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ABSTRACT
Nowadays, due to continuous changes in the environment of organizations, the
performance evaluation of productive or non-productive companies is not as simple
as the past. In spite of the high sale and income of existing companies in the game
industry, there are always unsuccessful game products and failed companies. So the
digital game industry needs an appropriate performance evaluation system. In this
paper, a model for performance assessment of companies in the digital game
industry is proposed using integrated Analytic Hierarchy Process (AHP) and
Balanced Scorecard (BSC) approach. In order to design the evaluation system, the
strategies and visions of the game companies are extracted as the initial step. The
next step is to extract corresponding attributes and measures based on the four
dimensions of the Balanced Scorecard. In the following, the weights of each
measure, attributes and dimensions are obtained based on the expert’s opinion.
Finally, the results of the implementation of the proposed model of the digital game
company are calculated and the efficiency of the model for performance evaluation
of the digital game industry is shown.

1. Introduction
Today, the digital game industry has become one of the most profitable industries, along with other
main industries. Also, this fore-mentioned industry has led to economic growth and increase of
employment in many countries in the world. According to the statistics from internet resources in the
United States, "the turnover of this industry was about twenty-five billion dollars in 2010". Around
forty percent of China annual revenue is allocated to the sale of digital games. This volume of sales has
contributed many gaming companies to gamble on mobile games, along with computer game products
[1].
In spite of the high sale and income of existing companies in the game industry and along with the bestselling games, there are always unsuccessful game products and failed companies. This indicates the
emergence of a performance evaluation system in the game industry [2]. To this end, in this paper, we
introduced a new performance evaluation model based on BSC-AHP for the digital game industry.
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2. Literature Review
One of the known methods for evaluating the performance of organizations is the Balanced Scorecard
that is used in this paper. By using BSC, we will be able to let the most part of any organizations and
plans achieve the strategic goals. There are various articles on economics, sales, and marketing of digital
products in literature. Marcoux and Selouani [3] predicted sales for video games using data mining
techniques. First, by preparing and processing the initial data using the technique of Principal
Component Analysis (PCA), they go to the main data mining stage. Then, using the Neural Networks
Trained (NNT) and Hybrid Forecasting System (HFS), the results and outputs for the two real case
studies are obtained. Chang [4] predicted the stock price of the video game industry by comparing both
the Artificial Neural Network (ANN) and the Decision Tree (DT). The results show that the prediction
accuracy of the model is the most consistent with the actual stock price by Artificial Neural Network;
in addition ANN method is more stable than the other methods in the case of price fluctuations. Cox [5]
investigated the attributes influencing the commercial success of a digital game industry based on the
statistics of the American game. Features of a digital game, which transforms it into a successful project,
has been analyzed and predicted by an econometric model. The results indicate that gaming by a popular
publisher alongside the popular console can ensure the success of that game. Also, quality is considered
one of the most important variables in this prediction model. Marchand and Hennig-Thurau [1] showed
how to create value in the video game market; also, they examined the subjects of the industrial
economy, customer profit and market opportunities in the game industry. In order to create value, a
conceptual model is presented as follows (Fig. 1).

Fig. 1. A conceptual model to create value in the game industry [1].

Besides the articles related to the game industry, references and papers related to the application of the
BSC method in literature are also mentioned. Chand et al. [6] analyzed and evaluated the strategic
impacts of the Enterprise Resource Planning (ERP) using a Balanced Scorecard approach. However,
there is no definite model for evaluating the effects of ERP on the performance of an organization,
according to the most experts and researchers, the BSC approach is a good technique to this end. To
illustrate the performance of the BSC model in evaluating the company's performance, actual data from
the aircraft engine manufacturing has been used as a case study. Martinsons et al. [7] investigated
another application of the BSC in the field of Information System (IS) management. Although BSC is
a decision support tool at the strategic level of the organization, in this paper, we implemented this tool
to evaluate and measure the activities in the information systems. Beitel et al. [8] predicted the
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probability of terrorist attacks with the help of BSC technique. It is concluded that by understanding the
structure of terrorist organizations and their organizational value, it is possible to predict the behavior
and choices of these types of organizations. In some papers, the Balanced Scorecard approach has been
used by combination with other decision-making methods such as Fuzzy AHP, AHP and Fuzzy ANP
in the issues of Enterprise Resource Planning [9] and manufacturing companies [10]. In addition to
benefit from the advantages of BSC, these papers used other decision-making techniques to enhance
the performance evaluation. The efficiency of the hybrid model had been obtained in various articles
for a variety of topics, which are shown in Table 1 for recent papers.
Table 1. Recent papers of integrated BSC and AHP.

[11]

Year
of
Publication
2016

[12]

2012

Multidimensional assessment of the organizational performance

BSC-AHP

[13]

2013

Evaluation of sustainable growth in manufacturing industries

BSC-AHP

[14]

2014

Efficiency evaluation of foreign branches of banks

BSC-AHP

[15]

2017

Performance assessment of medical universities

BSC-AHP

[16]

2017

Identification and prioritization of supply chain strategic attributes

BSC-AHP

[17]

2017

Performance evaluation of sustainable software company

BSC-AHP

[18]

2016

Organizational performance measurement

BSC-AHP

[29]

2017

Assessment of academic departments

BSC-AHP

[20]

2016

Evaluation of innovative incubator services

BSC-AHP

Reference

Scope

Method

Performance evaluation of higher education institutions

BSC-AHP

According to the Table 1, it is clear that there is no article with the topic of the performance evaluation
of the game industry based on BSC-AHP. So in this paper, the performance evaluation of the digital
game industry has been examined by integrating the AHP and the BSC in order to fulfill this gap in the
literature. Also, based on the mentioned articles, the efficiency of the BSC-AHP method has been
proved for performance evaluation. So the contributions of this paper can be listed as follows:





Propose a new performance evaluation model for the digital game industry.
Examine the use of BSC and AHP as a hybrid method in the digital game industry.
Introduce new attributes and measures of the performance evaluation of the game industry.
Calculate the weights of the measures based on the game industry expert’s opinions.

In the following, in the 3rd Section, the concepts and definitions described in AHP and BSC are
explained. In the 4th Section, a model for evaluating the game industry based on the integration of AHP
and BSC is proposed. In the 5th Section, the outputs of the model implementation are shown for an
example of the game company. Finally, in the last Section, conclusions and suggestions for future
studies are presented.
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3. Basic Definitions
3.1. Balanced Scorecard Approach
One of the management tools that help decision-makers to achieve future successes of the organization
is the Balanced Scorecard method. Before introducing this method by Kaplan and Norton, the
evaluation of performance was more focused on the financial and economic aspects of organizations.
Then, by introducing this method, organizational performance evaluation tools evolved significantly.
The main objective of BSC is to reach the ability to measure the objectives and perspectives of the
organization so that the organization is able to control and evaluate its strategies. In the process of
evaluating the performance using BSC, four organization dimensions are considered. These four
dimensions are growth and learning, internal processes, customers, and finance. These dimensions are
exhausted from the strategies and perspectives of the organization which is shown in Fig. 2 [21].

Finance
(company financial
performance)

Customer
(Organization performance
toward customers)

Strategy and vision

Internal processes
(Internal organization
values)

Growth and learning
)Learning from the past and
growing with experiences(
Fig. 2. Dimensions of balanced scorecard method.

The financial dimension of BSC approach reflects the organization's performance in terms of economic
and financial aspects, and how the organization has functioned over time in terms of cost control,
budgeting, and other financial affairs. In the customer dimension, the market shares and customers of
the company are determined. Based on this, the organization's performance is judged to fulfill the
customer satisfaction and increase the market share. In internal processes, the company's goal is to meet
customer and shareholder expectations regarding the financial outcomes. The sum of these points
determines the value of the organization relative to competitors in the market. On the dimension of
growth and learning, the target is to provide conditions for long-term growth and development of the
organization, thus, the measures for each dimension are extracted to evaluate the performance of the
organization [22, 23].
3.2. Analytic Hierarchy Process (AHP)
One of the most popular techniques among multi-criteria decision-making methods is the Analytic
Hierarchy Process (AHP), introduced first in the 1970s by Saaty [25]. This technique is based on four
principles and is capable to deal with qualitative and quantitative criteria. The beginning of the problemsolving process of this method is performed using a paired comparisons matrix so that the problem
criteria are all compared just in pairs. One of the benefits of this approach is to determine the consistency
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or inconsistency of the decisions. In order to implement the AHP method on the issues involved, the
following steps should be taken in order [24, 25]:



Creating a graphical representation of the problem at the highest level, and then break it all into subcriteria.
Formation of paired comparison matrix for elements of each level relative to its higher level using the
preferences scores based on Table 2.
Table 2. Scores of preferences in paired comparison matrix.
Definition
Equal importance
Nearly more important
More important
Much more important
Absolute Importance



Score
1
3
5
7
9

Calculate the relative weight of each element based on the paired comparisons matrix:

In this step, according to the grades given on each pair comparison matrix, the relative weights of each
criterion and sub-criteria are measured relative to the higher levels and the significance and superiority
of each criterion are measured relative to each other. In the weighing process, there are two possibilities
for the preferences in the paired comparisons matrix. In one case, the matrix is consistent with one and
in the other case, the matrix is inconsistent. Inconsistent matrix mode, the relative weight is calculated
simply by dividing each element of the matrix over the sum of the corresponding column elements. In
inconsistency mode, approximate methods, least squares and eigenvector method are presented in the
literature for calculating relative weights, which are not mentioned here to avoid prolongation of the
content.


Calculate the final weight of the alternatives by relative weights:

By counting multiplication of weights, the final weights of the alternatives are obtained, which indicates
the priority of the alternatives relative to each other.


Prioritization of alternatives based on the final weights achieved:

The alternatives are sorted according to the weights obtained and desired alternatives are identified.

4. Performance Evaluation Model of the Digital Game Industry Based on AHP-BSC
4.1. Performance Evaluation of the Game Industry Using BSC
In this section, a model for evaluating the performance of digital game companies based on BSC is
presented. First, based on the four dimensions mentioned for the BSC, the desired attributes for
managers are extracted for each dimension. Then, based on the attributes allocated to each dimension,
performance evaluation measures are presented, in other words, quantitative criteria and measures are
presented to evaluate each of the attributes.
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4.1.1. Growth and learning
In this dimension, the learning attributes of the organization related to the game production industry
and the ways of gaining experience and education improvement are discussed. The attributes and
measures related to each factor are shown in Table 3.
Table 3. Attributes and measures of growth and learning dimension.
Attributes

The game advertising ways

Measures
Degree score and skill level of staffs, Per capita
employee training per year, Per capita employee
Survey
Game visiting, The number of installation, the number
of active accounts

Knowledge creation and organizational learning

Percentage of knowledge extraction from events, Per
capita presentation of articles

Training and holding seminars

Innovation and creativity in the game

Per capita proposals,
implementation

Per

capita

suggestion

4.1.2. Internal process
In this dimension, the value and credit of the game production company are determined based on its
internal processes. In Table 4, the attributes and measures for each factor are shown for this dimension.
Table 4. Attributes and measures of internal process dimension.
Attributes
Game production policy

Measures
Percentage of matching games produced according to
the organizational strategies, percentage differences
in environmental conditions during production and
scheduling

Game quality control

Number of negative reports, number of logs and bugs
resolved by the game

Game modification

Customer feedback points, cost of modification,
revenue impacts of modification

New game design

The game rate in the target market (question mark,
star, cow, dog), current game revenue, market
demand

Game production method

Time of production, organizational skill score,
expected number of customers

Game production team selection

Team specialty Score, team experience score,
scheduling length

4.1.3. Customer
In this dimension of the BSC, the customer and stakeholder satisfaction of the performance of the digital
gaming company are analyzed, and the relevant attributes and measures are shown in Table 5.
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Table 5. Attributes and measures of customer dimension.
Attributes
Customer satisfaction of game quality

Measures
Number of installation, removal rate after
installation, user rates

Customer Satisfaction of the game price

The price relative to competitor prices, per capita
income from the game

Customer interest

Number of introducing to others, per capita account
activity

4.1.4. Financial
In this dimension, the financial performance of the digital game company is measured during its
organizational activity. The attributes and measures related to this dimension are shown in Table 6.
Table 6. Attributes and measures of financial dimension.
Attributes
Game sales

Measures
National sales, international Sales, number of
unauthorized downloads

Game finances

Company market share, corporate profitability
Operating Cash Flow, the Current ratio (current debt
/ current assets)

Organization turnover

Finally, by calculating the company's data for each of the measures mentioned in each dimension, the
score of each measure is obtained. Then these scores will be scaled from zero to one, for all of the
measures. Thus, regarding the weights of each measure, the final score of the game production company
is calculated in total so that the score of the company in each dimension of BSC with the total score of
the company is calculated and defects and the strength of the organization are known and evaluated
quantitatively.
4.2. Weights Calculation of Measures Using AHP
Implementing the AHP technique, the weight of each attribute in the evaluation of the game industry in
the four dimensions is calculated. Initially, four dimensions related to the BSC are selected as weighting
criteria. The attributes in the tables of the previous section are considered as sub-criteria. In addition,
measures in quadruple dimensions are considered as alternatives. The objective of the problem is to
find the weights of sub-criteria and calculate the score of each measure based on its corresponding
attribute. First, the grade of the preferences of each measure and dimensions relative to each other is
determined based on expert opinions. In other words, the five paired comparisons matrix are written in
which the computational results are obtained in order to find the weights of each criterion and the subcriteria with the inconsistency rate of each one. Because the inconsistency rates are less than 0.1, they
are all accepted. The calculations are done using the Expert Choice software. To summarize, the
proposed AHP approach will use the dimensions and attributes as alternatives and criteria as shown in
Fig. 3.
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Fig. 3. Adaptation between AHP (left side) and four dimensions of BSC with measures (right side).

By the results of the weights obtained from the paired comparison matrix, in the calculation of the total
number of obtained weights, the final weights of each measure are calculated, which is shown in Table
7.
Table 7. Final weights of total measures calculated by AHP.
Measures
Degree score and skill level of staffs
Per capita employee training per year
Per capita employee survey
The number of game installation
Game visiting
The number of active accounts
Percentage of knowledge extraction from events
Per capita presentation of articles
Per capita proposals
Per capita suggestion implementation
Percentage of matching games produced according to the organizational strategies
Percentage differences in environmental conditions during production and scheduling
Number of negative reports
Number of logs and bugs resolved by the game
Customer feedback points
Cost of modification
Revenue impacts of modification
The game rate in the target market (question mark, star, cow, dog)
Market demand
Current game revenue
Expected number of customers
Organizational skill points
Time of production
Team Specialty Score
Team experience score
Scheduling length
Removal rate after installation
User rates
Per capita income from the game
The price relative to competitor prices
Internal download per game
Per capita accounts activity
Number of introductions to others
National sales
International Sales
Number of unauthorized downloads
corporate profitability
Company market share
The current ratio (current debt / current assets)
Operating Cash Flow

Final weight
0.135
0.031
0.067
0.219
0.212
0.128
0.046
0.035
0.043
0.083
0.021
0.02
0.026
0.021
0.137
0.047
0.047
0.039
0.08
0.053
0.127
0.015
0.116
0.075
0.079
0.097
0.188
0.207
0.084
0.143
0.227
0.096
0.056
0.341
0.108
0.105
0.178
0.155
0.057
0.056
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Finally, using the AHP technique, the weights of the attributes derived from the BSC are calculated,
and with these weights of measures, the performance of a gaming company could be assessed by taking
the relevant measures into account. In the next section, using an example of a gaming company, the
performance of the company is scored by the proposed model and according to the results, the analysis
is carried out.

5. Results and Discussion
In this section, in order to analyze the performance of the proposed model, the outputs from the
implementation of the proposed method are shown in an example of a digital game production company.
Thus, by initial scoring, the output and the scores for each dimension and the total score of the company
are calculated as Table 8.
Table 8. Scores of company's dimensions and attributes calculated by the proposed model.
Dimensions

Attributes

Training and
holding seminars

Growth and
learning

Advertising and
various ways to
advertise the
game

Knowledge
creation and
organizational
learning
Innovation and
creativity in the
game

Game production
policies
Internal
process

Control the
quality of the
game

Measures

Scores of
measures

Degree score and skill
level of staffs

0.122

Per capita employee
survey

0.022

Per capita employee
training per year
The number of game
installation
Game visiting
The number of active
accounts
Percentage of
knowledge extraction
from events
Per capita presentation
of articles
Per capita suggestion
implementation
Per capita proposals
Percentage of
matching games
produced with
organizational
strategies

Scores of
attributes

Scores of
dimensions

0.197

0.054
0.131
0.170

0.423
0.7760

0.122

0.039
0.051
0.012
0.032

0.107

0.075

0.0189
0.0329

Percentage differences
in environmental
conditions during
production and
scheduling time
Number of negative
reports
Number of logs and
bugs resolved by the
game

0.014

0.7390

0.0208
0.0397
0.0189
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Customer feedback
points
Modified game
produced

New game design

Cost of modification
Revenue impacts of
modification
The game rate in the
target market
(question mark, star,
cow, dog)
Current game revenue

Game production
methods

Market demand
Time of production
Organizational skill
points
Number of expected
customers
Team Specialty Score

Select a team to
build the game

Customer
satisfaction of
game quality

Customer

Satisfaction of
customers from
the price of the
game

0.1096
0.0235

0.0331
0.15155
0.0760
0.0424
0.1079
0.0150

0.0562

Scheduling length

0.0727
0.1449

Financing the
entire game
Organization
turnover

0.3709

0.1287
0.3103

Per capita income
from the game
Number of
introductions to others

0.7892

0.1816
0.0912
0.108

Per capita of accounts
activity
Internal sales
International sales

Financial

0.1685

0.0756

Customer interest

Game sales
statistics

0.20415

0.0812

0.0395

Removal rate after
installation
The price relative to
competitor prices

0.1425

0.0094

Team Experience
Score

Number of installation
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Number of
unauthorized
downloads
Company market
share
Corporate profitability
Operating cash flow
Current ratio
(debt/asset)

0.0168
0.1705
0.0972
0.2782
0.0150
0.1424

0.5576
0.1889

0.0465
0.0513
0.0905
0.0392

Taking into account the results of Table 8, with the consideration of expert's opinions, the interpretation
of scores of each dimension can be explained according to Table 9. Thus, according to the values
obtained of the example, the results of the performance appraisal of the game industry company in each
dimension and how its management performance is interpreted is shown in table 10 based on the
proposed model.
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Table 9. Interpretation of the obtained scores.
Related
interval
80%-high
65%-80%
50%-65%
40%-50%
30%-40%
Low-30%

Interpretation of each interval
Good performance by keeping current conditions
Good performance with minor changes
The moderate performance with the need for major changes
The moderate performance with the need for significant changes and solutions
Weak Performance and near critical level with the need for fundamental changes in the
relevant dimension and the application of the majority of strategies.
The performance is extremely weak and critical with the need for fundamental changes and
even re-engineering the relevant processes

Table 10. Performance evaluation of company's dimensions by the proposed model.
A
score
of
each
Dimensions
Interpretation of performance in each dimension
dimension
Growth
and
77.60
Good performance with minor changes
learning
Internal process
73.90
Good performance with minor changes
Customer
78.92
Good performance with minor changes
Financial
55.76
The moderate performance with the need for major changes

According to the results presented in Table 10, it is shown that the performance of the digital game
company in the dimensions of growth and learning, internal processes and customer is good and it is
just recommended that the company can apply minor changes and keeps going toward the current path
as much as possible. Furthermore, the evaluation of the proposed model in the financial dimension is
different from other dimensions. So, considering the high weight of the financial dimension by the AHP,
the performance of the company in this dimension is moderate and requires practical solutions. In this
section, the performance evaluation of a company was carried out by the proposed model based on the
integration of AHP and BSC, and the scores and interpretation of its performance were demonstrated.

6. Conclusion
In this paper, a model for performance evaluation of the digital game industry based on integrating AHP
and BSC is proposed. Then, by the implementation of the proposed model of the sample example of a
digital game company, the efficiency of the proposed model was shown. The results of the game
production company show that the organization has a good performance in terms of growth and
learning, internal process and customer, but has a modest performance in terms of financial
performance, and in the recent context requires helpful and major solutions. As a result, the proposed
AHP-BSC based model is able to evaluate the performance of the digital game industry considering the
attributes and measures that define the strategies of a game production company.
For future studies, the subject of digital game performance evaluation using BSC and other weighting
techniques in the multi-criteria decision-making framework can be considered with each other. Besides
the BSC approach, other performance evaluation methods in the digital game industry can be used and
comparisons can be made between the applied methods. Also, in order to evaluate the efficiency of the
method proposed in this paper, a method can be implemented to evaluate another type of organizations,
and then the outcomes can be analyzed from the standpoint of performance.
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