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Abstract: The subject matter of world class manufacturing (WCM) has attracted the attention of many
manufacturing industries and operation strategists. Lack of clarification of relationships among widely
spreading elements of manufacturing process by applying an integrated model of system dynamics
(SD) by causal loop and stock & flow diagrams, and the lack of attention to non-linearity and time
delays, all are the main reasons that some companies may be far away from developing a
comprehensive, and advantageous model in a WCM system. This research has been carried out as a
case study in the Iran Khodro Co. Moreover, by examining the company’s Balanced Scorecard (BSC)
structure and its strategy as well, a dynamic integrated model of BSC has been provided for
implementing WCM strategies and eliminating deficiencies related to the classical architecture of BSC
and strategic management approach as well. We used Vensim software for designing and analyzing
our model after entering related data, parameters, and equations. 
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INTRODUCTION

Schonberger (1986) was the one who coined the term of World Class Manufacturing in 1982. By using
this new conception, he presented his study titled as "Courses of Simplicity". 

In 1990’s, following the expansion of performance measurement system design and development, both
Professor Robert Kaplan from Harvard Business School and David Norton from the International Strategy
Consultants have generated the Balanced Scorecard. The BSC is a technique used for the performance
evaluation based on an organization strategy. In this method, a strategy is divided into quantitative objectives
and also a system is provided for monitoring the strategy in the four areas of growth and learning, internal
processes, customers, and finance (Kaplan and Norton 2000). 

Every system, particularly WCM system, regardless to its possible complexity, involves a network of
positive and negative feedbacks. And all the systems drive from the interaction of these loops. Considering
the importance of issue, the most important step is to conceptualize a qualitative model for displaying the
decision making management areas in the WCM strategy (Musaphir 1997). 

Traditionally, BSC is a model of cause and effect relationship while it analyzes those effects resulted from
variations in four elements of evaluation. Analysis and Evaluation of cause and effect relationship between the
four elements of BSC can help predict events and take necessary measures to deal with future events. For
gaining monetary targets (the financial perspective), a company must appear more valuable for its customers
(the customer's perspective), and it may not be feasible, unless it achieves dominance in its operational
processes and makes them comply with the demands of clients (Internal process perspective). Gaining an
operational superiority and making valuable processes may not be possible, unless the company prepares an
appropriate workplace for its employees, and amplifies innovation, creativity, learning and growth in the
organization (learning and growth perspective)(Shabahang and Ebrahimi Sarveolia 2005). 

Richardson (1996) studied the relationship between maintaining customers and the profitability and
concluded that to grow customer keeping rate is an effective way for expanding profits rather than to use a
new customer-focused strategy. More customer satisfaction or greater customer keeping rate has a significant
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positive effect on the firm’s earnings and market share; so, it can be a key determinant of long-term
performance. In essence, this literature discusses that maintaining the customers and increasing the customer
satisfaction play principle roles in reducing marketing costs, increasing profits, and having a positive face-to-
face discussion. A considerable part of this research emphasizes on the quality of service as a major factor
of customer satisfaction. Other factors determining customer satisfaction have less importance. 

Grobler (2005) studied the cost, quality, delivery, and flexibility and illustrated the relationship between
them on the basis of flow and stock model, supportive and preventive priorities in a direct or an indirect
manner. Descriptive model of SD examines the general rule of strengths (capabilities). Hence, through
development of the model, experimentation and simulation, he has tested the dynamics conditions, and the short
term situation and various policies as well. Improving the model potentiality involves the quantification of
some specific parameters. 

Erland S. and Erland N. (2006) have analyzed dynamics of BSC theoretical principles by the help of
simulation method; and this model comprises five perspectives and several financial and non-financial criteria.
All the indicators have been defined and based upon cause & effect relations. The delay in this study has been
observed as a considerable element of BSC. And this model has been employed for simulating several different
policies and scenarios through passage of time. The obtained results show that at least there are three variables:
Skill, primary customer, and workflow which influence the profit in different manners.
Kim et al., (2006) approached the construction of a model that could be compatible with dynamic BSC
dedicated to the governmental organizations and by introducing the system dynamic method concentrated on
cause & effect relations and interactions between key indicators and accounting for feedback delays by means
of the new policy and its changes. 

These investigations, in connection with the test of relations between dimensions and levels, are
appropriate, and enhance the authenticity and validity of balanced evaluation model, but they do not examine
the various causal and multiple feedback relations existing in each of the realms by the help of WCM elements
and causes, only just indicate a one-directional relationship (logic of cause & effect), whereas most strategic
perceptive factors influence each other in the feedback cycle pattern. Furthermore, simple balanced evaluation
without paying attention to SD may lead to the incorrect and misleading conclusions regarding strategic
intuition effect since the delays and dynamic major factors in each certain environment have not been
accounted for. And due to its sustainable nature, the mapping system is not capable of answering questions
such as "what will happen if". The disadvantage of these studies are the lacking of a comprehensive overview
and consistent system with respect to the WCM model, and merely the trivial relation of a few factors may
be evaluated on the basis of regression – correlation relationship, while in the SD, the concurrent relationship
between factors and consistent multilateral interactions would be observed, by considering the nonlinear
feedbacks and delays. 

With regard to of the above mentioned perspectives, it is highly crucial to achieve a dynamic model which
can cover all the aspects and primary/secondary factors including the internal and external ones, strategies,
objectives and policies. So, specifying the above factors can result in a systematic progress to support the
determination of WCM performance. Moreover, the execution background and institutionalization of a dynamic
model is to design a proper mental and conceptual model in a way that incorporates the effective key factors
and causes.
 

MATERIALS AND METHODS

Research Methodology and Modeling Steps:
For identifying factors, criteria, visions and different methods of performing WCM, a Survey research

method has been used by means of library facilities and research works. Furthermore, by using research
literature, a conceptual model in addition to the WCM relation has been globally designed and tested through
questionnaires and interviews with experts and specialists. SD and BSC methods together with a cognitive map
are used to create the feedback loops of model and sub model, as well as to run and update (dynamics) model
for developing appropriate strategies. Survey research method and study literature review, documents and
statistics of Iran Khodro Co. are used to determine the mathematical relationships between elements and
variables of the dynamic model of WCM. In this study, due to the complex and nonlinear nature of problem
along with the time coherence, the paradigm of research is based on general theory and systems thinking
approach. The methodology of describing the system recognition is in accordance with the main subject of soft
systems methodology. Modeling this subject has been done by means of SD technique (Sterman 2000) and
DBSC. The software used for converting mental models into mathematical ones and simulating derived from
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dynamic modeling for learning expansion is Vensim.
Taking competitive advantages of WCM system in automotive industry requires a set of documented

guidelines. Moreover, deploying a WCM system in Iran depends on providing a practical and executable
model. The steps below have been followed in this study so that the industry owners and manufacturers can
get the benefit of world class manufacturing. Following:
1. Defining the problem; 
2. Recognizing the status quo with regard to environmental, political and economic factors, i.e. obtaining

information, data and elements of various literature from libraries, observations, interviews and
questionnaires; 

3. Providing principles, rules, and factors of WCM system (defining primary and secondary factors as well
as models and sub models);

4. Specifying and understanding the goals and objectives of Iran Khodro regarding no. 3 (defining factors
and variables of WCM); 

5. Determining the causal relationship between them and the structure of mental models (model
conceptualization through cognitive maps); 

6. Referring to qualitative and verbal relations relevant to the system’s future and determination of models’
limits (chart limits); 

WCM Strategy Key Elements:
Conceptual model of WCM in this paper which illustrates the capabilities and strength of world class

manufacturing is showed in figure 1.

Fig. 1: Conceptual Model of WCM.

Here we address the major factors of WCM conceptual model:

1. Drivers of World Class Manufacturing: The business environment as a source of fluctuations and changes
exerts its pressure upon the organizations' trading transactions. These changes and unpredictable pressures
that are typically indefinite compel the organizations to resort to suitable methods which can direct them
towards on establishment and stabilized position and also protect them against their getting deprived of
competitive advantage. These changes and signals are called simulates for world class manufacturing.

2. Capabilities of World Class Manufacturing: they are the kind of capabilities that the organization is
supposed to enjoy so that it may acquire the power which is required for responding to changes:
Responsiveness: the ability to realize the changes and to respond quickly to them including the points

below: A-Sensing, understanding, and forecasting the changes, B-Rapid and immediate reaction to changes,
C-Modification and importance of changes.

Competency: indicates an extensive collection of abilities which make the fruition of activities directed
towards the organizations goals feasible. These factors are listed as below:
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A-Having Strategic Overview B- Hardware and Software suitable technologies C- Product quality D-Cost -
effectiveness E-Extensive introduction of new products F- Change Management G-Knowledge efficiency and
the individual competency H-Proficiency and efficiency of operations I- Internal and external coordination J-
Integration

Flexibility: The ability to produce and supply a variety of products and achieving different goals and the
same resources and facilities is referred to as flexibility. Flexibility in four domains mentioned below is sought:
A- Flexibility in product volume, B- Flexibility in product variety, C- Flexibility of the organization, D-
Individual's flexibility

Quickness: The ability to execute operation at the shortest period of time that include:
A-Quickness in supplying new products into the market, B-Quick and on time delivery of products, C-
Quickness of action during the operation.

Behzadian (2000) has specified the key elements and factors of manufacturing strategy and WCM
performance criteria which are briefly outlined in table 1:

Table 1: key elements and performance criteria of world class manufacturing Strategy.
No Elements Performance Criteria 
1 Manufacturing Cycle Time -processing time or processes

-ransfer time
-Line time
-Setup Time

2 Flexibility -Number of different Processes
-Ratio of output to capacity
-Number of New Products supplied into market per year
-Training grade
-Date of New Product supplied into market
-Number of levels in material list
-Quick response to goods delivery(delivery flexibility)
-Flexibility in product design changes
-Flexibility in responding to products volume changes

3 Quality -Quality of incoming materials from suppliers
-Production Quality including use of statistics control
-Data quality 
-Preventive Maintenance plans effectiveness
-Quality cost

4 Delivery -Performance of seller delivery
-Schedule and orders changes
-Production scheduling continuity 
-lost sales
-level of customer services

5 Workforce Management -Responsibility Assignment
-Training
-Workforce moral
-Teamwork
-Leader's Capabilities

6 Cost -Ratio of Defects
-Turn over
-Value-added analysis
-Human resource productivity
-Cost productivity
-Overhead efficiency
-System complexity

Identification of System Boundary:
The main issues of Iran Khodro Co. on its way to achieve a world class automotive industry include the

drop of domestic market share, the decrease in profit margin, and the reduction in the number of sales
(customers) (Fig. 2). 

The falloff in market share and customers has been caused by some factors as demanders reduction rate,
growing increase in domestic competitors and in price, and customer satisfaction reduction rate (the presence
of new competitors with greater diversity and new products has led to an upward trend in the number of
competitors and in the supply as well, and because of that Iran’s market has plummeted downward.  Analysts
predicate that below 50% of the vehicles’ future market because of rapid diversity, innovation, high quality,
reasonable price …, will be seized by competitors and imported vehicles. Customer satisfaction reduction has
been caused by the unacceptable quality levels of vehicles, sales and after-sales service.

On the other hand, the increase in sale price resulted in decrease in sales and market share has been
because of cost price growth. Also, the increase in production cost price is the result of increase in material
and overhead costs.
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Fig. 2: Trend of dropping Market Share and Gross Profit and Customer (sale).

On the other hand, growing rate of cost price has been caused by  the operational costs derived  from
administrative costs (because of the increase in the wages of non-productive employees), as well as sales &
distribution costs.

Because of the rapid changes of elements, Iran khodro Co. needs a dynamic model to adjust and respond
to them. By designing and implementing the model, the company can analyze its behavior in order to control
some elements as competitors, domestic market, and international market, and to choose effective and
optimized policies for reaching to a global vehicle market.

High overhead and operational costs caused by slow progress in the construction of manufacturing sites
have resulted in lowering products diversity rate. 

Personnel’s low rate of learning and teaching has led to a decrease in innovative suggestions.
Simultaneously, it has lessened the speed of innovation trend and new technology development for varying the
products. Decrease in the speed of new technology replacement has diminished the quality and diversity of
products and consequently resulted in customer satisfaction reduction, low demand, less profit, and market
share falloff. 

The R and D division has not had sufficient budget to improve the knowledge and skills of employees;
so, the training effectiveness and manpower productivity have come down. In other words, the cuts in research
and development investment may slow the speed of site construction as planned earlier for producing the
products diversity and increasing the automobile quality and customer satisfaction in the market.The factors
and variables affecting the demand and market share of Iran Khodro Co. are concisely illustrated in Table 2,
in primary and secondary parts of a dynamic and balanced scorecard and by including the factors of WCM:

RESULTS AND DISCUSSION

In the step of Model Conceptualization, by using the cognitive map technique, the recognition of factors,
relations, and effective variables have become possible. The application of a specific mathematical model in
this technique, for reviewing the individuals’ (or experts’) opinions about the elements of a given system,
facilitates the data organization and the study of relationships and dependencies existing among the elements
of that system. The concepts of graph theory (such as path, cycle, etc) have been used in this technique, for
organizing multiplex connections in a specified system. Balanced and labeled graphs have been used to
organize and study the system. Additionally, the existing relations between two stations (two elements) have
been featured by positive, negative or zero signs (the positive sign may denote agreement, interest, or
incremental and positive effect of element A on element B , and the inverse may be true regarding the
negative sign) (Asgharpour, 2007). 
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Some techniques for creating a cognitive map include: 
1. Using the resources, theories, and available documents and records. 
2. Using the questionnaires and sending them to the experts who are able to judge the dependency causal
relations (this method is based on a collective agreement and the access to a broader and more objective data
is more possible than the use of documents).
3. Doing open and informal interviews (this method leads to make comparable diagrams of interviewees, and
the interaction between the interviewer and interviewees is possible). Essentials of a cognitive map in this study
involve two main elements: fundamental concepts and dependency causal relations. 

After recognizing system’s limitations and identifying endogenous and exogenous factors in the four levels
of customer, learning and growth, internal processes and finance, a unified and comprehensive model was
designed (figure 3) displaying the  major and minor factors (model and sub models). Regarding the
technological, social, political and economic changes as well as the time changes, the deletion of ineffective
factors and addition of effective and important factors are possible in this model. And by setting it in software,
the model updating can be possible. 

Descriptive model of dynamic systems have the ability to support the capacity of general rules; thus, it
can be possible to examine the development of model, the simulation of dynamic conditions, short-term status,
and various strategies conditions. A model of current situation reflects the integrated mechanisms of WCM
capabilities. What we can review in the operations management literature is to find key relations between
capabilities and strengths and their impacts. A systematic model provides the best way to measure the
deviations, so that by weaknesses identification the WCM strategies can be implemented intelligently. Also,
doing operational planning as well as taking effective and appropriate measures make it possible to realize the
goals and strategies of world-class manufacturing.

Conclusion:
determination of WCM factors can bring about a systematic movement helping specify the performance

condition of WCM that the studies resulted support the findings of Shabahang and Ebrahimi,(13);Noori and
ali askari(15),muda and Hendry(14);Grobler(1);safaee ghadikalaei,(2)) And the execution backdrop and
institutionalization of a dynamic model is to design a proper mental and conceptual model in a way that
incorporates the effective key factors and causes.

The proposed model of this article has the following advantages and attributes:
1. The research seems to be one of the first studies on the unification, integration, and validation of the
WCM system’s dimensions and sectors.
2. The model has the potentiality to simplify the complexity of relationships and feedbacks in any place and
organizations. Even in comparison with the multiple regression and lisrel structural equations, the model of
WCM strategy in conjunction with the SD and BSC has the ability to process all linear and nonlinear
equations, inputs and outputs simultaneously and jointly with intervals and without any interruption, and also
to conduct a careful analysis of an effective strategy selection in the real world.
3. The research methodology and findings can be generalized to other industries and manufacturing processes.
Transferring the research results and findings to small businesses is also possible, in such a way that provides
some linkages among a given enterprise management, strategy and performance, via a dynamic balance
Scorecard.
4. The model has shown the managers and stakeholders how to follow movements towards achieving a
WCM, so implementing the needed strategies, measures, and operations to modify and improve the processes
would be possible by using managerial expediency methods.
5. The research methodology brings about a dynamic and integrated learning model by which the realization
of the WCM effectiveness will be possible, since all the relations of model and its cycles as well will be
learned practically, and the organization’s individuals will be able to know the facts.
6. Finally, the model predicts how the company will face its competitors and the situation, while
implementing the WCM in the coming years. Also, this model may be an appropriate reaction against any
change and chaos. This model may cause ordered disorders/irregularities (chaos theory) that lead the
organization to a suitable direction.

Actually, world class manufacturing is a status that concerned organizations attempt to reach. Therefore,
moving towards obtainment of this status requires expertise and constructive mentality as base of dynamic
model and this paper have discussed this very issue.
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Table 2: System Boundary and level Relations within Effective Variables.

Fig. 3: Integrated Model of Dynamic Balanced Scorecard within Causal loop For WCM Strategy.
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