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ABSTRACT

Enterprises in high-wage countries are facing an increasing shortage of skilled workers due to demographic change.
In coping with this problem, companies are forced to provide incentives that help them recruit and retain qualified
staff. As a result, enterprises have to deal with increasing wages, which means that the employment of staff must be
highly efficient in order to avoid idle times of the personnel. At the same time, the working conditions have to be
designed ergonomically in order to preserve the work ability of the employees. Altogether, the enterprise is forced to
create good working conditions in order to find employees and bind them to the enterprise. The design of employee-
oriented and ergonomic working time models is an important prerequisite for mastering this challenge. Commercial
software usually compares a working time model with the existing legal regulations as well with ergonomic
recommendations in order to provide an ergonomic evaluation. Capacity requirements are taken into account only
statically. However, capacity requirements usually are subject to several dynamic influences resulting from
stochastic operation times, stochastic intermediate arrival times of orders or customers. This makes it more difficult
to adjust the available capacity to stochastic capacity requirements. With the help of a discrete-event simulation,
various working time models can be compared in a specific case of application and assessed in quantitative terms.
This paper discusses the situation of enterprises in high-wage countries and the resulting need for the ergonomic
design of working times. Then, the paper presents the OSim-GAM simulator developed by the Institute of Human
and Industrial Engineering (ifab) of the Karlsruhe Institute of Technology for the ergonomic design of working time
models. The OSim-GAM assessment concept for working time models is presented and its use is illustrated within
the framework of a case study._
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INTRODUCTION

As a result of the change towards a knowledge and service society and due to demographic change, self-perception
of employees has changed, at least in the so-called high-wage countries. For many employees, the work-life balance
(i.e. the compatibility of job and private life) and professional self-fulfillment have shifted into the focus. This
reduces their preparedness to adapt to external conditions of companies and employers, which do not correspond to
their conception, wishes, and needs. While the rule “People Follow Jobs” applied to the industrialized society in the
past, the currently prevailing situation may be described by ”Jobs Follow People“ (Zukunftsinstitut, 2013, p. 55).

This change directly affects the design of working time systems (i.e. the sum of all working time models practiced at
a department or company). These models can no longer be tailored to the enterprise’s needs exclusively. Instead,
holistic consideration of the interests of both the enterprise and the employees is required. In February 2011, the
German Federal government, German industry associations, and the German Trade Union Federation launched the
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initiative "Familienbewusste Arbeitszeiten" (family-conscious working times) to improve the compatibility of job
and family. Under this initiative, guiding principles and guidelines were developed for the flexible and family-
conscious design of working times in practice. In addition, a database of good examples was offered (BMFSFJ,
2013a, 2013b). However, good practices of individual enterprises cannot just be copied, but may only be used as
first ideas when designing working times.

ERGONOMIC DESIGN OF WORKING TIME MODELS

Framework Conditions of Working Time Design

Holistic design of working time is associated with high requirements on the business planner, as it is necessary to
adequately consider not only legal provisions, collective agreements, and labor science recommendations, but also
the specific situation of the enterprise and employees (cf. Knauth, 2002, p. 52). Hence, there are no standard
solutions for the design of working times. The specific situation of the enterprise always has to be analyzed to find
an individual solution. This situation is even aggravated by the fact that many decision-makers have little knowledge
about which options exist for the design of working time models and which impacts these might have (see Ferreira
and Landau, 2001, p. 245). As the period of validity of a working time model often is several years in practice, a
wrong decision may have a very long-lasting effect.

For this reason, a systematic approach to planning and implementing working time models is required. This
approach should adequately account for the multitude of alternatives. The resulting complexity can be managed by
using a software that often includes an ergonomic assessment when designing working time models.

Restrictions Resulting from Legislation, Collective and Individual Agreements

Legal working time provisions define the framework conditions for the design of working times. In the European
Union, the Working Time Acts of the member states are based on the Working Time Directive (Directive
2003/88/EC of 4 November 2003). Article 2 specifies the following definitions among others:

®* “‘working time’ means any period during which the worker is working, at the employer's disposal and
carrying out his activity or duties, in accordance with national laws and/or practice;

®  ‘rest period’ means any period which is not working time.“

The Working Time Directive specifies minimum safety and health requirements for the organization of working
time, including (a) minimum periods of daily rest, weekly rest, and annual leave, breaks and maximum weekly
working time and (b) certain aspects of night work, shift work, and patterns of work. The main provisions of the
Working Time Directive are (Eurofound, 2012):

® “a maximum average working week of 48 hours, including overtime (calculated over a four-month
reference period)”; an opt-out clause allows to exceed the 48 hours, if the individual worker voluntarily
agrees;

® “alimit of eight working hours, on the average, per 24 hours for night workers — defined as a person who
normally works at least three hours during night time;

® arest break after six consecutive hours of work;

® rest periods of at least 11 consecutive hours per 24-hour period and 35 consecutive hours per seven-day
period,;

®* a minimum of four weeks’ paid annual leave which needs to be taken during the leave year stipulated and
cannot be paid in lieu except where the worker’s employment is terminated or in the case of a short-term
casual worker, where it may be translated into pay”.

This Working Time Directive is translated into national more detailed laws by the EU member states. In Germany,
for example, working time regulations can be found in the Arbeitszeitgesetz (ArbZG, Working Time Act), the
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Gesetz zum Ladenschluss (LadSchlG, Shops Closing Act), the Gesetz zum Schutz der arbeitenden Jugend
(JArbSchG, Youth Labor Act) or the Gesetz zum Schutz der erwerbstédtigen Mutter (MuSchG, Employed Mothers
Protection Act).

Legal regulations are complemented by a number of collective and individual agreements. In Germany, the so-called
“Gilinstigkeitsprinzip“ (benefit-of-the doubt principle, Art. 4, par. 3 Tarifvertragsgesetz, TVG (Collective
Agreements Act)) applies. This means that in case of conflicting legal standards for the protection of employees, the
prevailing regulations shall be those that are more beneficial for the employees rather than those that are of higher
level. Hence, it is no longer sufficient for the planner of working time systems to know legal regulations. All
agreements relating to working time have to be taken into account. Depending on the enterprise, the planning task
may turn out to be highly complex, as some enterprises have entered a number of in-house agreements.

Ergonomic Recommendations Relating to Working Time Design

For many years now, ergonomic recommendations have been existing for the design of shift work (e.g. Seibt et al.,
2006). Paridon et al. (2012) carried out a meta analysis of the literature covering shift work in order to identify its
impacts on health and prevention options. In contrast to this, hardly any substantiated findings have been made
available so far with respect to the design of flexible working times. As many aspects of shift work also apply to
flexible working time models, such as the location or length of the working time, the corresponding findings may be
transferred to the design of flexible working time models.

Shift work differs from normal working time by changing times of duty in the different shifts. Work during the night
or on the weekend is required. According to studies, the frequency of complaints is much higher for employees who
are regularly working in shifts, during the night or on weekends than for employees having normal working times
(Bauer et al., 2004, pp. 177). The authors point out that work in shifts and on weekends frequently occurs in jobs
associated with high physical stress or strenuous postures. It is also deemed to be confirmed that the strain of shift
work results from the shifting of the working time relative to the biological daily rhythm (Paridon et al., 2012, pp.
81). Shift work may have various effects on health. It is considered certain that shift work may cause sleep
disturbances (Paridon et al., 2012, p. 92). According to studies, other impacts of shift work are gastro-intestinal
diseases, changes of nutrition and body weight, cardiovascular diseases, psycho-vegetative diseases or even cancer
(e.g. Bauer et al., 2004, pp. 177; Paridon et al., 2012, pp. 93 ff.). The meta analysis of Paridon et al. (2012, pp. 93)
shows, however, that these relationships are far from being confirmed and sometimes discussed controversially.

Irrespective of the working time model, various studies have been performed to identify the effects of working time
duration on the employee. In a representative secondary analysis by Wirtz (2010, pp. 79 ff.), it was proved for the
European Union that the risks of adverse impacts on health increases with increasing duration of weekly working
time. Moreover, work productivity decreases with increasing weekly working time (Wirtz, 2010, p. 31). It has also
been confirmed that work efficiency decreases considerably when work duration reaches more than seven or eight
hours (Janfen and Nachreiner, 2004, p. 17). The meta analysis of Paridon et al. (2012, pp. 108 ff.) also revealed that
the risk of accidents increases with both an increasing duration and a more unfavorable location of the working time.

Ergonomic recommendations for the design of shift work define e.g. the minimum duration of a shift, the minimum
and maximum number of consecutive working days, forward rotation of the shift sequence (early, late, night shift),
the minimum rest period after a night shift, and the number of free weekends in the rest period (for details cf. Seibt
et al., 2006).

Work-life Balance of Employees

In the early 1970-ies Knauth and Rutenfranz (1972, p. 181) already analyzed the impacts of shift work on the work-
life balance. The authors studied the relationship between working, travel, and sleeping time and real leisure time for
different shift schemes. Compared to days off where sleeping takes place during the night, leisure time is restricted
significantly on working days. The percentage of leisure time as well as its location and duration vary considerably
for different shift schemes, such that the working time may well be assumed to affect sleep and leisure time.
However, use of the leisure time available does also depend on its location. According to Knauth and Hornberger
(1997, pp. 38), leisure time can be used best in the evening hours and on weekends for e.g. individual activities with
the family, friends, relatives, and for participation in social and political life. Long-term studies of the social impacts
of shift work on family and leisure life are still lacking (Paridon et al., 2012, pp. 108).
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As regards the compatibility of professional and private interests, a secondary analysis of two representative
European samples revealed that the balance worsens with increasing working time. A deep drop is observed for a
working time of more than 40 hours per week (Wirtz, 2010, pp. 139). Employees, whose variable working times
were determined by others, rated the compatibility worst, whereas no differences were observed for regular working
times determined by others and self-determined variable working times (Wirtz, 2010, pp. 147). Extra-professional
activities (e.g. honorary work, child care, household, care, advanced training, sports, leisure activities, cultural
activities) were found to decrease significantly with increasing weekly working time (Wirtz, 2010, pp. 161). Leisure
activities in particular were influenced strongly by the variability of working times (Wirtz, 2010, pp. 167 ff.).

Hence, assessment of the work-life balance of the employees is determined by the location, duration, and variability
of working time as well as by the possibility to influence it. Moreover, the fulfillment of the working time wishes of
the employees and the number of conflicts with individual working time preferences should be considered.

Impacts of Working Time Models on Business Processes

A working time model does not only affect health and the work-life balance of the employees, but usually also the
business processes at the enterprise. Holistic assessment of a working time model therefore has to be based on
business characteristics that may vary for different sectors. In the fabrication sector, e.g. process costs, cycle times,
and utilization rates may be appropriate assessment criteria, whereas characteristics of relevance to hospitals are
more patient-oriented, such as waiting times, service levels, and quality of treatment. An overview of relevant
characteristics can be found in Bogus (2002, pp. 126), or Leupold et al. (2013).

Table 1 lists the elements of a holistic characteristics-based system for the ergonomic assessment of working time
models.

Table 1: Elements of a holistic characteristics-based system for the ergonomic assessment of working
time models

Legal, collective,
and contractual
characteristics

Labor science
recommendations
for working time

design

Work-life balance of
employees

Impacts on business

. minimum and maximum
working time per working
day

. maximum and average
weekly working time of a
certain balancing period

3 minimum number of free
weekends or Sundays

. compensation of
overtime

3 work on weekends

three consecutive night
shifts at the maximum
rapid rotation of early
and late shifts

forward rotation of shifts
start of early shift not too
early

no agglomeration of
working time

blocked leisure times on
weekends

. maximum working time
per working day

. maximum weekly
working time

. location of working times

. location of leisure time

. working times
determined by others or
self-determined

. regular or variable
working times

e degree of fulfilling
working time wishes

e conflicts with working
time wishes

production logistics

characteristics, e.g.

. utilization of
workplaces and
utilities

. processing times for
customers or orders

. execution costs for
customers or orders

customer-oriented

characteristics, e.g.

e waiting times

U service level

staff-oriented

characteristics, e.g.

. physical strain

. time stress

COMPUTER-SUPPORTED DESIGN OF WORKING TIMES

As a rule, commercial software programs for the design of working times are based on a static assessment
(irrespective of the process flow at the enterprise) exclusively. Assessment is made by comparing the capacities
available and the capacities needed. In addition, it is usually checked whether legal framework conditions and
ergonomic recommendations are met by the department studied. Collective and individual agreements are not taken
into account. Target conditions are compared with the current situation. The planner may assign a weight to the
different criteria.
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The four commercial software programs that are based on such a static assessment and most frequently used for the
design of shift plans in Germany were tested by Boker (2011). Ergonomic assessment of the four tested programs is
based on the following assessment criteria (Boker, 2011, p. 30):

® BASS 4.0 (GAWO 2007) uses a definition pool for all legal requirements and labor science
recommendations, the values of which may be adjusted in a defined range by the planner. Weighing of the
assessment criteria is possible. Calculation of the staff needed is based on qualifications, needed
workforces or shifts.

®  e-Shift-Design (ifaa 2009) gives six criteria, the weighing of which may be adjusted by the planner. Need
determination calculates possible shift groups, the number of employees, the resulting weekly working
times, and the validity of the plan.

*  Optischicht (TUV Nord 2012) gives twelve criteria, the values and priorities of which can be adjusted. The
shifts needed, the shift teams, and the weekly working times are calculated using business and working
time data.

® Ximes-OPA/-SPA (Ximes 2014) considers all legal and ergonomic criteria, the relevance of which can be
adjusted. The need can be calculated in an activity-related manner. On this basis, possible shift groups,
spare staff needs, full-time and part-time employment, and individual assignments are calculated. Ximes-
OPA and -SPA are also offered in English.

Boker (2011, p. 28) concludes that the programs tested differ considerably in terms of costs and performance.
However, he does not make any final recommendation or provide any ranking of the software products, as target
groups and their needs differ significantly.

Under the initiative “Neue Qualitdt der Arbeit” (INQA, new quality of work), counseling and support services
offered for the design of working time were compiled. In particular, a cost-free program for online risk assessment
of working time models was developed (INQA 2013). This program is also based on a comparison of target
conditions with the current situation for the assessment of the working time model and calculates a risk index. This
index allows for the comparison of different working time models.

The work-life balance of employees has not yet been assessed using commercially available software. If at all,
programs existing for the design of working time models consider working time preferences, but not the individual
stress situation resulting from work and private life. Only the online program for risk assessment developed by the
Neue Qualitat der Arbeit (INQA) initiative checks the probability of limited participation in social life (cf. Dittmar
et al., 2010, p. 154).

For the holistic assessment of a working time system, this static approach often is not sufficient, as business is
associated with dynamic effects aggravating an adaptation of the capacities available to the capacities needed. Such
effects may be stochastic execution times of work processes or fluctuations of the capacities needed that are typical
of the service sector. When combining several working time models in a working time system, complexity increases,
if employees of various working time models cooperate and the individual working time models have to be
synchronized.

SIMULATION OF WORKING TIME SYSTEMS

Simulation Study Procedure

Computer-supported simulation is a tool allowing for the dynamic assessment of working time systems, also under
stochastic influences. Computer-supported simulation is understood to be the modeling of a real system with its
dynamic processes in a computer model. This model is used for simulation experiments (i.e. variation of model
parameters) to obtain findings that can be transferred to reality (VDI 3633, Sheet 1, p. 2). As a rule, an abstraction is
required, since an exact reproduction of the real system would require too large an expenditure and often is not
needed for problem solution. Due to the abstraction made, it has to be ensured that the model still reflects the
behavior of the real system correctly and with sufficient accuracy. Hence, a validation is needed to find out whether
the model and the original are in sufficient agreement (VDI 3633, Sheet 1, p. 36). A complete agreement between
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the original and the model is impossible, as the abstracted model cannot take all aspects and influencing parameters
into account. Agreement can only be reached within a given acceptable tolerance range that is agreed upon by the
simulator and the customer. Often, validation is based on a comparison with historical data. If these are lacking, the
simulator’s modeling experience and qualification are required (VDI 3633, Sheet 1, p. 36).

Simulation is an expert process, the use of which requires knowledge of the simulation tool used and the execution
of simulation experiments as well as in-depth knowledge of the system to be modeled. Hence, quality of a
simulation model largely depends on the simulator and the capacity planning data available. Nevertheless,
simulation has proved to be a reliable tool for the planning, implementation, and operation of work systems (VDI
3633, Sheet 1, p. 2).

The advantage of simulating working time systems consists in the fact that the latter can be assessed holistically
without any practical implementation (i.e. without direct interference with business). The system behavior can be
studied over long terms. The parameters of the working time systems can be varied with a relatively small
expenditure (e.g. location and duration of working times, rotation of shifts, number of consecutive working days).
Causal relationships between these parameters and the resulting impacts on the employees can be derived. In
practice, such a variation is impossible, as the staff deployed cannot be varied for study purposes. Moreover,
possible working time models are often too complex for being tested in practice over a longer term, in particular
when several alternative working time models are discussed.

The OSim-GAM Simulation Method

The OSim-GAM (Object Simulator for the Design of Working Time Models; Bogus, 2002) simulation tool was
developed by the Institute of Human and Industrial Engineering (ifab) of Karlsruhe Institute of Technology (KIT) to
analyze working time models. For this purpose, the work system studied is modeled with all relevant elements.
These are the work processes and their temporal and logical relationships, the resources needed for the execution of
the work processes (i.e. staff, utilities, workplaces, material), and the number and arrival times of the orders (or
customers) in the period under study (for details see Bogus, 2002, pp. 99). The simulation period chosen should be
representative of and longer than the planning period of the working time system studied. For production with a
constant entry of orders, a simulation period of four weeks may be sufficient. For a call center with high fluctuations
over the year, a complete year may have to be simulated to check the suitability of a working time system.

The working time schemes studied are modeled using contents-related design elements, such as duration (weekly
working time in hours, minimum and maximum possible daily working time in hours) and location (working time
corridors available, cycle period), and formal design elements (validity period, planning period, balancing period).
In this way, any working time models and systems can be defined (for details see Bogus, 2002, pp. 55).

Apart from business conditions, the design process considers the working time preferences of the simulated
employees. For modeling, a list of periods is stored, during which the employee has or wishes to fulfill private
obligations and which may conflict with work. In addition, a severity is indicated for every conflict. In this way,
working time preferences are assigned to every employee of a working time system in addition to his qualification.
For details, it is referred to Leupold et al. (2013).

Since the development of OSim-GAM, several simulation studies have been performed in the production, service,
and hospital sectors to prove the efficiency of the method and to analyze the impacts of various working time
systems on the target criteria of the assessment concept (e.g. Bogus, 2002; Leupold et al., 2010; Ziilchet al., 2011).

CASE STUDY

Modeling of the Customers

The following case study describes a fictitious bakery shop which was created according to former simulation
projects of the ifab-Institute. The bakery shop is located at a railway station. Therefore, its customers are usually
commuters and travelers. The opening hours are from 5:30 a.m. to 10:00 p.m. However, the employees have to be at
work at 5:00 a.m. in order to prepare the shop as well as the goods.
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The volume of work mainly varies with regard to the frequency of customer arrivals. Figure 1 shows fluctuations in
capacity required over the course of the day as well as the week. The intermediate arrival times of the customers are
exponentially distributed while the service is beta distributed. Additionally, a number of indirect activities which
are not directly associated with customers exist. For the most part, these are measures relating to the cleaning of the
counter and the shop as well as preparing the goods. Occurrence and duration of these indirect activities are
stochastically distributed, too.

m Monday

B Tuesday

m Wednesday
B Thursday

H Friday

m Saturday

m Sunday

Figure 1. Total capacity requirements over the course of the day and the week

All activities are modeled as netgraphs which generally only consist of one activity each. The netgraphs are started
by so-called triggers which represent the instigation of the task in terms of their start. To this end, the start date of
the task must be indicated. Multi-level priorities for activities are also modeled in order to ensure that only non-
important duties remain uncompleted. The highest priority is accorded here to the customer service. Moreover, some
tasks may be cancelled if they have waited for too long. For example, the customers are only willing to wait five
minutes for service before they leave the shop without a purchase.

Modeling of the Staff

The bakery shop has 13 full-time employees which work 38.5 h per week each. Every employee is modeled, with
data stored on their weekly working hours and their minimum and maximum shift durations. The employees and
activities are then linked using the definition of qualifications. Here, the employees work as generalist which means
that everybody can execute each activity.

The software BASS 4.0 was used in order to find the best working time system for the capacity requirements of the
bakery shop (see Figure 1). Thereby, the capacity required is always rounded up in order to ensure that there is a
buffer for unforeseen customer arrivals. The calculated capacity requirements are 9.6 employees while the rounded
capacity requirements are 12 employees. An additional employee is used as backup.

Three different working time system could be derived:

*  Working time system 1: Each shift has to be at least six hours and at most eight hours. The time slide for
planning shift is one hour which means that all shifts cover full hours.

*  Working time system 2: Each shift has to be at least six hours and at most eight hours. The time slide for
planning shift is 30 minutes.

*  Working time system 3: Each shift has to be at least four hours and at most eight hours. The time slide for
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planning shift is 30 minutes. An excerpt of the resulting shift plan is shown in Figure 2.

In order to ensure a good Work-Life Balance, the criteria concerning the spare time (a minimum number of free
weekends or Sundays, the compensation of overtime and the number of days consecutive) have been rated as very
important. However, all resulting working time systems cannot assure that every employee has at least two days off
per week. Additionally, there are some weeks where the employees have to work more than 38.5 hours per week
which is compensated afterwards.

EmployeleJ Date‘J \_S\hift assigned | | Day off Available shifts
\ \

# | aktuelles Of !::Simulationsmod t0 \ \ \ I / ==l
ala| w8 | @ \ \ | | [/
Ausgabe: Ohjekttypen AI\B%L z| Ausgabeart | Zeiten ﬂ [ Ausgabe in Datei? / 2
Montég Dig ptag Mittwoch Don| frstag Freitag -
08.07 o p7 1007 7 12.07
Full time 1
el F3 Fi Fi 54 m |
Full time 2 '
ARsrzon) Fi F2 Fi F s6
Full fime 3 |
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Full time 4
kst S8 Ti F2 F6
Full time & s
{APerson) F2 F1 5 F4 |E1
Full time 6
] F3 F2 Fi s4 -
< 1l b -
Bereit

Figure 2. Modeling of working system 3 in OSim-GAM

The so-called social roles are representing restrictions on working time, i.e. by specifying the periods of time in
which potential conflicts with employees’ private lives may occur.The social roles for the retail trade have been
investigated at the ifab-Institute using an employee survey (for more information please refer to Ziilch, Stock and
Schmidt 2012). Cluster analysis was used to identify six different social roles that differ in terms of their working
time preferences. It is apparent that the employees are not equally distributed between the defined clusters. Only
8.8% of employees are almost always available to work and would only experience a slight scheduling conflict if
they were required to work nights. On the other hand, 49.8% of employees experience constant conflicts with their
private lives, although these are described as slight during the day and moderate or severe at other times.

In order to analyze the effects of different distributions of social roles among the employees, 20 different scenarios
were constructed randomly. Each of those scenarios uses the same absolute frequency of social roles corresponding
to the frequency observed in the employee survey. Each of the scenarios attributes one of the social roles to each of
the 13 members of staff employed in the bakery shop.

Design of Experiments and Simulation Results

The simulation covers a period of four weeks. Within the simulation study, the three different working time systems
were combined with the 20 different distributions of the employee types to form a total of 60 test scenarios. To
eliminate stochastic effects, each scenario was simulated 20 times using different random numbers for the stochastic
modeled activities. Each simulation run takes three seconds.

Figure 3 shows a comparison of the results of the working time systems simulated. The assessment concept of
OSim-GAM uses so-called goal achievement degrees (following Wedemeyer 1989) which has proven favourable for
the evaluation of simulation results. A goal achievement degree has a value between 0% and 100%, the former being
the pessimistic state of a key figure, the latter the ideal one.
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It can be seen that with all working time systems nearly every customer can be served since the Degree of Goal
Achievement (DGA) Service degree is close to 100%. However, there are some waiting times for activities since the
DGA Lead time is about 66%. Especially the indirect activities (like cleaning or preparing goods) are waiting to be
proceeded since they have a low priority. The DGA Utilization of the employee varies between 64.9% and 69.2%
which means that the employees still have some idle times. Therefore, none of the three working time systems has
an ideal match to the capacity requirements. Finally, the DGA Process costs 64.8% and 69.6%. This means that the
choice of the working time model has an impact to the monetary and logistical key figures of the bakery shop.

Percentage Number
100

90
80
70
60
50
40
30
20

@ Working time system 1 |—

B Working time system 2 ||
@  Working time system 3| |

Legend: DGA Degree of Goal Achievement

Figure 3. Modeling of working system 3 in OSim-GAM

The DGA Physical strain and the DGA Time stress (see Figure 3) are nearly the same for all simulated working time
systems because the software BASS 4.0 tried to find the best working time system following the ergonomic
recommendations. However, the compatibility between work and private live varies heavily for the three working
time systems since. Working time system 1 and 2 have the most conflicts while working time system 3 has reduced
the average conflicts significantly.

Finally, the number of conflicts varies considerably for the different distributions of the social roles (see Figure 4).
Working time system 3 has not only the lowest number of conflicts but also the least spread of the conflicts for the
different distributions of social roles.

The results of the simulation study show that the choice of the working time system has a high impact on the
logistic, monetary as well as the employee-oriented key figures. Furthermore, the distribution of the social roles
within the enterprise is important since it interferes heavily with the working time system. Therefore, there is no
one-for-all working time system. For each enterprise a customized working time model has to be developed which
takes the operational processes as well as the personnel structure into account. Thereby, the challenge is to find a
working time model that is on the one hand sufficiently individualized to take the working time preferences of the
employees into account but that is on the other hand robust to fluctuations of the employees. Hence, enterprises
should check regularly whether their working time system still meets the demands of the enterprise and employees.
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CONCLUSIONS

Holistic assessment of working time systems with equal consideration of the enterprise’s and the employees’
interests requires appropriate characteristics taking into account both static and dynamic aspects. Commercial tools
for the design of working time so far have been offering a static assessment only. Staff-oriented simulation allows
for the consideration of dynamic effects of working time design through experiments using a simulation model.
Contrary to the commercial tools available, staff-oriented simulation thus allows for an analysis of the behavior of
complex work systems and other solution options. However, it represents an expert process that requires
comprehensive capacity planning data relating to the system studied for generating the simulation model. These data
are not always available in business and sometimes have to be collected for the simulation study. Due to the often
very long validity period of working time systems, however, this expenditure may still be worthwhile.
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Figure 4. Average number of conflicts for the different distributions of the social roles
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