1

Journal of Intelligent & Fuzzy Systems xx (20xx) x–xx
DOI:10.3233/JIFS-189188
IOS Press

oo
f

Developing a new multidimensional model
for selecting strategic plans in balanced
scorecard
Jay Daniela,∗ and José M. Merigób
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Abstract. The main motivation of this research is to develop an innovative multidimensional model through multi attribute
decision making (MADM) methods for strategic plans selection process in the Balanced Scorecard (BSC). The current
study adopted MADM analytical methods including AHP, ELECTRE, BORDA, TOPSIS and SAW to rank the initiatives /
strategic plans in BSC. Then the results of those methods were compared against each other in order to find a robust model
for selecting strategic plans. The correlation coefficient between methods indicated that multidimensional and ELECTRE
methods with 0.944 are the best performing and AHP with negative correlation (–0.455) is the worst performing method
for selecting strategic plans in BSC. The high correlation demonstrates that the model can be a useful and effective tool to
finding the critical aspects of evaluation criteria as well as the gaps to improve company performance for achieving desired
level. Developing multidimensional model is the core model for the selection of strategic plans. This study addresses the
problem and issues of group decision making process for selecting strategic plans in BSC. It has numerous contributions that
particularly includes; 1) Determination of the explicit criteria sub-criteria and criteria to improve ranking strategic plans in
BSC, 2) Adopting MADM analytical methods including AHP, ELECTRE, BORDA, TOPSIS and SAW for the selection of
strategic plans decision problem in BSC, 3) Developing multidimensional model to address the selection of strategic plans
problems in BSC. The proposed model will provide an approach to facilitate strategic plans decision problem in BSC.
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1. Introduction

Balancing operational and long term strategic
objectives is always difficult for companies. In
fact, without appropriate strategic direction even
brilliant processes will not lead to success. In
addition, in the world even excellent strategy is
useless without strong execution plan [1]. Strategic planning is fundamental for organizational
∗ Corresponding author. Jay Daniel, Derby Business School,
The University of Derby, Kedleston Rd, Derby DE22 1GB, UK.
E-mail: J.Daniel@derby.ac.uk.

success. It helps an organization to achieve its
competitive advantage in the complex business
environment.
Senior executives and directors focus on the current complex situation of a company and display big
picture through clear understating of future image.
They require more important information of the company rather than just focusing on financial indicators.
The review of the strategic planning and performance can create the broader view for the company
to accomplish its organizational goals and strategic
objectives [2].

ISSN 1064-1246/20/$35.00 © 2020 – IOS Press and the authors. All rights reserved
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The remaining part of this paper proceeds in different sections. The second section has described the
literature of BSC and MADM methods. In the section
three and four proposed methods and case study are
discussed respectively. Finally, in the section five, discussion, conclusion and future direction in this theme
are provided.

2. Literature review
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BSC is an innovative framework for translating
strategy into action (designing operative strategies);
The BSC framework provides a journey to an organization to obtain the vast perspective for taking correct
strategic decisions that has an impact on financial
processes, customers’ preferences, internal processes
and practical learning for employees. This framework measures the financial and non-financial events,
external objectives and goals, internal improvements
and competencies, short-term as well as long-term
sustainable goals, past events, outcomes, and ongoing
actions as indications of future growth and progress
[2, 3, 17].
The four aspects of BSC are portrayed briefly as
follows:
Financial: This aspect generally comprises the conventional financial key performance measures, which
are typically related to profitability. This perspective
measurement criteria are normally cash flow, profit,
economic value added (EVA), return on invested capital (ROIC), and ROI.
Customer: This perspective is the origin of business profits; thus increasing customer satisfaction
is the goal retained by companies. In this perspective, management recognizes the anticipated market
segments and target customers for operational departments and screens the performance of operational
units in these target segments. Some examples of the
core or genetic measures are customer satisfaction,
new customer acquisition, customer retention, market
share in targeted segments and market position.
Internal business process: The aspect enhances
internal business process through fulfilling customers
and ensures shareholders through transcending at
internal environment of business. For setting the
objectives and measures, the first step is analyzing
corporate value-chain. A conventional operating process ought to be fine-tuned to recognize the customer
and financial aspects objectives. Then a comprehensive internal business-process value chain would be
constructed that can meet current and future needs.
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Balanced scorecard is an appropriate instrument
for transforming strategy into action. It was initiated
by Kaplan and Norton [3]. The BSC includes four
dimensional perspectives that include customers’
perspectives, internal processes, financial processes,
and learning and development perspectives [4, 5].
Every perspective has its own indicators for evaluating organizational performance to achieve its
objectives. Some other attributes are used for the
evaluation of company development in accessing
long-term objectives. To determine the leading and
lagging attributes the BSC helps the managers in their
companies [6].
In addition, the balanced scorecard has speedily
became the dominant character in business management research studies including such as information
systems, operations management and organization
studies, etc. It is the most trending tool among companies because of its simplicity. It is an amazing tool
for those directors and managers who have to work
through keep track of a few key indicators instead of
heaps of statistics [7–9].
The critical literature review has revealed that
some mathematical model is developed for improving and prioritizing strategic plans in the BSC based
on MADM methods [10–12]. However, it is shown
several problems which makes it unable to deliberate
the empirical investigation and expert evaluation in
the organizational performance. Furthermore, there
is a lack of ability to prioritize strategic plans
for achieving organizational short and long term
objectives and translating strategy into action [13,
14]. In addition, lack of adopting MADM analytical methods comprising AHP, ELECTRE, BORDA,
TOPSIS and SAW to rank the strategic plans in
BSC is existed. The next challenge would be comparing the results of those methods against each
other, in order to find a robust model for choosing
strategic plans.
There are two primary aims for this study: 1. To
investigate and adopt MADM analytical methods
comprising AHP, ELECTRE, BORDA, TOPSIS and
SAW to rank the strategic plans in BSC. 2. To compare the results of MADM methods against each other
in order to find a robust model for choosing strategic
plans. In general, adopting MADM analytical methods can present better results for choosing strategic
plans in BSC [15, 16]. Since the relative importance
of group decision could reduce different individual
opinion preferences on a single collective preference,
adopting the MADM methods will solve this problem
with multiple criteria.
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2.1. Decision making methods

2.2. Multi attribute decision making (MADM)
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MADM is considered as prominent area of
operational research, preparing a useful evaluation
framework for multiple conflicting criteria. MADM
was recognized as the most popular part of MCDM
[21]. The viewpoints of DMs and their opinions are
regularly engaged in the process of decision making.
George Miller (Psychologist) also recognized that an
individual’s has strong visualization to deal with concurrent or similar information [22, 23]. MADM is
widely used decision methodologies in different areas
such as business, sciences, government and engineering worlds that could help to improve quality of
decision making process and make it more efficient,
explicit and rational.
There are several MADM applications in business
and engineering„ that utilize more manufacturing
systems flexibilities [24], design of layout [25],
integrated manufacturing systems [26], and the evaluation for technological intervention, investment and
other financial decisions [27]. The succinct of several
MADM methods is described as follows.
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A usual enterprise internal value chain comprises of
three essential business processes: operation, innovation and after-sale services.
Learning and growth: This aspect construct an
applicable design that provide support to other perspectives and create sustainable development in an
organization and constant improvements through
people, organizational procedures and systems.
This aspect highlights employee performance measurement, such as training and skills, employee
satisfaction, continuity, since employee growth is an
intangible asset to enterprises that will contribute to
business growth. In the other three aspects, there
is mostly a gap between the actual and target system, procedure capabilities and human resources.
Through learning and growth, enterprises can alleviate this gap. The indicators consist expenses on
training, turnover rate of workers and lead time for
introducing innovation to a market expenditures on
new technologies [7, 17].
The framework of the BSC is exhibited in Fig. 1
[3].
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Usually, there are two appropriate methods for
decision making. 1) Modeling method, 2) Trial and
error method. As the decision maker (DM) and board
of directors faces practical problems for informed
decision making. So, they adopt practical application of trial and error method for selecting the best
alternative and conduct trail to observe the particular results. If the chances of decision error are high
and cause problems for organization then decision
makers chose another modified alternative. However,
in modeling method, the decision makers construct
model for practical problems and resolve factors that
are affecting organization [19].
Subsequently there are two type of criteria for
decision making, multi-attributes and other is multiobjectives. Multi-criteria decision making (MCDM)
problems are further categories into two groups:

2.2.1. Analytical hierarchy process (AHP)
Saaty [28] introduced the AHP, one of widely used
MADM method. The AHP assesses multi-criteria
tangible and intangible attributes in a systematic manner and it structures a decision making issue into
a different hierarchy levels of criteria to resolves
decision-making problems [8, 29].

• Multi-objective decision making (MODM)
• Multi-attribute decision making (MADM)
There are major differences between MODM and
MADM. MODM is focusing on continuous decision
problems, essentially with numerous objective functions in mathematical programming. On the other
hand, MADM concentrates on problems with various
alternatives in discrete decision problems [20].

2.2.2. Elimination Et choice translating reality
(ELECTRE)
ELECTRE was introduced by Roy [30] as a technique for resolving deficiencies in existing decision
making and offers accurate solution methods. It is
a perspective for decision aid. Further philosophy
is explained by Roy in a lengthy conservation. The
focus is on the method itself which is referred to in
particular as ELECTRE. It has develop through the
different versions of numerical style (I, II, II, IV, V, IS,
A). All the versions have same primary concepts but
their applications and operational are different from
one another [31].
2.2.3. Technique for order-preference by
similarity to ideal solution (TOPSIS)
Yoon & Hwang [32] design TOPSIS as an alternative method of the ELECTRE solution method.
Actually, the gist of this method refers to chosen alternative having shorter distance from the ideal solution
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Fig. 1. Balanced Scorecard model [18].

of the method. Dodangeh et al. [20] introduced an
integrated goal programming (GP) with TOPSIS for
group decision making problems in BSC for choosing
strategic plans.
However, in the GP there is a technical problem
which DMs need to determine preemptive priority
order of the goals. Indeed, priori determined goals
input is unable to produce an applicable solution. In
this sense, DMs may be satisfied eventually through
generating iterative solution. Therefore, it would be
costly and inefficient.
The majority of researches conducted on BSC,
adopted two or three methods of MADM for ranking
strategic plans methods instead of using five MADM
methods for modeling and then compare the analysis of statistical results [12, 13, 40]. Furthermore,
the previous studies are subjective, and DM cannot
allocate numbers to preferences. To the best of our
knowledge there is no study to investigate and adopt
MADM analytical methods including AHP, ELECTRE, BORDA, TOPSIS and SAW and to rank and
analyze the strategic plans as well as compare the
results of the MADM methods against each other in
order to find a robust model for choosing strategic
plan in BSC.
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and has longest distance from the negative solution
in a geometrical aspect.
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2.2.4. Simple additive weighting (SAW)
This method is a simple one and known as scoring
method which is highly applied multi-attribute decision making technique. This method is considered
as a weighted average scoring method to calculate
alternatives through multiplying the scaled value for
each alternative with its criteria weight. The weights
are allocated by DMs that is represent importance of
each criteria [33].

C

2.2.5. Borda
Since several alternatives are remarked, the Borda
method is a suitable procedure in multi-person decision making. This method supports DM to categorize
alternatives as per attributes and then according to
the complex structure of the matrix, the group conformity, design as “n” class that can be obtain for
“m” alternative that is further solve by zero-one programming model. Eventually all alternatives will be
ranked [34, 35].
In previous studies, some mathematical programming and MADM methods such as AHP methods
have been applied for group decision making problems [6, 7, 11, 12, 17, 29, 36–39]. However, AHP has
two major problems. In BSC, due to complex nature
in the process of decision-making, AHP cannot deal
with criteria interrelationship in the model. The other
issue is subjectivity of AHP which can be a weakness

3. Materials and methods
MADM is defined by Hwong & Yoon [32] as follows. It is a decision making process to prioritize
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preferable decisions (such as assessing, prioritization
and choices) between different alternatives by usually
opposite and multiple attribute. In the MADM, group
decision panel encounter the common steps that need
to be addressed particularly are:
1) Multiple attributes, 2) Alternatives, 3) Attributes
weight 4) Dimensionless units, 5) Quality of
attributes and 6) Opinions of decision makers.
There are different MADM methods which are categorized as in the following groups:
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Fig. 2. Objectives hierarchy in BSC.

(financial, customer, internal processes and learning
and growth). The calculation method is adopted for
BSC can be seen as follows.

C

There are several objectives for MADM modelling
problem that can be identified via decision makers.
All MADM methods require information to determine the objectives relative importance. Weights of
objective can be assigned to an objective directly
through scientific methods or by a decision maker
group. These weights determine each objective relative importance.
Usually expert groups are categorized based on
their different organizational levels, such as knowledge and work experience, etc. So, expert group
idea’s weight could be different in special subject. In
this sense, every opinions has its own weight assigning depending on their experience and knowledge and
regarding to that. In this study we use hierarchical
objectives for determining strategic plans weights in
BSC, as it can be illustrated in Fig. 2.
For this to happen, the study determines the
weights of aspects and sub aspects in BSC applying opinion of expert. The geometric average method
utilized for calculating final weights of sub aspects

(1)

TWCij : Final objective weights
WCi : Weights of aspect
WCij : Objective weights
TWCij : objective final weights are equal the weight
of strategic plan [42].
3.2. A New multidimensional model
There are different steps to model the MADM analytical methods including AHP, ELECTRE, BORDA,
TOPSIS and SAW to rank and analyze the strategic plans in BSC, which is described as follows.
The modelling process is systematically illustrated
in Fig. 3.
Step 1: Separate methods in two groups; the
methods which rank Strategic plans in different
priorities/grades (each alternative is ranked in different priorities/grades) and the methods that place
some Strategic plans in the same priorities/grades. In
the first group, list the ranking alternatives in own
columns and in the second group, write all kind of
ranking which is decomposed to them [43–45].
Step 2: Multidimensional matrix has ranking that
includes rows “m” as strategic plans and considered
“n” as a columns in the MADM methods. This matrix
is consist of ordinal numbers (rating of strategic
plans) based on each method in each column. After
decomposing ELECTRE method into 48 modes, in
this study m and n are 12 and 52 respectively.
Step 3: Consider the biggest number (rate/rank)
inside the matrix, so subtract each cell in this matrix
from the biggest number. Then biggest numbers will
be zero and remaining will be further modified.
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3.1. Expert panel and strategic plans weights


WCi .WCij

Pr
TWCij =

ed

1) Compensatory methods: for instance, if a product has good quality but high cost, indeed high
cost will be compensated through high quality. In this category there are different models
such as MDS, ELECTRE, MRS, TOPSIS, linear assignment, SAW, etc.
2) Non compensatory methods: in this category,
different attributes do not compensate each
other. For example, if you want to get a driving
license, you need to pass tree non compensatory attributes including normal eye test,
driver knowledge test and driving test that you
will need to pass all three attributes and they
do not compensate each other’s [41]. These
models are consisting ELIMINATION, DOMINANCE, LEXICOGRAPH, PERMUTATION,
etc.
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tics. It uses statistics and illustrates the degree of
relationship among two variables. The symbol of correlation is “r”.
   

n xy −
x
y
r= 
 2 
 2 (2)
[n x2 −
x ][n y2 −
y ]
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Where:
n:
Number of pairs of scores
 xy : Sum of the products of paired scores
 x : Sum of x scores
 y2: Sum of y scores
 x2 : Sum of squared x scores
y : Sum of squared y scores

Pr

The measurement of r is always between –1.0 and
+1.0. However, the negative correlation means there
is negative relationship among variables and positive
means the positive relationship among variables. The
data is ranked as ordinal numbers for finding correlation. Spearman’s rho correlation coefficient is used
[46].
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In this study, the BSC four perspectives are
remarked as the skeleton for developing the strategic
plans through breaking down the balanced scorecard
model. A case study was conducted in a manufacturing company. An expert panel was formed to
determine strategic plans and their weights including managing director, chief financial officer, chief
sales officer, chief financial officer, chief operating
and supply chain officer, were applied. Then the
expert panel involved for developing the BSC model
through adopting the MADM methods and a consensus reached by them. The BSC four perspectives
model is illustrated in Table 1.
For finding the multidimensional rank, we
extracted the results of five papers in which data
(criteria and alternatives) were similar. After that,
by using their rank of alternatives, multidimensional
matrix was made, and the precise rank was determined.
After separating methods into two groups, the first
group was formed based on AHP, BORDA, TOPSIS and SAW. In other words, these methods have
ranked strategic plans in different priorities/grades
(each alternative is ranked in different grades) as calculated in Table 2.
As described in the step one of a new multidimensional model, the second group was ranked based on
ELECTRE method, as shown in Table 3.

C

Fig. 3. Modelling Process.

Step 4: Add another new column at the end of
matrix and compute the sum of each row and put them
in the corresponding place. So, the biggest number of
this column is represented the best strategic plans and
the others will be followed by it.
3.3. Correlation coefﬁcient
Correlation is primary method to determine
existing relationship among variables exists and concerned with finding with its magnitude and particular
direction. It is one of the most common useful statis-
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Table 1
Balanced Scorecard model for the case study
Financial
Objectives

Measures

Target

Increasing revenue
Increasing profit
Cost reduction

0.79
0.82
0.10

0.91
0.92
0.05

Initiatives
I1-Marketing Research
I2- Marketing
I3- ABC

Increasing customer satisfaction
Increasing Market share
Increasing added value for customers

0.81
0.60
0.75

0.95
0.75
0.90

I4-After sales Services
I5-Marketing Research
I6-Value Engineering

Customer

Learning & Growth
0.66
0.54

Increasing informational skills

0.71

Table 2
Strategic plans ranking in MADM methods
TOPSIS
method

SAW
method

A1
A9
A2
A7
A3
A11
A8
A4
A5
A12
A6
A10

A1
A4
A5
A3
A7
A11
A2
A12
A9
A10
A8
A6

A1
A2
A6
A3
A12
A9
A7
A4
A10
A11
A8
A5

A1
A7
A3
A4
A6
A9
A12
A10
A11
A8
A2
A5

ct

Table 3
ELECTRE method ranking

Rank
1
1
2
3
3
3
4
5
5
6
6
7

0.86

ed

BORDA
method

C

1
2
3
4
5
6
7
8
9
10
11
12

I10-Increasing personnel salary
I11-Personnel evaluation and reward
system
I12-MIS
Table 4
Final rank

AHP
method

or
re

Rank

0.82
0.72

Pr

Increasing employees satisfaction
Increasing employees productivity

Initiatives
I7-Time & Motion Study
I8-QFD
I9-TQM
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Internal Processes
Measures
Target
0.64
0.85
0.64
0.72
0.74
0.86

Objectives
On time delivery
Product development
Continuous improvement

ELECTRE
method
A1
A3
A12
A6
A7
A9
A4
A10
A11
A2
A8
A5

Result
Rank
1
2
3
4
5
6
7
8
9
10
11
12

Multidimensional
method
A1
A3
A12
A7
A9
A6
A4
A11
A10
A2
A8
A5

Alternatives (strategic plans/initiatives) 1, 3 and 6,
7, 8 and 10, 11 and 2, 8 were each assigned the same
rank /grade, while the others were assigned different
grades. In step two of the methodology, the multidimensional ranking matrix had 12 rows as strategic
plans, and 52 columns for the MADM methods.
The rank of ELECTRE method was expanded
into 48 different modes; so the main matrix had
12 rows as alternatives and (48 + 4) columns as
ranked alternatives. Following step three and four
of methodology: rankings were calculated based on
the multidimensional model. Eventually, the multidimensional method for ranking strategic plans is
shown in Table 4.
Finally, the correlation coefficient between methods (Multidimensional, AHP, Borda, TOPSIS, SAW
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J. Daniel and J.M. Merigó / Developing a new multidimensional model for BSC
Table 5
Correlations of methods
AHP

Borda

TOPSIS

SAW

ELECTRE

1
–0.455
0.42
0.266
0.084
0.944∗∗

–0.46
1
0.28
0.224
0.399
–0.31

0.42
0.28
1
0.559
0.413
0.51

0.266
0.224
0.559
1
0.378
0.308

0.08
0.4
0.41
0.38
1
0.17

0.944∗∗
–0.308
0.51
0.308
0.168
1

and ELECTRE) was tested, and the correlation analysis results are presented in Table 5. As you can
see, interestingly there was a significant positive correlation between the multidimensional method and
ELECTRE method, with 0.944, being the best methods. On the other hand, the AHP method has a
negative correlation coefficient of –0.455, is the worst
method.

ed

5. Discussion, conclusion and future works

sion in BSC. For instance, marketing research and
ABC analysis have the highest execution priorities,
which lead to increased revenue and cost reduction
strategy. Applying the multidimensional model for
group strategic plans decision issue in this study has
several particular benefits and contributions comprising: 1) Solving the strategic plans selection problem
through determining clear and explicit criteria and
sub-criteria in BSC; 2) Adopting MADM analytical methods including AHP, ELECTRE, BORDA,
TOPSIS and SAW for the strategic plans decision
problem in BSC; 3) Developing multidimensional
model for choosing strategic plans in BSC. Furthermore, the evidence from this study shows that there
are numerous implications for practice and managers.
Insightful information can also be extracted from
the various MADM analytical methods (Table 5)
to identify the solid methods for choosing imitative and strategic plan in BSC. Strategic decision
makers and managers are able to evaluate strategic plans through multidimensional and ELECTRE
methods. They are confident which MADM methods are solid and best for choosing strategic plans
in BSC. Also, they know what methods to avoid
for choosing intuitive and strategic plans according to our comparison of the MADM analytical
methods.
In conclusion, the case study has demonstrated the
application of the multidimensional model. The analysis results of the multidimensional model have been
verified by experts and highlighted as acceptable. It
has shown that the model can be a useful and effective tool for finding the critical aspects of evaluation
criteria as well as the gaps to improve company’s
performance for achieving desired level.
To boost this area of study and to assist further combine strategic planning discussion into the decision
making modeling area, future research may adopt
numerous other methods such as OWA operators
[49–51]. Although, some methods have been developed with a variety of formal modeling techniques,
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Multidimensional
AHP
Bord
TOPSIS
SAW
ELECTRE

Multidimensional

Pr

Correlation
Coefficient
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The Balanced Scorecard is a model for translating
strategy into action by assessing various business perspectives performance measurement. Several pieces
of research and studies have developed models for
evaluating operational strategies in BSC [13–15, 47].
However, selecting the best strategic plans is a complex decision making process, which requires various
analytical methods to overcome this crucial problem. Companies cannot execute all the initiatives
and strategic plans with time constraints and limited
budget and resources. So, they need to have a multidimensional model for selecting high priority strategic
plans [48]. The proposed model solves these issues
by developing a multidimensional decision making
methodology that combines group decision making methods, comprising AHP, ELECTRE, BORDA,
TOPSIS, and SAW. This study has clearly revealed
that strategic plans decision can be improved in
several ways by adopting multidimensional model,
which was presented via the case study. The model
can solve the challenge of comparing the results
of those methods against each other in order to
find a robust model for selecting strategic plans in
BSC. The correlation coefficient between methods
has indicated that multidimensional and ELECTRE
with 0.944 are the best methods and AHP with a negative correlation of –0.455 is the worst method. In
this sense, the multidimensional model seems logical
regarding the strategic plans implementation deci-
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