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ABSTRACT

Environmental performance assessments, although widely used in several industrial sectors, is still scarcely 
practiced in construction, maintenance and road operation activities. Th us, there is a need for studies to 
interpret the state of environmental management in relation to the complexities of the road sector. In this 
context, the aim of the present study is, therefore, to develop performance evaluation indicators for the 
environmental management of road maintenance services. For this purpose, the Multicriteria Decision 
Analysis Constructivist (MCDA-C) model was used, involving workshops comprising professionals 
specialized in several areas related to the technical, academic and research sectors that could contribute to 
environmental management practiced in highways. In view of these considerations, 185 concepts generated 
from the participants’ opinions were obtained, fi ltered into 82 criteria, and divided into 10 areas of interest. 
Among these, water and road safety groups presented the highest weights among the areas of interest and 
are thus, noteworthy. Subsequently, the descriptions of the indicators and their respective weights were 
determined. Managers, researchers, and technicians responsible for highway maintenance may thus apply 
the indicators generated in this research, to aid in environmental control of the road environment, allowing 
for identifi cation of points which may stand for improvement.
Keywords: Impacts; Transport Infrastructure; Criteria; MCDA-C.

RESUMO

Indicadores de desempenho para a gestão ambiental dos serviços de manutenção rodoviária.
A avaliação de desempenho ambiental, embora amplamente utilizada em diversos setores industriais, 
ainda é pouco praticada nas atividades de construção, manutenção e operação de estradas. Assim, há 
necessidade de estudos que interpretem o estado da gestão ambiental em relação às complexidades do setor 
rodoviário. Neste contexto, o objetivo do presente estudo é, portanto, desenvolver indicadores de avaliação 
de desempenho para a gestão ambiental dos serviços de manutenção rodoviária. Para tanto, foi utilizado 
o modelo Multicritério de Análise de Decisão Construtivista (MCDA-C), envolvendo workshops com 
profi ssionais especializados em diversas áreas relacionadas aos setores técnico, acadêmico e de pesquisa 
que pudessem contribuir para a gestão ambiental praticada em rodovias. Diante dessas considerações, 
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foram obtidos 185 conceitos, a partir das opiniões dos participantes, que foram fi ltrados em 82 critérios 
e divididos em 10 áreas de interesse. Dentre estes, os grupos de água e segurança viária apresentaram 
os maiores pesos entre as áreas de interesse e, portanto, merecem destaque. Posteriormente, foram 
determinadas as descrições dos indicadores e seus respectivos pesos. Gestores, pesquisadores e técnicos 
responsáveis   pela manutenção das rodovias podem, assim, aplicar os indicadores gerados nesta pesquisa, 
para auxiliar no controle ambiental do entorno rodoviário, permitindo a identifi cação de pontos que 
podem ser melhorados.
Palavras-chave: Impactos; Infraestrutura de Transporte; Critérios; MCDA-C

INTRODUCTION

Irreversible environmental damages may occur during road works, such as soil deterioration 
processes and damage to fl ora and fauna, as well as changes in rivers. Road maintenance services also 
generate large amounts of waste. Th erefore, the professionals responsible for these processes must 
implement effi  cient systems, despite the scarce resources coming from the government. 

Th is indicates the importance of considering integrated projects in highway implementation and 
maintenance through an environmental perspective, associated to more eff ective management actions by 
both the government and private companies belonging to this sector, so that the sustainability is employed 
from highway conception to preservation. Th us, environmental indicators can be applied as tools for 
management decision-making processes since these are easily understood data. 

Environmental management considers numerous attributes used to evaluate the level of 
environmental impact of road maintenance services. However, it is common practice to use a set of indicators 
to analyze various parameters and aspects regarding the problem at hand. Th erefore, multicriteria decision 
support methodologies are used to assist managers in decision-making processes (Roy, 2005). 

In this context, the present study adopts the MCDA-C analysis, which uses subjective factors, in 
addition to objective and quantitative criteria, in the decision-making process. Th e system of actors applies 
certain parameters to defi ne the MCDA-C action participants, as follows, according to Ensslin et al. (2001): 
Deciders: who have control over the means for the conclusion of the decision and who will be able to 
validate the process aft er its conclusion; Interveners: those who can directly infl uence the decisions of the 
decision-maker by their value system; Acted ones: they are those aff ected by the decisions taken, that do not 
have infl uence or power to interfere directly in the decision-making process and Facilitator: responsible for 
assisting in the construction of the evaluation model, guiding the information gathering and understanding 
the consequences of the decision. At higher levels of organization, can prepare recommendations for the 
decision-maker.

Next, it is necessary to defi ne a reference problem that allows for the clearly identify the structuring 
and evaluation situations for the decision context modeling. At structuring phase the problem is defi ned 
through the generation of knowledge and knowledge-related element systematization. Th e following is the 
evaluation phase, which will build the model to “account” for the impacts regarding the previously defi ned 
criteria (Ensslin et al., 2000). According to these authors, decision-making recommendations are given aft er 
completing the evaluation process. Th erefore, interactions and the participation of the decision-makers are 
essential to generate conclusions from the applied models. Th e MCDA-C deals with knowledge structuring 
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and decision support, and can be applied in diff erent areas, such as in the evaluation of organizational 
company performance, supplier evaluation, customer service and in the educational area (Jesus, 2015).

Despite several studies performed on road sector, the premise of taking into account pavement 
eff ects does not yet consider environmental aspects (Santero et al., 2011). In the transport infrastructure 
sector, some studies are related to the development of indices and environmental indicators to assist in 
decision-making processes in this area. For example, Sinay et al. (2005) proposed certain environmental 
indicators that comprise the road group, namely water, air, soil and fl ora quality, river fl ow, soil degradation, 
noise, endemism, invaded borders, mass movements, energy consumption, fuel consumption and waste 
generation.

Costa and Sánchez (2010) developed an environmental performance evaluation index for paved road 
maintenance considering environmental non-conformities, the Critical Environmental Nonconformity 
Index (CENI), that determines the weights of each of the three levels of non-conformity based on the 
opinion of transportation experts. Gomes and Malheiros (2012) present an analysis of the criteria applied 
to identify the strengths and weaknesses of environmental indicators and their implementation procedures. 

In the study performed by Viviane et al. (2014), the Unpaved Roads Management Index (URMI) 
was developed. Th e URMI indicators were hierarchized through multicriteria analysis techniques. Th e 
contribution of each of the 21 indicators was based on the opinion of experts in the fi eld, according to a 
scale provided by the authors. 

In Brazil, studies aimed at the development of environmetal indicators for road maintenance 
still are scarcelly available, and, when they do exist, they are specifi c for the region where the study is 
conducted. Th e surveys conducted by Lisboa (2002), Martins (2005), Paiva (2004), Ciciliato (2016), Leite 
et al. (2018) and Sequinel et al. (2019) indicate the increasing development of environmental indicators 
related to the road environment. Th us, the need for more studies focusing on environmental impacts in 
the road maintenance area is clear, seeking the standardization of environmental indicators, as well as 
dissemination of the concern about these impacts and the need for continuous monitoring.

In this context, the aim of this research is to develop indicators for the evaluation of environmental 
performance, by applying the MCDA-C model, to be used by managers as a tool to support environmental 
management in road maintenance.

MATERIALS AND METHODS

 Th e following section describes the planning of the experimental procedure and its stages. Th e 
procedure was applied to two distinct teams, where brainstorming was carried out with professionals from 
several areas related to the environmental theme and highway maintenance. 

Actor Selection

In the MCDA-C approach, a system of actors is responsible for creating knowledge applied to a certain 
problem. In both teams, the researchers assumed the role of facilitators, encouraging the participation 
of stakeholders and recording their opinions. Th e acted ones in the present study were highway system 
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users and the deciders. Team 1 participants were postgraduate students studying at the State University 
of Londrina (Universidade Estadual de Londrina – UEL). Th e second team comprised managers and 
other technical professionals from the Paraná Roads Department (Departamento de Estradas e Rodagem 
do Estado do Paraná - DER/PR). Figure 1 displays an illustrative scheme of the actors’ selection and the 
academic formation of the participants. Regarding Team 2, workshops were held in the fi ve host cities of 
the regional DER/PR offi  ces, namely Cascavel, Curitiba, Londrina, Maringá and Ponta Grossa.

Initial Research Presentation

A brief presentation of the environmental management context in highway maintenance and an 
explanation of the MCDA-C approach were given in the fi rst meeting, to detail the environmental problem 
at hand and the stages of the research method. Th e estimated time for this stage was 30 minutes, 15 minutes 
for an oral presentation by the facilitator and 15 minutes for discussions and doubts that may have arisen.

Figure 1. Illustrative scheme of actor selection. 

List of Primary Evaluation Elements (PEE)

Th e PEE survey in both teams followed the same procedure, occurring at diff erent times for each 
group. Aft er the initial presentation, the elements related to the environmental problem were listed and the 
participants discussed the ideas, goals, objectives or perspectives through the brainstorming technique. 
Th e maximum of possible concepts was recorded on a spreadsheet, as exemplifi ed by table 1, which lists the 
brainstorming elements obtained in Curitiba. Th ese concepts were broken down in the column “Elements 
related to the problem”.

Aft er this, “Action-oriented concepts” were added, which were supplemented with considerations 
that refl ected the positive actions to be taken. At the end of this stage, the concepts related to the “negative 
pole”, which is the psychological opposite of the action, were added, to aid in understanding the problem. 
In this step, it was emphasized that the sentences should refer to a complementary aspect of the “action-
oriented concepts”. Th e next step was to create groups that displayed the characteristics of the “Elements 
related to the problem”. Th is evaluation lasted about two hours, with a one-week break between each 
workshop to analyze the obtained opinions.
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Table 1. Concept collection worksheet – Curitiba.

Means-End Relations Map

At this point, the PEE and action-oriented concepts were collected and separated into clusters. 

Th e means-end relations maps were then graphically constructed with the Cmap Tools soft ware. Th e 
relations of the infl uence between the concepts (in the sense of means for the ends) were represented with 
arrows. Figure 2 presents the structure of a frame for a cluster, as well the map of means and ends generated 
for the materials group according to the elements raised by the DER/PR experts at Curitiba. Each arrow that 
leaves the cluster represents a medium function and each arrow that arrives represents an end function.  

Figure 2. Detail of a Cluster for material group and the group Means-end relations map.

 Team 1 participants separated the criteria groups and performed the interactions through the 
means-end relations maps. Th is was not performed by the regional DER/PR offi  ce participants (Team 2), 
due unavailability of schedules for joint meetings. Th us, the interactions were defi ned by the researchers. 

 Aft er identifying the points with the most relationships, it was possible to defi ne Fundamental 
Viewpoints (FV) and Elementary Viewpoints (EV) and organize them into hierarchical arborizations, in 
other words they may be displayed in the form of hierarchical trees. Th is facilitates the understanding of 
the problem, indicating the dimension in which factors should be judged fi rst and which factors are the 
most important.

FV and EV Determinations

 Th e next step was to verify the representativeness of each concept, listing those that presented the 
most interactions, such as FV. Th e items that refl ect the strategic objectives and the fundamental aspects for 
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evaluation considered by the decision-makers were identifi ed in the means-end relations maps. In order 
to better understand each of these FVs, some EV were generated when necessary. FV candidates should 
be essential, controllable, complete, measurable, operational, insurable, non-redundant, concise and 
understandable. Criteria were specifi ed for each FV for further evaluation according to their performance 
in each point of view.

Criteria Weights 

 An online questionnaire of the constant sum type was applied at the Qualtrics.com platform, with 
a total sum value of 100 points. Th e questionnaire items were generated during the workshops attended to 
by both groups of participants. At this time, only the DER/PR professionals were responsible for assigning 
weights to the criteria. One condition was applied for the respondent to be able to continue the questionnaire 
fi lling process: that all questions should be fi lled with 100 points, otherwise, the respondents would not be 
allowed to proceed.

 A brief explanation of each point of view was listed below each alternative for each question, to aid 
in participant judgment. In addition, participants were asked to suggest indicators for the answers, leaving 
their comment in each item. Participants were informed by e-mail about the 30-day deadline to answer 
the questionnaire. Aft er obtaining the answers, the degree of importance of each theme was identifi ed by 
adding up the points for each answer.

 Data normality was tested by the Shapiro-Wilk statistical test, with a level of signifi cance of 5%. 
Parametric tests could not be applied, since some variables were not normally distributed. In these cases, 
the Kruskal-Wallis test was applied, with comparisons of independent multiple samples, to verify the 
hypothesis that the data have medians with the same distribution. 

 Th e signifi cance level adopted was of 5%, i.e. if the p-value was less than 5%, the null hypothesis 
(H0) was rejected and the alternative hypothesis (H1) was accepted. If it was greater than 5% the null 
hypothesis was accepted. Th is research defi ned the following hypotheses:

• H0: the data groups present the same distribution of values;

• H1: the data groups do not present the same distribution.

 Aft er checking the items in which H0 was rejected, Dunn’s test was performed to identify signifi cant 
diff erences between samples taken two by two. Statistical tests aid in verifying if the data is compromised, 
applied herein to examine the distributions among the weights assigned in the workshops performed with 
Team 2 participants.

Criteria Weight Standardization

 Th is step consisted in normalizing the assigned weights, so that a standard score of the indicators 
could be recorded. Th e range from zero to one [0,1] was chosen. Equation 1 was applied for normalization:
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  (1)

Where: Weightnorm = Final standard weight; Weight = Weight assigned in the questionnaire and 
Σweighti = Sum of the weights of the group. Th us, the indicators created from the FV and EV refl ect results 
between 0 (zero) and 1 (one), relative to each interest group, by their sum.

Indicator Creation

 Initially, some indicators were created by Team 1, through the opinions of the postgraduate stu0dents 
given during the workshop to explain the items resulting from the arborization. In addition, the authors 
also refi ned the defi nitions of the indicators through a literature review. On the other hand, no workshop 
was conducted with Team 2 to discuss the arborizations. Th us, some indicators were maintained and others 
were created by the researchers by taking into account the opinions of the DER/PR professionals collected 
in previous workshops.

 Th e next step was an indicator analysis by the DER/PR professionals, where participants were 
encouraged to contribute with new indicators. However, due to the small contribution of the DER/PR 
professionals, the indicators adopted herein were those compiled from all the workshops and a bibliographic 
review of technical reports, standards, procedures, articles and technical research. 

 

RESULTS AND DISCUSSION

 Th e results section contains the compilation of the data from Teams 1 and 2 regarding the 
determination of the criteria to be evaluated. Th ese data were obtained through participant opinions given 
in the workshops and developed based on the MCDA-C approach. 

Regarding Team, 1 the procedure took place between the facilitator and the participants, where 
indicators where created and analyzed by the authors of the research. Regarding Team 2, the DER/PR 
specialists conducted the workshop discussions and answered the questionnaire to suggest the weights for 
each criterion. Aft er a bibliographical review of standards, procedures, articles and technical research, the 
indicators compiled by both teams were listed.

 Th e gathering of expert opinions during the meetings took place through workshops. During 
the procedure, groups of elements that comprised all the concepts listed and related to the problem were 
identifi ed. Table 2 presents the expressions created during this stage with Team 1.

Table 2. Groups of elements related to the problem of road maintenance services – Team 1.
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 During this stage, participants also provided three elements for concept characterization: problem-
related elements, action-oriented concepts and negative poles.  Th e workshops conducted with Team 2 
followed the same procedure as for Team 1. At Cascavel, DER/PR professionals provided 17 suggestions; 
at Curitiba, 36; at Londrina, 49; at Maringá, 34 and, fi nally, at Ponta Grossa, 24, totaling 160 opinions that 
expose, in a general manner, how experts think about what is important when evaluating environmental 
performance. Table 3 lists the groups generated aft er analyzing the opinions obtained during the workshops, 
with the alternatives that best defi ne each group. 

Table 3. Groups of elements related to the problem of road maintenance services –Team 2.

 Th e workshops contributed greatly to this research and are justifi ed by the use of the MCDA-C as 
a basis for the discussion of ideas and elaboration of critical thinking among participants. Th e next step of 
the research was the creation of the means-end relations maps. Th e presentation of the map structure was 
based on the groups of alternatives suggested by the experts. 

 Aft er the elaboration and analysis of these maps, the interactions between the concepts were 
quantifi ed. Th e interaction data were tabulated, allowing for the determination of FV and EV in order 
to create the environmental performance indicators. Subsequently, a representation of the hierarchical 
arborization of the concepts was created, with the purpose of facilitating the visualization and correctly 
defi ning the interest groups, namely FV and the EV.

 Obtaining the FV and EV through participant opinions given during the workshops was an essential 
step in selecting the performance indicators applied in road environmental management. In general, Team 
1 experts expressed their opinions through their knowledge on the topic. However, it is evident that that 
Team 2 participants displayed improvements of their ideas, due to the contribution of people with diff erent 
experiences. Figure 3 presents, the areas of interest addressed separately in the FV and their respective EVs 
obtained by Teams 1 and 2, in an arborization form.
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Figure 3. Arborization of FV and EV – Teams 1 and 2.

 Th e FV data were evaluated through boxplot graphs, which present the distribution of the values of 
this study and indicate the interval, median and outliers (atypical values of the quartile distribution). Th e 
upper and lower rods indicate the largest and smallest weights, respectively. Th e center rectangle shows the 
data distribution separated by quartiles. Th e lower quartile contains 25% of the lowest values and the upper 
quartile contains 75% of the highest values.

 Figure 4 indicates that the “A - Water” group showed a higher number of distant participant opinions, 
with four extreme values. Item “F - Road safety” presented a weight of 40, and was characterized as outlier. 
With the exception of the “A - Water” group and the “F - Road Safety” group outlier, the groups presented a 
score range between 0 and 25; such amplitudes of the weights given to the other areas refl ect the dispersion 
between the data, characterizing the lack of homogeneity between the opinions of the specialists. It is 
observed by the position of the median that it is an asymmetric distribution of data. Finally, the “A - Water” 
group, “F - Road Safety” group and “G - Socio-environmental” group were the three most important in the 
assessment of areas of general interest.
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Figure 4. Areas of general interest.

 Figure 5a indicates that half of the items present atypical values that do not correspond to the data 
distribution. Th is demonstrates disagreements among the professionals who judged the placement of the 
item in an evaluation for the “water” group and those that gave the item a high degree of importance. It is 
observed from the values received that the items of greatest concern were “A8 - Maintenance of drainage 
systems” and “A1 - Surface water on the pavement”. 

Figure 5b indicates that items B1, B12, B15, B16, and B17 present atypical values, indicating that 
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participants did not reach a consensus for these items. In addition, the medians are very close to each 
other, except for item “B13 - Rural patrol”, the less graded item. Th is can be explained by the number of 
evaluated items with close opinions. In Figure 5, it can be seen from the position of the median that it is an 
asymmetric distribution of the data.

Figure 5.  FV-Water (a) and FV-Management (b).

Figure 6a indicates that most deviant weight is “B66 - training”, with a maximum score of 85, 
increasing the average value of this item. Along with item B66, item “B62 – Multidisciplinary Team” 
stands out, indicating that participants are concerned with training and multidisciplinary teams for road 
maintenance. Figure 6b displays the weight distribution for “FV - Juridical” and reinforces the similarity 
between specialists’ weights for all items and their disparity for item “C6 - Legal Structure”. Th is indicates 
that the participants moslty have the same opinion regarding the legal sector and bureaucracy issues in 
dealing with the environmental aspects of highway maintenance. Finally, looking at fi gure 6, it can be seen 
that the item “B61 - Contractor” is the only item with normally-distributed data.

Figure 6. EV-Work team (a) and FV-Juridical (b).

 Figure 7a describes the weight distributions, reinforcing the idea that the items of greatest 
concern are “D1 - Control of materials”, “D3 - Allocation of solid waste” and “D9 - Recycling of residues” 
demonstrating the importance that specialists give to the control of materials aft er they are removed. In 
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fi gure 7b, despite showing close average values, the judged items also presented extreme values, indicating 
divergent opinions of some participants. In general, checking the position of the median in fi gure 7, the 
data are asymmetrically distributed.

Figure 7. FV-Materials (a) and FV-Biotic Environment (b).

 Figure 8a presents the distribution of the assigned weights, indicating that it does not follow a 
symmetrical trend, characterizing a high dispersion of the evaluated judgments, with the greatest concern 
of the specialists being the item “E24 – Passage for animals”. In the fi gure 8b, among the weights attributed 
by the specialists, it is possible to notice the biggest concern is with the exotic trees in the domain strip 
(item E31) and the characterization of the species suitable for the highway (item E33), furthermore it is 
possible to notice that there are discrepant values for items “D32 – Destination of tree pruning” and “D33 
– Suitable species”. 

Figure 8. EV – Fauna (a) and EV-Vegetation (b).

Figure 9a indicates that the greatest distributions were observed for “F1 - Trees in the surroundings” 
and “F6 - Signaling”, indicating that these items show greater weight variability, with signifi cantly diff ering 
opinions. Besides that, it can be seen the item “F1 – Trees in the surroundings” was the most notable 
in terms of weights, which demonstrates the concern of specialists with the management necessary to 
guarantee the safety of highways in the State. Figure 9b shows a good distribution of the weights given 
by the specialists, except for “G1 – Irregular access” which was the item of greatest socio-environmental 
concern. 



Revista de Ciências Ambientais, Canoas, v. 16, n. 3, p. 01-20, 2022 | ISSN 1981-8858

Felipe Gonçalves de Jesus, Roque Rodrigo Rodrigues, Carlos Alberto Prado da Silva Junior, Heliana Barbosa Fontenele
12

Figure 9. FV-Road safety (a) and FV-Socio-environmental (b).

 Th e Kruskal-Wallis test was applied to verify signifi cant diff erences between the data obtained from 
the workshop participants. Table 4 displays the results for both teams. 

Table 4. Kruskal-Wallis test – Teams 1 and 2.

Th e following groups presented statistical diff erences: Areas of general interest; EV – Work team; 
FV - Juridical; FV - Materials; FV - Biotic environmental; EV - Fauna.  To determine which items were 
diff erent, Dunn’s test was applied, where averages followed by the same letter were not signifi cantly 
diff erent. Th e results can characterize items that could present higher and lower priority in the assessment 
of environmental management performance during road maintenance services. Table 5 list the averages 
and medians of the groups analyzed by the DER/PR professionals, with signifi cantly diff ering items, as well 
as a conclusion related to the applied test. 

Dunn’s test performed in this research compared the items two by two, verifying the statistical 
diff erences between the weights with 5% of signifi cance. Th e results of this test can characterize the items 
that should have higher and lower priority in the evaluation of environmental management performance 
for road maintenance services. 

 Aft er obtaining the weights for each criterion, the degree of importance given to each one by the 
DER/PR professionals was evaluated. Th e statistical diff erences observed for each criteria are relevant to the 
opinions of the maps of means and ends assemblages, since the participants had only one meeting in which 
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they could express their opinions, and could not intervene in the fi nal FV and EV assembly. Th erefore, the 
observed diff erences were expected, and the statistical tests carried out proved these diff erences.

Table 5. Th e Dunn’s test.
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Aft er a bibliographical review of standards, procedures, articles and technical surveys, the compiled 
indicators by both teams were listed. Tables 7, 8 and 9 present the areas of concentration, the evaluation 
criteria and the respective indicators. Th e indicators created by the postgraduate students that were 
maintained are identifi ed with by (*), while those maintained but adapted for better defi nition are identifi ed 
by (**).

Table 7. Road environmental performance indicators (part I).
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Table 8. Road environmental performance indicators (part II).
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Table 9. Road environmental performance indicators (part III).

 Aft er criteria weighing by the DER/PR professionals, the indicators underwent the normalization 
process in an interval between [0,1]. Tables 10 and 11 show the normalized weights by area and by 
environmental performance indicators for each criterion. Table 12 display the EV-related criteria weights.
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Table 10. Weights for areas and road environmental performance criteria (part I).

Observation: ¹ these are elements that have elementary criteria
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Table 11. Weights for areas and road environmental performance criteria (part II).

Table 12. EV-related road environmental performance criteria weights.

In this research, 83 indicators were generated, distributed among 10 areas of interest. It is noticed 
that the empirical experience of the specialists of team 2, directed the indicators for the routine services and 
implications in their functions within the state road agency. In addition, the areas of water and road safety 
received the highest weights and, therefore, are the most important according to the experts’ point of view.

Finally, with regard to the statistical tests, it is not possible to remove from the analysis any of the 
outliers that are outside the distributions because they are personal judgment values about each item. Th e 
statistical diff erences prove that there are items that may have reservations when evaluated within the groups.

CONCLUSIONS

 Th is research allowed for the identifi cation of important aspects related to environmental 
management, and demonstrated that management procedures are present in technician analyses, thus 
promoting discussions among workshop participants and emphasizing the importance of the issue in 
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routine road maintenance activities.

In all, 83 indicators were generated, distributed in 10 areas of interest. Th e empirical experience of 
the components of team 2 refl ected in the generation of indicators related to the routine of services and 
their functions within the highway agency.

 Among all of them, water and road safety groups presented the highest weights among the areas 
of interest and are thus, noteworthy. However, several weights given by the participants were signifi cantly 
diff erent, such as Areas of general interest, EV - Team, FV - Materials, EV - Vegetation, FV - Road 
Safety and FV - Socio-environmental. A data variability was noticed, because weights or grades can vary 
greatly due to diff ering expert opinions, regions, experiences and ways of working. However, as these are 
personal judgment values for each item, it is not possible to remove any of the outliers that are outside the 
distributions. Statistical diff erences prove that there are items that may have reservations when evaluated 
within groups. As the MCDA-C method was applied, statistical analyses were not performed to determine 
sample size, since this method does not recommend a maximum or minimum number of participants.  

 Performance indicators are advantageous, since they allow for simpler quantitative and global 
visualization of the behavior of the evaluated elements with certain interpretations, increasing clarity and 
aiding in the guidance of environmental management. 

 Method standardization to evaluate environmental management in the road sector refl ects the use 
of instruments such as the ones applied herein, which can be used by managers, researchers and technicians 
responsible for road maintenance.
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