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Abstract. Traditional productivity analysis has emerged in mass production and 

cannot be adopted one-to-one on One-of-a-kind production (OKP). Due to the 

non-repetitive character of the processes in OKP, productivity improvements do 

not reproduce like in mass production. In addition, preparatory activities such as 

orientation, material handling and positioning usually consume a lot more time 

than the actual value-adding activities in OKP. Therefore, OKP requires analy-

sis methods that deliver: 1) a generic working cycle to enable repetitive produc-

tivity improvements; 2) activities of personnel in production processes, which 

include the preparatory activities. We introduce a state-oriented approach for 

productivity measurement in OKP. With a case study we show how to capture, 

visualize and evaluate state data of an OKP. 
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1 Introduction 

Methods of lean production facilitate a systematic approach and have enabled large 

productivity gains primarily in mass production [1]. In one-of-a-kind productions, the 

use of many methods of lean production is hardly practicable because the processes 

rarely repeat [2]. The materials, sequence, location, necessary tools as well as the 

position of parts are changing significantly more often in an OKP. That is why the 

percentage of manual activities is higher. Analyzing and improving the productivity 

of these labor-intensive processes is a crucial task for these companies [3]. 

This paper presents a methodology that enables companies with OKP to analyze 

the influencing factors of the labor productivity with relatively low effort. The focus 

is on data collection. This is based on the definition of worker activities, objects and a 

generic working cycle and enables the aggregation of productivity data across various 

departments and processes. The analysis of the data allows to compare the different 

factors of productivity and to prioritize improvement activities. An industrial example 

shows that the method is suitable to analyze OKP and the influences on the labor 

productivity in detail. The method claims to be valid for universal OKP, although the 

case is taken from the maritime industry. 



2 One-of-a-kind Production 

Production as well as the assembly can be divided according to different types. In this 

context, mass production and one-of-a-kind production are the two extremes [4]. 

Within mass production, products are highly standardized. All relevant information 

is available from the start of production. As a result of the many repetitions, process 

improvements lead to high productivity growth.  

The OKP with its highly customized product needs a high flexibility of production 

processes and high reconfigurability of the used equipment. The following organiza-

tional principles are typically used [5]: manual production workshop, construction site 

principle, flexible manufacturing cells. The OKP is characterized by several features 

[6]: i.e. higher secondary times, long lead times, low transparency of business pro-

cesses, complex production control and more. 

These properties of the OKP lead to low productivity, which is reflected in a dif-

ferent structure of the working time. In mass production, workers spend a huge 

amount of time directly at the product. In OKP, workers spend an essential time for 

the acquisition of information and organization of work patterns.  

Due to this focus, many methods of lean production cannot be applied directly. 

Moreover, the lack of transparency as well as the less detailed and not standardized 

work processes makes it more difficult to analyze the productivity. The various types 

of manufacturing in the OKP, the parallel processes and the complex production con-

trol complicate the prioritization and implementation of improvement activities.  

The following section provides an overview of different approaches aiming at the 

analysis of productivity in industrial companies. 

3 Productivity Analysis 

A productivity analysis examines a production process normally at defined time inter-

vals to detect productivity potentials [7]. Different approaches for productivity analy-

sis exist:  

• Empirical productivity analysis: Productivity indices [8], econometric models [9] 

and methods of linear programming [10] belong to the empirical productivity anal-

ysis. Overall, these approaches are not effective in the OKP, because they provide 

abstract results based on theoretical assumptions and the heterogeneous causes of 

lost productivity cannot be identified or associated with the losses.  

• Operative methods: Methods-Time Measurement [11], SMED [12] and Primary-

Secondary-Analysis [13] provide a high level of detail. However, for the OKP this 

productivity analyses are limited, because the operations are not sufficiently 

planned in detail and the processes are repeated rarely.  

This overview shows the lack of productivity analysis in OKP, since most of the 

methods serve rather abstract level and often require high data acquisition and opera-

tional effort. Thus, productivity analysis in the OKP has to fulfill the following re-

quirements: 
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If time studies are used, the sum of the worker state durations per operation field plus 

a term for absence times and not recorded activities equals the paid working time. The 

work sampling method provides the ratio of worker states and can be converted to the 

paid time through multiplication with Tpaid (equation 2). 

The result of the data aggregation is a database of all worker states in the observed 

area. If required, it can be extended with additional information.   

4.6 Data Evaluation 

The state data needs to be processed and illustrated using key figures and diagrams. 

The evaluation allows to determine priorities and to deduct methods for operational 

fields. There are two ways of evaluation: 

• Prioritization of the greatest operational field: The combination of worker activities 

with the greatest portion and most used objects facilitates the prioritization of 

productivity losses and references for a detailed root analysis.  

• Case-based improvement: If a process is recorded with the worker activities state 

matrix, it is possible to use this as a basis for a standard working description using 

the generic working cycle.  

This key figures and diagrams allow to determine priorities, to derive improvement 

potentials and standardize work based on worker activity and object hierarchy. 

5 Case Study 

The proposed method was applied to an OKP at a shipyard. The worker state hierar-

chy was tailored on the basis of working plans and interviews. The final matrix in-

cluded 62 different as well as 80 different objects. A plausibility check reduced the 

number of combinations to round about 1100 different worker states.  

Accordingly, the two data acquisition modes were assigned: Work sampling was 

done for the pre-outfitting and the outfitting at the berth; a time study was conducted 

at the prefabrication. A recording list with defined fields for activities, objects, time 

and notes was used and merged with a software tool.  
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Furthermore, the evaluation has to be done with further industrial partners to cover 

different types of productions. A next research step will be to link the distribution of 

the operational fields with standard optimization. The case showed the high demand 

on adapted or new improvement methods for OKP especially in the operational fields 

gathering information and preparing the components and working place. 

Acknowledgement 

The results presented in this paper were researched in the PROSPER project. It is 

founded by the German Government (Bundesministerium für Wirtschaft und Techno-

logie - BMWi / Projektträger Jülich PTJ) due to a decision of the German Bundestag.  

References 

1. Roos, D., Womack, J., Jones, D.: The Machine That Changed the World: The Story of 

Lean Production. Harper Perennial (1991) 

2. Salem, O., Solomon, J., Genaidy, A., and Minkarah, I.: Lean Construction: From Theory 

to Implementation. J. Manage. Eng., 22(4), 168–175 (2006) 

3. Ohno, T.: Toyota Production System – Beyond Large-Scale Production. Productivity 

Press, Cambridge Massachusetts (1988) 

4. Gruß, R.: Schlanke Unikatfertigung – Zweistufiges Taktphasenmodell zur Steigerung der 

Prozesseffizienz in der Unikatfertigung. Gabler Verlag, Wiesbaden (2010) 

5. Wiendahl, H.-P.: Betriebsorganisation für Ingenieure. Hanser, Munich (2008) 

6. Piller, F. T.: Mass Customization. Wiesbaden (2006) 

7. Nebl, T.: Produktivitätsmanagement. Hanser, Munich (2002) 

8. Craig, C. E., Harris, R. C.: Total Productivity Measurement at the Firm Level. Sloan Man-

agement Review, 14/3,13-29 (1973) 

9. Sudit, E. F.: Productivity measurement in industrial operations. European Journal of Oper-

ational Research, 85/3, 435-453 (1995) 

10. Charnes, A., Cooper, W. W., Rhodes, E.: Measuring the efficiency of decision making 

units. European Journal of Operational Research, 2/6, 429-444 (1978) 

11. Bokranz, R.; Landau, K.: Produktivitätsmanagement von Arbeitssystemen. Schäffer-

Poeschel, Stuttgart (2006) 

12. Shingo, S.: A Revolution in Manufacturing: The SMED System. Productivity Press, Cam-

bridge Massachusetts (1985) 

13. Lotter, B., Spath, D., Baumgartner, P.: Primär-Sekundär-Analyse: Kundennutzenmessung 

und Kundennutzenorientierung im Unternehmen. Expert Verlag, Renningen (2002) 

14. Wiendahl, H. P., Hegenscheidt, M.: Produktivität komplexer Produktionsanlagen. 

Zeitschrift für wirtschaftlichen Fabrikbetrieb, 96/4, 160-163 (2001) 

15. Grando, A., Turco, F.: Modelling plant capacity and productivity: conceptual framework 

in a single-machine case. Production Planning & Control, 16/3, 309-322 (2005) 

16. Czumanski, T., Lödding, H.: Integral analysis of labor productivity. 45th CIRP Conference 

on Manufacturing Systems, Procedia CIRP, Vol. 3, 55-60 (2012) 

17. Frühwald, C.: Analyse und Planung produktionstechnischer Rüstabläufe. VDI-Verlag, 

Düsseldorf (1990) 

18. Simons, B.: Das Multimoment-Zeitmeßverfahren. Univ, Cologne and Dortmund (1987) 


