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ABSTRACT 

In our study, the Dominance-based Rough Set Approach (DRSA) has been proposed to assist the Board of Directors of 
the Community Futures Development Corporations (CFDC), the sub-region of Abitibi-West (Quebec). The CFDC 
needs a tool for decision support to select the projects that are proposed by the contractors and partners of its territory. 
In decision making, a balanced set of 22 indicators is considered. These indicators derive from five perspectives: eco-
nomic, social, demographic, health and wellness. The DRSA proposal is suitable for the data processing with multiple 
indicators providing on many examples to infer decision rules related to the preference model. In this paper we show 
that decision rules developed with the use of rough set theory allow us to simplify the process of selecting a portfolio 
for sustainable development by reducing a number of redundant indicators and identifying the critical values of selected 
indicators. 
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1. Introduction 

There are several models available for portfolio manag-
ers to help select projects, prioritize and weight alterna-
tives. The Balanced scorecard, developed by Kaplan and 
Norton in 1992 is now applicable in non-profit organiza-
tion project management [1], the public sector [2] and 
municipalities [3]. When a balanced set of indicators are 
produced and managed over time, municipalities must 
use the information in order to manage the selection of 
projects. Rough set theory developed by [4-6] is regarded 
as a mathematical tool for imperfect data analysis and 
may be applied in engineering, banking, medicine [7]. 
We propose the use of Rough set theory modified by [8] 
and called Dominance-based Rough Set Approach (DRSA) 
in portfolio management, more specifically in the man-
agement of a portfolio of projects for a group of munici-
palities. 

The DRSA based on the dominance of rough sets has 
been proposed to help decision-making for the Board of 
the Society for Futures Development Corporations (CFDC) 
of the MRC (Municipality Regional County) of Abitibi- 
West in the province of Quebec. The MRC Abitibi-West 
consists of 29 municipalities counting 43,000 inhabitants 
spread over an area of 10,240 square kilometers. The 
objective of this study was to provide assistance in the 
selection of sustainable development projects in the MRC 

of Abitibi-West. It is important to specify that for CFDC, 
the definition of sustainable development is related to 
projects that create long term employment. The CFDC 
annually reviews about 1250 investment projects of va- 
rious kinds which may take the form of loans to small 
businesses, support job creation in the long term financial 
assistance in order to acquire, start, modernize or develop 
new businesses [9]. The maximum awarded per project is 
usually $150,000. In the process of project selection, the 
Abitibi-West CFDC uses a balanced scorecard which 
consists of a set of 22 indicators from five perspectives 
which are: economic, social, demographic, health and 
wellness. For each perspective, we have a number of 
indicators whose definitions are in Table 1. 

In this paper, we started with formulation of the prob-
lem in Section 2. After, in Section 3, we explain how the 
DRSA is applied to determine strategy objectives for 
municipalities. Finally, in Section 4, a global analysis of 
the selection of portfolio of sustainable development 
projects is presented. 

2. Formulation of the Problem 

Using indicators of the balanced scorecard of the Abitibi- 
West CFDC is not obvious to the board since there are 22 
indicators to be monitored for each of the 29 municipali-
ties. These indicators are monitored by expert groups  
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Table 1. CFDC Scorecard (summary). 

Perspectives Measures Indicators 

Economy Employment rate Number of people ≥15 yrs employed divided by the total population ≥15 yrs 

 Education 
Number of people aged 15 to 64 yrs without a diploma divided by the number of people aged 15  
to 64 yrs with a diploma 

 Government help Proportion of revenue from government in families 

 Housing Number of families spending more than 30% of revenues on housing 

 Revenues Median revenue after taxes for people ≥15 yrs 

 Value of housing Value of housing perceived by owners if they sold their house 

 State of housing Number of houses in need of serious repairs divided by the number of houses 

Social Perception of solitude Number of people ≥18 yrs living alone divided by the number of people ≥18 yrs living in families 

 Lone-parent Number of lone-parent with children divided by the total number of families with children 

 Last resort help Number of beneficiaries divided by the population 

 School drop-outs Number of high school students without a diploma over a period of 7 years 

Demographics Fertility Number of children 0 - 4 yrs divided by the number of women aged 15 - 49 yrs 

 Future generation Number of people 0 - 14 yrs divided by number of people ≥65 yrs 

 Population growth Population 2006 minus population 2001 divided by population 2001 

 Median age Value 

 Aging population Number of people ≥65 yrs divided by total population 

Well-fare Youth reporting Number of youth reported divided by number of youth (less than 18 yrs) 

 School help 
Proportion of families where mother has no diploma (2/3 of indicator) 
Proportion of families without employment (1/3 of indicator) 

 Property crime Number of property crimes over 3 years divided by the number of people (15 - 64 yrs) 

 Victims of crime Number of crimes over 3 years divided by the number of people (15 - 64 yrs) 

Health Mortality Number of death (15 - 64 yrs) divided by population (15 - 64 yrs) 

 Age of mortality Average age of mortality 

 
responsible for regional development. In the first step, 
the experts must follow the evaluation process indicators 
and after they must monitor the progress indicators. The 
evaluation of each municipality in relation to each indi-
cator of each dimension can be defined as a problem of 
multi-criteria analysis that belongs to a class of problems 
AXE where: 

 i

k

is a finite set of municipalities a for i 1, 2, , n;

2, , m;

a ,k  

indicator X .



  

A 


weighted average rank for municipality ,

i

k

i

is a finite set of indicators X for k 1,

is the set of municipality evaluations e

for each municipalities a with respect to

X

E
(1) 

Our multi-criteria sorting problem consists of building 
global preferences on the set of municipalities where the 
performance of each municipality is evaluated with re-
spect to each indicator. 

Municipalities are assigned to one of four categories: 
(A)—those are the best in the region in terms of the per-
spective considered, (B)—those who need support to pass 
in the class A, (C)—those requiring assistance to be clas-
sified in category B, and (D)—those are the worst in the 
region and require special assistance in terms of the per- 

spective considered. Assessments can be made directly 
by the experts or with the help of a well-known multi- 
criteria method. For example, the weighted average rank 
method where municipalities are ranked first from the 
best to the worse according to each indicator for each 
dimension. Then, for each municipality, we calculate the 
weighted average rank to obtain the rank of each of the 
twenty-nine municipalities, using the model of weighted 
average ranks, we calculated: 

j k k kj r w r j (2) 

where: wk is the weight of the indicator k; rkj is the rank 
of municipality j on indicator k. 

The classification of municipalities on the weighted 
average rank (from best to least desired) allows us to 
identify four categories of municipalities as shown in the 
example of the economic dimension of Table 2 (the 
name of the municipalities are coded from 1 to 29 for 
confidentiality reasons). The final ranking of municipali-
ties must be validated by experts and accepted by man-
agers. 

We must do the same ranking for the other four di-
mensions. After completing this evaluation process, we  
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Table 2. Final ranking of the municipalities and sorting 
categories for economy perspective. 

MRC 
Abitibi-West 

Categories Final weighted average rank 

1 A 8.14 

6 A 9.00 

11 A 9.00 

18 A 9.14 

19 A 9.29 

20 A 9.29 

5 A 9.43 

15 B 11.14 

21 B 11.14 

12 B 11.43 

17 B 12.14 

2 B 12.29 

7 B 12.71 

14 B 12.86 

23 C 13.29 

16 C 13.43 

10 C 14.43 

25 C 15.00 

27 C 15.71 

4 C 15.86 

26 C 16.29 

13 D 16.43 

28 D 19.29 

24 D 20.00 

29 D 20.57 

9 D 21.86 

8 D 23.29 

22 D 23.57 

3 D 25.14 

 
can proceed to the second step whose objective is the 
development of organizational strategy. In this step, we 
suggest the application of a tool for decision making 
called Dominance-based Rough Set Approach (DRSA) 
[8]. This proposal is appropriate for data processing with 
multiple indicators, from many examples, for deducing 
rules of decision on preference model. The rules devel-
oped using the Theory of Rough Sets allow us to sim-
plify the process of selecting a portfolio of sustainable 
development projects by reducing a number of redundant 
indicators and determining the critical values of indica-
tors measuring the development community. 

In the third step, the knowledge from decision rules 
will be used by managers to select projects for sustain-
able development priorities. Funding for these priority 
projects will improve the performance indicators of the 
municipality. 

3. Dominance-Based Rough Set Approach 
Applied to Determine Strategy Objectives 
for Municipalities 

3.1. Description 

Rough Set Theory was originally proposed by [4] before 
being further developed by [8,10] and others. The pro-
posal of [8] ensures that the principle of dominance is 
respected and it’s called Dominance-based Rough Set 
Approach (DRSA). This approach consists of looking for 
reduced set of criteria that ensures the same quality of 
classification of objects as the original set of criteria. In 
rough set theory, the decision problem is represented by 
a table whose rows represent the objects while the col-
umns represent the attributes (see Table 3 below). In our 
approach, note that the objects are the municipalities (we 
consider 29 municipalities) and we use two types of at-
tributes: conditional and decision. Each municipality is 
classified according to one of four categories with re-
spect to the decisional criterion D obtained in Table 1 {A, 
B, C or D}. 

The conditional attributes are those of our multi-crite- 
ria problem AXE. Assessments against each conditional 
attribute are provided directly from a database of the 
dashboard of the CFDC. Table 4 shows the evaluation 
table of the 29 municipalities from 7 conditional criteria 
(indicators specific to the economic perspective in the 
Table 1) and the only decision criterion. We obtained the 
same kind of evaluation tables of the 29 municipalities 
with respect to the social perspective (4 conditional crite-
ria), demographic perspective (5 conditional criteria), 
well-fare perspective (4 conditional criteria), health per-
spective (2 conditional criteria) and the only one decision 
criterion for each of them. 

3.2. Decision Rules 

To illustrate which kind of decision rules can be induced 
in the DRSA, let me consider an example of the problem 
selection of candidates to the best category of munici-
palities by the experts. The candidates are assigned to 
two disjunctive classes: accepted (A) or rejected (R). The 
performance of each candidate is described by four at- 
tributes: education, government help, state of housings 
and revenues, each taking one of three possible values on 
the qualitative scale: {3,4,5} with respect to two first 
attributes and {2,3,4} with respect to the two second at- 
tributes. The qualitative scales are ordered that grater 
values are better. 

 
Table 3. Decision table. 

 X1 … Xm D 
a1 e[(a1),1] … e[(a1),m] e(a1) = {A, B, C or D} 
a2 e[(a2),1] … e[(a2),m] e(a2) = {A, B, C or D} 
… … … … … 
an e[(an),1] … e[(an),m] e(an) = {A, B, C or D} 
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Table 4. The decision table for economy perspective. 

MRC 
Abitibi-Ouest 

Employment rate Education Government help Housing Revenues Value of housing State of housing Decision

1 0.554 0.267 0.180 0.034 18,939 85,586 0.034 A 

2 0.533 0.300 0.250 0.087 24,511 74,646 0.125 B 

3 0.403 0.375 0.274 0.361 15,115 48,958 0.343 D 

4 0.532 0.400 0.250 0.114 17,863 63,050 0.000 C 

5 0.571 0.292 0.180 0.140 20,936 105,498 0.071 A 

6 0.539 0.211 0.167 0.056 22,534 65,864 0.122 A 

7 0.643 0.220 0.208 0.137 17,352 64,240 0.059 B 

8 0.412 0.522 0.288 0.134 17,694 51,563 0.250 D 

9 0.451 0.409 0.288 0.134 17,694 50,657 0.167 D 

10 0.519 0.409 0.217 0.100 21,513 66,135 0.076 C 

11 0.541 0.279 0.178 0.100 21,513 68,587 0.054 A 

12 0.635 0.308 0.254 0.107 22,832 69,720 0.103 B 

13 0.548 0.321 0.218 0.194 13,537 64,780 0.000 D 

14 0.558 0.353 0.187 0.064 22,345 57,505 0.103 B 

15 0.443 0.394 0.170 0.178 20,775 81,652 0.000 B 

16 0.369 0.404 0.170 0.178 20,775 81,652 0.067 C 

17 0.531 0.388 0.170 0.178 20,775 81,652 0.093 B 

18 0.591 0.290 0.170 0.178 20,775 81,652 0.099 A 

19 0.608 0.175 0.170 0.178 20,775 81,652 0.064 A 

20 0.551 0.298 0.170 0.178 20,775 81,652 0.065 A 

21 0.644 0.588 0.185 0.000 20,115 56,475 0.000 B 

22 0.393 0.528 0.218 0.250 16,303 59,560 0.125 D 

23 0.622 0.341 0.154 0.182 22,631 52,251 0.227 C 

24 0.267 0.636 0.185 0.000 20,115 38,547 0.250 D 

25 0.444 0.486 0.183 0.053 21,411 69,664 0.128 C 

26 0.462 0.300 0.185 0.000 20,115 30,375 0.333 C 

27 0.590 0.365 0.237 0.000 17,574 46,334 0.097 C 

28 0.314 0.472 0.330 0.139 18,066 39,889 0.000 D 

29 0.256 0.346 0.284 0.000 17,820 29,987 0.167 D 

 
The classical rough set approach allows us to obtain a 

partition of indiscernible classes of objects in the deci-
sion table. The candidates are indiscernible if their per-
formance is described by the same conjunction of the 
values with respect to the conditional attributes (X). The 
inconsistency of the first kind is identified by the classi-
cal rough set approach if two indiscernible candidates 
correspond to two different disjunctive decision classes 
(A) and (R). 

In example (Table 5), it is the case of {a3, a4}. The 
classical rough set approach doesn’t allow us to identify 
the second kind of inconsistency where a principle of 
dominance is not respected. In the same example, it is the 
case of the relation between candidate a4 which domi-
nates and a6 which is dominated and the first one is re-
jected while the second one is accepted. This is why the 
extension of the classical rough set approach was sug-
gested by [8]. 

Using the DRSA in the same example we have ob-
tained four following rules (see [11]): 

Table 5. The decision table in the example adopted from 
[11]. 

Candidates
X1 

Education
X2 

Gov. help 

X3 
State of 
housing 

X4 
Revenues

D 
(Dec)

a1 4 4 3 4 A 

a2 5 5 2 4 A 

a3 4 4 2 4 A 

a4 4 4 2 4 R 

a5 5 5 2 4 A 

a6 4 4 2 3 A 

a7 4 3 2 3 R 

 
Rule 1: If X1 ≥ 4 ˄ X3 = 3        then D = A 
Rule 2: If X1 = 5               then D = A  
Rule 3: If X2 = 3               then D = R 
Rule 4: If X1 = 4 ˄ X2 = 4 ˄ X3 = 2 then X = A ˅ D = R. 

Forth rule cover three examples from the decision ta-
ble where a decision of the experts was contradictory. 
This is uncertainty rule and this kind of rules is ignored 
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in our proposal. We consider only certain rules which 
represent certain preferences of experts. 

The reduced subset of the criteria, which give the same 
candidate classification as original set is composed of 
{X1, X2, X3}. The calculations were done with computer 
package jMAF developed by Laboratory of Intelligent 
Decision Support System (IDSS) in the Institute of 
Computing Science, Poznan University of Technology. 

Economy Perspective 
Now, coming back to analyze the decision table of 
economy perspective from Table 4 we identified with 
the jMAF ten reduced subsets of attributes (reducts) 
which gives us equivalent classification of alternatives 
(municipalities) to the original set of attributes from the 
Table 4. The 10 reducts for the economy perspective 
which could be give the same classification of munici-
pality as original set of seven attributes are as follows: 

1) Employment Rate, Education, Revenues and Value 
of housing;  

2) Education, Revenues and State of housing; 
3) Employment Rate, Education, Revenues and Hous-

ing; 
4) Employment Rate, Government help, Revenues and 

Value of housing; 
5) Employment Rate, Government help, Revenues and 

State of housing; 
6) Employment Rate, Government help, Revenues and 

Housing; 
7) Education, Housing and Value of housing; 
8) Education, Government help, Housing and State of 

housing; 
9) Employment Rate, Education, Government help and  

Housing; 
10) Employment Rate, Housing and Value of housing. 
These reducts shows the potential possibility of limita-

tion our analysis to three or four necessary independent 
attributes. 

The jMAF identified 17 rules for seven original condi-
tional attributes and for four categories of decisional at-
tribute which are presented in the Table 6. 

The first two decision rules determine the strategic 
objectives of the economic dimension to all municipali-
ties that have been classified in categories B, C or D. 

From Rule 1, we can conclude that if in the municipal-
ity, the average value of housing is at least $85,586 while 
the municipality is in class A. This rule holds for mu-
nicipalities 1 and 5 (see Table 4). 

Rule 1: (Value of housing ≥ 85586.0) ≤ (Dec at least A) 
[2, 28.57%] {1, 5}. 

From Rule 2, we can conclude that, if in the munici-
pality, the education rate (which is defined by the ratio of 
people without qualifications compared to those with a 
degree between 15 and 64) is not greater than 0.298 and 
that the average revenues is at least $20,775, and then the 
municipality is in class A. 

This rule holds for municipalities 6, 11, 18, 19 and 20 
(see Table 4).  

Rule 2: (Education ≤ 0.298) & (Revenues ≥ 20775.0) 
≥ (Dec at least A) [5, 71.43%] {6, 11, 18, 19, 20}.  

Comparison of these rules, which conclude the classi-
fication of category A with other rules such as “at least”, 
explains us the transition from a lower category to a 
higher category. 

Rule 3: (Education ≤ 0.298) ≥ (Dec at least B) [8, 
57.14%]. 

 
Table 6. The decision rules for economy perspective. 

ID Decision Part 1 ← Condition 1 Condition 2 

1 (Dec ≥ A) ← (Value of housing ≥ 85,586)  

2 (Dec ≥ A) ← (Education ≤ 0.298) & (Revenues ≥ 20,775) 

3 (Dec ≥ B) ← (Education ≤ 0.298)  

4 (Dec ≥ B) ← (Employment rate ≥ 0.635)  

5 (Dec ≥ B) ← (Employment rate ≥ 0.443) & (Value of housing ≥ 81,652) 

6 (Dec ≥ B) ← (Revenues ≥ 22,345) & (Value of housing ≥ 57,505) 

7 (Dec ≥ C) ← (Revenues ≥ 20,775)  

8 (Dec ≥ C) ← (Education ≤ 0.3)  

9 (Dec ≥ C) ← (Employment rate ≥ 0.59)  

10 (Dec ≥ C) ← (Revenues ≥ 17,863) & (Value of housing ≥ 63,050) 

11 (Dec ≤ D) ← (Government help ≥ 0.274)  

12 (Dec ≤ D) ← (Housing ≥ 0.194)  

13 (Dec ≤ D) ← (Employment rate ≤ 0.267)  

14 (Dec ≤ C) ← (Value of housing ≤ 52,251)  

15 (Dec ≤ C) ← (Employment rate ≤ 0.532) & (Education ≥ 0.4) 

16 (Dec ≤ B) ← (Education ≥ 0.3)  

17 (Dec ≤ B) ← (Value of housing ≤ 64,240)  
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For example, the rule 3 which is verified by 8 munici-

palities compared to rule 2 allows us to conclude that if 
municipality verifies the rule 3 and not the rule 2 is clas-
sified to the category B. This is the case of the munici-
pality 7 (see Table 7). If the municipality wants to be 
classified in category A, it should increase the value of 
the indicator revenues for it to be at least $20,775. 

The rules from 11 to 17 give us the conditions that the 
decisional attribute should be “at most equal to this 
category”. From rule 11 to 13 we obtain the conditions 
which allow us to classify the municipality to the cate-
gory “D”. 

From rules 14 and 17 we can conclude that if the av-
erage value of housing in the municipality is between 
$52,251 and $62,240 then this municipality is in the cate-
gory “B” from economic prospective point of view. 

4. A global Analysis of the Selection of a 
Portfolio of Sustainable Development  
Projects 

To illustrate the overall analysis of project selection 
based on the five perspectives, we selected two groups of  

municipalities. In the first group, we have municipalities 
that have at least three rankings in the category “A” on 
the five perspectives (bold letters “A” in the Table 8). 
Take the example 5 and 6 municipalities. The priority of 
these municipalities should be the health dimension 
(more precisely the improvement in mortality) (see Ta-
ble 8). In this case, projects that contribute to the health 
network, as well as projects whose objective is to im-
prove the fitness of individuals or eating habits should be 
a priority in the allocation of funding. Another example 
of this group, the municipality is 23. The municipality 
must prioritize two dimensions: the economy and demo-
graphics (see Table 8). In this sense, projects to create 
new businesses that would attract people looking for em-
ployment are a priority.  

In the second group, we have municipalities that are 
most in need of assistance on a global scale. We can dis-
tinguish two dimensions for which the need of assistance 
is particularly important: economic and social (domi-
nated by the bold category “D” in the Table 8). Thus, 
projects that would generate new jobs and/or stimulate 
the bustling family life should be the priority. For exam-
ple: organizing soccer tournaments, family activities at 

 
Table 7. Examples of municipalities supporting rule 3. 

ID Employment Education Gov. help Housing Revenues 
Value of 
housing 

State of 
housing 

Decision

1 0.554 0.267 0.18 0.034 18,939 85,586 0.034 A 

5 0.571 0.292 0.18 0.14 20,936 105,498 0.071 A 

6 0.539 0.211 0.167 0.056 22,534 65,864 0.122 A 

7 0.643 0.22 0.208 0.137 17,352 64,240 0.059 B 

11 0.541 0.279 0.1 0.1 21,513 68,587 0.054 A 

18 0.591 0.29 0.17 0.178 20,775 81,652 0.099 A 

19 0.608 0.175 0.17 0.178 20,775 81,652 0.064 A 

20 0.551 0.298 0.17 0.178 20,775 81,652 0.065 A 

 
Table 8. Selecting a portfolio of sustainable development projects. 

ID Economy Social Demographics Well-fare Health 

5 A A A A B 

6 A A A A C 

11 A C B A A 

18 A A A B B 

19 A B A C A 

23 C A D A A 

3 D D B B D 

9 D D C D B 

15 B D A D D 

16 C D A D D 

22 D D D C A 

24 D D D C A 

28 D D D D C 

29 D A D D C 
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the pool or beach or projects to reduce school dropout. 

Rule 1-Health: (Mortality ≤ 2.34) → (Dec ≥ A);  
Rule 3-Health: (Mortality ≤ 2.73) → (Dec ≥ B); 
Rule 5-Health: (Mortality ≤ 3.1) → (Dec ≥ C). 

From rule 1, we can conclude that if mortality index in 
the municipality is at least equal to 2.34 then this mu-
nicipality can be classified with respect to health per-
spective to the category “A”. This is the case of munici-
palities 11, 19, 23, 22 and 24. 

From rule 2, we can conclude that if mortality index in 
the municipality is at least equal to 2.73 and at most 
equal to 2.34 then this municipality can be classified with 
respect to health perspective to the category “B”. This is 
the case of municipalities 5, 18 and 9. 

5. Conclusions 

This study demonstrates that the use of Rough Set The-
ory is useful and helps decision making for programme 
managers in the municipal sector. This process was done 
in three steps: 

First, using the database of the dashboard of CFDC, 
we classified municipalities into four categories: A, B, C 
or D. This classification was performed for each of five 
perspectives (economic, social, demographic, health and 
well-being) with the help of a multi-criteria method and 
the active participation of experts and managers. Finally, 
we obtain the decision table which represents a prefer-
ence model accepted by managers. 

The objective of the second step was to understand the 
final classification of municipalities in terms of indicator 
values and critical values of these indicators. Why the 
municipality was classified into one category or another? 
We demonstrated in this study that the DRSA approach 
is very suitable for answering this question. By treatment 
data from several indicators (examples drawn from mu-
nicipal assessment) we can induce decision rules from 
the decision table that represent the model of managers' 
preferences. 

In the third step, quantitative information can be used 
by managers to select projects for sustainable develop-
ment priorities. Funding for these priority projects will 
improve the performance indicators of the municipality 
in question. It also allows them to better quantify and 
monitor their strategic objectives. 

Rough Set Theory provides an advantage to pro-
gramme managers since it clearly helps to select what 
projects to prioritize and more precisely to understand 
the impact of the project on the global organisation. 
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