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Abstract 
A Balanced Scorecard is usually based on simple cause and effect relationships. Therefore it is 

not useful for success-oriented strategic controlling of an enterprises. In the paper it will be 

shown that cause and effect relationships of various elements described in the literature on the 

Balanced Scorecard are not suitable for an identification of measures to reach long-term finan-

cial success. With the help of system-dynamic causal-loop diagrams this objective could be 

reached. 

A simple cause and effect relationship of some elements, which was taken from the standard work 

provided by NORTON and KAPLAN, will be used as the basis for the investigation. It will be 

transferred into a causal loop diagram, particularly in order to make the inadequacies of this 

concept more transparent. In a second step a system-dynamic model for a simple enterprise will 

be developed based on this causal-loop diagram. Finally, the comparison and evaluation of short 

and long-term developments of financial key figures is in the focus of the investigation. 

It will be clearly shown that a measure can appear favorable or unfavorable in the short run, on a 

long-term basis, however, just the opposite effectuation appears. This issue has to be examined 

with each decision making concerning strategic measures derived from Balanced Scorecards. 

 
 

1 Balanced Scorecard 
The concept of the Balanced Scorecard by KAPLAN and NORTON has become very popular 

since its first publications came up in 1996. Numerous books and papers have been published by 

now which examine the concept and which emphasize the opportunities for a success-oriented 

enterprise control. In particular in the field of Management Accounting and Business Strategy the 
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concept was often introduced as a control instrument to many enterprises. But what is the reason 

for the fast spreading of the Balanced Scorecard in business practice? In a first step strategic ob-

jectives of an enterprise are easy to identify and to formulate. But how to integrate these strategic 

objectives to operational processes? What has to be done in the operational field to make sure that 

these objective will be achieved? Is there an opportunity to link operational measures with strate-

gic objectives? A Balanced Scorecard is often considered as a new concept to translate strategies 

into operational action.  

KAPLAN and NORTON define: "The Balanced Scorecard is a concept for motivating and meas-

uring business unit performance. The Scorecard, with four perspectives -financial, customer, in-

ternal business processes, and learning and growth, provide a balanced picture of current operat-

ing performance as well as the drivers of future performance“.1  

The core elements of a Balanced Scorecard are strategic success factors, which guarantee the sur-

vival of the whole enterprise as well as its financial success in the long run. It is particularly 

stressed out that the Balanced Scorecard does not represent a mathematical number system and no 

enterprise model. The substantial characteristics of a Balanced Scorecard lie on focusing and par-

allel illustration of four perspectives: a financial, a customer-oriented, a process oriented and an 

learn-/growth-oriented. In these perspectives all factors and significant elements which are rele-

vant for the financial success are displayed in one chart. 

Through these elements a strategy gets its operational expression. The core idea of a Balanced 

Scorecard consists of the fact that the financial success of an enterprise in the long run is deter-

mined by these factors only. An isolated view and maximization of financial elements lead to a 

neglect of other elements. In this case the risk of a long-term misguided policy rises. 

The illustration of the perspectives of a Balanced Scorecard is given in a specific chart. With that 

control table the equal role of the four different perspectives is stressed. (fig. 1).2 

 

                                                      
1 See Kaplan, R.S. / Norton, D.P. (1996). 
2  See Kaplan, R.S. / Norton, D.P. (1996, p.9). 
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fig.1  Four perspectives of a Balanced Scorecard 

 

KAPLAN and NORTON point out that there are relations between the different elements shown 

on a scorecard. These affect monetary success variables by cause and effect relationships. There-

fore the recognition of single factors and their influence on other variables are very important for 

a success-oriented enterprise control. To bring strategies to live, measures have to be implemented 

which guarantee the achievement of strategic goals in the long run. All causal paths from all the 

measures on a Scorecard should be linked to financial objectives. 

In recent times the number of critical papers which determine the lacking usefulness in business 

practice are increasing. The main problem is derived from the difficulties enterprises have with 

structuring and linking various elements for the creation of a Balanced Scorecard. 

It was shown that suitable elements for measuring a company’s strategic success can be identified 

soon, sometimes through deriving elements from existing performance systems. However, the 

structuring of the cause and effect relationship using influencing elements often fails because of a 

high complexity. But to succeed here it is a very important condition for creating Balanced Score-

cards which really allow to support the process of strategy-oriented enterprise control. 

Once formulated goal elements have to be coordinated with each other. This may be very compli-

cated in case of competitive relationship and when time delays have to be considered. These diffi-

culties are not mentioned in most publications on the Balanced Scorecard. In general, they are not 

sufficiently analyzed in their meaning for the success of a Balanced Scorecard in practice. The 

degree of difficulty which results from the high complexity of the developed network seems to 

have not been sufficiently investigated. A deeper discussion does not take place in the actual lit-

erature. 

Therefore in this paper the limits and inadequacies of the Balanced Scorecard concept will be il-

lustrated with the help of causal loop diagrams provided by the system-dynamic research. Based 

on an easy-to-understand example it becomes clear, for which difficulties the literature leaves 
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questions unanswered and how system-dynamic modeling and simulation can support the process 

of creating successful Balanced Scorecards in practice. 

 

2 Cause and Effect Relationships in Balanced Scorecards 
Strategy is a set of hypotheses about cause and effect. These relationships between cause and ef-

fect can be expressed by a sequence of if-then statements. KAPLAN and NORTON give an ex-

ample to illustrate that:3 “If we increase employee training about products, then they will become 

more knowledgeable about the full range of products they can sell; if employees are more knowl-

edgeable about products, then their sales effectiveness will improve. If their sales effectiveness 

improves, then the average margins of the products they sell will increase.” Every measure se-

lected for the Balanced Scorecard should be an element of a chain of cause-and-effect relation-

ships that communicates the meaning of the business unit’s strategy to the organization.  

Therefore all Balanced Scorecards should be based on cause and effect relationships, which con-

nect elements from each perspective with a financial variable. The results are complex networks 

containing a lot of variables and relations. These networks are a compelling condition for the suc-

cessful use of the concept in business practice.  

Cause and effect relationships published exemplarily in fundamental works on the Balanced 

Scorecard raise elementary questions. Therefore one special and well-known chain will be ana-

lyzed in the following and subjected to a critical view. 

KAPLAN and NORTON point out a very simple cause and effect relationship of some elements 

in their basic work to the Balanced Scorecard (fig. 2).4 

 

 

fig.2  Cause and effect relationship within a Balanced Scorecard 

                                                      
3 See Kaplan, R.S. / Norton, D.P. (1996, p.149). 
4 See Kaplan, R.S. / Norton, D.P. (1996, p.31). 

 4



 

The main purpose is to clarify how a desired increase of the Return on Capital Employed (RoCE) 

as a strategic goal of the enterprise can be influenced by strengthening employee skills. Therefore 

in a Balanced Scorecard within the learning-oriented perspective the objective of a high employee 

skill is formulated. With high employee skills and extensive qualification of the employees proc-

ess quality and process cycle time can be improved. Process quality can be measured on the basis 

of a committee ratio. The measurement of process cycle time does not cause any difficulty. High 

process quality and a fast process cycle time to complete orders are aimed at anyway and there-

fore these objectives are included in the Balanced Scorecard within the process-orientated per-

spective. 

As result of a short turn-around time the probability of on-time deliveries rises. The same happens 

when time delays can be avoided as a consequence of a reduced production. KAPLAN and 

NORTON see the opportunity of an increase in customer loyalty when more and more orders can 

be completed and delivered on-time to customers. 

An objective of nearly all enterprises is to increase customer loyalty. Therefore it is not surprising 

that on-time deliveries and customer loyalty are important elements in a Balanced Scorecard. 

Through an increase in customer loyalty a growth in sales and revenues can be achieved. Finally, 

they will influence profit and Return on Capital Employed (RoCE) in a positive way. In summary 

the cause and effect relationship of elements presented by KAPLAN and NORTON illustrates the 

meaning of employee skills on the strategic goal of a maximized financial success. 

At first glance the relations and explanations of the authors seem to be without contradictions. The 

objective of a high employee qualification is an opportunity to contribute to the financial success 

of the enterprise. Competitive goals or contradictory statements in the argumentation are not im-

mediately evident. 

The achievement of the strategic goal will be guaranteed by implemented measures. Based on the 

relations illustrated in the chain an execution of measures for further education and training 

courses for employees are easy to justify. 

Here further questions have to be raised which are important for an application of the Balanced 

Scorecard in practice: 

 

• Have all cause and effect relations as a result of this measure been illustrated? 

• How strong is the influence of the measure on the financial success of the enterprise? 

• When and by which intensity does the desired effect occur? 

• Are there any side effects which have not been regarded so far? 

• Which role do other variables play in the context of reaching the goal? 
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3 Causal loop diagram 
To answer these questions the same elements and their relation to each other will be examined 

now with the help of causal loop diagrams from the system-dynamic research. The following il-

lustration shows a translation of the cause and effect chain of KAPLAN and NORTON into a 

causal loop diagram. 

 

 

fig.3  Causal loop diagram for Balanced Scorecard elements 

 

The starting point in this figure is the variable employee skills. If it is increased, the process qual-

ity rises as a result. In the reverse case it falls with removing employee’s skills.  

In another way employee skills affect the process cycle time. With increasing skills the cycle time 

falls.5 With a decrease in specialized skills the process cycle time extends. 

Now the variable on-time deliveries will be examined. It depends on both process cycle time and 

process quality. The number of on-time shipments rises if the realized process cycle time becomes 

shorter or if the process quality rises. In the opposite case with lower process quality or increasing 

process cycle time fewer products will be delivered. Finally the number of on-time deliveries in-

fluences customer loyalty. Loyalty rises and falls with the number of on-time deliveries. The ef-

fect of customer loyalty on Return on Capital Employed (RoCE) is the last relation being exam-

ined here. It is the relationship of operating profit to the operationally bound capital. It is accepted 

that a high customer loyalty leads to rising or continuously high repetition purchases. Finally the 

rising revenue leads to a rising profit. Based on an assumed constant capital the characteristic key 

figure RoCE rises. In case of a falling customer loyalty the number of repetition purchases drops 

too. The declining revenues lead to less operating profit and to a lower Return on Capital Em-

ployed (RoCE). 

In the next step the measures to increase the employee skills are taken into consideration. With 

increasing number of trainings the employee skills rise. In case of a decrease or an omission of 
                                                      
5 As one reason a smaller rate of mistakes or a higher employee productivity is conceivable. 
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further training it does not rise or it decreases because employees lose the acquired knowledge 

and skills after a certain time. 

Through a closer examination it becomes clear that the cause and effect chain provided by 

KAPLAN and NORTON leaves a substantial relation unconsidered. All measures with the pur-

pose to increase employee skills cause costs for the enterprise. The costs consist of direct training 

costs as well as costs for the times being away from job. These costs reduce the profit and affect 

the regarded key figure RoCE negatively. The following illustration adds the described relation. 

 

 

fig.4  Impact of trainings to increase employee skills 

 

In the concept of the Balanced Scorecard substantial and elementary connections remain uncon-

sidered because simple cause and effect relationships are applied. In the example shown opposite 

developments occur. On the one hand, more revenue and profit can be obtained through increas-

ing education, on the other hand each of these measures causes costs, which reduce profit and 

RoCE. 

With a detailed analysis of this relationships it is remarkable that these influencing variables play 

an important role. The costs resulting from further trainings immediately affect the profit by 100% 

in a negative way without any time delays. 

However, the desired developments aimed at with more trainings occur usually with a certain time 

delay. In particular the increase of customer loyalty as a result of frequent on-time deliveries is 

noticeable only after a certain time delay, since customers will become loyal when having positive 

experiences.  
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High customer loyalty gives an competitive advantage only if a repetition purchase is accom-

plished by the customer. Only at this time the company’s revenue and profit are affected.6 

Before a system dynamics model can be constructed for the described system a picture with 

stocks and flows is developed which illustrates the dynamic relations and dependences (fig.5). 

 

 

fig.5  Causal loop diagram considering stocks and flows 

 

The starting point is the skill level of the employees. This level rises if new knowledge or skills 

are gained by the employees resulting from trainings. This growth increases the more, the more 

trainings will be offered in one period. The skill level will be reduced when employees lose a part 

of their knowledge and skills in the run of time. This might correspond to reality. In order to keep 

the skill level constant, the necessity of permanent trainings becomes obvious. Now the process 

cycle time and process quality depend on the skill level. Considering the causal loop diagram it 

does not require a further description again. 

It has to be noticed that “on-time” expresses a valuation to a reference or a goal value. Therefore 

in a first step the actual delivery time has to be determined and compared afterwards with this de-

                                                      
6 For example a high customer loyalty in the automobile business affects the financial success of the enterprise after 
some years when a repetitive purchase takes place. In the periods between the purchase processes the effects are not 
noticeable. 
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sired goal value. If the actual delivery time is shorter or equal to the goal value, an on-time deliv-

ery has taken place. Otherwise the desired time has not been reached. 

A shipment follows an order placed by a customer. Orders are measured per time unit and will be 

accumulated in the stock orders in process or unfilled orders. Only through shipment as a result 

of a completion of the order this stock will be reduced. The actual delivery time depends on the 

number of the incoming orders and on the number of the shipments. 

If the number of incoming orders rises in case of a constant delivery rate, the actual delivery time 

extends. In the reverse case the actual delivery time shortens, if in case of a constant delivery rate 

the incoming orders decrease. If the number of shipments rises in case of constant order intake, 

the actual delivery time shortens. 

However, if fewer shipments are completed during a period, the actual delivery time rises in the 

case of a constant order intake. The variable shipments per time is now depending on the devel-

opment of process cycle time and process quality. The relations were already described in the 

causal loop diagram. It is assumed that no further variables determine the number of shipments 

done per period. Restrictions in personnel capacity do not occur. 

The actual delivery time can be compared now with the desired delivery time. Based on this 

alignment the variable customer loyalty formulated by NORTON and KAPLAN is influenced. It 

rises if the actual delivery time is shortened. An unchanged desired delivery time is a condition 

here. In the opposite case it falls, if the actual delivery time rises and the desired delivery time re-

mains constant. If the customer wishes a shorter delivery time, the customer loyalty falls too, if 

the actual delivery time can be not reduced equally. 

Next it has to be examined in detail, how customer loyalty affects the Return on Capital Employed 

(RoCE) in the long run. Here a certain explanation is necessary because some important interme-

diate variables were not illustrated in the cause effect relationship of KAPLAN and NORTON. As 

an auxiliary construction a customer base level variable has to be introduced. This is necessary, 

because the term customer loyalty focuses on repetition purchases. 

The customer base increases if new customers can be acquired and is reduced if existing custom-

ers leave for competitors. Here the effect of customer loyalty becomes obvious. If it rises less cus-

tomers decide to leave for competitors. In addition a winning of new customers is conceivable by 

more recommendations. In the case of a decreasing customer loyalty the number of lost customers 

rises, recommendations will become rarely. 

Based on the number of customers and an assumed purchase interval the incoming orders result. 

The larger the customer base is and the shorter the purchase interval is, the more orders arrive. In 

the opposite case the number of arriving orders falls, if the customers order more rarely or the ab-

solute number of customer has decreased. Only when these new orders are delivered and invoiced 

after a certain time, they can affect the revenue of the enterprise. At this point the transition to the 
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financial results is given. With the number of shipments in one period the revenue and as a conse-

quence the profit rises or falls. Finally with an assumed constant capital (Capital Employed - CE) 

an increase or a decrease of the RoCE results. The examination of the costs resulting from train-

ings completes the description of figure 5. They increase with the number of trainings. As conse-

quence of rising costs the profit and concomitantly the obtained RoCE are reduced. 

Looking on the resulting network it becomes clear that an apparently useful measure has to be ex-

amined completely in its effects. It has to be paid attention compellingly to a distinction in short-

term and long-term effects. 

Finally, the following illustration shows how insufficiently the original cause and effect relation-

ship of elements of a Balanced Scorecard explains the underlying system in its complex and dy-

namic relations. Instead it extracts single variables from the system in a not comprehensible way. 

 

 

fig.6  Isolation of elements in a Balanced Scorecard 

 

With long-term focus a profit-optimal relationship between the negative effect of training costs 

and positive effects in revenues reached by high customer loyalty has to be identified. It has to be 

determined, how extensively further trainings should be accomplished in the company. 
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4 System dynamics model 
This objective is reached by system-dynamic modeling and simulation of the enterprise system. 

The method allows the quantitative calculation of variable relations with special consideration of 

time delays. The results obtained by simulation finally help to identify an almost optimal training 

program for employees. 

The following illustration shows the developed model structure. 

 

 

fig.7  System dynamics model 

 

Within the model only a small part of the elements of a real enterprise is shown in detail. There-

fore some assumptions have to be made for the enterprise. With these assumptions complex cir-

cumstances of reality are simplified. However, for the purpose of the model objective this is not 

relevant. The substantial assumptions can be summarized as follows: 

 

• The enterprise manufactures one product only. 

• Production and delivery to the customers take place within one period.  

• The material costs for one product are 375 [$/product]. They are constant. 

• The product price is 1,600 [$/product]. It is constant. 

• The Capital Employed is 30 mio. [$]. It is constant. 

• The enterprise employs 15 [head]. There is no hiring or firing. 
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• The costs per head are 3,000 [$/head/mo]. They are constant.  

• The customer’s desired delivery time is 2 [mo] or less. 

• The initial orders in process are 850 [product]. 

• Customers place orders for 1 product every 2 [mo]. 

• The initial customer base is 2,000 [customer]. 

• The direct costs of a training are 1,400 [$/course/head]. 

• The skills of the staff will be measured by points. 

• The initial of staff skill is 10,000 [points]. 

• Course efficiency is 5 [points/course/head]. 

• The skill lost rate is constantly 5 % [1/mo] of the actual skill level. 

• All workers have nearly the same skills. So an average value can be used. 

• All workers have to be trained in an equal way. 

• The standard productivity of 1 employee is 5 [product/head/mo] if no trainings take place. 

It is reduced when trainings take place. 

• There is a maximum of 3 trainings per worker and month. More are not possible. 

• There is no need to offer any trainings.  

• A month consists of 20 working days. 

• Each training takes 1 working day and reduces the staff’s working time. 

• The actual standard productivity considers employee’s time away from job. 

• In the enterprise there is no administrative or research and development department. 

• Any further costs can be ignored for calculating profit. 

 

On the basis of these assumptions it should be examined how many further trainings are to be ac-

complished monthly to increase RoCE. In addition it is interesting to calculate how significantly 

the costs for trainings influence the RoCE in short-term. 

In the model it is very important how extensively a change of employee skills affects process cy-

cle time and process quality. In the model TABLE functions are used for this purpose. 
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fig.8  TABLE FUNCTIONS: impact on process cycle time (Y) and impact on process quality 
(Y) depending on skills (X) 

 

At a value of 10,000 [points] the value of the function is about 0 []. If the special skill level rises 

above, a positive percentage is assigned. For both variables the maximum amounts to about 16% 

in case of a specialized skill level of approximately 19,000 [points]. However, if the skill level 

falls below 10,000 [points], the assigned percentages become negative. Using both variables the 

productivity of the employees can be determined by the following equation: 

A1 actual productivity 

= actual standard productivity *  

(1 + impact on process cycle time + impact on process quality) 

[product/ 

head/mo] 

 

As a result of the positive or negative percentage effects on standard productivity an increase or a 

decrease of the actual productivity rises. Additionally, a change in capacity for processing and 

shipping customer orders follows. 

Within the model the actual delivery time plays an important role. The number of incoming orders 

is delayed by 2 periods and set into relation to the value of shipments done. A DELAY function is 

used in the equation. 

A2 actual delivery time 

= ((DELAYPPL(orders;2<<mo>>;1000<<product/mo>>)) / shipments) * 
2<<mo>> 

[mo]

 

If the value is smaller than 1, more products are shipped than products were ordered 2 months 

ago. In this case the desired delivery time was achieved. Finally as a result of a multiplication with 

2 [mo] the actual delivery time is calculated. 

The customer loyalty as an influencing variable for the development of customer base depends on 

the actual delivery time. A GRAPH function is used again. 
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fig.9  TABLE FUNCTION: customer loyalty (Y) depending on actual delivery time (X) 

 

At an actual delivery time value of 2 months the assigned percentage is 0 []. The shorter it be-

comes compared to 2 [mo], the more the value for customer loyalty grows. With a delivery time of 

about one month the function value is 0.04 []. In the reverse case it becomes increasingly negative 

and with a actual delivery time of 3 [mo] the assigned percentage is –0.035 []. 

Any product recommendations and the acquisition of new customers takes place only in case of 

positive customer loyalty. The number of new customers is calculated in a simple way as a pro-

portional increase on the existing customer base. The value of customer loyalty works as a multi-

plicator. Existing customers are lost only if the customer loyalty is negative as a consequence of 

longer delivery times. Their number is determined as a proportional part of the customer base. 

The exact modeling of monetary success variables as well as other formulated equations is shown 

in the appendix. Therefore a further description of details of the model is not necessary. 

5 Model simulation - reference scenario 
For the reference simulation one training per month and employee is assumed in the model. The 

simulation time takes 4 years. It begins 01.01.2003 and ends to 01.01.2007. The integration step is 

1 [mo]. For the evaluation only variables are examined which the original Balanced Scorecard 

contained. First an analysis of the skill development is shown. 

 

 

fig.10  Reference run: development of skills 
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The skill level rises continuously from 10,000 [points] as initial value to approximately 14,500 

[points] at the end of simulation. That shows that by one training per month more knowledge for 

employees is accessible than they lose in the same time period. In the next step the effects on 

process quality and process cycle time are illustrated. 

 

 

fig.11  Reference run: effects on productivity 

 

Because of the rising effects on process quality and process cycle time the actual productivity in-

creases during the simulation time up to 6 [product/head/mo]. This is an increase of approxi-

mately 20 % related to the standard productivity of 5.0 [product/head/mo] over 4 years. In the 

next figure the actual delivery time is compared to the customer’s desired delivery time. 

 

 

fig.12  Reference run: actual vs. desired delivery time 

 

After a long actual delivery time at the beginning of the simulation it reaches the goal value of 2 

[mo] soon. However, it does not fall below. Instead it moves at a minimum above the goal value. 

As a consequence there are a lot of lost customers at the beginning. At the end there are even new 

customers won by recommendations. That becomes obvious when taking a view on customer loy-

alty and the migration of the customers. 
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fig.13  Reference run: customer loyalty and dynamics of customer base 

 

Finally the financial variable RoCE can be simulated. It is illustrated like the revenue and profit 

over a yearly horizon. The following overview informs about the results. 

 

 

fig.14  Reference run: revenues p.a., profit p.a. and RoCE p.a. 

 

The annual revenue rises continuously during the simulation from 14.6 mio. [$/yr] to approxi-

mately 16.6 mio. [$/yr]. Similarly the annual profit develops. It rises from 3.3 mio. [$/yr] to 4.8 

mio. [$/yr]. The RoCE rises due to the constant capital basis from 11.1% in the first year to 16.0% 

in the year 2006. 

The model simulation for the reference scenario shows, that compared to the present situation 

with monthly employee trainings a certain growth and an increase of the RoCE becomes attain-

able. It proves the suitability of this measure for a strategy initially described in the Balanced 

Scorecard. 

 

6 Model simulation - scenario 1 
In a scenario analysis, the effects of extremely restrictive training politics are examined now by a 

modified model simulation. The employees will not take part in any trainings because of cost rea-

sons. The simulation time begins on 01 January 2003 and ends on 01January 2007 again. The in-

tegration step is 1 [mo] again. 
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For the evaluation of the new results they will be compared to those of the reference scenario. 

First the examination of the skill level development takes place.7 

 

 

fig.15  Scenario 1 vs. reference run: development of skills 
 
It becomes obvious that the employee’s skill level strongly decreases. Compared to the initial 

value of 10.000 [points] it decreases to about 800 [points]. The employees lose their knowledge 

and skills but a new acquisition of knowledge does not take place. In the next step the effects on 

process quality and process cycle time are examined as a consequence of this drastic decrease. 

 

 

fig.16  Scenario 1 vs. reference run: impacts on productivity 

 

Resulting from the negative effects in process quality and process cycle time the actual productiv-

ity falls within the simulation run to 4.2 [product/head/mo]. In the next picture the actual delivery 

time is confronted to reference scenario’s run and to the desired delivery time wished by custom-

ers. 

 

                                                      
7 The results of the reference scenario are marked in the diagrams with *. 
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fig.17  Scenario 1 vs. reference run: actual vs. desired delivery time 

 

The long delivery time at the beginning even rises during the first simulation periods and reaches 

the goal value of 2 months only after approximately 2 years. Here the reason does not lie in a pro-

ductivity increase, but in a substantial decrease of incoming orders. In this situation the assumed 

constant personnel capacity can complete the few orders despite a smaller actual productivity 

within the desired 2 months. 

Therefore at first the customer basis will be quickly diminished because of a high number of cus-

tomers lost. In this scenario no new customers will be acquired at all in the result of recommenda-

tions. This becomes comprehensive when having a look on customer loyalty and customer base. 

 

 

fig.18  Scenario 1 vs. reference run: customer loyalty and dynamics of customer base 

 

Finally the financial goal variable RoCE has to be simulated. The following charts show the an-

nual financial results. 

 

fig.19  Scenario 1 vs. reference run: revenues p.a., profit p.a. and RoCE p.a. 

 18



Both revenue and profit decrease significantly compared to the reference scenario. Instead of 16.6 

mio. [$/yr] the revenue for the year 2006 will be 12.3 mio. [$/yr] only. This is a drastic decrease 

of about 27 %. In the same way the profit drops. For the RoCE the effects are dramatic. At the end 

of the simulation period it will have reached a value of 13.3% compared with 16.0% in the refer-

ence scenario. 

In particular it is remarkable in this scenario that during the first simulated year both the annual 

profit and the RoCE are significantly better than the value of the reference scenario. These results 

might give the impression that shortening employee trainings can be useful and the right way to 

increase RoCE. Here less costs for trainings are clearly in favor of improving profit and concomi-

tantly the RoCE. The loss of customers due to falling customer loyalty does not yet work noticea-

bly. So the conclusion is that decisions like shortening or stopping trainings aligned at short-term 

notice can be extremely harmful in the long run. Long-term effects have to be examined before 

any strategic decisions are taken. 

 

7 Model simulation - scenario 2 
In a second scenario analysis the effects of an intensive training policy are examined by a further 

model simulation run. The employees are given 2 trainings a month despite the increasing educa-

tion costs. The simulation period begins on 01 January 2003 and ends on 01 January 2007. The 

integration step is 1 month again.  

For an evaluation the new results are compared to those of the reference scenario again. First the 

analysis of the skill level development is made.8 

 

 

fig.20  Scenario 2 vs. reference run: development of skills 

 

It is shown that the employee skill level rises extremely. In the comparison to the initial value of 

10.000 [points] it ends with about 28.000 [points]. The employees lose some skills, but the in-

                                                      
8 The results of the reference scenario are again marked in the diagrams with *. 
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crease in new knowledge is clearly higher. In the next step the effects on process quality and 

process cycle time will be examined as a consequence of this strong increase. 

 

 

fig.21  Scenario 2 vs. reference run: impacts on productivity 

 

Resulting from the positive effects of process quality and the process cycle time the actual pro-

ductivity rises within the simulation time to 6.8 [product/head/mo]. This is an increase of 36% 

over 4 years. In the next graph the actual delivery time is shown together with the reference sce-

nario run and the desired delivery time for this scenario. 

 

 

fig.22  Scenario 2 vs. reference run: actual vs. desired delivery time 

 

At the beginning the actual delivery time reaches the goal value of 2 [mo] during the first simu-

lated periods and even falls below it. The cause lies in the fast increasing actual productivity. The 

assumed constant personnel can better and faster complete all incoming orders with their high 

skills. 

Therefore only during the first periods customers leave for competitors. After a short time increas-

ing recommendations generate new customers. This becomes obvious when having a view on cus-

tomer loyalty and the dynamics of customer base. 
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fig.23  Scenario 2 vs. reference run: customer loyalty and dynamics of customer base 

 

Finally the financial key variable RoCE is simulated. The following chart shows the annual finan-

cial results for the second scenario. 

 

 

fig. 24  Scenario 2 vs. reference run: revenues p.a., profit p.a. and RoCE p.a. 

 

The revenue rises significantly compared to the reference scenario. Instead of 16.6 mio. [$/yr] the 

revenues in 2006 reach 19.6 million [$/yr]. The profit is lower than in the reference scenario but 

increasing. It reaches 4.5 mio. [$/yr] now instead of 4.8 mio. [$/yr]. For the RoCE the positive 

effects become likewise visible. It is about 15% at the end of the simulated time compared to 16% 

reached in the reference scenario. 

For the second scenario in particular it is remarkable that in the first year both the annual profit 

and the RoCE are clearly below the value of the reference scenario. This might lead to the opinion 

that any increase of training activities will decrease RoCE. In this scenario the higher training 

costs affect the profit negatively and, in the result, lower the RoCE. The rising customer loyalty 

lead to a strong increase in revenues but the additional profits are reduced by high training costs. 

Therefore it is important to know that long-term successful measures like an intensification of the 

further training can decrease short-term financial results but their positive effect occurs after a 

time delay only. The second scenario showed that too many measures may cost more than addi-

tional profits can be earned resulting from increasing sales and revenues. So it is recommend to 

find an equilibrium between the opportunities to obtain additional revenue and the necessary costs 
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to achieve that objective. A system dynamics model can help to find the optimal training program 

for employees in order to maximize the profit and RoCE in the long run.. 

 

8 Conclusions 
In the paper it has been shown that cause and effect relationships of various elements described in 

the literature on the Balanced Scorecard are not suitable for an identification of measures to reach 

long-term financial success. Based on single views which ignore time delays and possible feed-

back loops only one part of the overall effects becomes visible within the enterprise system. 

Therefore a Balanced Scorecard which is based on simple cause and effect relationships is not 

useful for success-oriented strategic controlling of an enterprises. To make dynamic relations and 

dependencies visible requires another method of structuring an enterprise and its elements. With 

the help of system-dynamic causal-loop diagrams this objective could be reached. 

A simple cause and effect relationship of some elements, which was taken from the standard work 

provided by NORTON and KAPLAN, was used as the basis for the investigation. It was trans-

ferred into a causal loop diagram, particularly in order to make the inadequacies of this concept 

more transparent.  

It became clear that within a Balanced Scorecard some elements of the underlying system will be 

probably isolated. If these elements are used for the evaluation of strategic measures, significant 

parts of the enterprise system are faded out and possible reactions of these elements will be ig-

nored completely. 

In a second step a system-dynamic model for a simple enterprise was developed based on this 

causal-loop diagram. With this model the extensive opportunities of quantitative modelling of 

complex relations within the enterprise system could be shown. Based on some assumptions vari-

ous simulation runs were presented in order to examine the effects of different activities in em-

ployee skill trainings on the financial success of the enterprise. 

It could be proven that with the help of the system-dynamic modeling and simulation an extensive 

analysis of strategic measures can be made examining their effect on the entire enterprise system. 

In particular the effects on the financial success of an enterprise could be quantified for a long 

simulation period. Finally, the comparison and evaluation of short and long-term developments of 

financial key figures was in the focus of the investigation. 

It was clearly shown that a measure can appear favorable or unfavorable in the short run, on a 

long-term basis, however, just the opposite effectuation appears. This issue has to be examined 

with each decision making concerning strategic measures. For the use of Balanced Scorecards in 

practice it should be considered concomitantly. 
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At the end of this paper various opportunities for users are illustrated in a cockpit-like overview to 

present and analyze the different simulation results. A Balanced Scorecard sheet providing de-

scriptive linkage to the underlying causal-loop diagram may be useful. 
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Appendix:  Equations of the model 
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