
Personnel Development and Assignment Based upon 
the Technology Calendar Concept 

Sven Rottinger and Gert Ztilch 
University of Karlsruhe, ifab-Institute of Human and Industrial Engineering, Kaiserstrasse 
12, D-76131 Karlsruhe, Germany, 
Email: (sven.rottinger, gert.zuelch}@ifab.uni-karlsruhe.de. 

Abstract: The optimal utilisation of human resources is one of the most important suc
cess factors contributing to long-term competitiveness. An essential require
ment for the optimal utilisation is a goal-oriented planning of personnel devel
opment. The principal intention of personnel development and assignment 
planning is to cope with technology and product changes. These changes not 
only demand a quick and flexible adaptation of machinery resources but also 
that of an existing workforce. In addition to the productions logistical and 
financial objectives, which are generally in the foreground during the imple
mentation of new technologies and products, the workers' personal concerns 
should be taken into account. In order to be able to offer a methodology for the 
continuous adaptation of a workforce to the process of change, the idea of the 
technology calendar concept is picked up and expanded here. Within this con
cept, the ifab-Institute of Human and Industrial Engineering at the University 
of Karlsruhe exploits the possibility of using simulation as a planning tool in 
order to support a goal-oriented planning of personnel development. 
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1. IMPORTANCE OF PERSONNEL 
DEVELOPMENT 

New products and process technologies and a changing manufacturing 
programme demand a quick and flexible adaptation of the existing work
force. This adaptation is essential for the optimal utilisation of human 
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resources which are in many manufacturing systems the most expensive but 
also the most flexible factor. 

However, various enterprises use a traditional form of personnel devel
opment in order to adapt their personnel structures to the changes in manu
facturing systems. This means that already existing qualification deficiencies 
are the trigger for development measures. Consequently the elimination of 
personnel bottlenecks occurs reactively, usually with single, improvised 
measures. 

In contrast to the traditional form, the approach of a synchronised per
sonnel development can be used. According to this concept, development 
measures are coordinated with the planned product and technology changes 
from the very beginning. The aim is for all affected workers to possess the 
necessary qualifications early enough to avoid qualification bottlenecks. For 
this purpose the technology calendar concept is used to adjust continuous 
product and technology changes with the personnel development and 
assignment. 

In general, the planning process should encompass several technological 
phases. Therefore, it is necessary to define timeframes, which allow for a 
rough planning of the needed number and abilities of a workforce. These 
timeframes determine when product or technology changes should be 
expected. Which worker is suitable for further education and how the 
respective abilities should be achieved is a subject matter related to the 
determination of qualitative personnel requirements, whereas the number of 
needed persons is a quantitative issue. If the required qualifications are to be 
available at the right point in time, it is indispensable that the necessary 
qualification measures are defined and scheduled appropriately. The qualifi
cation concept which has been developed here describes the qualification 
measures, sorted into target groups, content, qualification costs, and time. 

Dependent upon the type of personnel assignment problem to be solved, 
several instruments have been developed at the ifab-Institute of Human and 
Industrial Engineering of the University of Karlsruhe, e.g. the personnel-ori
ented simulation tool ESPE (in German: "Engpassorientierte Simulation von 
Personalstrukturen"; cf HEITZ 1994; ZULCH 1996; ZULCH, VOLL-
STEDT 2000). In order to support the described planning process, the 
possibility of using this simulation tool is exploited. For this purpose, a 
novel simulation tool has been adapted to the requirements of long-term per
sonnel development and assignment planning. 
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2. FACTORS INFLUENCING PERSONNEL 
DEVELOPMENT PLANNING 

In order to evaluate the development of a workforce, various criteria can 
be taken into account. In addition to the productions logistical and financial 
objectives, which are generally in the foreground during the implementation 
of new manufacturing technologies and product developments, the workers' 
personal concerns should also be observed. 

2.1 Continuous Process Technology Changes 

The development of the various product and process technologies is 
characterised by a further increase in the degree of automation. Furthermore, 
it can be seen that decentralised manufacturing systems are often used in 
order to improve flexibility and reactivity. This refers to an increased inte
gration of indirect ftinctions, such as maintenance and quality control, into 
the manufacturing process. 

The technological developments usually provide important impulses for 
personnel development: Specialists who are qualified only for few work 
tasks are no longer the focus of interest. Rather, workers who can also take 
on up-stream or down-stream work tasks are desired to a far greater extent. 
This does not only imply an adoption of more, similarly structured work 
tasks, as in job enlargement, rather in particular the adoption of more 
responsibility, as in a vertical job enrichment (ULICH 1998, p. 159). 

Another important impulse for personnel development planning is the 
increased likelihood of machinery failures during the start-up of new equip
ment. In order to avoid downtime, the personnel responsible for maintenance 
tasks must be present in adequate numbers and with the necessary qualifica
tions. 

2.2 Continuous Product Changes 

In order to remain competitive in the market, a production enterprise 
must further develop its palette of available products and increase the num
ber of variants according to market demands. The continuous product devel
opment has numerous effects upon future personnel developments: 

On the one hand, questions regarding the quantitative personnel demands 
must be clarified when considering the development of product figures. On 
the other hand, the introduction of new product variants, the further devel
opment of existing products, and even new process technologies lead to 
more complex work requirements, which cannot be managed without a tar
geted, qualitative personnel development. 
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2.3 Considering Personnel Aspects 

In order to take the preferences and restrictions of the existing workforce 
into account during development planning, the simulation procedure ESPE 
offers an appropriate approach (cf HEEL 1999, p. 96). This simulation 
package includes a preference system, which permits the modelling of per
sonal preferences and restrictions for each required qualification. This pref
erence system has been supplemented with worker development potentials 
for future work tasks in order to support personnel development planning, 
and was implemented in ESPE-PE (ESPE for Personnel Development). The 
simulation procedure ESPE-PE can thus make a clear statement as to which 
person is best suited for the needed qualifications of an upcoming work task. 
The development potential can thereby be determined from worker surveys 
or from the guess of a superior. 

Another personnel aspect is the sequential completeness of work func
tions (cf HACKER 1987, p. 44). Sequential completeness refers to a work 
task which includes, in addition to the execution function, also upstream and 
downstream functions, for example set-up and maintenance functions as well 
as control functions. In particular persons without job alternation will obtain 
in the procedure a preferred enlargement of their abilities, on condition that 
these persons are suitable for further qualification. 

3. COORDINATION OF MEASURES USING THE 
TECHNOLOGY CALENDAR CONCEPT 

3,1 Synchronised Personnel Development 

Numerous concepts for the integration of product and technology devel
opment into organisations development can be found in the literature 
(HAYES, WHEELRIGHT 1984, p. 197; SAVEN, OLHAGER 2002, pp. 
375). In particular various technology calendar concepts have been pre
sented. These concepts permit the synchronisation of technology and product 
changes. The approaches differ with respect to their application areas and 
objectives (BURGSTAHLER 1997, p. 69). 

However, none of these concepts consider the integration of personnel 
development planning in the process of change. In order to be able to offer a 
continuous methodology for the aforementioned problem with respect to the 
integration of personnel development in the process of change, the idea of 
the technology calendar concept was picked up and expanded. The concept 
has thereby been supplemented in order to coordinate personnel develop-
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merit measures, in the sense of a personnel development, which is synchro
nised with product and technology developments. 

The technology calendar concept, which is implemented in ESPE-PE, 
recognises four sectors (cf. Figure 1): In the product programme sector the 
new products to be planned are listed along with the date of their planned 
production start. In the product and process technology sectors the new tech
nologies are listed with the latest date for their application maturity (cf. 
BURGSTAHLER, 1997, p. 109). Due to the fundamental need for the inte
gration of the personnel resources into this planning process, the personnel 
development has been incorporated into the fourth sector. In order to coordi
nate personnel development measures, the production system can be simu
lated for each modelled date of a product and technology development. 

Personnel 
development 
and assign
ment planning 

Series production 
I Time frame 
Time of application! 
maturity of the 
technology 
considered 

Figure I. Technology calendar with synchronised timeframes for personnel development 
(Source: ROTTINGER, ZULCH 2003, p. 56) 

3.2 Personal-oriented Modelling of Manufacturing 
Systems 

In order to be able to evaluate the effects of personnel development 
measures on the manufacturing system using the simulation procedure 
ESPE-PE, an appropriate modelling of the technology and product change as 
well as a modelling of the personnel structure is necessary. The function-
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equipment-matrix of a manufacturing system (of. Figure 2), used for the 
modelling of personnel structures, is a significant input mask. This matrix 
contains all functional elements appearing in the manufacturing programme 
for a specific time period. A functional element refers to the requirement of a 
specific function at a certain workplace or machine, e.g. the set-up function 
of a milling machine. Thus, the ability of a worker is defined by the set of all 
functional elements he can execute. This high degree of detail for modelling 
of the workers' abilities allows for personnel related bottlenecks, occurring 
after a technology or product change, to be identified in a simulation study 
and the according personnel development measures to be derived. 

The problem of developing and assigning workers to functions and 
workplaces is characterised, on the one hand, by a large number of possibili
ties for varying the abilities of the needed workforce and, on the other hand, 
by a large number of different possibilities for allocating persons to work 
functions. Of course, the chosen assignment has an important effect on 
labour costs per manufactured unit and the achievement of logistical goals. 

3.3 Objectives and Evaluation of Personnel 
Development 

ESPE-PE supports an evaluation of alternative personnel structures for a 
specific evaluation period. An evaluation period is determined by the proxi
mate point in times t and t+1 and considers the average lead time degree of 
orders, the system output and the average workload as logistical goals, and 
the calculated labour cost as well as the personnel adjustment costs as finan
cial goals (see for further details ZULCH, GROBEL, JONSSON 1995, pp. 
311). In addition to the logistical and financial goals, personnel-oriented 
aspects can also be evaluated, e.g. concerning personnel development poten
tial or the completeness of work functions. 

In order to evaluate a personnel development concept over multiple 
stages of technology and product changes it is not sufficient to select the best 
planning solution for each evaluation period separately. Beyond this it is 
necessary to take for each evaluation period several alternative planning 
solutions into account and to derive alternative personnel development paths 
for the entire sequence of changes. This approach ensures the generation of a 
personnel development concept, which contains the best solution over all 
development stages. 
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Figure 2. Function-equipment-matrix 

4. TECHNOLOGY AND PRODUCT CHANGES FOR 
A COMPONENT SUPPLIER AS AN EXAMPLE 

In the following case study the technology calendar concept is used for a 
component supplier from the automotive supply industry. In this project a 
personnel development concept which considers multiple stages of technol
ogy and product changes should be generated. 

4.1 Problem Description 

The considered production enterprise was faced with broad modifications 
to a specific manufacturing system. In the initial situation numerous compo
nent variants were manufactured in small lot sizes. In addition to this initial 
manufacturing programme, an order with large lot sizes and only two vari
ants was envisaged by a certain customer from the automotive industry. This 
would possibly justify the application of a new manufacturing technology 
allowing for an assembly process without complex welding procedures. This 
new technology, resulting in an automated workplace, could be implemented 
in two stages. 
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In addition to this technology change, a quantitative development of the 
regarded product variants had to be modelled in accordance with the quanti
ties demanded from the automotive company. Aside from a continuous 
quantitative production increase over time, one significant rise in output 
which would occur after the end of summer holidays had to be considered. 
The second significant rise was envisaged in a specific month in 2004, at 
which time the second implementation stage had to be concluded so that the 
required quantity could be produced. 

4.2 Personnel Development Concept 

In accordance with these multiple stages of technological changes, vari
ous scenarios were built. Their main aspects are the following: In order to 
obtain the personnel qualifications needed for the new manufacturing tech
nology on time, a personnel development concept has to be set up. All 
qualitative and quantitative aspects of the personnel development, dependent 
upon the implementation stages of the new technology and the monthly 
enlargement of the production volume have to be defined in this concept. 

f=0 KH£::0 

f=7 

t=10 ^ ^ rfagan^ 
Legend: C | 0 ^ Machines t = 0 Initial situation 

\o^^ Workplace for teann leader t = 7 First implementation stage 
gSfisig, Assembly station t = 10 Second implementation 

MA • t y g Automated workplace sia^e 

Figure 3. Development of the manufacturing system 
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Furthermore, an increased probability of machine failure after each 
implementation stages of the automated workplace has to be considered. In 
order to reduce machine disturbances, especially during the early introduc
tion stages of the new technology, an adequate number of maintenance per
sonnel have to be planned for the new tasks 

The initial situation as well as the scenarios for the upcoming technology 
and product changes have been modelled and simulated in ESPE-PE. For 
each point in time of a technology or product change the scenarios have been 
evaluated and, where applicable, an adaptation of the existing personnel 
structure has been regarded. 

The results contain a personnel development concept with the latest point 
in time for the necessary measures as well as the target group and content of 
all necessary measures for personnel development. Beyond continuous 
training of the existing staff, one measure includes the acquisition of skilled 
workers from the external employment market. The reason for the acquisi
tion of additional workers is the high qualification requirements for the set
up and maintenance functions, created by the new technology, which cannot 
be fiilfilled by the existing workforce while also taking their qualification 
preferences and restrictions into account. Furthermore, several restrictions 
for an extension of qualification of the present staff become evident, result
ing from an assessment of the qualification development potential. The main 
reason for the qualification restrictions of the existing workforce is the high 
contingent of workers originating from external trades. Due to their lack of 
technical qualifications, such workers are only suitable for simple operating 
tasks. 

t=1 

t=4 

Measures 
External personnel hiring 
and industrial training 

Internal relocation and 
industrial training 

Instruction at the 
equipment 

External personnel hiring 
and industrial training 

Type of Personnel 

1 Equipment 
manager 

2 Equipment 
operators 

1 Team leader 

1 Machine operator 
2 Equipment 

operators 

1 Equipment 
manager 

Machine/Function Element 
AW1,AW2: 
Set-up, adjustment, control, minor 
disturbance elimination, maintenance 
AW1,AW2: 
Material preparation, set-up, 
machine rigging | 

AW1,AW2: 
Set-up, minor disturbance removal, 
maintenance | 

AW1, AW2: Equipment fitting 1 

AW1,AW2: 
Set-up, adjustment, control, minor 
disturbance elimination, maintenance 1 

Legend: AW1,AW2 Automated Workplace 

Figure 4. Personnel development concept 
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The derived measures contained an important input for those responsible 
for planning. Especially the determination of the time frame for the acquisi
tion from the external employment market and the consequent realisation of 
this measure were decisive for the successful implementation of the auto
mated workplace. 

5. SUMMARY AND FURTHER RESEARCH 

In order to be able to react quickly to product and technology changes, 
the flexibility potential of the available personnel structure must be regis
tered, and exploited during the continuous planning process. Practical indus
trial experience shows that personnel development measures are often reac
tive or are carried out in an ad hoc or improvised manner. A simulation sup
ported planning tool, with which measures for personnel assignment and 
development planning can be commenced in a targeted and timely manner, 
has been compiled here in order to counteract reactive personnel develop
ment. 

The fundamental idea behind the technology calendar concept, which 
was originally conceived for the coordination of long-term change processes, 
can also be transferred onto problems arising from a shortened planning 
horizon in order to cope with demands of a market-driven production with 
increasing product diversity, ever shorter delivery times and higher delivery 
reliability. In order to be able to react quickly to the short-term changes to 
the sales market, many production enterprises turn to decentralised organ
isational structures. 

However, as a result of a weekly or even daily varying order programme, 
these decentralised organisational structures are faced with a fluctuating 
workload. A future research requirement can be seen in the assignment of 
workers from weakly loaded organisational structures to organisational 
structures with higher personnel utilisation as a compensation for a daily 
varying order programme. Thus, the modelling of weekly or even daily 
variations in the quantity and type of the order programme, and the support 
of associated personnel assignment problems must be undertaken. 

Building upon this, a systematic procedure, which supports the planning 
of short-term personnel assignment in decentralised organisations structures, 
should be developed. An objective of priority for this procedure is to plan 
group structures which, on account of their qualification, are able to 
exchange individual workers between the individual, decentralised produc
tion units in order to achieve high personnel utilisation, a complete process
ing of the manufacturing programme as well as low lead times. 
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