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Abstract. Increasing productivity in product-service systems is a vital success 
factor for industrialized economies and individual businesses. The service 
production is typically described as an integrated value chain setting, in which 
the provider and the customer are co-creators. This paper embraces a 
characteristic curve model in order to illustrate the influence of the customer on 
the productivity of service production. The characteristic curves are derived 
from a system dynamics simulation model for a synchronized takt-based service 
production. In conclusion this research leads to designs recommendations for 
service production systems in order to reduce lead times and increase adherence 
to delivery dates. 
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1 Introduction 

Due to an increase in competition and the need to generate additional value for the 
customer the manufacturers of tangible goods expand their portfolio with 
supplementary industrial services thus creating innovative product-service-system [1]. 
Increasing operational productivity for these Product-Service-Systems is different 
from regular production of tangible goods due to the characteristics of services. The 
intangibility of services [2] and the interaction with the customer [3] require a 
separate set of management concepts [4]. This paper focuses on the interaction with 
the customer and the customer’s role as an external production factor in product-
service-systems. Due to the integration in the service production process the customer 
has a determining effect on the productivity of the process. 

2 The Customer as an External Factor in Production-Service-
Systems 

“Services are production processes wherein each customer supplies one or more input 
components…” [5]. The service customer therefore is characterized by being part of 
the service production process [2]. This is illustrated in figure 1. 
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ig. 1. Service Input/Output Model [5] 
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hand there is the possibility to outsource tasks and activities of the service production 
to the customer (externalization), on the other hand the service provider can carry out 
other tasks and activities from the customer (internalization). The flexibility of 
changing the customer’s intensity of integration is limited. Reasons for this are that 
quantitative and qualitative resource capacities on both sides are limited and that the 
execution of the service requires a minimum activity on both sides [11]. 

For the service production process different characteristics and features of the 
external factor have an impact on the productivity. The ability to dispose the external 
factor describes to what extent the service producer can autonomously access the 
external factor. The external factor can remain in the command of the customer or 
switch to the command of the service provider during the production. If the external 
factor remains in command of the customer timing and synchronization between the 
consumer and the provider is required. If the external factor changes to the area of 
disposition of the service provider, the provider can arrange the external factor 
autonomously. Closely related to the ability to dispose the external factor is the ability 
of the service provider to control the time window for the service delivery. The 
customer can set dates for access to the external factor or for the interaction in the 
service production process, if these are necessary requirements for the customer. This 
limits the freedom of action for the service provider. A typical case is a time critical 
repair service. If there are no restrictions on customer side for the date of the service 
provision, the customer can specify a time window or can get a time slot from the 
provider. An example for this case is a maintenance service, if the customer does not 
specify a date, but only a time window for the procedure. 

The localization of the external factor describes the accessibility of the external 
factor. Immobile external factors are characterized by their dependency on a location. 
In combination with the requirement to involve the external factor in the service 
production process, this leads to a service provision at the site of the external factor. 
Mobile external factors are characterized by their ability to vary their location. A 
special type of mobile external factor exists, if the access to the factor can be done 
virtually anywhere. An example for this is typically information. 

The need of the areal coincidence describes if service provider and customer must 
come together for production. A differentiation can be made between located and 
separated services [12]. 

The knowledge of the service provider of detailed features of the external factor 
and the knowledge of the current state at the beginning of the service production 
process can vary. In the best case the service provider has detailed information to 
describe the external factor and its current state before the actual provision. In reality 
however, the characteristics and the current state of the external factor are typically 
only partially known in advance or become clear during the service delivery [7]. 

In summary the following features can be differentiated: 

• Type of external factor: Human; Object; Information 
• Type of integration: passive; access of the external factor; Co-Production 
• Ability to dispose: deadline by customer; matching of a time window the 

customer; autonomously by the service provider 
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The build-up performance potential of the external factor arises from the amount 
of pending work orders, the integration intensity as well as the planned capacity 
reserve of the external factor. The pending work describes the within the next time 
period generally pending activities. The pending work is the sum of the work still in 
process plus the newly released work orders. The integration intensity is a factor for 
the degree of contribution of the external factor to the service provision. 

The co-producing external factor can accumulate for a smaller or bigger share of 
the work. The integration intensity ultimately is the ratio of amount of work between 
the service provider and the external factor. The reserve capacity reflects the fact that 
the customer anticipates deviations in required potential during the service production 
process and holds available additional capacity. 

Build-up performance potential = (New work orders + work in progress) * 
integration intensity * capacity reserve 

The performance potential of the external factor is used in the course of the 
production of services to combine with the capacities introduced by the service 
provider and add value. The use of performance potential results from the amount of 
processed work in general. The specifically retrieved potential of the external factor is 
proportionally dependent on the degree of integration. 

Use of performance potential = processed work * integration intensity 

If there are deviations in the service production process, this may lead to more or 
less work compared to what was planned. In the first case this requires the provision 
of additional performance potential to fully perform the required work performance. 
This additional requirement is manifested in the fact that the originally planned 
capacity is not sufficient to complete the activities. This additionally required 
performance potential can be described mathematically as follows: 

Additional performance potential = IF (performance potential < 0) THEN 
(performance potential) ELSE (0) 

If the buildup performance potential of the external factor is not used until the end 
of the time period, it deteriorates. The reasons for the deterioration can be an incorrect 
sizing of the performance potential and variations in the service production. In order 
to calculate the performance of the external factor, the unused performance potential 
is kept track of but will not be described further mathematically.  

The level of performance is (amongst other factors which are not debated in this 
paper) a determining factor of the processed work of each time period. The type of 
integration of the external factor can be the provision of information, the provision of 
access or co-production. If the integration of the external factor includes only the 
provision of information or the granting of access to an object in the possession of the 
customer, the level of performance of the external factor is assumed constant. An 
impairment of service production due to inadequate information or limited 
accessibility manifests itself in a disposition related error or hold-up and thus leads to 
interruption or slowing of production. In the case of co-production it is assumed that 
the external factor mainly consists of human workforce. The performance level of 



 The Influence of the Customer in Service Production 553 

 

staff is determined by the factors performance conditions, performance requirements, 
performance ability and motivation. These factors are assumed constant but can be 
varied and adapted for a specific organization. 

The ability to dispose the external factor describes the extent to which the service 
provider can influence the customer to confirm the date of service provision. By 
controlling the amount of work orders the ability to dispose indirectly determines the 
amount of work in a specific time period. The service production planning and control 
algorithms distribute the amount of work over different time periods in order to 
achieve a constant degree of capacity utilization. If there is no ability to dispose the 
external factor, i.e. there is a fixed period for the service production, the fluctuations 
of the amount of work will be bigger over different time periods. 

4 Results and Discussion 

The system-dynamic model reveals the influence of external factors on the service 
production performance. 

 

Fig. 4. Characteristic curves for the influence of the external factor in service production 

In order to generate the results simulation runs were conducted in each of which 
the set-up of the parameters of the simulation model was kept constant, expect for one 
parameter. The parameters varied were intensity of integration, ability to dispose the 
external factor and the capacity reserves of the external factor. For each value of the 
parameters the resulting averages for the target variables were calculated over the 
time periods. In order to illustrate the effect of the parameter changes, the dependent 
target variables capacity utilization and adherence to delivery dates were used. By 
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plotting the parameter on one scale and the resulting target variable on the other a 
characteristic curve is obtained (see figure 5). 

With increasing intensity of integration of the external factor, the influence of the 
customer on the service production process increases. This results in increased 
process interferences, which leads to fluctuating process durations. Accordingly the 
utilization of the internal resources of the service provider decreases with the 
increasing influence of the customer. When the customer only provides information, 
the integration and influence of the external factor is limited. The influence on the 
production process increases when the customer has to grant accessibility. In a 
scenario of co-production the influence of the external factor is largest. 

With an increase in ability to dispose the external factor the utilization of the internal 
resources of the service provider increases. When the service provider has only a slight 
possibility of coordinating the point of service production with the customer, not all 
work orders can be started on time. This leads to a poorer utilization of the service 
production system. This effect is enhanced in the presence of a high proportion of short-
term work orders, which must be either served at the time or rejected. 

The customer impacts the performance of the service production system with his 
own capacity reserves. The capacity reserves serve as a type of safety buffer for 
unforeseen events or complications in the service production. Increasing the capacity 
reserves of the external factor helps to deal with those disturbances and therefore 
increases the adherence to delivery dates. However the effect on the utilization of 
internal service production resources is inconclusive and greatly depends on the 
outline of other production parameters. 

5 Conclusion 

This paper discussed and characterized the customer in service production systems as 
an active part in service production. A simulation model was used in order to further 
investigate the effects and illustrate cause-effect relationships using characteristic 
curves. Two major implications can be derived from this research. First because of the 
immateriality and the lack of storability service production systems are especially 
prone to utilization issues. Maintaining a constant degree of capacity utilization in 
order to maximize productivity therefore is a key management challenge. Secondly it 
is evident that to ensure high performance of the service production system the 
relevant parameters of influence have to be tuned together with the customer. With 
respect to existing research on the topic, this paper shows the effects of the customer 
as an external production factor in service production for the first time using 
characteristic curves. Further research may include finding a way to parameterize the 
curves in mathematical equations, so that the concept can be applied to specific 
practical use cases in order to find optimal solutions. 
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