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Abstract—Currently, industries endeavor to align their 

environmental management system with the ISO 14001:2015 
international standard, while preserving competitiveness and 
sustainability. Then, a key driver for these industries is to develop a 
skilled workforce that is able to implement, continuously improve and 
audit the environmental management system. The purpose of this 
paper is to provide an environmental competency framework that aims 
to identify, rank and categorize the competencies required by both the 
environmental managers and auditors. This competency framework is 
expected to be useful during competency assessment, recruitment, and 
training processes. To achieve this end, a modified 2-tuple Delphi 
approach is here proposed based on a combination of the modified 
Delphi approach and the 2-tuple linguistic representation model. The 
adopted approach is presented as numerous questionnaires that are 
spread over multiple rounds in order to obtain a consensus among the 
different Moroccan experts participating to this study. 

 
Keywords—Competency framework, Delphi, environmental 

competency, 2-tuple. 

I. INTRODUCTION 

HE industrial expansion and the related growing 
demography resulted in exponentially increasing the 

environmental pressure and in multiple pollutions impacting the 
air, the soil and the ground- plus sea-water. The most harmful 
consequence is by far the global climate warming that is now 
inducing more frequent drought/inundations, concurrently with 
the stepwise drop of terrestrial and oceanic bioresources [1]. 

A right balance between economic plus social demands, and 
preserving the environment space in use, could mitigate the 
impacts on the environment, and ensure a sustainable 
development. This is the mission of the ISO 14001 international 
standard. The environmental management system enables the 
organizations to increase their environmental performance, 
anticipate the environmental regulations, gain the stakeholders’ 
trust, and stand out from competition. 

In regard to the importance of the ISO 14001 certification, 
the organizations must have an effective environmental 
management system to reduce non-conformances. 
Accordingly, a more environmentally conscious workforce is 
needed to implement, incessantly improve and audit the 
environmental management system. For a best environmental 
safety in accordance with the economic expectations, these 
organizations must ensure that the environmental managers and 
auditors have capabilities to carry out both the managerial tasks 
and the technical ones. This raises the question of the 
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competencies precisely required by the environmental 
managers and auditors’ positions.  

Competency identification is an unavoidable step in the 
competency management process. Indeed, the ISO 14001:2015 
standard developed by the International Organization for 
Standardization stated as a requirement that an organization 
must determine the competencies of its working staff that 
impact the environmental performance. Thus, the identification 
of the required competencies is very useful, because it provides 
the organizations with a predictive view in terms of 
development and recruiting processes. In the literature many 
methods have been used to identify the required competencies 
[3]. Among them are the semi-structured and structured 
interviews, field observation, and Kelly’s grid. One of the most 
effective methods found in the literature is the Delphi method 
[4]. Accordingly, a modified 2-tuple Delphi study has been 
carried out in this work, with the purpose to specify the 
competencies required by the environmental managers and 
auditors, and then to develop an environmental competency 
framework. 

The present paper is organized as follows: The second 
section presents a literature review. Section III deals with the 
modified 2-tuple Delphi method, where the 2-tuple linguistic 
representation model is introduced, and the stepwise procedure 
is described. Thereafter, the fourth section presents the 
environmental competency framework. Finally, some 
conclusions and perspectives are highlighted in Section V. 

II. LITERATURE REVIEW 

“Competency" derives from the Latin word “Competere” 
meaning “to be suitable” [5]. In the literature, several 
definitions have emerged due to the multidisciplinary 
dimension of the competency concept. Through analyzing these 
definitions, it can be noticed that several researchers agree with 
the fact that individual competency is the combination of 
diverse skills, namely knowledge, know-how, and know-
whom. Moreover, individual competency allows individuals to 
accomplish a task or mission [6], [7], in a specific context [8]. 
Some researchers agree that competency results in effective job 
performance [9], [10]. The latter can also lead to an overall 
performance of the organization. Indeed, Boucher et al. [11] 
have positioned the competencies at the heart of performance. 
Accordingly, the mission of a competent company can no 
longer be limited to produce specific goods and services, but 
can also consider the capabilities to adapt to a fast-changing 
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environment through involving a multi-skilled and innovative 
staff. Finally, we can note that competency is also linked to the 
will to accomplish a task as specified by [12] and [13]. 

In the industrial engineering field, competency management 
has been the subject of several research studies. Indeed, Belkadi 
et al. [14] stated that the competency management process can 
be summed up as follows: competency identification (i.e., 
listing the competencies required by a position/job, and those 
acquired by individuals), competency allocation, competency 
acquisition, competency mobilization, competency 
development, competency characterization, and competency 
evaluation. Furthermore, competency is at the heart of the ISO 
14001:2015 standard’s requirements. Thus, the ISO 
14001:2015 standard requires the organizations to: i) determine 
the competencies of their working staff that impact the 
environmental performance, ii) ensure that the collaborators are 
competent, iii) identify training needs, and iv) undertake actions 
to acquire the necessary competencies and then evaluate the 
effectiveness of these actions [2]. 

Competency identification is considered as the cornerstone 
of the competency management processes. It leads to the 
establishment of a competency framework, which is a 
document that is of major interest during the competency 
assessment, competency development and recruitment 
processes. In the literature, several competency identification 
methods can be found. For instance, the field observation of 
people achieving their respective tasks remains inadequate to 
identify the required competencies for high level positions [3]. 
The interviews and critical incident techniques are both 
flexible, but the results can be subjective. The Kelly grid is also 
a flexible method. It is based on the theory of personal 
constructs [15], but the obtained conception can remain vague 
and slightly informative in case the answers provided by the 
experts are not deep and detailed enough. Harzallah and 
Vernadat [16] proposed a competency identification approach 
based on the CRAI (Competency Resource Aspect Individual) 
model. Boumane et al. [17] developed a method based on two 
different stages. The first one consists of analyzing the 
company’s internal and external context. The second aims to 
identify the competencies required by the activities. However, 
it is a complex method that requires the mastery of several 
methods as investigation methods and process mapping. Sefiani 
et al. [18] used this methodology to develop a competency 
identification approach based on the functional approach. 
Furthermore, several authors have been using Delphi method 
for competency identification purposes [19]-[22]. 

The Delphi method was first developed by Dalkey and 
Helmer to obtain and organize the opinions of a group of 
specialists on military foresight issues [23]. The objective of 
this method is to obtain a consensus within a group of 
individuals. The four key characteristics that define the Delphi 
method [24] are as follows:  
1) Anonymity that allows the participants of the study to 

express their opinions without any social pressure; 
2) Iteration of questionnaire for a number of rounds, which 

helps the participants to refine their points of view; 
3) Controlled feedback between questionnaires while 

informing the participants about their colleagues’ opinions; 
4) Statistical analysis of the participants’ responses 

Delphi method has been used in several fields such as 
psychology, education sciences, social sciences, economics, 
and industrial engineering. It has been utilized in the context of 
technological innovations, anticipation of a market or a new 
trend of consumers, strategic prospecting, participative 
management, as well as for competency framework 
development. To identify the required competencies, several 
studies have been carried out. For instance, Brill et al. [19] 
conducted a web Delphi study to recognize competencies 
required by a project manager. Liddell et al. [20] carried out a 
Delphi study to identify the therapist competencies necessary 
for the delivery of compassion‐focused therapy. However, 
Johnston et al. [21] proposed a modified Delphi approach with 
the aim of identifying the core competencies of an 
undergraduate food safety curriculum. The modified Delphi 
approach is less restrictive than the conventional one, because 
it starts with structured items instead with an open-ended 
questionnaire as recommended in the conventional Delphi 
method. Furthermore, Horng et al. [22] used a method based on 
the fuzzy Delphi and Analytical Hierarchy Process (AHP) 
methods to identify the top managers’ competencies in a hotel 
unit. 

In the literature, some authors have been interested in 
combining the 2-tuple linguistic representation model and 
Delphi method. The 2-tuple linguistic model as opposed to 
other fuzzy models, avoids the loss of information while using 
the qualitative data [25]. Among the authors, we find for 
instance Ko [26] who proposed a 2-tuple fuzzy Delphi to assess 
the customers’ consensus, as well as Torağay and Arikan [27] 
who used a 2-tuple Delphi method to determine the weight of 
criteria. This information has been then used to compare 
different academic performances of faculty departments.  

In this paper, we adopt a modified 2-tuple Delphi method. It 
results from a combination of the modified Delphi approach and 
2-tuple linguistic representation model. The adopted approach 
is very suitable for developing an environmental competency 
framework as it will be shown in Section III. 

III. THE MODIFIED 2-TUPLE DELPHI APPROACH 

The 2-tuple Modified Delphi approach offers several 
advantages since it: i) allows the participants to remain 
anonymous, which gives them the chance to freely express their 
honest opinions, ii) allows the consensus to be reached among 
the various experts participating to the study, iii) gives the 
opportunity to the experts to refine their results through 
spreading the questionnaire over several rounds, iv) is planned 
to identify the competencies required by environmental 
positions, and somewhat v) lightens the process of Delphi 
method by starting the first round with structured elements. 
Taking into account that competency is considered as an 
intangible resource [28], it is difficult to assess its importance 
through using a quantitative scale. Therefore, it is more 
appropriate to use linguistic variables as "less important" or 
"very important". To achieve this, the 2-tuple linguistic 
representation model is used in this work, as it is proved to be a 
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reliable computational technique [25], in that the word-bearing 
information does not result in any data loss. 

For a better understanding of the adopted approach, it is 
appropriate to start with the presentation of the 2-tuple 
linguistic representation model, and then describe the stepwise 
procedure of the 2-tuple modified Delphi approach. 

A. The 2-Tuple Linguistic Representation Model 

The 2-tuple linguistic representation model was first 
developed by Herrera and Martinez [25]. It is based on the use 

of 2-tuple linguistic variables expressed as  ,is  , where: is  

is a linguistic term from the linguistic term set  0 1, ,..., gS s s s

, and   is a numerical value of the symbolic translation. 
According to Chen and Tai [29], a numerical value  0,1 ∈ 

can be converted into a 2-tuple linguistic variable  ,is   and 

vice versa by using respectively the   function and the reverse 

function -1Δ , which are expressed respectively in (1) and (2): 
 

 
 

: [0,1] - ,

, *
( ) ( , )   

- , [- , ),

0.5 0.5

0.5 0.5


 
  

  


 

 




i
i

S

i round g
s with

g g

s
i g g g

 (1) 

 

 
 

-1

-1

Δ : S× - , [0,1]

Δ α =β = α

0.5 g 0.5 g

, i g +is


 (2) 

 
Example1. Let S = {s0 = Very Low, s1 = Low, s2 = Medium, s3 
= High, s4 = Very High} be a set of five linguistic terms and 

0.77  , the equivalent 2-tuple linguistic variable is 

computed by using the generalized translation function    

presented in (1), which is as follows: 3(0.77) ( , 0.02)s  , 

where    round * round 0.77*4 3i g    and 

- 0.77 3 4 0.02i g      

Let       1 1 2 2, , ...,, , ,n nx s s s    be a set of 2-tuples, 

the 2-tuple arithmetic mean x  is formulated as given in (3) 
[25]: 

 

 -1

1 1

1 1
,

n n

i i i
i i

x s
n n

 
 

   
   

   
   
   (3) 

 
Example2. Let S = {s0 = Very Low, s1 = Low, s2 = Medium, s3 
= High, s4 = Very High} be a set of five linguistic terms. 
Suppose that we have five experts ( ), 5kE k  , each expert is 

asked to assess the competency level of a candidate. The 
assigned values of each expert are respectively high, high, 
medium, and high. Therefore, the arithmetic mean defined in 
(3) is calculated as: 
 

        

   

-1 -1 -1 -1
3 3 2 3

3

1
,0 ,0 ,0 ,0

4

1 3 3 2 3

4 4 4 4 4

0.6875 , 0.0625

x s s s s

s

     





    
 
       

  
  

 

 

In the following, let  1: ,iA s   and  2: ,jB s  be two 2-

tuples, then the distance between A  and B  can be formulated 
in (4): 

 

  1 2, -d B
i j

A
g g

 
   

     
   

 (4) 

 

Theorem1. For any 2-tuple linguistic variables  1: ,iA s  , 

 2: ,jB s   and  3: ,kC s  , the distance  ,d A B  between A  

and B  satisfies the following conditions [29]:  
1)  , 0A B d A B    

2)    , ,d dA B B A  

3)  0 , 1d A B   

4)      , , ,d d dA B B C A C   

Proof. It is evident that  ,d A B  defined in (4) satisfies the 

conditions 1, 2 and 3. To prove that  ,d A B  satisfies the 

condition 4 as well we have: 
 

   

 

1 2 2 3

1 2 2 3

1 3

, , -

-

,

d d

d

i j j k
A B B C

g g g g

i j j k

g g g g

i k
A C

g g

   

   

 

       
              

       

       
             
       

   
       
   

 

 
Example3. Let S = {s0 = Very Low, s1 = Low, s2 = Medium, s3 
= High, s4 = Very High} be a set of five linguistic terms. 
Suppose that we have two 2-tuple variables,  3,0.05A s  and 

 2,0.02B s . The distance between A and B defined in (4) is 

computed as:  ,
3 2

0.05 0.02 0.28
4 4

d BA
          
   

 

Let       1 1 2 2, , ...,, , ,n nx s s s   be a set of 2-tuples, 

and let x be the arithmetic mean of these 2-tuples. As stated by 
Wei and Zhao [31], the standard deviation can be defined as 
given in (5): 

 

  2

1

1 , ,
n

i
i in

d s x 


   (5) 
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According to Herrera and Martinez [25], the comparison of 
two 2-tuple linguistic variables  ,i is   and  ,j js   can be done 

as:  
If <i j  then  ,i is   is smaller than  ,j js  ; 

If i j  then: 

1) If 
i j   then  ,i is   is equal to  ,j js  ; 

2) If <i j   then  ,i is   is smaller than  ,j js  ; 

3) If >i j   then  ,i is  is bigger than  ,j js  . 

Example4. Let S = {s0 = Very Low, s1 = Low, s2 = Medium, s3 
= High, s4 = Very High} be a set of five linguistic terms. 
Suppose that we want to compare two 2-tuple variables A and 
B where,  3,0.05A s  and  2 ,0.02B s . Indeed, we have 

2 < 3 then, B is smaller than A. 

B. The Stepwise Procedure 

The 2-tuple modified Delphi approach stepwise procedure is 
presented in Fig. 1. 

 

 

Fig. 1 2-tuple modified Delphi approach 

1) Development of an Initial Competency Framework 

The aim of this step is to develop an initial competency 
framework, the objective of which is to name the competencies 
required for a job or a position. It is expressed as a hierarchical 
inventory that lists the required competencies according on the 
category of competencies (knowledge, know-how, and know-
whom) and their sub-categories [16] as given in Fig. 2. 

Knowledge is acquired through formal education and 
trainings as vocational education. This category can be 
subdivided into three sub-categories as mentioned in Fig. 2: (1) 
the theoretical knowledge, which refers to a set of general 
information that makes it possible to explain a situation and 
guide decisions, for instance, to know the requirements of the 
ISO 14001:2015 standard, (2) the knowledge on what exists, 
being related to the context in which a competency is 
performed, for instance, to know the organization's 
environmental policy, (3) the procedural knowledge, intended 
to describe “how it should be done”. It includes procedures and 

methods, e.g., to know the company strategic analysis methods 
(e.g., SWOT, PESTEL). 

 

 

Fig. 2 Competency categories and sub-categories [16] 
 
Know-how is generally related to workplace experience. 

This category comprises: (1) the procedural know-how, made 
up of procedural knowledge, with its practical application being 
mastered, for example, to ensure an environmental regulatory 
watch, (2) the empirical know-how, based on experience, 
including tricks and rule of thumbs, e.g., identification of the 
necessary resources as human, financial, and technical 
material to achieve the expected results. 

Know-whom is “an individual characteristic, which allows to 
adopt some specific behavior to maintain good working 
conditions, or to resolve unexpectedly arising relational 
situations” [16]. This category covers: (1) the “relational know-
how” that refers to the ability to decide how to behave in a 
particular professional context as, to know how to cooperate, 
(2) the “cognitive know-how” that concerns intellectual 
capabilities needed for solving problems at time, or projects 
implementation and decision making [32], e.g. To know how to 
instantly make a rational analyze and to shorten the critical 
path of the decision-making process (3) the “behavior” includes 
all other qualities expected in the workplace; for instance, to 
have a sense of continuous improvement. 

2) Experts’ Selection 

The aim of this step is to select the experts willing to 
participate to the study. To this end, a preliminary list of 
potential participants of the study has been established. 
Thereafter, we prioritized the Moroccan experts that have 
several years of experience, while considering those operating 
in different business lines. The number of experts varies from 
one study to another. However, Chtioui [33] considers that the 
minimum threshold for the number of experts in a Delphi study 
is 5 to 7.  

3) Designing the Questionnaire 

Based on the competencies identified in the first step, a 
questionnaire has been designed. The aim of the questionnaire 
is to collect general information about the experts namely, the 
email, number of years’ experience, business line, and their 
opinion about the level of the identified competencies. 
Moreover, the questionnaire provides the opportunity for 
experts to leave comments in case they intended to add other 
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competencies or justifications to their assessment. 
To assess the importance of each competency, the experts are 

asked to use a set of five linguistic expressions 

 0 1 2 3 4, , , ,     S s s s s s  as presented in Table I. 

 
TABLE I 

LINGUISTIC TERM SETS 

Linguistic label Linguistic term 

𝑠ସ
ᇱ  Extremely Important (EI) 

𝑠ଷ
ᇱ  Very Important (VI) 

𝑠ଶ
ᇱ  Moderately Important (MI) 

𝑠ଵ
ᇱ  Somewhat Important (SI) 

𝑠଴ᇱ  Not Important (NI) 

 

The questionnaire was written in French in order to make it 
understandable to the experts, and then designed online. Its link 
was sent via email or via professional networks to all the experts 

4) Statistical Analysis of the Experts’ Responses 

After receiving the responses from experts, the whole data 
are submitted to statistical analysis. The statistical analysis 
includes computations of the percentage of response rates, the 
arithmetic mean and the standard deviation of the assessments 
given by experts. Therefore, let n be the number of 
competencies ( 1,2, , )iC i n  , and K be the number of experts 

( 1,2, , )kE k K  . Suppose that ikr  is the rating given by the 

expert kE  on the competency iC , where ikr S . S is the 

linguistic term set (Table I). 
The arithmetic mean value of the experts’ rating is given in 

(6): 
 

   -1

1

,
1

,0 , 1, 2, ,


   
 

 
 

 
K

ik
k

x si ii r i n
K

 (6) 

 

where,  s Si  and [-0.125,0.125)  

The standard deviation is computed as given in (7): 
 

    2

1

1
, 1, 2, ,,0 , , 



  
K

i
i

i nik i iK
d r s  (7) 

 

where,     ,0 , ,ik i id r s  is the distance between  ,0ikr  and 

the arithmetic mean value  ,i is . The distance is defined in 

(4). 
The following step consists of checking whether the 

consensus has been reached or not. As stated by Torağay and 
Arikan [27], if all coefficients of variation CV  values are less 
or equal to 50%, then the consensus is reached and no 
supplementary round is required. The coefficient of variation is 
the ratio of standard deviation to the mean as formulated in (8): 

 

(%) 100i
i

xi

CV


   (8) 

 

If the consensus is not reached, then a second round is 
performed. The questionnaire is therefore reviewed. Thus, it 
allows the experts to refine their assessments, by showing them 
the group responses and their own response. Thereafter, the 
results are analyzed to check whether or not the consensus has 
been achieved. This procedure is repeated until the consensus 
is achieved or a saturation is observed. Once the consensus is 
achieved, the result synthesis is performed. 

5) Results’ Synthesis 

In this step, the competencies, where the consensus is 
achieved, are grouped together to form the final competency 
framework. The obtained document lists, ranks, and categorizes 
the required competencies. Furthermore, it is very useful in 
other competency management processes as competency 
assessment, recruitment, and task allocation. 

IV. RESULTS AND DISCUSSION 

The results obtained through developing the modified 2-tuple 
Dephi approach correspond to competencies that are discussed 
here below depending on their requiring environment: 

A. Competencies Required by Environmental Managers 

ISO 14001 is an international standard that has been adopted 
by several organizations across the world. According to a recent 
ISO survey [34], there are 348 473 valid certifications at the 
global level. Indeed, the adoption of ISO 14001 standard offers 
several benefits, for instance: to improve the environmental 
performance, contribute to sustainable development, improve 
the organization’s brand image, and stand out from the 
competition. Tarí et al. [35] conducted a literature review that 
presents the benefits derived from the ISO 14001 standard. 
Furthermore, Nguyen and Hens [36] carried out a study in 56 
cement plants in Vietnam, and the results showed that the 
certified plants have significant improvement on the selected 
environmental indicators compared to non-certified plants. 
Sadik and Rigar [37] performed a study at the level of 14 listed 
Moroccan organizations, and their results revealed that the 
financial performance has increased following their ISO 14001 
certification. In addition, Boiral et al. [38] carried out a 
systematic review of the studies published between 1996 and 
2015. Based on this review, it can be deduced that the ISO 
14001: 2015 standard has gained a significant interest, mostly 
at the level of industries. The environmental manager these 
industries generally hire accomplishes henceforth the mission 
to implement, manage, and continuously improve an 
environmental management system. To carry out their 
missions, several competencies are required. Regarding its 
importance, the ISO 14001:2015 standard has been considered 
as the main reference to develop the initial competency 
framework. In addition to the ISO 14001:2015, we used other 
sources, namely: the ISO 14004 [39], some books as [40], [41] 
as well as some job sheets. 

The initial competency framework included 98 competencies 
subdivided into 3 main categories (knowledge, know-how, and 
know-whom), and 8 sub-categories as illustrated in Fig. 2. The 
distribution of the 98 identified competencies by categories and 
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sub-categories is given in Fig. 3. 
 

 

Fig. 3 Distribution of the identified competencies by competency 
categories and sub-categories – environmental managers 

 

As shown in Fig. 3, the know-how and know-whom 
categories recorded the highest percentages, which are 
respectively 43% and 38%. It can be noticed that the sub-
category procedural know-how has the highest percentage of all 
sub-categories (28%), and that of the procedural knowledge 
represents the lowest one (3%). It is true that to know-how to 
follow a procedure, we should first know this procedure. 
Therefore, the two sub-categories: procedural knowledge and 
procedural know-how, should have the same percentages. 
However, for the sake of efficiency and in order to avoid a very 
long competency framework, we preferred to include these 
competencies in the procedural know-how sub-category. 

The second step consists of selecting experts who will 
participate to the study. Indeed, 20 Moroccan experts agreed to 

anonymously answer our questionnaire. These experts are 
operating in various business lines as training, automotive, 
consulting, and sanitation. 75% of the participants had more 
than 10 years of experience in the field. 

The questionnaire included a description of the study, 
general questions about the experts, the competencies identified 
in the initial competency framework, and the importance scale 
given in Table I that allows the experts to assess the importance 
of each competency. Moreover, the experts were able to leave 
comments in case they intended to add additional competencies 
or justifications to their answers. The questionnaire was 
designed online and the link was sent to the experts via email 
or professional social networks. Based on the statistical analysis 
of the responses as explained in Section III, it can be deduced 
that all the 98 competencies range between moderately and 
extremely important. Furthermore, all the coefficients of 
variation were less than 50%, which indicates that the 
consensus has been achieved. The experts did not add any 
competencies. Therefore, we assume that the competencies list 
is exhaustive and includes all the important competencies. 
However, a second round of questionnaires has been carried 
out. The latter questionnaire is designed to open an additional 
new opportunity for the experts to refine their first response. 
For this, a specific questionnaire has been elaborated for each 
expert, and includes: i) the different competencies, ii) the 
expert’s answers, and iii) the percentages obtained by each 
importance degree. In the latter case, through discovering the 
different responses forwarded by the other experts, each expert 
can freely decide to maintain or make changes to their initial 
responses. The round 2 questionnaires have been sent to the 
different experts. Their responses are then analyzed, and the 
corresponding top 3 competencies are presented in Table II. 

 
TABLE II 

TOP 3 COMPETENCIES REQUIRED BY ENVIRONMENTAL MANAGERS 

Rank Competencies Mean 
Coefficient of 

variation 
Competency sub-category

1 To know the organization’s environmental policy  -1
4Δ ,0s  0% Knowledge on what exists

1 To know how to identify potential emergency situations  -1
4Δ ,0s  0% Procedural know-how 

1 To know how to define the emergency response means  -1
4Δ ,0s  0% Procedural know-how 

1 To know how to review, revise, test emergency response procedures, and provide feedback  -1
4Δ ,0s  0% Procedural know-how 

1 To know how to implement an emergency plan  -1
4Δ ,0s  0% Procedural know-how 

2 To know the ISO 14001 standard requirements  -1
4Δ , 0.01s   6% Theoretical knowledge 

2 To know the regional, national, and international environmental regulations  -1
4Δ , 0.01s   6% Theoretical knowledge 

2 To know how to identify the organization's internal and external issues  -1
4Δ , 0.01s   6% Empirical know-how 

2 To know how to determine compliance obligations  -1
4Δ , 0.01s   6% Procedural know-how 

2 To have listening skills  -1
4Δ , 0.01s   6% Cognitive know-how 

3 
To know how to conduct an environmental analysis from a life cycle perspective taking into 

account Normal, Abnormal, and Emergency Situations
 -1

4Δ , 0.02s   8% Procedural know-how 

3 
To know how to identify the operational control processes that are necessary to carry out the 

tasks with respect to the preservation and protection of the environment
 -1

4Δ , 0.02s   8% Procedural know-how 

3 
To know how to examine non-conformities, determine the causes and take corrective action 

to prevent their recurrence
 -1

4Δ , 0.02s   8% Empirical know-how 

3 Diplomacy (showing tact in dealing with others)  -1
4Δ , 0.02s   8% Relational know-how 

3 Leadership  -1
4Δ , 0.02s  8% Relational know-how 

3 Ability to solve problems  -1
4Δ , 0.02s  8% Cognitive know-how 

3 Stress management  -1
4Δ , 0.02s  8% Behavior 

3 To know how to demonstrate transparency during audits  -1
4Δ , 0.02s  8% Behavior 
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By analyzing the second-round data, we can deduce that all 
the 98 competencies are still between moderately and extremely 
important. We can also remark that the averages of the top 3 
competencies are very close, and they are near or equal to 
extremely important. Moreover, it can be noticed that the 
second-round’s coefficients of variation have decreased for 
most of the competencies compared to the first-round. For 
instance, the coefficient of variation of “To know the state’s 
environmental aids and subsidies” has dropped from 42% to 
34%. If we consider the case of “To know the organization’s 
environmental policy”, we can note that its coefficient of 
variation is equal to “0 %”, which means that the consensus has 
been 100% achieved. For 26% of all competencies, the 
coefficient of variation remained unchanged. Therefore, it can 
be concluded that the consensus has been achieved and that all 
the identified competencies are significant for the 
environmental managers’ position. Indeed, 87,8% of the 
competencies proved to be placed between very and extremely 
important. The survey lasted for about two years, and the final 
environmental managers’ competency framework has been 
developed. This document is an inventory that lists, ranks and 
categorizes all the required competencies. 

B. Competencies Required by Environmental Auditors 

The main mission of the environmental auditors is to audit an 
environmental management system. This audit attempts to 
detect potential non-conformities, and it enables the 
organizations to be in adequacy with the ISO 14001 standard’s 
requirements. Therefore, this requires multiple competencies. 
The ISO 19011: 2018 international standard [42] is the main 
reference used to develop the auditors’ initial competency 
framework. This standard was developed by the International 
Organization for Standardization (ISO), and provides, since 
then, guidelines for auditing management systems.  

 

 

Fig. 4 Distribution of the identified competencies by competency 
categories and sub-categories – environmental auditors 

 
The initial competency framework included 44 competencies 

subdivided into 3 main categories (knowledge, know-how, and 
know-whom), and 8 sub-categories. The distribution of the 44 
identified competencies into categories and sub-categories are 
given in Fig. 4. 

According to Fig. 4, the know-whom category represents 
more of 56% of the competencies. Furthermore, it can be 
noticed that the behavior sub-category reaches the highest 
percentage 31.82% and that the following sub-categories: 
Knowledge on what exists, procedural knowledge, empirical 
knowledge, and relational know-how recorded near-equal 
percentages (~6.82%). 

A questionnaire has been designed online where all the 
competencies are included to enable the experts to assess the 
importance of each of the 44 competencies by using the scale 
presented in Table I. The questionnaire opens also the 
possibility to leave complementary comments. Six Moroccan 
experts accepted to anonymously answer the questionnaire. 
These experts were very experienced, as they had between 8 to 
21 years’ experience in the field. Furthermore, they were 
mainly operating in consulting and auditing offices. The first-
round results showed that the consensus has not been achieved 
for the following competency: “To know how to identify and 
assess the risks and opportunities of an audit program” where 
the coefficient of variation was equal to 76%. Two 
competencies had a coefficient of variation very close to 50% 
as “To know the relevant access, health and safety, security and 
emergency provisions of the audited organization; CV = 49,3%” 
and “To have knowledge on project management; CV = 49%”. 
Therefore, a second round proved to be mandatory, and a 
questionnaire is then designed for each expert. The main 
objective of the second-round questionnaires was to show to the 
experts their answers and the group of answers. Consequently, 
it provides the experts with the opportunity to refine their 
answers. The second-round answers have been analyzed. The 
corresponding top 3 competencies are presented in Table III. 

This study lasted for about 7 months. Through analyzing the 
data, it can be noticed that all the coefficients of variation were 
lower than 50%, which means that the consensus has been 
achieved. Furthermore, it can be deduced that almost all the 
competencies range between moderately and extremely 
important, except for the competency “To have knowledge on 
project management” that has a mean lower than moderately 
important. The latter result leads us to remove this competency 
from the final environmental competency framework. 73% of 
the competencies ranged between very important and extremely 
important. Therefore, we deduced that the two rounds are 
sufficient. The final environmental auditors’ competency 
framework included 43 competencies ranked and categorized 
according to the categories presented in Fig. 2. 

V. CONCLUSIONS 

Competency identification is an ineluctable step in the 
competency management process because it helps to define 
what trainings and recruitments should be made. In this paper, 
a modified 2-tuple Delphi study has been carried out to identify 
the competencies required by an environmental manager and 
auditor. A total of 26 competent Moroccan experts have 
participated to this study, with the advantage that they are 
operating in various business lines as training, automotive, 
consulting, auditing, construction, and sanitation. Furthermore, 
two rounds were conducted for both positions in order to allow 
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the experts to refine their answers by showing to them their own 
answers and the group’s answers. As a result, the consensus has 
been achieved, and an environmental competency framework 
has been developed. The latter includes 98 competencies for the 
environmental managers position and 43 competencies for the 

environmental auditors. It also categorized the competencies 
and provided their raking. The modified 2-tuple Delphi study is 
an efficient method that allows us to obtain a consensus. 
However, the risk of lassitude among experts can be observed, 
so a major commitment from the experts is required.  

 
TABLE III 

TOP 3 COMPETENCIES REQUIRED BY ENVIRONMENTAL AUDITORS 

Rank Competencies Mean Coefficient of variation Competency Sub-category 

1 To know the environmental regulations  -1
4Δ ,0s  0% Theoretical knowledge 

1 To know the ISO 14001:2015 standard’s requirements  -1
4Δ ,0s  0% Theoretical knowledge 

1 To know the procedures, techniques, and principles of auditing  -1
4Δ ,0s  0% Procedural knowledge 

1 To know how to implement an audit program and plan  -1
4Δ ,0s  0% Procedural know-how 

1 To know how to write an audit report  -1
4Δ ,0s  0% Procedural know-how 

1 To know how to collect and analyze audit evidence  -1
4Δ ,0s 0% Procedural know-how 

1 To know how to develop audit findings  -1
4Δ ,0s 0% Procedural know-how 

1 To have observational skills  -1
4Δ ,0s 0% Cognitive know-how 

2 Make recommendations to improve the environmental management system  -1
4Δ , 0.08s   13% Empirical know-how 

2 To respect the ethics code  -1
4Δ , 0.08s   13% Behavior 

2 To have the ability to adapt  -1
4Δ , 0.08s   13% Behavior 

3 Independence & autonomy  -1
4Δ , 0.12s   14% Behavior 

3 To have an analytical and synthetic mind  -1
4Δ , 0.12s  14% Cognitive know-how 

3 To be insightful  -1
4Δ , 0.12s  14% Cognitive know-how 

3 Decision-making  -1
4Δ , 0.12s  22% Cognitive know-how 

3 Listening skills  -1
4Δ , 0.12s  14% Cognitive know-how 

 

It is worthy to note that the experts were satisfied with the 
final results. As perspectives, we expect to broaden the scope 
of this study through involving other positions related to the 
Occupational Health, Safety and Environmental field. These 
positions are likely to open new avenues to develop competency 
frameworks adapted to each business line. 
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