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BACKGROUND AND OBJECTIVES: Aligning short and long-term goals, operational 
plans, and vision,   the interests of the organization’s internal and external stakeholders, 
and investing in intangible and late-returning assets are the characteristics of a 
strategic performance management system. The importance of strategic performance 
management for public organizations such as municipalities increases due to its direct 
impact on the quality of life of the urban community. The balanced scorecard is one of 
the most used tools in this field, which, along with its operational advantages, also has 
important weaknesses. This study aims to explore the application of a dynamic balanced 
scorecard framework integrated with game theory to enhance strategic performance 
management in the municipality.
METHODS: In this paper, the system dynamics is used to design the dynamic strategy 
map of the Tehran Region 4 municipality with a case study approach. After designing 
performance improvement strategies, the strategies are simulated, and the best 
combination of strategies is selected with a cooperative game theory approach. 
FINDINGS: The results revealed that the customer’s perspective and the learning and 
growth perspective have the highest Shapley values of 5.38 and 4.64, respectively. 
Therefore, in choosing the best strategies for the municipality, attention should be paid 
to the strategies that improve these two perspectives. Based on this, the combination 
of strategies C1L1I1F1, C2L2I3F3, and C3L3I2F2 is selected.
CONCLUSION: Simulating KPIs and examining scenarios lead to a better understanding 
of the factors influencing the organization’s success and preventing bias in strategic 
decisions. Also, a suitable mechanism for strategy selection creates a better agreement 
between managers for sympathetic implementation. This paper presented a framework 
for strategic performance management by combining dynamic BSC and game theory, 
and the effectiveness of the framework is investigated by conducting a case study in 
the municipality.
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INTRODUCTION
Management of any organization without 

performance assessment measurement tools is akin 
to navigating a ship without navigational instruments. 
To establish an effective performance evaluation 
system, criteria must be chosen that best reflect 
and indicate the organization’s strategies. Strategy 
is about the  long-term vision of the organization, 
which is in the form of a plan, ploy, pattern, 
perspective, or situation about the organization’s 
intentions (Mintzberg 1994). The past two decades 
have witnessed a sharp increase in global business 
competition fueled by fast technological evolution 
and product diversification (Wardhana, Musa, 
Kurniawan, 2023). This climate has increased the 
necessity of continuous performance improvement 
as a strategic tool, and businesses are forced to use 
strategic indicators to improve their organizational 
performance and competitive advantage (Zighan, and 
Ruel, 2023; Huang et al., 2011). Today, enterprises 
and organizations have to use a wide range of 
performance measures to assess, control, and 
improve their business processes to maintain and 
enhance their competitive advantage. (Cagno et al., 
2023). Performance evaluation is not about the past; 
it is about the future (Yadav, 2020). Performance 
evaluation benefits organizations in a variety of 
ways. Most notably, it serves as a tool for reporting 
the performance of programs and initiatives to the 
senior management and allows the organization to 
mobilize its resources and potential to reach high-
priority objectives. Performance evaluation facilitates 
the improvement of products and services and 
the  adjustment of programs and expenditures. The 
most important goals of performance evaluation 
include:

• We identify the organization’s strengths, 
weaknesses, and challenges and facilitate efforts to 
boost and enhance organizational capabilities and 
improve organizational activities.

• Improving resource allocation and making 
better use of human resources and capabilities in the 
implementation of envisioned programs

• Enhancing the organization’s ability to provide 
services at higher qualities and quantities and 
maintain competitiveness in both national and 
international markets

• Increasing the efficiency and effectiveness of the 
organization

From the above, it can be concluded that 
measuring and evaluating organizational performance 
and managing strategic alignment are among the 
core skills that managers need to master. When 
done effectively, consistently, and systematically, 
performance evaluation can enhance resource 
management and customer satisfaction, contribute 
to national development, create new capabilities, 
promote sustainability, and improve the global 
standing of the company or institution (Marco and 
Bititci, 2006). The process to be used for this control 
and evaluation must match the goals and strategies of 
the organization, must be comprehensive and cover all 
angles, and finally, must be able to encompass all the 
components of the organization together. Among the 
methods proposed for organizational performance 
evaluation and guidance, a balanced scorecard 
enjoys an exceptionally high degree of popularity 
and credibility among academics and researchers, 
who have used it extensively for strategic planning 
and organizational performance management over 
the past decades. Among the various methods that 
have been proposed so far to evaluate and guide 
the performance of organizations, the interest of 
members of academies and researchers has increased 
in the last decade about the influence and validity of 
the balanced scorecard on the performance of the 
organization and strategic planning (Nikkhah et al., 
2017). Strategic performance management methods 
are the Balanced Scorecard (BSC) and Strategy Maps 
(SMs) designed by Kaplan and Norton (Kaplan and 
Norton, 1992, 1996; 2004). This technique, provided 
by Kaplan and Norton, was designed as a strategic 
performance management tool to help transform 
organizational strategies into practical plans (Cebeci, 
2009). BSC examines the company’s activities from 
four perspectives: financial, customer, learning and 
growth, and internal business processes. In this 
version of BSC, the outputs from each perspective 
serve as performance measures for the following 
perspective. This early version of BSC has been widely 
used in many services and manufacturing companies, 
nonprofit organizations, government agencies, and 
industries worldwide. The purpose of the BSC is to 
implement the company’s strategy through more 
operational terms (Ebrahimi and daneshvar, 2021). 
By integrating the business’s financial, customer, 
and internal processes, and growth and learning 
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perspectives, BSC gives managers an insight into 
the myriad of relations between these aspects and 
their logical implications. This insight helps managers 
think beyond traditional notions of job obstacles and 
ultimately improve decision-making and problem-
solving in the organization. BSC and the strategy 
map obtained from this method also facilitate the 
adjustment and execution of strategies by helping 
the management teams review planning processes 
and strategic plans. The municipal organization 
in Iran, given its significant role in the country, 
requires a precise assessment of the performance 
of each of its existing sectors so that by increasing 
the efficiency and productivity of these sectors, a 
pathway for growth and flourishing in this area can 
be established. The purpose of this study is to provide 
a comprehensive framework for strategic decision-
making in municipalities by integrating the Dynamic 
Balanced Scorecard with game theory. The framework 
is tested through simulations and real-world case 
studies. Based on such research, municipalities can 
use the Dynamic Balanced Scorecard and game 
theory to improve crisis management and resilience. 
The article provides practical recommendations 
for managing emergencies and ensuring continuity 
of public services. The study focuses on aligning 
municipal goals with stakeholder interests, optimizing 
resource allocation, and improving decision-making 
processes, providing insights into adaptive strategies 
for long-term performance improvement.

  Literature review
Although BSC and SMs are among the most 

widely used methods for strategic performance 
management, despite these benefits, BSC has several 
weaknesses and limitations, as reported in the 
literature. Researchers have tried to overcome this by 
combining it with other management tools such as 
the Analytical Hierarchy Process (AHP), the Analytical 
Network Process (ANP), and knowledge-based 
systems. For example, Modak et al., (2017), Lin, Fu-
Chiang, Yi-Hui (2023), Chen, et al., (2023), Ghafournia, 
Ghavidel, Behboudi (2022), and Keshavarznia and 
Wallace (2023) used the AHP methodology as a 
supplement to BSC, Leung et al,. (2006), Tseng et 
al., (2007) and Dincer et al., (2016), Lin, Wen Cheng 
(2022), Quezada et al., (2022), Rösner and Bredebach 
(2022) combined the BSC with ANP, and Kunz and 
Schaaf (2011) and Bobillo et al., (2009) used the 

knowledge-based systems to improve BSC. Given 
the importance of BSC and its popularity among 
researchers, the literature contains many articles 
combining BSC with different management tools. 
Systems dynamics is another efficient management 
methodology that can complement BSC to overcome 
its limitations. The works carried out by Nielsen and 
Nielsen (2010), Barnabe (2011), othman (2008), 
Buytendijk et a.,l (2010), and Khanmohammadi et 
al., (2022) are examples of the integration of BSC 
with system dynamics. Yildiz et al., (2020) provide 
a research study on the development of a dynamic 
strategic plan using a dynamics modeling system to 
enhance the strategic performance management 
process in collaboration with one of the largest 
international construction companies in Turkey, 
which is listed among the  top 100 international 
construction firms in Engineering News-Record ENR 
(2018). Akkermans and Van Oorschot (2005), in your 
paper, System Dynamics (SD) is used as an approach 
to overcome the limitations of BSC theory. This paper 
develops a two-stage process of system dynamics 
modeling and BSC. This process includes a qualitative 
and quantitative stage in system dynamics modeling. 
Managers found the BSC helpful in achieving a list of 
financial and non-financial performance measures. 
However, they were unsure whether these measures 
were the right ones. Instead of assuming that their 
scoring is correct, the management team used a 
system dynamics-based approach to examine the 
relevance of existing metrics. Nielsen and Nielsen 
(2013) show the possibility of linking an existing 
BSC framework to a System Dynamics Modeling 
(SDM) approach and how such a model can be used 
for simulation to help the participant understand 
different possible strategies. The article’s approach 
shows how different criteria and indicators can 
provide a basis for the further development of BSC 
into a quantitative strategic model. A case study has 
clearly shown that if the firm has the opportunity 
to evaluate the financial benefits of various simple 
initiatives, an SDM approach is needed. Oladimeji et 
al., (2020) scoping study showed that many articles 
use the BSC as a PM guidance framework. There are 
several levels in the organization where SD is applied 
(e.g., business units, department / functional levels, 
and organizational levels). Oladimeji et al., (2021). 
It has been argued that since the advent of the 
Balanced Scorecard in the early 1990s, research has 
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extensively discussed the problems of cause-and-
effect relationships, time delay, elements between 
criteria, and the perspectives and concepts of 
feedback loops. Their paper focuses on using a system 
dynamics modeling approach to address these three 
problems. Ebrahimi and Daneshvar (2021) developed 
a dynamic model based on the financial perspective 
of a balanced scorecard in a case study of a service-
oriented company in a telecommunications company. 
Therefore, it provides knowledge and information 
for academics and BSC and SD practitioners to 
implement BSC-based SD in companies, especially 
service-based companies. A dynamic system is a 
solution to overcome the bottlenecks of the strategic 
plan and the traditional balanced scorecard, which 
are static, and manage strategic performance (Yildiz 
et al., 2020). Interpretive causal loop diagrams, stock, 
and flow diagrams, and simulation results enable 
us to understand system behavior. Insight into the 
application of system dynamics in performance 
management is a forward-looking perspective that 
overcomes the limitations of a static performance 
management system (Yadav, 2020). The relationship 
between BSC variables is a one-way cause-and-
effect relationship. So it can tend to be indifferent 
to its implementation; in fact, there are various 
interactions, especially delays between decision-
making and critical performance indicators. BSC 
is not a separate cause-and-effect relationship in 
the context of time (Theresia et al., 2016). Existing 
planning tools, such as BSC, have limitations, such as 
dependence on the developer, weakness in showing 
time delays, as well as mathematical relationships 
between lead and lag indicators (Khakbaz and 
Hajiheydari, 2015). The literature, however, does 
not include a comprehensive examination of 
the advantages of using system dynamics in the 
implementation of BSC. The present study attempts 
to provide a better insight into how the system 
dynamics methodology can eliminate BSC limitations. 
Also, when many strategies are eligible for inclusion 
in analyses, research, and management teams may 
find it challenging to choose the best combination of 
strategies from among possible options.  Therefore, 
there is a need for a suitable measure to facilitate 
this choice. Abedian, et al., (2022). Shapley value is a 
measure that reflects how players interact with other 
players in the framework of coalitions in cooperative 
games Yousefi, et al., (2022), mirmezhad, Seyyedi, 

Yousefi (2020). Kočišová et al., (2024) in their paper, 
integrated the BSC-DEA model in an Industry 4.0 
company to enhance performance measurement 
by utilizing advanced technologies for real-time KPI 
monitoring. This approach optimizes operational 
efficiency and supports continuous improvement in 
a digital environment, fostering agile, data-driven 
decision-making for a sustainable competitive 
advantage. Oliveira et al., (2024). This research shows 
that the characteristics and benefits of the BSC are 
confirmed by the managers of the main exporting 
organizations in Portugal, regardless of whether they 
have the BSC implemented or not. In companies that 
do not have the BSC in place, managers agree that if 
the BSC were implemented, it would support strategic 
focus and improve the monitoring of organizational 
performance. Keraa et al., (2024), Measuring the 
performance of dental schools in research using 
a balanced scorecard. This research showed BSC 
is an efficient tool for the measurement of the 
performance of the departments at medical colleges. 
Mayo-Alvarez et al., (2024), used a dynamically 
balanced scorecard design as an industrial safety 
management system in Peru’s metallurgical mining 
sector. In this study, Shapley’s value determines the 
best combination of strategies. 

MATERIAL AND METHODS
Balanced scorecard

Initially developed by Kaplan and Norton (1996), 
the BSC introduces four management processes that, 
together and separately, facilitate linking long-term 
strategic goals with short-term activities. Kaplan 
and Norton (2004) also created a powerful strategy 
map tool. Companies can use it to describe the links 
between intangible assets and value creation with 
high precision and clarity.BSC model assumes that 
four groups of activities are likely to be critical for most 
organizations at all levels of sophistication: investing 
in growth and learning capacities, improving the 
efficiency of internal processes, creating customer 
value, and increasing financial success. (Kaplan and 
Norton, 2004). The essential advantages of BSC are 
as follows. Use of a few measures: BSC hypothesizes 
that a handful of well-thought-out criteria can gauge 
an organization’s performance. In contrast, older 
performance measurement practices use a host 
of indicators and criteria, which causes a heavy 
information load and confusion among managers. In 
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general, BSC prescribes using at most 5 criteria for 
each aspect, which makes sense given the limitations 
of organizational performance management 
(Akkermans and Oorschot, 2005; Abdurrachman et 
al., 2022). Bridging different domains: BSC keeps the 
managers focused on a balanced set of performance 
criteria encompassing both financial and non-
financial aspects of the organizational activity (Kaplan 
and Norton, 1996). Forcing the management team to 
reexamine their beliefs and assumptions: BSC forces 
managers of different units to reexamine their beliefs 
during meetings and deliberations, and thus helps 
them reach a degree of convergence in ideas, which 
will positively impact the organization’s performance. 
In other words, BSC allows managers to share and 
discuss their subjective models of organizational 
processes in meetings, which is expected to result in 
the correction or completion of these models (Bobillo 
et al., 2009; Faraji et al., 2022).

Limitations of BSC
The essential limitations of BSC are as follows

Unilateral cause-and-effect relationships: The 
constituting elements of an organization both 
affect and are affected by each other, reflecting the 
presence of feedback between cause-and-effect 
relationships. However, in the strategy maps of BSC, 
these relationships are unilateral and flow toward the 
financial perspective, which is not entirely realistic 
(Bianchi and Giovan Battista, 2008).

Lack of consideration of time delay: In the BSC 
strategy maps, it is assumed that causes have an 
immediate impact on effects. However, since some 
cause-and-effect relationships have an inherent delay, 
this assumption may lead to inaccurate conclusions 
(Nielsen and Nielsen, 2008).

Lack of an accurate validation process: BSC 
involves considering a small number of criteria as key 
performance measures. Although using a few criteria 
is one of the advantages of BSC, it is sometimes 
difficult to decide whether the criteria are chosen 
correctly and whether they are indeed the most 
important, as BSC does not provide any mechanism 
for validating the defined criteria. The validity of BSC 
hypotheses about cause-and-effect relationships 
between performance criteria has been questioned 
in the literature (Bianchi and Giovan Battista, 2008). 

Poor link between strategy and operations: One 
of the critical challenges in using BSC is making 

operational forces engage with organizational 
strategies, as BSC does not provide any means in this 
regard (Seyyedi et al., 2016).

Excess focus on intra-organizational affairs: BSC 
fails to see the organization as a value chain whose 
success depends on the positive participation of 
employees, suppliers, and shareholders. It also fails 
to answer a key question for managers: What are the 
competitors doing? (Othman, 2006).

Static nature: Because of the static nature of 
BSC, managers who rely too much on this tool 
cannot adopt suitable strategies when encountering 
changes. BSC prescribes decision-making based on a 
snapshot of the organization’s condition. However, 
in reality, the business environment is very dynamic, 
and the organization has to adjust its strategies to the 
change in circumstances (Qi et al., 2009).

Linear relationships: BSC assumes linear 
relationships between the effects of strategies and, 
consequently, performance criteria, which is not a 
realistic assumption. These relationships are usually 
nonlinear and behave differently over short-term and 
long-term periods (Qudrat-Ullah, 2009).

Lack of a measure for strategy selection:  In BSC, 
when there are many possible strategies for achieving 
the desired objective, choosing the best combination 
of strategies could be a challenge. BSC does not 
provide a solution to address this. For example, with 
only 3 strategies in each perspective, there will be 
81 (=34) different combinations of strategies, which 
makes it very difficult to anticipate the outcomes 
and determine which combination best serves the 
objectives (Leung, 2006).

System dynamics
Jay Forrester was the first to introduce the 

concepts known today as System Dynamics (SD). 
These concepts were first expanded based on 
the tools control engineers use to analyze control 
systems’ mechanical and electrical stability (forrester, 
1961). Building a system dynamics model consists of 
3 basic parts, which are:

• Dynamic hypothesis.
• Causal loop diagram.
• Stock and Flow diagrams.
The dynamic hypothesis is a model of how 

the studied system works, its boundaries, and the 
relations between its components. A causal loop 
diagram is used to illustrate and better understand 
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dynamic relationships, interactions, and feedback 
loops between system elements. In this diagram, 
each relationship is represented by an arrow with a 
sign showing the causal relationship’s direction. The 
positive sign on the arrow indicates that, if other 
factors are fixed, a change (increase/decrease) in the 
factor at the origin of the arrow will cause a likewise 
change (increase/decrease) in the factor at the end of 
the arrow. The negative sign indicates that the change 
in the first factor will change the second factor in the 
opposite direction. The primary purpose of Stock 
and flow diagrams is to illustrate the relationships 
between flow and stock variables in an SD model. 
Here, stock variables represent the accumulation of 
resources or values that ​​reflect the system’s state, 
and flow variables represent the changes over a unit 
of time that increase or decrease the stock variables. 
Auxiliary variables and constants ​​are also used in this 
diagram (Najibi et al., 2022).

Use of SD to overcome the limitations of BSC
System dynamics can be used to overcome the 

limitations of SM and balanced scorecards.  (Yildiz 
et al., 2020) In this section, various applications of 
system dynamics in improving the balanced scorecard 
are comprehensively discussed.

Using feedback loops to avoid unilateral causal 
relationships

Feedback loops can serve as very effective tools for 
understanding the relationship between elements of 
a strategic plan. In the real world, causal relationships 
are rarely unilateral. Many researchers have avoided 
this problem by using the features of SD in the BSC 
process to create dynamic strategy maps.

Creating the possibility of lag in causal relationships
One of the features of SD, which is also available 

in the related software, is the ability to define lags for 
equations. For example, one may define a lag between 
the start of training and the actual improvement in 
the employees’ knowledge, which could take as long 
as the duration of training.

Accurate validation
Unlike BSC, SD has a specific mechanism for 

model validation, which is extensively discussed 
in the literature. Also, SD has been widely used to 
quantify qualitative models and validate qualitative 

assumptions about strategies and policies. In 
general, humans are not good at understanding the 
dynamic behavior of qualitative constructs. Even if 
the effect of every single policy on a performance 
criterion is perfectly understandable, it would be 
nearly impossible to analyze the results of multiple 
simultaneously implemented policies without 
computer simulation.

Linking strategy and operations
Creating SD models begins with identifying 

critical operational elements and processes in the 
organization, which requires a close relationship with 
operational levels. Furthermore, SD is a tool designed 
for strategizing purposes and therefore creates a 
strong link between strategies and operations.

Expanding the scope of the BSC process
Using SD, one can expand the boundaries of the 

analysis to include critical environmental factors 
that affect the organization, such as competitors 
and suppliers. For example, Qi et al., (2009) used a 
BSC-based approach to create SD models for two 
main competitors in the Chinese mobile market and 
suggested strategies for each organization.

Introduction of dynamism to BSC
By considering the dynamic nature of strategies 

and their changes over time, SD gives managers a 
good insight into how the system behaves in the face 
of changes and helps them adopt a suitable strategy 
accordingly. In the event of a significant change in 
environmental conditions, it also helps the managers 
recalibrate the model with new input data so that the 
outputs account for the new situation.

Use of nonlinear relationships
SD simulation software allows nonlinear 

relationships, tabular data, and logical relationships 
to make the model more realistic.

Prediction of strategy outcomes by simulation
As explained, one of the BSC team and 

management challenges is how to select the best 
combination of strategies. Many researchers have 
proposed using multiple-criteria decision-making 
methods for this purpose. However, the human 
mind cannot quickly analyze complex third-order 
and higher-order systems, and the problem becomes 
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even more complex when two or more strategies 
are implemented together. Hence, multiple-criteria 
decision-making methods based on the subjective 
analysis of managers cannot be sufficiently reliable.  
SD lacks the limitations of the human mind and can, 
therefore, be used to predict the outcomes of multiple 
strategies, whether they are implemented separately 
or together. However, this does not eliminate the 
challenge of choosing the best combination of 
strategies. In this study, this issue is resolved using 
Shapley’s value in game theory and, more specifically, 
cooperative games.

Shapley value
In a cooperative game, the  Shapley value is the 

average benefit that each player gains because of 
participation in the coalition. In other words, this 
concept represents the payoff received by player i 
in the coalition because of its contribution to the 
coalition, which is denoted by *

iu . The contribution 
of the player i to the coalition C is defined as Eq. 1:

( ) ( )( ){ }                                             V G V G i− −                                         �           (1)                

Assuming that the coalition grows from one 
member to two, three, and ultimately N members, 
and members can join in any order, then the average 
marginal contribution of player i to the coalition, u*

i, 
will be:

( ) ( ) ( ) ( )( ){ }* 1 ! !
!i

C N
i C

k N k
u V G V G i

N⊂
∈

− −
= − −∑                                               

� (2)

where
N: the total number of players
k: the number of players in the coalition G
( ) ( )1 ! !

!
k N k

N
− − : the probability of a coalition

Eq. 2 is obtained by summing the formulation for 
each possible coalition with player i.

Shapley value ( *
iu ) signifies the power of the 

player i and how crucial it is for the success of the 
coalition. This power depends on how much a player 
increases the power of a coalition once it joins that 
coalition. In this study, each perspective is given a 
utility value in the range of 0 and 5 depending on the 
simulation outcomes for each strategy combination. 
Thus, for each strategy combination, there are 
four utility values uF, uC, uI, and uL, which pertain to 

financial, customer, internal processes, and learning 
and growth perspectives, respectively. Then, the 
utility of two-, three -, and four-member coalitions 
for each strategy combination is calculated as shown 
in the following example. What is  calculated in 
this example (Eq. 3) is the utility of the coalition of 
financial and customer perspectives for the strategy 
combination F1C1I2L2.

( ) ( ) ( ), 1 1 2 2 1 1 2 2 1 1 2 2, , , , , , , , ,F C F CU F C I L U F C I L U F C I L= +
                                      

� (3)

According to the Von-Neumann and Morgenstern 
theorem, for a normal form (two-dimensional) game, 
the characteristic function value (V(G)) for a coalition 
has the characteristics of a saddle point. The maximin 
of the rows and the minimax of the columns intersect 
at a saddle point because, in the rows, coalition 
members are trying to maximize their minimum 
utility, and in the columns, non-members are trying 
to minimize their maximum loss. Although non-
members may have a positive gain anyway, a lower 
payoff for coalition members may grant non-members 
a higher payoff. For a normal-form (two-dimensional) 
game, the characteristics of the saddle point caφ
n be obtained by solving an L-P (for the coalition 
members of the same row). The V(G) defined for a 
two-dimensional and non-zero game (consisting of 
N players) satisfies V() =0 and the “super additivity” 
property. Hence, if Gij  is the utility of the coalition 
at the ith row and the jth column of the coalition 
matrix (coalition G), where the ith row represents 
the combinations of coalition strategies and the jth 
column represents the combinations of non-coalition 
strategies, then V(G) is obtained by solving the 
following LP:

( ) :V G MAX z=
. .s t  

  
*i ij

i

z p G j≤ →∀∑
 

0ip ≥
 

                                                   �    (4)
:Z free

 Here, ip  denotes the probability of selection 
from the strategy combinations of the i-th row. 
To obtain the characteristic function of different 
coalitions of BSC perspectives, we rewrite the linear 
program of Eq. 1 based on the normal form utility 
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matrix of coalition C and then compute the V(C) of 
each coalition by solving the model with the software 
Lingo. Finally, we compute the Shapley value of each 
player (perspective) and determine the best strategy 
combination accordingly. This section presents the 
conceptual framework of the proposed system of 
performance evaluation based on the balanced 
scorecard, system dynamics, and game theory (Fig. 
1). This conceptual framework consists of two major 
parts, dynamic BSC and game theory, with the first 
part composed of two sub-parts, BSC and system 
dynamics. The introduced framework consists of 
seven steps. Two steps are dedicated to BSC, one step 
is shared between BSC and system dynamics, another 

two steps are dedicated to system dynamics, and the 
last two steps are related to game theory.

Method steps
The first step involves a careful and thorough 

examination of the organization to understand its 
nature, size, processes, products, and other core 
elements. The importance of this step stems from the 
fact that it is impossible to evaluate an organization 
properly without having a good understanding 
of its processes and objectives. The second step 
is to identify the key indicators of organizational 
performance through interviews with managers and 
experts of the organization. The third step is to create 

  
Fig. 1: The proposed conceptual framework for strategic performance management based on the balanced 

scorecard, system dynamics, and game theory 
  

Fig. 1: The proposed conceptual framework for strategic performance management based on the balanced scorecard, system dynamics, 
and game theory
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the dynamic SM of the organization based on system 
dynamics-modified BSC perspectives and causal 
loop diagrams. In this step, the performance criteria 
obtained in the previous step are used as the main 
elements of the causal loop diagram, and their cause-
and-effect relationships and feedback loops formed 
in these diagrams are identified separately for each 
BSC perspective. In the fourth step, the causal loop 
diagrams formed in the previous step are used 
to compute the stock and flow variables for each 
perspective and draw the stock and flow diagrams 
accordingly. Next, the inter-variable relationships and 
equations are derived based on the organization’s 
statistical records and experts’ opinions. Finally, 
the developed models are integrated to reach 
a comprehensive stock and flow model for the 
organization. The fifth step is to create different 
scenarios for improving organizational performance 
from each BSC perspective based on simulation 
results, as well as objectives and the current condition 
of the organization. In this study, we have considered 
3 strategies for each perspective. In the sixth step, the 
game theory model is run for different combinations 
of strategies, with each BSC perspective considered 
a player. After obtaining the utility of each strategy 
combination, the Shapley value of each player is 
computed. Finally, in the seventh step, the Shapley 
values obtained in the previous step are used to 
identify the best strategy combination for the 
organization.

RESULTS AND DISCUSSION
The municipality of District 4 in Tehran is 

responsible for managing one of the City’s largest and 
most populous urban districts. The population of this 
district is about 10% of the total population, while the 
city has 22 urban districts. This district has exciting 
features and potential, including undeveloped 
lands, a strategic role in urban water and electricity 
provision, extensive small business activity, and giant 
forest parks, which cannot be managed appropriately 
and utilized without an efficient municipality 
organization. In this case study, the proposed method 
of performance evaluation, which we call dynamic 
BSC, is used to evaluate the performance of the 
District 4 Municipality.

Identification of critical performance criteria
To identify the critical performance criteria of the 

organization, we developed a four-part questionnaire 
encompassing the four perspectives of the balanced 
scorecard. Each part of this questionnaire contained 
several standard criteria for evaluating service and 
government organizations from one perspective. 
The questionnaire was filled out  by the middle and 
senior management of the municipal organization, 
including 17 people. The results obtained from this 
questionnaire are presented in Table 1.

Causal loop diagram
Using the identified performance criteria as the 

basis of work, we examined the cause-and-effect 
relationships and feedback loops between the 
elements of the organization in each perspective to 
reach a causal model for the organization. The resulting 
causal loop diagram consists of 4 segments, each 
dedicated to one BSC perspective. These segments 
are linked by logical relations between the elements, 
creating an integrated causal loop diagram. The most 
important outcome of this step is giving managers a 
better understanding of organizational procedures 
and a uniform subjective perception of organizational 
processes.   As shown in Fig. 2, the elements of 
different perspectives from multiple feedback loops 
signify the dynamism of their behavior. For example, 
employee satisfaction, service time, work in progress, 
and work pressures form a positive loop. Increased 
employee satisfaction reduces service time (negative 
relationship), increased service time increases 
work in progress (positive relationship), increased 
work in progress increases work pressure (positive 
relationship), and increased work pressure decreases 
employee satisfaction (negative relationship). 
Because of the many negative relationships between 
these components, they form a positive loop.

Stock and flow model
This step of the work involved developing the 

stock and flow model in the software Vensim PLE 
based on the obtained causal loop diagram and 
gathered organizational data (Fig. 3). Simulations 
were performed for 10 years at 1-year steps.

The stock and auxiliary variables used in the stock 
and flow model are briefly explained below.
Stock variables

Automation: This stock variable represents the 
percentage of IT-based administrative and service 
processes from the total. 
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Training time: This variable is the total duration of 
training that each employee receives in hours. 

Staff satisfaction: This variable represents the 
degree of employee satisfaction with the organization 
in percentage. 

Work pressure: This variable represents the 
number of work tasks employees have to complete 
relative to their power and available time. 

Throughput: This represents the staff’s power 
in managing and executing the assigned duties in 
percentage. 

Foreign investment: This is the private investment 
absorbed in different sectors, such as workshops, 
commercial and retail businesses, urban services, etc.

Citizen satisfaction: This variable represents 

citizens’ satisfaction with the activities and services 
of the organization.

Profit: This is the difference between the costs 
incurred in different sectors and the earned revenues 
or cost savings made in the future.

Auxiliary variables
Annual Budget: The annual budget is considered 

fixed and does not include the effect of inflation. 
L&G Budget: This is the budget devoted to 

learning and growth activities
L&G Budget  Fraction: This is the fraction of the 

total budget allocated to the L&G activities. 
Investment in Information Technology (IT): This 

represents the amount of investment made in the 

Table 1: Performance criteria iden��ed for the District 4 �unicipality 
 
 

PerspectiveKPIValue Cronbach's alpha  

Finance  Total Cost 4.3 0.78  Growth of financial resources  3.2 

Customer 

Advertising  2.7 

0.69 Service quality  3.2 
Service time  3.2 

Citizens satisfaction 4 

[Internal Process 

employee satisfaction  4.1 

0.72 Throughput  3.8 
Automation  3.5 

Work pressure 2.9 

Learning & Growth 
Research and Development  3.3 

0.68 Investing in information technology  3.7 
Staff training  2.9 

 
  

Table 1: Performance criteria identified for the District 4 Municipality

 

  
 
 

Fig. 2: Causal loop diagram developed for the District 4 Municipality (Tehran, Iran) 
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IT infrastructure and integrated processes of the 
organization

IT Investment fraction: This is the fraction of the 
L&G budget that is allocated to investment in IT

Elapsing time: Given the importance of access 
to up-to-date technologies, this variable is intended 
to represent the effect of the passage of time on 
information technology. 

Automation effect 1: This variable represents the 
effect of automation on throughput

Automation effect 2: This variable represents the 
effect of automation on work pressure

Training Time effect: This is the impact of training 
time on throughput

Staff turnover: This variable represents the extent 
of employee turnover, which depends on their 
satisfaction and affects their throughput.

Service quality: This represents the quality of 
services provided by the staff, which depends on their 
satisfaction. 

Service time: This is the time it takes for the staff to 
provide services, which depends on their satisfaction.

Operation budget: This is the budget allocated to 
the operations division and includes all organizational 
activities of the municipality in different parts of the 
district. 

Operation budget fraction: This is the fraction of 
the total budget allocated to the operations. 

Reward: This variable represents the rewards and 
benefits paid to the employees.

Reward fraction: This is the fraction of the 
operating budget allocated to rewards.

Duplicate work and mistakes: This represents the 
duplication rate of work and mistakes.

Advertising budget: This represents the budget 
allocated to the activities related to the customer 
perspective.

Advertising budget fraction: This is a fraction of 
the total budget for advertising.

Better service: This represents the costs incurred 
to attract private investment and ensure customer 
satisfaction.

Better service fraction: This is the fraction of the 
customer perspective budget allocated to service 
improvement.

Citizen cooperation: This represents citizens’ 
cooperation in observance of laws, urban hygiene, 
protection of urban assets, and others.

  Advertising: This represents reporting finished 
and ongoing services and advertising to attract 
private investment.

Advertising fraction: This is the fraction of the 
customer perspective budget allocated to advertising.

The desirability of urban environment: This 
represents the desirability of urban areas in terms of 
employment and living conditions.

Simulation results
The simulation results obtained for the criteria 

employee satisfaction, citizen satisfaction, work 

blue  

 
 

Fig. 3: Stock and flow diagram developed for the District 4 Municipality (Tehran, Iran) 
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pressure, throughput, and automation are presented 
in Fig. 4 (all values are in percentages). Figs. 5 and 6 
display the results obtained for for-profit and foreign 

investment (in 107 Rials) and the training time (in 
hours/person), respectively.

The obtained simulation results provide several 
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Fig. 5: Simulation results for the criteria foreign capital and profit (in 107 rials)
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���� �� ��������� ���������� ��� ���� ���������� 

  

Fig. 7: Suggested strategies for each perspective

important insights that should be well-considered in 
plans. These insights are summarized below:

1. A sharp decline in citizens’ satisfaction in the 
first 5 years of the simulation,

2. A sharp decline in automation in the first 2 
years of simulation,

3- Realization of employee satisfaction by about 
60%,

4- Relatively long payback time (about 7 years).

Scenarios
In this part of the work, simulation results, which 

reflect the organization’s condition in the next 10 

years in terms of BSC criteria, were used to choose 
three strategies for each perspective. These strategies 
are given in Fig. 7.

Game theory-based weighting
As shown in Table 3, different combinations of 

BSC strategies were simulated in this step. As shown 
in Table 2, the simulation results assigned a utility 
value between 0 and 5 to each perspective (player).

Next, the approach described was used to compute 
the characteristic function of the coalitions and the 
Shapley values of each player. In this step, we formed 
15 standard form utility matrices for the coalitions and 

����� 2� U��i�� ������ �� ������� ��� ���� �������� ����i����� 
 
 

Fi Ci Ii Li UF UC UI UL

1 1 1 1 3 5 1 4
1 1 1 2 2 1 3 5 
1 1 1 3 0 4 3 4 
1 1 2 1 4 3 0 1 
. . . . . . . . 
. . . . . . . .
. . . . . . . . 
3 3 3 2 4 5 3 1 
3 3 3 3 1 5 3 1 

 
 
 
  

Table 2: Utility values of players for each strategy combination
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Table 3: Structure of cooperative games in BSC (3 strategies per player)

solved one linear programming model for each matrix 
to determine the characteristic function value for 
each coalition, shown in Table 4. Using the obtained 
characteristic function values, the Shapley value of 
each player was calculated, shown in Table 5.

Strategy selection 
Given the Shapley value obtained for the 

players, the relations of perspectives in criticality 
for coalitions were C> L> I> F. Hence, the customer 
perspective seems to play a decisive role in the choice 
of strategy combinations for the studied case. For this 
case, the following most essential perspectives for 
strategy selection were learning and growth, internal 
processes, and financial, in that order. Among the 81 

different strategy combinations with different payoffs 
for the players, in 12 combinations, the customer 
perspective has a payoff of 5. Therefore, the strategy 
of the customer perspective will be chosen from 
among these 12 combinations. Fig. 8 illustrates 
choosing the best strategy combination among 12 
combinations with a payoff of 5 from the customer’s 
perspective. After the customer perspective, the L&G 
perspective tries to maximize its payoff and chooses 
the combination accordingly. This process continues 
until the last player selects a strategy combination. If 
the player “customer perspective” chooses strategy 
1 (from among all strategy combinations with a 
payoff of 5), then the player “L&G perspective” has 
to choose between strategy 1 with a payoff of 4 and 
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����� 4� �������������� ��n��on ������ o����n�� �o� ���� �o����on 
 
  

V 
V(F) 1.25 
V(C) 1.818182 
V(I) 1 
V(L) 0.9 

V(F,C) 5.310345 
V(F,I) 5.57143 
V(F,L) 5.44118 
V(I,L) 5.251917 
V(C,L) 5.516854 
V(C,I) 5.5 

V(F,C,I) 10.8636 
V(F,C,L) 11.18182 
V(F,I,L) 9.62857 
V(C,I,L) 12 

V(F,C,I,L) 19 
 
  

Table 4: Characteristics function values obtained for each coalition

 
 

Table 5: Shapely values of the players 
 
  

Shapley value 
F 3.78 
C 5.38 
I 4.59 
L 4.64

 

Table 5: Shapely values of the players

 
 

Fig. 8: Process of choosing the �est str�teg� co��in��on 
 

Fig. 8: Process of choosing the best strategy combination
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strategy 3 with a payoff of 0, in which case it will 
select strategy 1. With this selection, there will be 
no choice for other players (internal processes and 
financial), and they will be forced to choose strategies 
1 and 1 with payoffs of 1 and 3. Therefore, the 
strategy combination C1L1I1F1 can be considered the 
best choice for the studied case. Suppose the player’s 
“customer perspective” chooses strategy 2. In that 
case, the player “L&G perspective” will choose C2L2I3F3 
with a payoff of 4 (the highest receivable), and again, 
there will be no choice for other players, and they will 
have to accept the same combination. If the player 
“customer perspective” chooses strategy 3, then 
the “L&G perspective” can choose either C3L3I2F2 or 
C3L3I2F3, yielding the same maximum payoff. Hence, 
the player’s “internal processes perspective” has to 
choose between these two combinations, and its 
choice will be C3L3I2F2 because it gives a higher payoff.

DISCUSSION
The simulation results give an overall view of 

the strategic performance management for the 
Tehran Region 4 Municipality. The observations 
show a decline in citizen satisfaction and automation 
during the initial two years of implementation. This 
might indicate that while new strategies are being 
implemented, the transition period poses a challenge 
in terms of the quality and efficiency of services in the 
short term. However, as the system gets stabilized, 
results reflect an upward trend in key performance 
areas that show positive long-term benefits of the 
strategic adjustments. In the course of the simulation, 
satisfaction reached about 60%, which is indicative 
of balanced success in managing internal workforce 
grievances. The interlink between satisfaction and 
throughput growth indicates that better investment in 
people and internal improvements leads to improved 
municipal performance, which further establishes the 
need for structured training with incentives to help 
maintain motivation and productivity among staff. It 
also indicates that financial performance remains the 
least important as compared to customer satisfaction, 
learning, and growth. While financial strategies 
contribute to stability, their impact is less immediate 
compared to customer-oriented and internal growth 
initiatives. This finding supports the need for a 
balanced approach where financial considerations 
support broader organizational objectives rather 
than being the main focus.n Moreover, game theory, 

through the Shapley value, indicates the importance 
of considering the customer perspective in strategic 
decisions. The results show that customer-related 
strategies yield the highest payoff and, by extension, 
indicate that municipalities must adopt strategies 
that conform to the expectations of the citizens. 
Secondly, the high emphasis on learning and growth 
indicates that continuous development of skills and 
technological investments are important for long-
term strategies. Lastly, the simulation results indicate 
that even though there could be initial setbacks, a 
concerted effort greatly improves the performance 
of municipalities in the long term. A payback period 
of about seven years implies that one needs to be 
patient to realize strategic benefits. The policymakers 
must be forward-looking and ensure sustained and 
continued efforts at implementing policies that drive 
the success of municipalities. The selection of the 
optimal combination of strategies pinpoints a step-by-
step approach toward better municipal performance 
in terms of financial, customer, internal process, and 
learning and growth perspectives. Three of the best 
strategy sets, namely (C1, L1, I1, F1), (C2, L2, I3, F3), 
and (C3, L3, I2, F2), depict different ways of tackling 
major municipal challenges and further aligning 
the strategies. The first combination, C1-L1-I1-F1, 
integrates citizen engagement with IT development, 
employee motivation, and increased investment 
in learning and growth. Increased advertisement, 
C1 is likely to increase the satisfaction of citizens 
through the promotion of municipal initiatives and 
transparency. At the same time, the investment in IT, 
L1, enhances automation and, hence, the efficiency 
of operation. Similarly, the motivation of employees 
by rewarding them, I1, translates into a gain in 
productivity and service quality. Finally, increasing 
investment in learning and growth (F1) ensures that 
municipal staff continuously develop skills relevant 
to evolving urban management needs. The second 
combination, C2, L2, I3, F3, adopts a more cost-
conscious approach while maintaining efficiency 
improvements. Laying the groundwork for attracting 
investment (C2) strengthens financial sustainability 
by increasing private sector participation in municipal 
projects. Improved staff training develops a 
knowledgeable and adaptive work group, better ready 
for changes related to technology or procedures. 
Additionally, the impact of reduced mistakes and 
rework optimizes operations internally and helps 
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reduce the loss of resources within the same resource 
pool. This is simultaneously enabled by a decrease 
in the operating budget, while the reallocation of 
the funds supports more vital municipal functions 
with no compromise on service quality.  C3-L3-I2-F2 
allows urban development priority, quality services, 
workforce stability, and customer involvement: 
Focusing on city and work desirability, C3 attracts 
skilled labor and investment, contributing to long-
term economic growth. Enhancing service quality with 
less inefficiency, L3, guarantees citizens receive high-
value services with little delay. Reduction in employee 
turnover, I2, stabilizes workforce competency and 
improves municipal performance. Finally, strategic 
investment in customer perspectives, F2, will ensure 
that the needs of the public remain at the center of 
decisions and thus achieve better satisfaction and 
trust by citizens.

Management recommendations based on the results 
of communication

• Develop a transparent communication strategy: 
Establish a structured approach to regularly update 
citizens and employees about ongoing municipal 
initiatives, addressing concerns and clarifying 
objectives.

• Enhance stakeholder engagement: Create 
forums, surveys, and interactive sessions where 
citizens can provide feedback and discuss municipal 
plans to ensure their needs are adequately 
considered.

• Leverage digital platforms for information 
dissemination: Use social media, municipal websites, 
and mobile apps to disseminate information on the 
progress of projects and policy changes in real-time.

• Create a special task force for communication: 
Establish a specialized team that shall be responsible 
for ensuring effective internal and external 
communication with regard to municipal strategies 
and developments.

• Establish open channels for employee 
communication: Clearly and transparently establish 
avenues of communication with employees from the 
management level to let voices be heard and strategic 
shifts be understood better.

• Data visualization for clarity: Key performance 
metrics and results are presented in charts, graphs, 
and other forms of infographic formats to be easily 
understandable, both for the employees and the 

public.
• Regular public awareness campaigns: Organize 

events and campaigns to create awareness among 
the citizens about municipal strategies, their benefits, 
and how they can contribute towards improvement.

• Develop crisis communication protocols: Prepare 
a standardized approach to handle unexpected 
disruptions in municipal services, ensuring timely and 
effective information dissemination.

• Encourage two-way communication: Offer 
multiple channels through which citizens and 
employees can be heard, including suggestion boxes, 
hotlines, and digital platforms for feedback.

• Monitor and adapt communication strategies: 
Continuously review the effectiveness of the 
communication efforts and adjust according to 
feedback and evolving municipal needs.

CONCLUSION
This study focused on this  question: What 

are the limitations of the BSC as one of the most 
common methods, and how do we overcome these 
limitations? To answer these questions, first, the 
limitations of the BSC were reviewed. Then, the 
concepts of system dynamics and game theory 
were presented as effective tools to overcome these 
limitations. This paper presents a methodology for 
strategic performance management based on the 
balanced scorecard, system dynamics, and game 
theory. Simulation with system dynamics has created 
the ability to consider causal loops, time delay, and 
non-linear relationships in the balanced scorecard, 
which leads to dynamic analysis. Also, a  simulation 
validation process is a definite process. Simulating 
operational strategies and analyzing their results 
creates a proper connection between strategy 
and operational outputs and improves decision-
maker’s perception of operational results. Finally, 
choosing the strategy combination using the Shapley 
value, based on the simulation results, instead 
of choosing it by the decision makers’ intuition, 
makes the strategy selection process transparent 
and systematic. To analyze the effectiveness of the 
presented framework, a case study was carried out in 
the 4th district municipality of Tehran. First, through 
a questionnaire, 13 key performance criteria of this 
organization were identified in the 4 dimensions of 
the BSC. Then, these criteria became the basis for 
creating a dynamic balanced scorecard. By identifying 
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operational strategies in each dimension, these 
strategies were placed as simulation scenarios. The 
simulation results were scored by experts. The results 
show that the ranking of players based on Shapley’s 
value is in the order of customer, growth, learning, 
internal processes, and finances. This process is a 
guide for decision-makers to choose an effective and 
synergistic strategy combination and avoid choosing 
conflicting operational strategies. For example, in 
the presented case study, if the customer is the most 
important player, chooses the first strategy, then the 
first strategy should also be chosen in growth and 
learning, internal processes, and financial processes, 
respectively.  One of the aspects observed in the 
balanced scorecard and the conducted studies is 
the interplay between employee satisfaction and 
administrative processes in the context of internal 
processes. In some articles, a new perspective has 
been considered as employee satisfaction. Therefore, 
the development of the internal process perspective 
can be regarded as two aspects: employee satisfaction 
and administrative processes for future research. The 
case study conducted can be a guide for municipal 
organizations, in particular, and other organizations 
in general that decide to implement a performance 
evaluation system in their organization.
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