficient process. This kind of pressure on the organization is likely to
increase workers mental and physical stresses [3]. In order to solve or minimize
these problems a participatory approach can be developed. Wilson and Haines [4]
defined PE as “the involvement of people in planning and controlling a significant
amount of their own work activities, with sufficient knowledge and power to
influence both processes and outcomes in order to achieve desirable goals”. This
active participation of workers in their workplace decisions, with the support of the
organization headed by their supervisors and managers, has as main benefit the
improvement of working conditions.

Theberge et al. [5] suggest PE as an intervention strategy in which workers are
involved in planning and control of a portion of its own working activities. PE lists
the different aspects of the organization of work, whether physical or social
although the implementation of this kind of strategy is (and must be) unique to each
particular situation and organization [6, 7].

The positive effects of Participatory Ergonomics targeted on the European
Foundation for the Improvement of Living and Work Conditions (1999) reports.
According to Vink et al. [8] report’ analysis direct participation in production
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organizations most often leads to quality improvements (90 % of the cases), to
reduction of cycle time (60 % of the cases), and to a cost reduction (60 % of the
cases).

Tompa et al. [9], in a study carried out in a textile plant, suggested that PE
interventions can be cost beneficial from the company perspective. In this study,
even though proposals were typically low-cost and low-tech interventions benefits
were achieved on both the health and financial fronts. A successful Participatory
Ergonomics program should be systematic, focused and integrated into existing
processes and operations and it must be also viewed as a good business decision for
it to succeed [10].

It seems to there is a consensus in literature that PE methodology should always
have an assumption, which is the creation of an ergonomic ‘team’ (steering group).
This group will guide the intervention process. Typically this group comprises
employees (or their representatives), managers, ergonomists, health and safety
personnel, and research experts and will allow the Ergonomics to be high beyond
the singular work situation and may interfere in the organizational structure [11].

Once formed, teams undergo training by an expert to become familiar with the
basic ergonomic principles [1, 12].

The participatory and integrative approach has a stepwise background. For
example, Vink et al. [13], divided the step-by-step approach in nine major steps:
introduction, analysis, idea generation, idea selection, prototyping, testing, adjust-
ing, implementation and evaluation. Indeed, active participation of end-users and
management is very important for the ‘involvement’ process. On the other hand, the
‘process’ success is dependent on a good inventory of the problems, a structured
stepwise approach, a steering group (with well-defined responsibilities for each
member of the group) and a good check/monitoring of the effects [8].

The current study aims to develop an ergonomic program based on the principles
of Participatory Ergonomics, in order to implement workplace improvements. It
was conducted in a textile plant where several MSD were previously identified as
being the main cause of a high absenteeism. The purpose of this research is to show
that the active participation of all stakeholders in workplace design is essential, and
this kind of approach provides a strong rationale for the use of Participatory
Ergonomic principles in the development of safety work systems.

2 Methodology

2.1 Sample

This project was developed in a production area of a textile industry for automotive
components, located in the North of Portugal. The manufacturing process includes
textile reinforcements of tires, which is a key element in the tire manufacturing.
Three stages with strict production criteria are established: twisting, weaving and

Participatory Ergonomic Approach for Workplace Improvements … 409



dipping. Twisters are the machines responsible for twist of yarns, obtaining rope
with improved characteristics. The cord resulting from twisting is rolled into tubes,
of plastic or cardboard, forming bobbins that are the feedstock and will be trans-
ferred to one of two possible stages. In one of the stages, the cord can go directly to
the dipping machine where the impregnation and drying of the cord is performed.

The machines work continuously, 24 h a day, 7 days per week. There are three
different 8 h shifts. On average, workers have 25.1 years old (standard devia-
tion = 3.7) and a vast majority are male (95.65 %). The majority (63.2 %) work in
the company between 1 to 5 years. The second most reported range is the category
one more than 5 years (31.6 %).

The workplace of dipping cord was selected to the Participatory Ergonomic
program implementation, since this area, according to previous internal reports, is
associated to a high-risk level of MSDs.

2.2 Participatory Ergonomics—Project Implementation

To implement the ergonomics participatory project, three fundamental stages were
defined: pre-intervention, intervention and post-intervention.

A summary of the various stages of the program, as well as their objectives and
target groups, is presented in Fig. 1.

A brief description of each stage is provided. The complexity of this process
(project implementation) requires a sequence, in which ideas are introduced within
the lead teams (pre-intervention stage). Therefore, at the beginning of the project,
authors addressed the nature of the work to the Management Board and
Engineering Departments, where the scope of the project was discussed as well as
several steps and timeline. Following this formal presentation, it was then sched-
uled several communication activities to the plant operators, where fundamental
and basics knowledge’s about Ergonomics were exploited and tackled (mainly:
ergonomics concepts, risk factors, exposure effects and safety) intertwined with an
introduction to the project scope (Participatory Ergonomics) and all the different
phases to be developed. Two communications sessions were booked, covering the
four shifts of the studied workplace, where 24 persons were informed about the
project’s motivations and goals.

The intervention stage starts with an assessment of all the risks inherent to each
workplace, enabling a simple and fast evaluation of the root causes. This infor-
mation was collected by a diagnostic questionnaire applied to all workers that
participated on the program. The questionnaire was based on the ERGOPAR [14]
method, whereas the workers’ identification was done according the Company
guidelines. The main purpose of the questionnaire was to identify symptoms and
ergonomic risk factors existing in the selected jobs for analysis. The questionnaire
was divided in three main parts. The first part (workers’ characterization) was
related to certain variables such as gender, age, shift, type of contract and profes-
sional seniority. In the second part of the questionnaire, it was possible to assess the
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possible damage related to occupational health. Workers were asked to indicate, for
each body area, if they felt or not discomfort or pain when performing the different
tasks. In the third part, workers responded to questions about their usual postures
and actions adopted when carrying out their tasks to perceive the ergonomic risk
factors.

All data were collected in a spreadsheet for a more specific analysis of the results
in the IBM SPSS Statistics 22, a software package used for statistical analysis.

After concluding the initial assessment phase, it was time to provide meaningful
interpretations for the results and naturally start to act on the optimization of the
issues highlighted by the study (treatment stage). In order to achieve this objective,
the initial step was to produce a refined action plan with several proposals to tackle
the workplace problems. From an ergonomic point of view, the main focus during
an assembly line design should be on the worker. This is why these workplaces
re-design should fit each worker and not the other way around. Therefore, an early
involvement of the operators on this exercise is crucial since the optimum working

Fig. 1 Overview of the participatory ergonomics program
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environment is mostly determined on the perception that the operators have from
their own working place.

The participation of the operators within the project activities is done via a
“steering group” that generates a “decision context/environmental” where the
intervention strategy to be applied in each workplace is proposed, extensively
discussed and the key actions and monitoring mechanisms are agreed between all.

The “steering group” is defined as a specific and multidisciplinary project team
with an important role of acting during the conception and problem solving
activities of the project. Furthermore, several assumptions were taken under con-
sideration, namely: (1) experience with the selected workplaces; (2) size of the
“steering group” should be as such that everyone could have an important and
active role (5 to 10 persons); (3) participation in the group should be voluntary;
(4) the team should comprise workers from the different shifts.

With these requirements in mind, the “steering group” was then created and
consisted in 8 operators, covering all shifts of the workplace, as well as the staff
from the Ergonomics team of Quality and Safety Department. It should be noted
that the team contained operators with different functions in the company (planning,
quality and maintenance). During the entire project the Engineering Department
was also briefed about the status of the project.

It was carried out three different sessions across the entire length of the project,
with the following subjects under discussion:

• The first session had consisted in the analysis of the results from the ques-
tionnaire and an information leaflet was produced, stating all the risks identified
during the survey for the workplace;

• In the second session, all the information that have been gathered was organized
in a table with corresponding tasks addressed to each of risks. In addition to this,
preventive measures were discussed and grouped by main challenges, being all
accepted and listed;

• In the third, and last, session, an evaluation, prioritization and selection of
solutions were technically validated and the relevant ones chosen for practical
implementation.

After the selection of measures to be implemented, these were introduced in the
company suggestion system to require the approval of the Quality, Production,
Engineering, Health and Safety, as well as the cell leader linked to the area where the
idea would be applied. For their development and determining the recommendable
dimensions it was necessary to perform the anthropometric calculations based on the
anthropometric data of the adult Portuguese population, according to Arezes et al.
[15], and it was considered either the 95th or 5th percentile, i.e. covering 95 % of the
population that would be satisfied with the proposed dimensions.

Post-intervention stage occurs following the initial assessment exercise and with
the objective of monitoring all the improvements that were previously identified,
suggesting that all the achieved results may now converge towards the direction of
project target.
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In order to analyze the effectiveness of the measures, two scenarios were estab-
lished: scenario 1—corresponding to the present situation; and scenario 2—after the
implementation process—and two approaches were used:

1. Assesses of postural loading
2. Identification per corporal segment of the level of reported pain.

Due to the type of work demand, Rapid Upper Limb Assessment method—
RULA [16] was used to assess the risk associated to workers’ postures. The risk and
action levels were calculated according to Table 1 and compared against the initial
results.

The operator’s body postures were also extensively observed and recorded by
means of pictures and/or videos. Thereafter, scores were given according to four
different risk levels and corresponding colors (green illustrates a small risk, yellow a
medium risk, orange a high risk and finally red representing a very high risk), based
on the different main body areas under evaluation in order to better understand the
impact of each improvement proposal.

The identification per corporal segment (neck, shoulders, arms, wrists, trunk and
legs) of the level of reported pain regarding the two scenarios was made. For this
purpose, a map was developed as presented in Fig. 2. In order to actively help in the
final project assessment, a questionnaire was then created, distributed and explained
to each of the workers (23 individuals) how to fill it, where each of the tasks were
scored according to the type of pain and intensity, for the before and after scenarios.
Workers have to score each body area in a scale of pain intensity ranging between 1
and 5.

Additionally, the risk and action levels were re-calculated and compared against
the initial results. This analysis constitutes a unique way of investigate if the chosen
actions had the expected impacted in increasing the ergonomic levels of any given
workplace. Results obtained from the two scenarios were compared though a visual
representation of each segment and with data analysis though a non-parametric test,
Wilcoxon signed-rank test for two dependent samples (IBM SPSS Statistics 22
software). A significance level of 5 % was considered.

Table 1 Action levels of RULA method (adapted from McAtamney and Nigel Corlett [16])

Action
level

Action

A A score of 1 or 2 indicates that posture is acceptable if it is not maintained or
repeated for long periods

B A score of 3 or 4 indicates that further investigation is needed and changes may
be required

C A score of 5 or 6 indicates that investigation and changes are required soon

D A score of 7 indicates that investigation and changes are required immediately
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3 Results and Discussion

Nineteen workers participated in the intervention phase responding to the diag-
nostics questionnaire. Workers indicated, for each body area, their level of dis-
comfort or pain when performing the different tasks.

As shown in Fig. 3, elbows were the only body area with no associated pain.
Neck, shoulders, and lumbar spine, were identified as the most reported painful
areas, while body down extremities were mostly associated with a discomfort level.

The great majority of workers (74 %) considers that their jobs were physical
high demanding (Fig. 4).

After analysis and discussion of the results with the steering group, three dif-
ferent sessions were hold helping the identification of the measures to be imple-
mented in short-term or medium/long term. Management board has validated the
proposal measures presented in Table 2. Status of the implementation process is
also presented. Note that ongoing process, although not been selected to immedi-
ately implementation, was introduced in the ideas system of company for
medium/long term implementation.

An example of implemented measures, regarding the raise of the base of metal
boxes and bench with wheels, is presented in Fig. 5.

In order to measure the effectiveness of implemented measures, RULA method
was applied for each of the tasks under analysis. Risk levels were assigned to
different body areas and a general assessment of the improvement rate regarding the
new postures was performed.

Table 3 identifies the four-risk level obtained from RULA and correspondent
percentage of occurrence. It is important to highlight that before implementation
33.33 % of the risk level was on the high category and in the “after” situation this
category dropped to 2.3 %. The lowest level increased 34.43 %, being a direct

Fig. 2 Map of body parts (adapted from Corlett and Wilson [17])
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consequence of the measures implemented on the different workplaces, improving
the postures adopted by the worker when performing the different tasks.

Regarding the statistical analysis performed on the questionnaire
post-intervention phase, results showed a significant improvement in all tasks,
concerning the intensity level of reported discomfort/pain felt by workers.

The statistical analysis (Wilcoxon signed-rank test) of the self-symptoms results
reported by workers “before” and “after” the implementation of measure presented
in Fig. 5a) is shown in Table 4.

According to workers’ opinion, by raising the handle height the level of reported
discomfort/pain is alleviated in all evaluated areas of the body. However, the trunk is
the most benefited body area going from an average level of discomfort of 3.87 to
2.48, corresponding to a “moderate” level of discomfort/pain according to the

Fig. 3 Level of reported discomfort/pain per body area

Fig. 4 Physical demands of
jobs according to workers’
perception

Participatory Ergonomic Approach for Workplace Improvements … 415



Table 2 Proposal measures: objectives, technical changes and status

Measures Objective Technical changes Status

Acquisition of
an electric high
lift pallet truck

Load and unload creels and
transport pallets easily

Permits that works adjust the
high of lift the bobbins
during loading and
unloading creels

Ongoing

Development
of benches with
wheels

Sit while cleaning twisters
pots and the wire avoiding
poor postures

The workers doesn´t need to
get up while they are
performing tasks. The seat
height should not exceed
38.4 cm

Finished

Development
of a platform
(bench)

Reach the upper level of the
creels just to easily pass the
wire and perform safely

Bench height may not
exceed the height of the
bottom level of the creels
(45 cm). The platform height
should be between 53.6 and
67.9 cm

Finished

Development
adapted bench

Clean the dipping machine
stove rolls on a mesh floor

The seat height should not
exceed 38.4 cm

Finished

Extend the
ramp of the
carpet ramp

Lower the handle height
during the task of unload
twisters

The handle height of the
carpet ramp should be
between 117.1 and 131.4 cm

Finished

Modify the
table of scale

Twisters-raise the table
height

The handle height of the
table + scale should be the
high of the carpet

Ongoing

Raise the base
of the metal
boxes

Dipping machine—raising
the handle height

Minimum height of bottom
level is 62.8 cm and
maximum height of upper
level is 155 cm

Finished

Create support
for compressed
air hose

To dipping machine Design of support in
development stage

Ongoing

Fig. 5 Before/After implementation of a base of metal boxes (a) and a bench with wheels (b)
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intensity scale presented in Fig. 2. The differences between “before” and “after” are
statistically significant to a level of significance of 5 % (p < 0.05) for all body areas.

It should be noted some difficulties in implementing a program based on
Participatory Ergonomics and advices for this type of approach, namely:

• It is a slow and time-consuming process because of the need to build trust and
credibility among all participants and at all levels of the organization;

• It requires a high and constant effort to raise awareness to the participation of all
stakeholders, and it is necessary that, during the process, to consult regularly if
workers wish to continue with their participatory role given that the levels of
interest and motivation can change throughout the process;

• Even after the training sessions, workers may not understand some ergonomic
aspects, which could mislead in some of the suggested measures;

• Sometimes there are difficulties in obtaining financial support, as it is undeniable
that a process that takes time to get results can be seen as anunprofitable investment;

• The investigator’s role is fundamental in order to demonstrate the benefits that
such approach can bring, both for workers and organization in the short,
medium and long-terms.

Table 3 Risk levels associated with different body areas and % of occurrence before and after the
implementation of measures

Risk level Before (%) After (%)

Very high 33.33 2.78

High 11.11 8.33

Moderate 38.89 52.78

Low 16.67 36.11

Table 4 Descriptive statistics per body area (questionnaire post-intervention)

Body area Before average After average Wilcoxon statistics

Neck 2.96 2.26 2.859**

Shoulders 3.43 2.48 3.372**

Arms 3.30 2.39 3.384**

Wrists 3.04 2.35 3.066**

Trunk 3.87 2.48 3.895**

Legs 3.04 2.39 2.877**

**p < 0.05
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4 Conclusions

The current study shows that Participatory Ergonomics can be an effective strategy
in reducing the workers’ exposure to WMSDs risk factors of. Furthermore, it
strengthens the importance of employees’ participation at all stages of the process.
Indeed, workers know their workplaces better than anyone, and this knowledge
allows them to develop a deeper understanding of both ergonomic problems and
potential solutions.

The objectivity of the program was also essential to the success of the imple-
mentation process, as it allowed keep people committed to the proposed goals.

According to RULA method, the obtained results indicate that there was a
significant ergonomic improvement in tasks where measures have been imple-
mented. Results also showed that workers felt a significant improvement regarding
the level of reported discomfort/pain.

Finally, based on the results, Management Board decided that the very same
approach should be extend to all sections of the company,

Aside all the relevant contributions, this study also has its own limitations. The
main one, inherent to the research method, is the difficulty in generalizing the results.
Therefore, it shall be taken into account that, when analyzing the results, the
implementation of Participatory Ergonomics program described here is only a case
study on a specific type of organization, a multinational company with a high-level
of safety culture. Consequently, due to the limited scope of the study, and the nature
of action research, the implementation and results of Participatory Ergonomics
program are not easily generalized to other contexts.
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