
Production, 31, e20200106, 2021
DOI: 10.1590/0103-6513.20200106

ISSN 1980-5411 (On-line version)

Research Article

This is an Open Access article distributed under the terms of the Creative Commons Attribution License, which 
permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

1. Introduction

Accidents and work-related diseases cost, in the world, at least 2,680 billion euros per year (Elsler et al., 
2017) and it is estimated that 7,500 people die due to unsafe and unhealthy working conditions every day 
(International Labour Organization, 2019). To control and reduce this situation, occupational risk prevention 
activities are developed, which must be defined according to the context of each organization.

These activities are necessary to create safe work environments and contribute to the protection of workers’ 
health (Niu, 2010). This is highlighted by the actions arising from the Occupational Health and Safety Management 
System (OHSMS) registered in ISO 45001:2018, which aims to prevent injuries and health problems for workers 
by providing healthy and safe workplaces (International Organization for Standardization, 2018).

The performance of this type of systems needs to be constantly evaluated, being necessary the use of indicators 
(metrics to quantify the processes performance), which allow the identification of weaknesses and potentialities, 
consequently assisting in decision making and definition of strategies to improve working conditions.
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According to the scientific literature, generic indicators have been used (Lingard et al., 2011; Payne et al., 
2009; Williams & Carnahan, 2013), considering in a partial and isolated way the organization context. This can 
be measured based on indicators, such as the number of accidents at work, training activities, among others. 
It can be complemented with an indicator associated with the absenteeism days generated by an accident or 
occupational disease (Sgourou et al., 2010). However, the fact that generic and isolated indicators are used, 
may not represent the truth of the organization.

Thus, it was identified as a gap in the scientific literature due to the lack of specific, integrated, consistent 
and accurate indicators, which allow measuring the performance of prevention activities and that are identified 
by participatory decision makers according to the organization context.

The organizations, although they may have the same economic activity, have different physical characteristics, 
particular context, that is, multiple criteria that influence them (Ensslin et al., 2001). Using the same indicators 
to assess them could restrict the possibility of identifying the origin problems in prevention activities.

Based on this information, the aim of this research was to define the indicators to assess the performance 
of prevention activities of occupational health and safety, required in a hospital ward during the dispensing 
of medications to patients, through a constructivist multicriteria approach, with specific focus on personal 
protective equipment (PPE).

The research was carried out in a state public hospital dedicated to psychiatric and chemical dependency 
treatments, which provides clinical, psychological, and dental care, integrated with occupational therapy, 
physiotherapy, and specialized programs. Given the broad context derived from the multiple activities carried 
out in the hospital, this research is limited to the risk prevention analysis of the nursing staff during the use of 
PPE in the care and delivery of medication to patients.

To assess the performance of prevention activities in the use of PPE, the Multi-Criteria Decision Aid - 
Constructivist methodology (MCDA-C) (Ensslin et al., 2000) was applied, since this methodology allows the 
construction of specific indicators in the context of organization independent of economic activity, number of 
workers or geographic location. We identified that the MCDA-C has a replicable logical structure that ensures 
the validity, legitimacy, and effectiveness of a decision support model in a practical environment. The research 
delimits the construction of indicators, developing the Structuring Phase of the MCDA-C.

2. Research methodology

The research was characterized as exploratory, applied and case study, divided into two stages. At first, an 
exploratory literature that allowed the development of the theoretical framework was carried out, expanding the 
understanding of the central themes, using the Knowledge Development Process - Constructivist (ProKnow-C).

Secondly, the Multi-Criteria Decision Aid Constructivist methodology (MCDA-C) was applied, and the nurses 
working in inpatient mental health care during the supply of medicines to patients were taken as reference. Data 
was collected with nursing manager and chief of maintenance, using interviews, document analysis, in-place 
visits, and observations, allowing the construction of indicators with greater accuracy and reliability. Afterwards, 
the performance areas were defined, with the purpose of identifying the critical situations and subsequently 
the intervention strategies.

2.1. ProKnow-C

As mentioned, the theoretical framework of the research used the Knowledge Development Process - 
Constructivist (ProKnow-C), which is based on a constructivist approach, structured in a sequence of steps that 
help in the construction of the researchers’ knowledge and the subsequent use, according to their boundaries 
and interests. In this process, the researchers worked out the selection criteria for: databases, keywords, time 
filters and the parameters for inclusion and exclusion of articles in the Bibliographic Portfolio (Ensslin et al., 
2017; Valmorbida et al., 2016).

ProKnow-C is structured in four stages: (i) bibliographic selection of the portfolio; (ii) Bibliometrics; (iii) 
systemic analysis; and (iv) formulation of research questions and objectives found. This research was limited to 
the first stage of ProKnow-C.

The selection of the Bibliographic Portfolio involves (i) definition of the keywords; (ii) definition of the databases; 
(iii) search for articles in the databases selected based on defined keywords; and, (iv) keyword adherence test.
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Interest area defined in the MCDA-C, Individual Protection Elements, originates the identification of the 
research axes and definition of the keywords (i). The defined search command is ((“Personal protective equipment”) 
AND (“Healthcare” OR “Health care” OR “hospital personnel”)).

The second moment, the definition of the databases (ii), they were: ProQuest, Scopus, Web of Science, 
Compendex, and ScienceDirect, for their adherence to the theme, as well as their alignment with the engineering 
area and the subarea of production engineering, with occupational health and safety and ergonomics as a 
complement.

The search process (iii) had as criteria: (a) articles published in scientific journals; (b) articles published 
since 2000; (c) search with keywords in the title, abstract and keywords of these from the databases; and, (d) 
articles published in the English language. The EndNote® X9 software (Thomson Corporation, 2013) was used 
to organize and filter the collected data.

2.2. Multi-Criteria Decision Aid Constructivist methodology (MCDA-C)

In step two, the MCDA-C methodology was applied. It involves the people responsible for decision-making 
in complex, conflicting and uncertain contexts in a participatory way (Dutra, 1998; Ensslin et al., 2010).

The MCDA-C has been used in several productive areas of industry as well as in academia. For example, in 
the performance evaluation of effective outsourcing of information technology where the authors presented 
a structured evaluation organized by 8 strategic objectives and 107 performance indicators; the strengths and 
weaknesses of the status quo; and a process diagram for generating improvements (Ensslin et al., 2020). In 
another paper, Matos et al. (2018) presented the analysis made in the internal audit department of a Brazilian 
Federal University where they developed a model that allows the manager to make decisions with transparency 
and consistency to define improvement actions. Likewise, Longaray et al. (2019) presented a case study of a 
fertilizer industry located in a Brazilian maritime port terminal, where they developed a customized performance 
assessment model to help the management process unique aspects of the company and the environment, 
improving the organizational management.

Decision making is systematized in three phases: (a) structuring the problem, (b) evaluating potential 
actions and (c) recommendations (Dutra, 1998; Ensslin et al., 2000, 2010). This paper presents the 
development of the MCDA-C structuring phase, which basically consists of three stages (i) contextualization 
(the soft approach to structuring); (ii) building a family of Fundamental Points of View (FPVs); and (iii) the 
construction of indicators (called descriptors in the figure of the MCDA-C phases) (Ensslin et al., 2000), 
showing in Figure 1.

Figure 1. MCDA-C phases. Source: adapted to Ensslin et al. (2000).
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The structuring phase begins with a meeting to identify the actors, with whom the Primary Assessment 
Elements (PAEs) are defined. These PAEs make it possible to establish the action-oriented Concepts, as well as 
to define the preferred or desired direction. Likewise, indicating a psychological opposite (minimum acceptable 
result) (Marafon et al., 2015). These Elements are grouped by large areas of similarity, also called areas of 
strategic concern or interest (represented by cognitive maps). Then, the Strategic Objectives linked to each 
of these Concepts were identified. For Strategic Objectives, Elementary Points of View (EPV) are identified, 
giving rise to the indicators. The ordinal scale is defined for each one, which allows measuring the level of 
compliance, and two reference levels are defined, which divide the scale into three possible levels of performance: 
compromising, market, and excellence. At the top level are the indicators with excellent performance, in the 
center are those with good or neutral results, at the bottom the performance is compromising. The strips are 
included to facilitate its visualization: green represents “excellent”, yellow represents “normal”, and red denotes 
“compromising”. When the indicators are qualified, the status quo (diagnosis of the current situation) of the 
organization can be known. Finally, to improve the performance level of each indicator, recommendations 
are defined with their action plans. This research presents the construction of indicators for the use of PPE 
by the nursing staff.

3. Background

Personal protective equipment (PPE) is a primary strategy to protect health care workers (HCW) from 
infectious diseases. This paper first addresses the characteristics and prevention activities related to PPE that 
should be used by professionals in the medical sector in charge of patient care in hospital environments. Second, 
the importance of having evaluation indicators in the prevention of risks for health professionals is described.

3.1. Personal Protective Equipment (PPE) and Health Care Workers (HCW)

The decision of which and where to use PPE is influenced both by risk perception and organizational, 
cognitive, and physical factors of the activity. Preventing the spread of infectious organisms must not only 
depend on the use of PPE but must also be recognized as an organizational responsibility.

First, the organization assesses the risks and defines the activities necessary to eliminate it. When it is not 
possible to eliminate risks, control and mitigation actions are implemented (Chia et al., 2005). Occupational risk 
prevention activities comprise a series of controls, one of which is the use of collective and individual protection 
equipment with a view to preserving the health and well-being of workers, consequently with positive effects on 
the quality and productivity of the systems. From an occupational health perspective, PPE should only be used 
when engineering and administrative controls are insufficient to adequately reduce exposures (Jones et al., 2020).

Personal Protective Equipment are protective devices that comprise a set of barriers to prevent workers from 
coming into contact with infectious agents or health deteriorating agents. Isolation or elimination of the source 
of risk should be the first preventive action, the use of Collective Protection Equipment (CPE) the second, and 
lastly the PPE.

In the case of direct contact with patients, PPE is considered essential to protect workers from a possible 
infection during care (Casanova et al., 2008; Gosch et al., 2013). And its proper use provides a secure barrier 
between the patient, medications and the HCW, preventing physical contact or actively filtering infectious 
particles in the air (Beam et al., 2011).

Safe climate practices and infection control (IC) (use of disposable gloves, needle recap practice, waste 
disposal practices, and disinfectant use) have a significant relationship. Green-McKenzie et al. (2001) identified 
that a strong security climate was twice as likely to rigorously comply with IC practices. This study set out to 
examine both the relationship between the availability of PPE and the provision of engineering controls on IC 
practices and the effect of commitment organizational with safety in IC practices. This research suggests that 
IC practices improve with the ready availability of PPE and provision of engineering controls. For example, this 
study identified that the use of eye protection and face shields increased when this protective equipment was 
available in the workplace. Likewise, Torp et al. (2005) defend how the availability of PPE has an impact on 
workers using them, as well as their physical properties.

Some studies have used contamination monitoring to examine PPE. They propose that infection control 
programs need to focus on quality techniques for using PPE (Beam et al., 2011).

For the prevention of occupational diseases, using PPE is not enough. It is necessary to choose the appropriate 
PPE, depending on the type of risk and occupational activity. For example, the guidance on the use of respiratory 
and face protection equipment presented by (Coia et al., 2013). This guidance supports the person in selecting 
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and wearing the appropriate respiratory and face protection to minimize the risk of acquiring workplace infection. 
Likewise, the PPE must be stored in a location that meets the needs to preserve its quality. In addition to having 
PPE in the necessary amount, the correct use and disposal have an impact on protection. It is also important 
to have an adequate process for doffing (removal) and disposing of contaminated PPE (Chughtai et al., 2018; 
Kang et al., 2021).

To do the proper doffing it is necessary to train the HCW in doffing according to the PPE and emphasize 
the importance of hand hygiene. Due to possible contamination of the skin and clothing of health personnel, 
pathogens that generate potentially fatal diseases can be transmitted (Tomas et al., 2015; Williams & Carnahan, 
2013). Gloves can result in confusion about how to properly integrate contact precautions. Removal of dry 
contact gloves with proper hand hygiene before and after patient contact can improve hand hygiene compliance 
and reduce the risk of contamination of the patient and their area with used gloves (Jain et al., 2018).

In fact, other research has been published on the contamination of the skin and clothing of healthcare 
professionals that frequently occurs while wearing contaminated gloves or aprons, reviewing training in the 
correct PPE removal process and how to involve immediate visual feedback on skin and clothing contamination. 
The research showed the effectiveness of the educational intervention in reducing contamination during the 
disposal of PPE (Tomas et al., 2016).

Another training technique that can be used is video capture and a powdered fluorescent marker in a 
simulated patient care environment. This allows for system innovations in HCW education in connection with the 
use of PPE (Beam et al., 2011). Also, it is imperative that infection control education includes a structured and 
effective way in the ongoing professional development of healthcare professionals. For example, talking about 
contagious diseases such as COVID-19, the Job Hazard Analysis (JHA) indicated that contamination of the torso, 
arms and hands is likely. Hand and body coverings should be used because, although SARS-CoV does not infect 
through the dermis, contaminated clothing and skin can serve as an environmental reservoir (Jones et al., 2020).

Therefore, knowing the importance of evaluating PPE protocols to minimize exchange contamination and 
identifying the high risk of contagion by COVID-19, research has been carried out with this emphasis. For example, 
regarding the use of PPE to prevent coronavirus disease, researchers conducted a survey with 2,711 HCW of 
intensive care units. The researchers wanted to know the difficulties of HCW after using PPE for more than 4 
continuous hours. HCWs reported heat, thirst, areas of pressure, headache, difficulty going to the bathroom, 
severe exhaustion. Researchers confirmed the need for regular PPE training to avoid carelessness or forgetfulness 
of the trained HCW in the details of PPE use (Kang et al., 2021). Other commonly reported problems with the 
use of PPE were difficulty breathing, suffocation, heat stress and cloudy glass (Chughtai et al., 2018).

In the process of exchanging PPEs, different levels of contamination can also occur. Style combinations, use 
and exchange techniques, knowledge deficits and behavioral failures are also associated with contamination 
during doffing (Kang et al., 2017).

In addition, the organization must verify the effectiveness of the training, the training period to be carried 
out and the presence of standard procedures to perform the work (Steege et al., 2014). For example, to verify 
the effectiveness of training, a survey identified some reasons for non-compliance with the proper use of PPE: 
workload and staff levels, availability, perceived risk for health professionals, knowledge or lack of knowledge 
and loss of dexterity (gloves interfered with nurses’ ability to provide care) (Hinkin et al., 2008; John et al., 
2016). Likewise, they analyze the effectiveness of the use of PPE, reaffirming its importance to protect workers 
and patients in healthcare environments (John et al., 2016). These authors showed how a positive social climate, 
committed management and a well-developed health and safety management system can improve the results 
of preventive work through information on health risk and provision of PPE. Likewise, some studies show that 
the physical properties of PPE, health competence and the availability of PPE have an impact on the fact that 
workers use PPE when necessary or not (Torp et al., 2005). In addition, it is important to assess how PPE sets 
work in the field, where human behavior and individual PPE pieces influence protection (Jones et al., 2020).

While it may be impossible to achieve zero violations in the exchange of HCW PPE, the need to refine 
PPE protocols based on additional scientific evidence is highlighted, reinforcing PPE training using innovative 
methods, improving, and standardizing PPE equipment to achieve optimal use by HCW (Kang et al., 2017).

Within the training, aspects related to judgments related to care activities in which it is not expected to be 
contaminated and organizational factors must be considered. Even when PPE is used, it can often be incorrectly 
placed or removed, creating opportunities for transmission as well as self-contamination. Preventing the spread 
of infectious organisms should not only depend on the use of PPE, but rather be recognized as an organizational 
responsibility (Harrod et al., 2020).

Therefore, healthcare facilities must take the necessary precautions and change working conditions during the 
COVID-19 pandemic (e.g., regular breaks, shorter shifts, adequate supply of PPE, air conditioning, prophylactic 
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It was found that, for the most part, systems are developed based on legislation and outside the organization, 
as shown in Steege et al. (2014), Hinkin et al. (2008) and John et al. (2016). In them, generic performance 
indicators were used to measure, for example, aspects referring to the use of PPE: number of PPE used, accident 
frequency rates, workers who received training, inspections performed, training activities performed. The research 
by Steege et al. (2014) used indicators to measure the specific training for hazards, the employer’s safe handling 
procedures and the use of safe handling guidelines, among others.

dressing, better material, masks that fit properly and reduce the time of using PPE) to prevent adverse events 
associated with the use of PPE and minimize harm to HCW. Creating a safe working environment for health 
professionals can lead to better management of the COVID-19 pandemic and an increase in professional 
performance (Galanis et al., 2021).

Because there are several protocols for the use and disposal of PPE in hospital environments, it is important 
to validate their application to the reality of the organization, activities, physical resources, and the pathology 
of patients (Chughtai et al., 2018).

The use of PPE is not an isolated activity. It is part of a set of activities to prevent and control occupational 
hazards. This set is called the Occupational Health and Safety Management System (OHSMS).

3.2. Performance Measurement (PM) and prevention activities

Performance Evaluation seeks to measure business effectiveness and efficiency (Cavalluzzo & Ittner, 2004; 
LeRoux & Wright, 2010), having two basic functions: (i) assist managers to validate the results expected by 
management; and (ii) provide the means to achieve the strategic objectives established by the organization 
(Behn, 2003; Neely, 2005; Tapinos et al., 2005).

PM starts from the principle of raising and understanding the real characteristics of the organization, 
considering its organizational and managerial complexity, organizational environment, culture, values, competition 
between units and sectors, as well as economic and political conditions, guaranteeing the information legitimacy. 
Thus, a legitimate assessment is one that seeks: (i) what will be assessed - knowing the assessment object; (ii) 
how it will be carried out - identifying how each objective will be assessed and how much it contributed to the 
overall assessment, allowing the performance profile identification of the assessed object; and (iii) how internal 
management will be conducted - based on the analysis of identified strengths and weaknesses, promoting the 
organizational performance improvement through improvement actions (Ensslin et al., 2000; Igarashi et al., 2007).

For this process to add organizations value, it is necessary to have the continuous support of managers, since 
they are the key to defining and enabling actions (LeRoux & Wright, 2010). The consideration of the distinct 
specific purposes (assess, control, invest, motivate, promote, celebrate, learn, improve) of the organization is also 
necessary for a correct performance measurement, since each organization has its strategic objectives, therefore, 
it needs to create specific measures appropriate for each purpose, and the generic indicators is not recommended 
(Behn, 2003). Performance indicator is the PM structural element, being the control form, evaluation, and 
verification of conformity, which can be considered as a tool to aid decision making (Dutra et al., 2015).

For example, some studies include leading and lagging indicators to measure aspects related to prevention 
activities carried out by workers to reduce accidents or illnesses at work (Payne et al., 2009). In turn, Podgórski 
(2015) selected a set of 20 main indicators and 14 alternative indicators, referring to the activities count carried 
out in the OHSMS (for example, Percentage of workers participating in OSH refresher courses, Percentage of 
workers trained in the OHSMS themes). As an example, some Leading and Lagging indicators are shown in Table 1.

Table 1. Scientific Literature Leading and Lagging Indicators.

LEADING LAGGING

• Employee turnover rate • Injury frequency and severity

• Number of third-party certifications achieved • Near misses (frequency, trend)

• Percentage of employee training completed vs. expected • Fatality or other accidents

• The frequency of completed inspections vs. scheduled inspections • Lost workday rate

• Number of new or enhanced safety controls implemented • Chemical releases

• Results of observations • OSHA citations (number of citations and type)

• Accident investigation results • Workers’ compensation claims (trends and amounts)

• Risk or hazard assessments and job hazard analysis • Experience modification rate (the rate and any changes)
Source: Research data
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In PM of organization, its mission, vision, culture and organizational strategy must be considered (Kaplan & 
Norton, 2000), communication (feedback) (Škrinjar et al., 2008), as well as the parties involved (Garengo et al., 
2005), internals (employees, administrators, owners, etc.) (Jacobsen et al., 2005), or externals (suppliers, partners, 
society, government, customers, unions, financial groups, investors, competition, environment, distributors, 
marketing, suppliers, scientific and academic community, among others) (Chenhall & Langfield-Smith, 2007; 
Tuomela, 2005).

In addition, the scientific literature has addressed the importance of linking strategic objectives (set of specific 
actions and decisions) to operational objectives (desired situations that the company seeks to have), as well as 
linking individual objectives to the general objectives of organizations (Garengo et al., 2005; Kaplan & Norton, 
2000). These characteristics make each organization unique, even though they may have the same product or 
service. For these reasons, its performance should be measured by indicators adjusted to the particularities and 
not just by generic indicators (for example, occurrence of incidents, activity, diseases number, frequency, hours 
of training, problems solved, problems identified).

The use of indicators to measure security activities has been gaining strength to inform the situation of 
the OHSMS and define strategies. In this context, Reiman & Pietikäinen (2012) indicated the need to define 
safety performance indicators depending on the current management focus or the orientation intended by the 
organization. That is, the indicators must be defined in the organization’s own safety model, instead of being 
adopted from literature, competitors or auditors and consultants external to the organization.

To know the management system state, it is necessary to measure the activities that compose it. Thus, the 
implementation of safety performance assessment in an organization must begin with the identification of 
the current safety management practices premises and this includes the construction of indicators. Bearing in 
mind that an indicator seeks information on a subject of interest, it can be constructed considering quantitative 
or qualitative measures. Safety indicators show the current state or development of the main organizational 
functions, processes, and technical infrastructure of a system.

This PM paper focuses on risk prevention activities at work, specifically the use of PPE in the hospital 
environment. The criteria for constructing indicators applying the MCDA-C methodology will allow the organization 
to recognize and measure its specific criteria. Thus, the key aspects of PPE, addressed by different authors, will 
be confronted when measuring. The use of the MCDA-C in the construction of indicators for the use of PPE 
seeks to contribute to the control of occupational risks. When it comes to activities in   patient health care area, 
the use of PPE generates well-being for both the worker and the patient. And to ensure that this protection is 
adequate, it is necessary to evaluate its performance. In the review of the scientific literature of the indicators 
used to measure PPE, the use of generic indicators that may not meet the specific needs of an organization was 
identified. Therefore, applying a constructivist methodology to build them can be an effective tool to measure 
the actual level of occupational risk control activities and define improvement actions.

4. Case study

The second phase of this research used the MCDA-C, delimiting itself to the structuring phase, as detailed in 
the research methodology item, characterized as a case study. This application was performed in the infirmary 
sector of a Psychiatric Hospital, located in the state of Santa Catarina.

It is a state public hospital, subordinated to the State Health Department of Santa Catarina (SES-SC), 
dedicated to psychiatric and chemical dependency treatments. It was inaugurated in 1941, over the years it 
has been improving its activities and organizational structure. In 1995, following the guidelines of the WHO, 
the Ministry of Health, and the SES, it was divided into two service areas: the Santana Living Center (SLC) and 
Psychiatric Inpatient Units (PIUs). The PIUs have the chemical detox area, provide care for patients with acute 
outbreaks and short-term hospitalization wards. The SLC, on the other hand, has a participatory management 
unit providing care to long-term dependent and semi-dependent patients. The Psychiatric Hospital also has 
outpatient care for consultation and laboratory services. Providing clinical, psychological, and dental care, 
integrated with occupational therapy, physiotherapy, and specialized programs. The hospital’s structure is divided 
into nine integrated areas: institutional, exams, care/treatment, men’s wards, women’s wards, mixed wards, 
coexistence, general services, and food. In the work team, there are 347 active professional servants, of which 
27 are nurses, 141 Nursing Technicians/Auxiliaries and a Nursing Attendant.

The research focus was defined in the supply of medicines to patients in the nursing staff, a sector in 
which the use of PPE is necessary. The workflow can be summarized in the following activities: transcribing 
the prescription issued in the system by the doctor; pick up medicines from the pharmacy (daily); check the 
medication records to administer during the day; take the drugs to the corresponding ward, perform temporal 
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In the sequence, the family of Fundamental Points of View (FPVs) or Hierarchical Value Structure was 
defined, with the participation of the decision maker in the Primary Assessment Elements (PAEs) identification, 
based on concerns, desired results, unwanted goals, limitations, restrictions, potential factors, among other 
aspects of the values   inherent to management. Table 3 shows the 18 PAEs identified, with 5 referring to PPE, 
the focus of this research.

storage; prepare medications, and dispense them to patients. The nursing staff is responsible for carrying out 
other patient care activities in the different Hospital areas, but they were not considered in this research.

According to MCDA-C, in the first stage of the Structuring Phase, the actors in this process were identified, 
that is, those who participate, directly or indirectly, in the process of building the indicators. The actors are 
identified in Table 2.

Table 2. Actors involved in the problem.

Stakeholders
Decision-Maker Nursing manager

Intervenient Health Care Workers

Facilitators Researchers

Affected/involved Hospital’s workers Psychiatric Patients
Source: Research data.

Table 3. Primary Assessment Elements (PAEs) list.

PEAs

1. Biohazard training

2. Occupational health examination programs - PCMSO

3. Internal Commission for Accident Prevention - CIPA

4. Emergency plan

5. PPE use

6. Workwear used

7. Standard Work Procedures - SWPs

8. Medical sufficiency

9. Handling of medicines

10. Medical transcription

11. Medical storage area

12. Psychiatric medication administration

13. Quality equipment

14. Patient’s chart

15. Work shift

16. Exposure to aggression by the patient or family member

17. Hospital Waste

18. Infect-contagious diseases
Source: Research data.

These 18 PEAs identified allowed us to understand that the activity of supplying medicines to patients 
had varied variables and influences, resulting in a total of 82 Concepts. Considering the scope of this research, 
Table 4 presents the 6 concepts referring to PPE.

Table 4. PPEs Concepts.

PEA Cod Concepts oriented to action Psychological opposite

5 PPE used

5.1 Have training in PPE use ... Get occupational diseases

5.2 Have PPE to infectious contagious patients’ attention ... Get occupational diseases

5.3 Have PPE according to replacement schedule ... Get occupational diseases

5.4 Ensure PPE use in all occupational activities ... Have work accidents by lack of PPEs used

5.5 Ensure PPE use for all patients’ attention ... Acquire occupational diseases for lack of PPEs used

5.6 Ensure quality check of PPE ... Get occupational diseases due to the no use of PPE
Source: Research data.

Four Fundamental Points of View (FPV) were determined: Standard Work Procedures – SWPs, Personal 
Protection Equipment - PPEs, Occupational Health Control Programs – OHCP, and Occupational Health and 
Safety – OHS, enabling, with the information collected, the definition of the Hierarchical Value Structure, 
shown in Figure 2.
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In Figure 5, the PPE cognitive map is presented, relating each FPV to the previously defined concepts.
In this map, four clusters were identified: (1) related to aspects of the “Procedure”; (2) related to the 

“Training”; (3) related to “Replacement” and (4) related to “Effectiveness”, shown in Figure 6. For each one, 
the Elementary Points of View (PVE) that will give rise to the indicators were identified.

In addition, the concepts were grouped according to their relationships in the Fundamental Points of View 
(Figure 3).

Figure 2. Hierarchical Value Structure. Source: Research data.

Figure 3. Fundamental Points of View with classification Concepts. Source: Research data.

After confirming the classification of all concepts in the four FPV, we proceed to define the cognitive maps. 
The Figure 4 presents the cognitive maps of the Fundamental Points of View, with their concepts.

Figure 4. Cognitive maps of the Fundamental Points of View. Source: Research data.
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The cognitive map allowed to define the Hierarchical Value Structure (Figure 7), and with them the constructed 
indicators. Identifying the possible ergonomics and human factors that can intervene in prevention activities. 
Environmental, organizational and work issues that influence work behavior in ways that affect health and safety.

Finally, for each PVE one indicator was constructed including the objective, measurement scale and reference 
levels. As an example, a fragment of the indicators is shown in Figure 8.

Thus, the Structuring Phase was concluded, with the construction of indicators associated with PPE, to be 
measured in the next item.

5. Results and discussion

As part of the overall management strategy, performance measures should be used to assess, control, budget, 
motivate, promote, celebrate, learn, and improve, and should not be used as a single measure of performance. 

Figure 5. PPEs Cognitive map. Source: Research data.

Figure 6. Clusters e sub-clusters nursing staff. Source: Research data.
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Instead, the managerial purposes to which performance measurement can contribute must be considered, and 
how, subsequently, define and implement as improvement measures (Behn, 2003).

Considering the criteria for using performance measures, when the causes that generated critical situations 
were identified, the indicator and ordinal scales for each PVE were defined, being numerical and percentage 
scales. For the nursing staff, 126 indicators were constructed, 26 of them related to PPE, recorded in Table 5.

The PVE analysis process allowed to identify the human factors that can interfere with the performance of 
the worker’s activities. The presence of general and individual human factors and characteristics that influence 
behavior at work in such a way as to affect health and safety, the use of PPE or compliance with other standards. 
This identification allowed for the construction of indicators for follow-up on several aspects. For example, it 
was considered important to carry out activities to control, the prevention information registered in the SWPs. 
Validate the inclusion of risk identification, the necessary prevention activities, and the PPE at each stage of 
the activity.

Figure 7. PPEs Hierarchical Value Structure. Source: Research data.

Figure 8. PVE and Indicators for Procedure. Source: Research data.
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Likewise, it was considered important to validate the quality of the use of the PPE, in which it must be 
verified that the employee carried out the fit testing or fit checking of PPE, at the time of wearing the PPE, to 
ensure its effectiveness in the prevent contagion risks.

On the other hand, in the accident investigation identified the need to analyze how the use of PPE influenced 
the contagion of some pathology. Seeking to deepen the investigation of the accident root cause, the possible 
presence of errors in the resolution of critical situations, validate the existence or not of prevention procedures, 
as well as the definition proposals for new solutions.

Other indicators were associated with the assessment of training quality and availability (to avoid absences 
both in the training journey and patient care). In evaluating the effectiveness of training, the decision maker 
considered it important to include the removal characteristics of PPE.

5.1. Measurement of indicators

The measurement of the constructed indicators to assess the use of PPE, mentioned in Table 5, is shown 
in Figure 9. The result of each indicator marks a point on the corresponding arrow. When joined by lines, it is 
possible to visualize the behavior of the indicators. The bottom part of the figure shows the qualification of 
the initial status (Status quo) of the PPE indicators.

Table 5. PEE indicators.

Title Description Type
Temporality 

(months)
Result

SWP complete
% of occupational activities that have written SWPs including identified risks 
and PPE

Leading 12 0

SWP in process
% of SWPs in the process of updating that are including occupational risks, 
prevention activities and PPE write

Leading 12 10

Without SWP % of occupational activities that do not have written SWP Leading 12 0

Sufficiency
How many times, in the last month, that the activities with biological risk 
were carried out without PPE

Lagging 1 22

Right
% of delivered PPE that correctly protects from the risks of occupational 
activities

Leading 6 80

Validate % of employees who use PPE during occupational activities Lagging 1 70

Adequacy
% of employees who use PPE properly during occupational activities (validate 
the fit checking of PPE)

Lagging 1 40

Establish Training % of training programmed for each PPE vs training required Leading 6 75

Assess % of workers who participated in the training, but misuse PPE Leading 3 50

Validate % of training conducted for each PPE according to requirement Leading 6 35

Train % of training included in the schedule vs training required for each PPE Leading 6 60

Substitute
% of Employees summoned who do not participate in the required training, 
for each PPE, as there is no substitute in the workplace

Leading 3 60

Resources % availability resources to purchase PPE Leading 6 75

Replacement policy When replacement of the PPE was taken Lagging 1 + 30 min

Replacement % of stock available for each PPE Leading 3 90

PPE storage Quality of PPE storage (Heat, humidity, ventilation, weight) Leading 1 Suitable

Proficiency
Number of people trained to verify that PPE materials offer the protection 
required according to the activity risk

Leading 6 Untrained person

PPE sheets % of PPE that has a technical specification sheet to assess effectiveness Leading 6 30

Protocol % of protocols defined to validate PPE Leading 6 20

Work Accident
 Investigations

% of accidents where it was verified whether the use of PPE influences 
contagion

Leading 6 55

Disease reports
% of investigated diseases where it was found that the use of PPE influences 
contagion

Leading 12 70

Selection % of occupational risks, for each activity, with selected PPE Leading 6 80

Comfortable % of PPE where the comfort level was checked, last semester Leading 6 40

Frequency When it was held the last check of comfort in the use of PPE Leading 6
Only when 
received

Check % of times the worker checks the status of the PPE before using it Leading 1 30

Actualization When PPE research is held according to occupational activity Leading 12 Not done
Source: Research data.



Production, 31, e20200106, 2021 | DOI: 10.1590/0103-6513.20200106 13/16

Indicators are essential to clarify the meaning of PVEs, to make them more understandable and to avoid 
ambiguities. It was defined what the behavior of each indicator should be for the organization, establishing the 
level of efficiency good, acceptable, or bad for each one.

Finally, recommendations for improving the result of each indicator were identified. As a result of implementing 
the recommended actions, it will be possible to move from a compromising level to a competitive level and then 
reach the level considered to be of excellence.

The effective use of PPE is considered essential to protect workers and patients in health care settings 
(John et al., 2016). For example, to reinforce the organization’s commitment in this regard, the indicator “Ensuring 
that employees make correct use of PPE” was built. When measured, this result was at a compromising level.

In total, 48 recommendations were defined, of which 27 correspond to actions so that the 12 indicators 
in the compromising range (red) improve the result until reaching the level of excellence (green). Another 
12 indicators were in the yellow range (Figure 9) for having their value within the values   considered normal. 
Likewise, 19 actions were defined to improve performance. Finally, for the 2 indicators which results were in the 
range of excellence (replacement policy and stocks), an action plan was defined to preserve their performance.

As an example, and because it is considered of high relevance by the decision maker, the characterization of 
the proposed recommendations for “employees who use PPE properly during occupational activities (validate 
the fit checking of PPE)” (indicator 7 on the list) is shown in Table 6.

The application of the methodology with the direct participation of the decision-maker allows it to be part of 
the critical aspect’s identification of prevention activities, their possible causes and the definition of strategies to 
improve performance. In some cases, the actions seem obvious, but it is important to consider that when people 
are immersed in their work environment, they often do not perceive them, and consequently these situations 
start to become routine and without real importance.

Table 6. Example of recommendations for indicator “correct use of PPE”.

FPV Indicator Status
Competitive 

desired 
level

Actions to achieve the Competitive 
Level

Make sure employees 
make correct use of 
PPE

% of employees who use PPE properly during 
occupational activities (validate the fit checking 
of PPE)

40% 91-100%

Visual verification of the use of PPE 
during the activity.

Provide feedback to employees who do 
not use PPE as established.

ACTION PLAN FOR COMPROMISED INDICATOR

What? Who? When? Where? Why? How?

Visual verification of the use of PPE 
during the activity Internal commission 

of accident 
prevention

3 months Workplace Prevention culture
Reinforce training in the use 
of PPEProvide feedback to employees who do 

not use PPE as established.
Source: Research data.

Figure 9. PPEs Status quo. Source: Research data.
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In addition, the organization can use performance indicators and their measurement to motivate and promote 
improvement measures for each PVE.

6. Conclusion

Based on the scientific literature selected, it was possible to conclude that there are limitations in the use of 
performance measurement systems for management and decision making in organizations. It was found that in 
most studies, organizations use generic indicators without considering the particularities of the organization.

With the MCDA-C methodology it was possible to construct specific indicators for the organization’s context. 
Evidencing that a participative and articulated process with the actors of the organization, especially with the 
decision-maker, allows the understanding of the aspects related to the prevention activities in the use of Personal 
Protective Equipment in the sector studied. The Elementary Points of View, their generating causes were also 
identified, which consequently allowed constructing the specific indicators for the organizational context, and 
finally the definition of strategies through an action plan with recommendations so that the indicators with 
normal performance or compromising, could aspire to reach the level of excellence. The model constructions 
can be considered comprehensive in its development, but practical and with indicators built according to the 
organization’s context, making easy to apply by managers.

Another relevant aspect identified in the analyzed research informs that most of them did not involve 
decision-makers in the process, unlike this survey, with the active participation of the organization’s internal 
actor (manager-decision maker) it was possible to obtain accurate and real information, resulting in reliable 
indicators and aligned to the needs of the organizational context. Likewise, the decision-maker considered the 
process useful, helping to understand the problem, the consequent development of the steps that ended with 
the definition of strategies to improve the OHSMS, which, according to the nursing manager (decision maker), 
would not be possible if the measurement depended exclusively on generic performance indicators, such as 
the number of PPE used, accident frequency rates, number of workers who received training or how many 
inspections were carried out.

This study made it possible to strengthen scientific and practical knowledge according to the constructivist 
trajectory, with the adopted view meeting the scientific and practical requirements to ensure the validity, 
legitimacy, and effectiveness of a model to support decision-making in a practical environment.

This research generated different contributions, among them: (i) Theoretical, since the research provides a 
current and consistent review on the use of PPE in the health care sector and safety performance measurement; 
(ii) Practice, for the theme of the Occupational Health and Safety Management System (OHSMS), proposing 
a structured process for performance measurement; (iii) Applied to the health sector, through the MCDA-C in 
a case study carried out in the nurses working in inpatient mental health care during the supply of medicines 
to patients.

It is suggested for future research: (i) transform the ordinal scales into cardinal scales, to select the best 
option for advancement in the OHSMS, visualizing the consequences of the implementation of each action. The 
development of phase II of the MCDA-C will allow for a detailed analysis of possible improvement proposals 
applying the MACBETH software; (ii) Monitor the management activity provided by the built model. The managers 
of the psychiatric hospital will be able to periodically analyze the advances in the defined action plans and 
establish the relevant changes; (iii) Replicate the proposal to another organization, developing a model for the 
occupational health and safety management system. Given the flexibility of MCDA-C, it can be applied in several 
organizations, allowing for the strengthening of improvement decisions based on a structured methodology. 
(iv) Create a simplified model to build performance indicators.
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