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Abstract. The humanization of organizations is a trend in companies that have a 

vision of the future aligned with the needs of the market. In the health area, this 

humanization should not be limited to its users, but include the employees involved 
in the work system. The human aspect and its relations with the work system is a 

focus of studying ergonomics, which in its macroergomic approach aims at 

integrating organization-man-machine systems into a sociotechnical and 
participatory context. This study aims to apply the macroergonomic approach with 

health workers in order to propose and implement improvements; evidencing the 

importance of their involvement in better acceptance of the proposed improvements 
generating greater satisfaction. To this end, a study was conducted in the Billing 

sector of a Brazilian Hospital. Ergonomic demands were identified in a participatory 

way through the Macroergonomic Analysis of Work (MAW) method, proposed  in 
[1]. The results were tabulated and divided into constructs: Environment, 

Biomechanical, Cognitive, Work Organization, Risk, Company and  

Discomfort/Pain. After one year, a new macroergonomic evaluation was carried out 
and the improvements implemented included the concept of the sociotechnical 

system, which were: i) acquisition of new computers; ii) implementation of a new 

computational system and; iii) implementation of changes in the form of sector 
management. The results showed an increase of up to 40% in satisfaction with the 

improvements implemented in the Biomechanical and Organizational constructs, 

indicating that the application of participatory ergonomics and macroergonomics 
was fundamental for the changes made to increase satisfaction in aspects of the work 

performed by them. Finally, this research highlights the importance of employee 

involvement in sociotechnical analysis for the humanization of organizations and it 
is suggested for future studies the proposition of improvements related to the 

Environment and Cognitive constructs and pain/discomforts. 

Keywords. Humanization; Ergonomics; Macroergonomics; Improvements; 

Satisfaction. 

Introduction 

In the organizational context, the humanistic approach of administration aims at the care, 

integration and harmonization of different stakeholders, based on philosophical 

humanism, considering workers as individuals and as people who relate to the work 

environment [2]. Similarly, ergonomics is a scientific discipline that aims to optimize 

human well-being and the overall performance of the work system, based on human 

interactions with other elements that make up a work system  [3].  In its macroergonomic 

approach, ergonomics consider the worker's  participation in the integration of 
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organization-man-machine systems  [1]. Therefore,  despite being disciplines of different 

areas of study,  both focus on the study of the human and their relationships in the work 

environment. 

Collaboration between disciplines from different areas in order to solve unstructured 

problems is part of the transdiciplinary research process [4]. The research of 

transdisciplinary engineering uses not only disciplines from engineering (as is the case 

of ergonomics), but also of disciplines from other areas, aiming at solving problems 

making use of profissional of various specialties and stakeholders [5]. 

Thus, considered for the realization of this study the participation of workers as a 

central point for humanization and macroergonomics in the context of the billing sector 

of University Hospital located in the city of Curitiba in the state of Paraná in Brasil. 

The departament in question is responsible for detailing all the costs that the hospital 

obtained with the treatment of its patients within the conformities stipulated by the 

Brazilian health system. The billing department must follow the payment pattern 

stipulated by the public health system in Brazil, so that the hospital receives funds for 

the continuous treatment of patients. The challenge for the billing sector is to align the 

costs of maintaining the hospital with the value provided by the Health System. In view 

of this, the sector is constantly under pressure to improve its work processes and the 

performance of its workers, so that all the necessary value for the maintenance of the 

hospital is provided by the Health System. 

Therefore, this study aims to apply the macroergonomic approach with a view to 

humanizing the environment of health workers in order to propose and implement 

improvements; evidencing the importance of their involvement in better acceptance of 

the proposed improvements generating greater satisfaction. 

The article is organized as follows, in section 1, the definitions of humanization, 

ergonomics and macroergonomic are described. Section 2 presents the methodology 

used in the study. Section 3 presents and discussed the results of the study. Finally, 

section 4 contains conclusions and suggestions for future studies. 

1. Background 

This section presents a humanization briefing (section 1.1) and the description of the 

concepts related to ergonomics (section 1.2), the two disciplines considered in this study. 

1.1.   Humanism 

Humanism is a guiding perspective on human needs and oriented towards the 

development of human virtue. Concerns about the structuring of social life based on 

human characteristics, assuming that everyone has the same rights and must reach 

everyone  [6] [7]. 

Humanistic organizations are guided by humanistic concepts, such as social group, 

group dynamics, motivation, communication, leadership, teamwork, seeking to develop 

individual motivations of employees and reduce gaps between the organizational and 

individual objectives of employees. These organizations promote the integration between 

the objectives of different stakeholders, promoting the balance of qualitatively desirable 

results [8] [7]. 

The humanistic approach of the Administration is ruled in a more democratic and 

humanized organizational administration, which does not block individual growth  and 

self-development of workers, emphasizing  the human condition in work [8] [6]. 
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1.2. Ergonomics 

According to [9], "Ergonomics (or human factors) is the scientific discipline concerned 

with the understanding of interactions among humans and other elements of a system". 

Its objective being the optimization of human well-being and the overall performance of 

the system [3].  

The study of ergonomics is formed by the man-machine-environment system, being 

the man any person, or people, responsible for performing a work; the machine, and can 

be both physical and cognitive; and the environment, which can be internal, where the 

work takes place, or external [10]. 

Ergonomics in its man-system interface technology consists of five interfaces, 

including man-machine interface or hardware-ergonomics, human-environment 

interface or environmental ergonomics, human interface-software or cognitive 

ergonomics, man-work interface or ergonomics of work design and, organizational 

ergonomics or macroergonomics  [11]. 

Macroergonomics is the ergonomic approach that considers the man-organization 

relationship and external factors that influence this relationship, and therefore is the most 

comprehensive of its approaches.  

1.2.1. Macroergonomics 

Macroergonomics, defined by Hendrick, works in order to integrate the organization-

man-machine systems. This approach considers the human factor within the organization 

and external factors that influence its work, encompassing socio-technical characteristics 

of the organization, considering characteristics of the work system, external system and 

personal system. It makes use in its application of participatory ergonomics, providing 

with the involvement of employees to improve productivity, increased satisfaction, 

improvement in safety at work and in the company, causing reduction of errors and 

accidents [12]  [10]. 

Based on the application of the concepts of humanization and ergonomics, this 

article proposes the use of worker participation as a central point in the application of 

humanization and macroergonomics in order to propose and implement improvements 

in the study sector, increasing worker satisfaction. 

2. Methodology 

The study is based on the billing sector of a University Hospital in the city of Curitiba – 

Paraná, Brazil, in which two samples of 17 employees participated in the study, 

corresponding to 89% of the total number of employees in the departament, in 2018 and 

2019. In this case study, information is collected and analyzed and worked qualitatively 

and quantitatively in order to apply the MAW method. 

2.1. Macroergonomic Analysis of Work (MAW) 

The Method of Macroergonomic Analysis of Work (MAW) was proposed by [1]  to 

identify, monitor and modify participatory any activity that puts at risk the quality of life 

of the worker. With the application of MAW, we have an analysis of the work both from 

the point of view of the ergonomics (specialist responsible for the application of 

ergonomics) and of workers, who participate directly or indirectly. 
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The method consists of six stages, which are iterative and not necessarily linear, 

being: 0 - project launch, 1 - ergonomic survey or appreciation, 2 - ergonomic diagnosis 

or situation analysis, 3 - proposal of improvement solutions, 4 - validation solutions and 

5 - ergonomic detail [1]. Phase 5 was not contemplated in this study. 

2.1.1. Project launch 

As a way of launching the project, a meeting was held with the board of the hospital in 

which the macroergonomic analysis of the work was agreed. 

2.1.2. Ergonomic appreciation and diagnosis 

To survey the ergonomic demands of the billing sector, an interview was conducted 

spontaneously and voluntarily with a convenience sample of 7 employees. Based on 

results obtained with the interviews, direct observation of employees in their work post 

and in the opinion of an ergonomics specialist, satisfaction, importance and 

discomfort/pain questionnaires were elaborated. 

The questionnaires were composed of questions regarding the Environment, 

Biomechanical, Cognitive, Work Organization, Risk and Enterprise (EBCORE), and 

discomfort/pain, and the answers were given through a continuous line.  

This method uses questions in its questionnaires with a continuous line of 15 

cm so that respondents mark an x at the location of the line they think is most correct for 

the question. At the ends of each line are words that guide the formation of a continuous 

scale. At the left end, indicating the value zero, are the words unsatisfied, unimportant 

or low, with each word used in the satisfaction, importance and discomfort/pain 

questionnaires, respectively. At the right end, there are the words satisfied, important and 

very much, with each word used in the satisfaction, importance and discomfort/pain 

questionnaires, respectively [13].  

The scale indicates that the closer the answer is to 0 cm, the less satisfied, the 

less important or the lower the score for the corresponding question requirement. 

Whereas, the closer the answer is to 15cm, the more satisfied, the more important or 

higher the grade for the requirement of the question corresponding to the answer. The 

7.5cm indicates the average value. 

With the help of the Software SPSS® version 22.0.0.0, the Cronbach Alpha test 

was performed for all constructs, aiming to analyze the consistency of the data obtained 

with the answers of the questionnaires, obtaining a value of 0.805, characterizing in a 

high reliability of the data. 

Graphs were sketched using Microsoft Excel Software® version 1804 referring 

to EBCORE constructs, considering the average values of each question for importance, 

satisfaction and pain. 

Cluster analysis (partitioning of a dataset into smaller subgroups that are 

significant) was performed through simulations with the aid of Minitab Software® 

version 17.1.0, in order to identify the type of link that best represents the concepts of 

the study through the form of a dendogram [14]. 

2.1.3. Proposals and validation of improvement solutions 

Based on the results obtained in the graphs and cluster analysis, it was possible to 

perform analysis of the data obtained with the interviews, to make the diagnosis of 

demands and thus the proposals for improvements. The proposals for improvements were 
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presented to the hospital board in order to promote its validations and applications. [15] 

represented in detail the methodologies for implementing steps 0, 1, 2, 3 and 4 and their 

respective results. 

2.1.4. Ergonomic diagnosis 

Because it is an iterative method that allows reassessments at any time, it was 

recommended to reevaluate the perception of employees in the sector regarding the 

proposed improvements. After one year of the applications of steps from 0 to 4, the 

discomfort/pain questionnaires and satisfaction in relation to the EBCORE constructs 

were reapplied. The data obtained with the application of the questionnaires also obtained 

some consistency, with a value of 0.663, but this consistency for being below the value 

0.7, indicates that the data obtained from the questionnaires are not as reliable as those 

of the previous year. 

3. Results 

3.1. Participation: a focal point 

Because it is a sector highly pressured in the search for performance improvement, it was 

necessary to evaluate, from the point of view of workers, how impactful the changes 

made in the hospital affected the way work is performed. Participation, then, was not 

fundamental for this evaluation. The reapplication of step 2 of the MAW method through 

satisfaction and discomfort/pain questionnaires and the comparison between the values 

of the 2018 and 2019 EDIs (Ergonomic Demand Index) were ways to perform a 

humanistic management of the sector and validate the modifications. 

3.2. Proposition and application of solutions 

In his 2018 study, [15] performed ergonomic appreciation and diagnosis  (stages 1 and 2 

of the MAW)  of the sector, presenting data  obtained with the performance of interviews 

with employees for the construction of  The EDIs in the applications of the questionnaires 

of satisfaction and discomfort/pain and, later,  being carried out in-depth analyses based 

on statistical techniques and references in the area of Ergonomics. Based on the analysis, 

suggestions for improvements to the sector were proposed and the direction of the 

hospital was presented. 

In 2019, the hospital underwent management changes, changes that affected the way 

work was carried out in the Billing sector. Thus, after the implementation of the changes, 

satisfaction questionnaires and discomfort/pain were applied in order to identify possible 

improvements in The EDIs. 

3.2.1. Comparison of satisfaction between the years 2018 and 2019 

The changes that occurred in the hospital generated three changes for the sector, which 

were: i) acquisition of new computers; ii) implementation of a new computational system 

and; iii) implementation of changes in the form of sector management. 

i) Acquisition of new computers: new computers were purchased that were 

compatible, in terms of processing, to programs that are utillized by the sector 

for account billing; 
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ii) Implementation of a new computational system: in addition to the systems 

offered by the Brazilian health system, the hospital uses an internal system. The 

internal hospital system was exchanged for one that integrated the various areas 

of the hospital; 

iii) Implementation of changes in the form of sector management: with the change 

of management of the hospital, the management of the sector, which was 

previously made by the financial area, passed to be carried out by the quality 

area of the hospital. 

In the satisfaction questionnaires applied in both years, values were considered on a 

scale between 0, which considers the total unsatisfaction of the employee in relation to 

the EDI, to 15, which considers the total satisfaction of the employee in relation to the 

EDI. EDIs that obtained average responses from employees with values below 7.5 would 

be considered for EDIs that deserved attention. In 2018, EDIs that obtained low averages 

were the target of possible improvement proposals and, in 2019, they were analyzed if 

the improvements made in the previous year affected EDIs that needed attention. 

For questionnaires referring to the Cognitive construct in both years, values (or 

equals) to 0 considered less and values close (or equal) to 15 considered very much. 

Averages below 7.5 are not necessarily considered bad and  EDIs  are worthy of attention,  

with each EDI in particular to understand the average below 7.5 is positive or negative 

for the EDI. 

Table 1 presents the mean values of the EDIs for the EBCORE constructs, with the 

data of [1] for 2018. Note that the satisfaction of employees regarding several EDIs had 

changes in values, due to the changes made, and the amount of EDIs with averages below 

7.5 decreased. The constructs Biomechanical, Cognitive and Work Oganization present 

greater differences in their values of means, and the Cognitive construct detailed in 

3.2.1.2. 

Table 1. EDIs averages per construct for the years 2018 and 2019. 

Costruct EDI Average EDI 2018 Average EDI 2019 

Environment 

Temperature 5.9 6.3 

Air quality 5.8 9.5 
Cleaning quality 6.0 5.1 

Noise 7.0 7.2 

Lighting 6.1 6.2 

Biomechanical 

Post physical space 10.1 8.1 

Posture to do the job 8.2 10.1 

Furniture quality 4.7 11.1 
Computer suitability   3.8 9.9 

Cognitive 

Physical effort 5.8 5.4  
Mental effort 14.2 123 

Monotonous work 5.5 8.6 
Limited work 6.1 9.4 

Creative work 6.6 5.0 

Dynamic work 9.6 5.7 
Stimulating work 8.7 7.1 

Complex work 12.8 11,6 

Repetitive work 10.7 12.5 
Tiring work 12.8 1,9 

Work involves responsibility 13.9 13.7 

Appreciation for work 9.7 9.4 
Autonomy at work 11.1 9.2 

Stressful work 12.3 11.3 

Psychological pressure by superiors 8.9 7.5 
Feels safety at work 8.4 9.3 
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Like work 13.0 12.3 

Workload 12.3 10.8 

Work 

Organization 

Number of intervals 12.2 11.5 
Adequacy of the Hospital System 4.3 8.6 

Adequacy of the Health System 7.4 9.1 

Computer adequacy 3.8 9.9 
Uniforms availability 3.1 9.9 

Relationship with other 

sectors/professionals 

6.0 8.8 

Bank of hours 10.5 11.9 

Adequacy of workload to completion of 

goals 

6.8 7.8 

Risk, Company 

Transportation to work 10.1 8.9 

Salaries and other policies 6.6 7.8 

Trust that the company transmits 8.9 9.7 
Benefits achieved by achieving goals 6.8 4.1 

3.2.1.1. Satisfaction in Biomechanical constructs and Work Organization 
As presented in Table 1, the Biomechancical and Work Organization constructs had 

significant variations in the averages of their EDI between 2018 and 2019. Thus, Graph 

1 presents the percentage difference between the two years of application of satisfaction 

questionnaires, highlighting the changes that occurred in the sector due to the 

implementation of the changes. 

 

Graph 1. Comparing  stisfaction to the Biomechanical and Work Organization for the years 2018 and 2019.  

From Graph 1, it is pointed out that the satisfaction regarding the computer 

suitability is the one that obtained the most significant improvement, with a 40.67% 

difference in their satisfaction. Next, there is a difference of 28.66% in the satisfaction 

of the adequacy of the Hospital System, with the exchange of the system used internally 

in the hospital. Satisfaction in relation to the relationship with other sectors/professionals 

obtained a difference of 18.67% and, 11.33% difference in the adequacy of the Health 

System, this reflection of the exchange of computers for more appropriate use. Finally, 

the adequacy of the workload for completion of goals obtained a difference of 6.67%  in 

satisfaction, indicating that the changes in computers and in the system used by the 

hospital reflected so that the time to complete the goals became more appropriate, thus 

increasing satisfaction. Thus, Graph 1 reflects the opinion of employees that with the 

changes made to satisfaction and performance during the work performed by them, they 

increased. 

3.2.1.2. Opinion in the Cognitive construct 
The analysis of the difference in opinion of workers regarding the Cognitive construct 

becomes necessary, since the averages of the EDIs suffered variations between 2018 and 

g
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2019. Cognitive requirements in workers have increased due to changes in work [16], as 

occurs in the present study. To understand how the way workers see their work was 

modified by the changes, The Graph 2 was elaborated.  

 
Graph 2. Comparison of opinion for the Cognitive construct for the years 2018 and 2019. 

Graph 2 points out the percentage difference between the opinions of the 

workers about the EDIs of this construct. Between 2018 and 2019 some EDIs deserve 

attention and require an in-depth investigation for the difference found, they are dynamic 

work, stimulating work, limited work and monotonous work. 

Comparing the averages of the EDI dynamic work, it is noted that between 2018 

and 2019 employees began to consider the work much less dynamic, from an average of 

9.6 in 2018 to an average of 5.7 in 2019. For the EDI stimulating work, there was a 

reduction of 10.67% in how stimulating employees consider the work, requiring a 

deepening of the reason that caused the change of stimulus in the work developed by 

employees. In 2018 the collaborations considered the work much less limited, with an 

average of 6.1, but in 2019 the average for this EDI increased, becoming 9.4, a difference  

of 22%  that also deserves an in-depth investigation. 

According to [10], works that are very repetitive and with prolonged activities 

end up being unmotivating and monotonous, so the work developed by employees in the 

sector can be considered monotonous. Although in 2018  employees did not consider the 

monotonous work, an average of 5.5, however, in 2019 the work began to be  considered  

monotonous, with an average of 8.6, pointing to a difference  of 20.66% in monotony. 

Thus, it is necessary to evaluate what workers understand by monotony. 

In both years the work involves a lot of responsibility and great psychological 

pressure by superiors because all patient data should be thoroughly evaluated so that 

there are no errors in the accountability of the hospital. In addition, there is a lot of mental 

effort in both years, because it requires a lot of attention from employees and a high work 

load per employee, because the hospital serves large volume patients daily, so there are 

a large amount of bills to be billed by the sector and established by the Health System to 

be achieved. 

For both years, the work is considered complex and tiring, involving high 

responsibility related to the billing of hospital accounts, the work becomes stressful, 

y g
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because it requires a lot of mental effort from employees in the sector. In addition, in 

both years, employees have low autonomy and consequently work becomes more limited 

and less dynamic. 

3.2.2. Comparison Discomfort/Pain in the years 2018 and 2019 

Another analysis was related to Discomfort/Pain of employees, in order to point out 

possible relationships between the way the work was developed in 2018 and differences 

in the perception of workers after the changes made in the sector. For questionnaires 

related to Discomfort/Pain, values (or equals) to 0 considered low and values close (or 

equal) to 15 considered too much (very much),  being  for average responses greather 

than 7.5 indicative of EDIs that deserves attention, because they represent immediate 

intervention pains. Thus, similarly to that presented earlier, Table 2 was elaborated, 

which presents the means Discomforts/Pains for the years 2018 and 2019. 

Table 2. Averages of Discomfort/Pain EDIs for the years 2018 and 2019. 

Discomfort/Pain Average EDI 2018 Average EDI 2019 
Arms 6.7 8.4 

Hands 8.3 7.8 

Legs 6.6 7.3 
Feet 5.5 5.9 

Back 10.0 10.2 

Neck 10.3 9.6 
Head 10.0 9.5 

Stomach 5.5 4.7 

According to the data presented in Table 2, it is pointed out that the worst 

Discomforts/Pains are in the back, neck, head and hands both in 2018 and in 2019. These 

four Discomforts/Pains have averages above 7.5 and should be considered for short-term 

intervention. Also, for 2019, pain/discomfort in the arms also has an average above 7.5. 

Studies such as  [17]  indicate that musculoskeletal pain may be associated with stressful 

work, as also pointed out in this study. 

4. Conclusions 

This transdisciplinary study is a collaboration between the disciplines of management 

(humanism) and ergonomics (in its macroergonomics approach).  A study is conducted 

with billing staff at the University Hospital in the city of Curitiba – Paraná, Brazil, they 

are evaluated before and after changes in their workplace are implemented.  

The participation of employees in the billing sector of a University Hospital in Brazil 

was the focus of the joint application of the macroergonomic approach and humanization. 

With the participation of employees, it became possible to find the requirements that 

needed improvement and thus, with their improvement, increase worker satisfaction.The 

use  of the  MAW participatory method helped to deepen workers' perceptions of the 

work they perform and in the identification of ergonomic demand indexes that lacked, 

and some still lack, improvements. MAW was fundamental for a diagnosis of the 

problems found in the sector, besides assisting in the identification and implementation 

of improvements. 

From the results found, there was a 40.67% improvement in satisfaction with the 

computers suitability, as the new computers are more suitable for the activities carried 

out in the sector. There was also a 28.66% increase in workers' satisfaction with the 

change of the system used by the hospital. In addition to an 18.67% increase in the 
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satisfaction of professionals in their relationship with other sectors / professionals, due 

to the change in the sector's management area. 

The results of the two years indicate that workers in the sector have a high work load, 

are highly stressed, have a lot of responsibility, are highly tired, perform very repetitive 

and highly complex activities. The work done by the workers is considered to be not very 

creative and requires a lot of mental effort. In addition, in 2019, workers began to find 

work less stimulating, with a 10.67% reduction in this requirement compared to the 

previous year.  

The results for the year 2019 also indicated that workers started to consider work 

much less dynamic (with a reduction of 26% compared to 2018) and much more limited 

(with an increase 22% compared to 2018). The term monotony is not understood by 

employees in 2018, but it started to be understood in 2019 after the changes made, since 

the difference between the two years is significant, of 20.66%. 

Finally, it is suggested that in future work the way the work process of the sector is 

conceived be evaluated, in order to make it less stressful, tiring, complex, repetitive, 

limited and monotonous, requiring less responsibility and psychological pressure on the 

part of the superiors, and thus more dynamic, creative and stimulating for workers, 

reducing their musculoskeletal pains (hands, arms, neck and back) and head. Also, it is 

suggested that other ergonomic evaluation methods be applied in order to solve the 

ergonomic demand indexes of the Environment construct and the physical space for work. 
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