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Abstract More doctors would like to work parttime. Since
research on fitting healthcare system design with the
structure of parttime jobs is lacking, we studied how
parttime work for medical doctors could be enabled from
a system design perspective. A theoretical analysis was
performed, illustrated by two case studies. We conclude that
introducing parttime work can provide the opportunity for
improving system design and, therewith, performance.
From the case studies it seems that work redesign can
enable parttime work, and at the same time improve system
performance. Better managing variability in the system
contributed to this. The case studies results also showed
that systems characterized by different levels of variability
fit with different work contracts.
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1 Introduction

More and more physicians would like to work parttime [1–4].
In addition, the number of female specialists is expected to

keep rising in the next years, which will further increase the
demand for parttime jobs [1–7]. To accommodate these
demands for flexibility in working hours, (more) opportuni-
ties for working parttime and/or sharing jobs should be
created. Such opportunities can make the profession more
alluring, which is important, considering the expected
shortage of physicians [3, 8].

Currently, relatively few parttime jobs for physicians
exist in healthcare. For example, in The Netherlands, only
6% of the surgeons in university hospitals work parttime,
while 54% would like to [9]. The Netherlands Organization
for Health Research and Development, affiliated to the
Dutch government, funded a research program to explore
opportunities for working parttime in healthcare: ‘Parttime
work among medical specialists.’ The study discussed in
this paper was part of this program and focused on parttime
work from a logistical viewpoint.

Increasing research is being performed on the effects of
physicians working parttime in healthcare [4–12]. Several
of these studies reported no differences between parttime
and fulltime physicians in terms of (quality) performance
[11, 12]. Also, a system with flexible, parttime employees
at its disposal can design its process differently [13].
Having a flexible pool, for example, could enable a better
reaction to fluctuations in demand per week, day or even
per hour [14]. Such issues related to applicability and
effects of parttime work may, according to Parkerton et al.
[11] and Murray et al. [12], interact with the structure of the
system in which the parttime work is performed. However,
no studies on parttime work from the viewpoint of fitting
the (logistical) design of a production system with the
structure of jobs are known to the authors.

Therefore, we explored the nature of the relations
between system design and parttime work. Our central
research question was: “What is required for enabling
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working parttime in healthcare organizations?” Our study
focused on enabling working parttime from a system’s
perspective; not a financial or human resource perspective.

Redesigning work to enable parttime work may change
the organization of care processes and, consequently, can
affect system design and performance. We will first
elaborate on these relations. Subsequently, for illustration,
two cases are introduced which represent two different
hospital production systems. In both cases, computer
simulation was applied to gain insight into enabling
parttime work [15]. The simulation study is described and
its results are discussed. Finally, we conclude on how an
organization can enable work redesign challenges like
parttime work. The aim of this paper is not only to provide
insight on the subject interesting for managers faced with
having to deal with a challenge like parttime work, but also
for doctors thinking about working parttime.

2 Healthcare system design

A system is the means by which a process occurs, i.e. it
provides the structure for a process to function in [16]. A
production process is any activity or group of activities
undertaken to transform input into output [17, 18]. Flows, i.e.
the movements of resources [18], exist both within and
between processes.

Healthcare production systems contain various flows,
such as patient, resource, information, and material.
Through their production systems, healthcare organizations
aim to offer value adding activities for patients and secure
efficient, high quality patient care [15, 19–22]. To do so,
production system design should enable continuous patient
flow and efficient performance [23]. However, in many
hospitals discontinuity characterizes patient flows, in the
form of series of queues from one activity to the next, [24].
Discontinuity can cause variability in the service process as
well as system performance and can make a system difficult
to manage [24, 25].

2.1 Discontinuity

System characteristics causing discontinuity in flow can be
grouped into three categories: (1) uncertainty, (2) inflexi-
bility, and (3) complexity of coordination [24]. Uncertainty
relates to the extent of information being either unavailable
or available but unused. This information can concern
demand, supply or the service process itself. Inflexibility
determines the degree of adaptability of the production
system to changes in demand. Adaptability can be restricted
due to technical, economic, or staff inflexibility. Coordina-
tion complexity concerns the number of transactions and
transfers. Coordination is complex in processes and

subsystems that share resources. Sharing leads to transfers
of information, capacity, personnel, materials, etc. Since
most processes and systems in healthcare share resources,
flows are interdependent.

Variability, either inherent or preventive, affects the
efficiency attainable in a system, system performance, and
quality of patient care [18, 24–27]. In healthcare a lot of
variability is present, e.g., random or non-uniform arrival
rates, service times, outcomes, but also a variety of
treatment options for one diagnosis [25–27]. Managing
variability to predict flow and to improve performance is
one of the main objectives in operations management [24,
26]. In Lean Thinking variability is managed, among other
things, through work design. An example of such work
design is standardizing processes’ and systems’ designs by
using standardized documentation according to which the
workers must perform [28]. This can reduce waste as well
as uncertainty, staff inflexibility, and complexity of coordi-
nation [14, 18, 24, 27–31].

2.2 Managing discontinuity through parttime work

Work contracts specify the duties to be fulfilled by a
worker. The organization that employs the worker has jobs
designed to fulfill these duties. In healthcare, job designs
determine which tasks a physician should fulfill, when and
how to fulfill them and how much time is available for this.
Thus, through the design of jobs, work contracts may
directly affect system design and performance. Moreover,
as job design may influence the continuity of flow, work
contracts are an important element of system design. This
means that if a certain system is characterized by some
level of variability and discontinuity, also the work contract
should be evaluated [12, 32, 33]. Let us carry a comparison
to working parttime.

Introducing parttime work in a system may require
changing the design of work and tasks. Creating parttime
work in a system could imply a re-allocation of personnel
to activities as well as changed workstation, task, and
operator related restrictions [29]. In fact, creating parttime
work in a system is a type work redesign. Hackman [34]
defines work redesign as “any activities that involve the
alteration of specific jobs with the intent of increasing both
the quality of the employees’ work experience and their on-
the-job productivity.”

Redesigning work via parttime jobs may be used as a
management instrument. Having a pool of flexible employ-
ees can benefit an organization and restrict discontinuity in
flows [13, 24]. It could help standardize processes and
reduce variability. For example, to flexibly respond to
changes in demand, a system requires flexible staff in terms
of availability and capabilities. Often, parttime workers can
provide this flexibility. There may, however, be constraints
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to introducing parttime work [12]. For example, a system in
which many resources are shared may not benefit from
introducing parttime workers, since this may further
increase the number of transactions. Also, if a parttime
worker demands to work only morning shifts, the system in
which he works must facilitate a low variation in shift
durations. If this is not the case, the demanded contract
should not be implemented or the system redesigned.

Different contracts for parttime work exist [13]. Contract
types differ on the basis of several variables. A first
distinction in contract types stems from deciding on the
number of hours to work per day and week and on how to
assign these. A parttime contract with fixed work hours and
days can be called a day-based contract [35]. Minimum/
maximum contracts are more flexible parttime contracts.
They specify the minimum work hours per week which can
be extended to a specified maximum, if necessary [35]. The
second distinction in contract types is how the parttime
physician organizes his work. He can either share or split a
fulltime job [1, 13]. Job sharing implies two physicians
equally sharing all tasks of one job. The whole job is the
couple’s responsibility. This requires finding a suitable
partner; something, that may be difficult and therefore can
impede parttime work [2]. Job splitting implies splitting up
a whole job or single tasks into smaller parts. Each
physician is responsible for his own part. This solves the
problem of finding a partner. At the same time, splitting a
job can make that job less attractive because it can affect
skill variety if the new job no longer comprises the full
range of responsibilities and skills.

The various contracts were studied further in a simula-
tion study carried out for two cases, each characterized by a
different system design.

3 Case studies

We used a multiple case study to explore how parttime
contracts and system design interact. Also, we studied how
this interaction affects discontinuity in the system, mea-
sured in in-process variability and performance. Two cases
were selected and described using process mapping [36].
Next, we developed simulation models in MedModel®

[37], a discrete event simulation program. To this end, we
used the flow charts complemented with historic patient
data over 1 year. After validating and simulating the models
of current situations in both cases, scenarios in which
parttime contracts were enabled were set up and evaluated.

3.1 Case descriptions

Case 1 concerned the work process of surgeons specialized
in care for elective patients with intestinal problems in the
surgery department of a Dutch university hospital. Of their
total work time, the surgeons spent 40% of their time on
this process. Figure 1 displays patient flow in the process.

Overall, the surgeons’ work process resembled a job-
shop design and the overall system design could be
characterized as an “Archipelago” [24]. Additionally, the
treatment process for the patients was multidisciplinary.
This made flow coordination complex. So did the fact that
capacities in the process were shared with others. Also
affecting the complexity of coordination was that the
surgeon who operated on the patient had to visit the
patient. These visits took place at the ward preoperatively,
1 day before surgery, and postoperatively, the evening after
surgery as well as several days later at the outpatient clinic.
Besides, task times varied greatly as did times between
activities. Overall patient throughput times were days to
weeks. All this resulted in many transfer points and
jumbled patient flows.

Case 2 concerned work processes of the three gastro-
enterologists working in the endoscopy department in a
Dutch general hospital. The study focused on patients
receiving gastroscopy, colonscopy or sigmoidoscopy. The
gastroenterologists spent 50–60% of their total working
time at the department. Figure 2 displays the patient flow at
this department.

Work design in the monodisciplinary endoscopic process
resembled a product-line and overall system design could
be characterized as a “Procedure based factory” [24].
Coordination was not complex because no capacity was
shared and patients met the gastroenterologist only in the
endoscopy room. Also, since most patients were outpatients
and thus not transferred to and from wards, transfer points
were few. The focus in the process was on the medical

Fig. 1 Flowchart of patient flow at surgery department (all arrows represent patient flows between activities; all shaded squares represent
activities in which surgeons perform tasks)
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intervention (the endoscopy) and not on continuous patient
flow. Task times were uncertain and patient flow was
discontinuous at times, because patients waited at some
points in the process. Patient throughput time was some-
what over 30 min.

3.2 Comparing the cases

Overall, both work and system designs were less standard
in the surgery department (case 1) than in the endoscopy
department (case 2). Case 1 was characterized by more
uncertainty and required more complex coordination. The
differences between the cases may be (partly) explained by
the patient mix. In case 1, patients were more medically
complex and needed a multidisciplinary process delivered
at several locations. Further, during a shift the surgeons in
case 1 were not solely allocated to the selected patient
group, whereas the gastroenterologists in case 2 were.
Patient throughput times in case 1 far exceeded throughput
times in case 2. These differences were expected to
influence the possibilities for parttime work per case.

Table 1 displays the results of simulating the current
situations. It shows that both cases contained variability
(expressed in the standard deviations). However, case 1
more than case 2. Taking into account this variability in
both cases, we set up scenarios to explore the possibilities
for enabling parttime contracts and restricting discontinuity
in flow as much as possible.

3.3 Simulation scenarios

As described in part 2.1, discontinuity in flow can be
caused by complexity of coordination, staff inflexibility,
and uncertainty. These three factors were used to define
variables for setting up the simulation scenarios. Addition-
ally, two strategies for enabling parttime work in a system
were applied for setting up the scenarios. The first strategy
implied selecting a contract to directly enable parttime
work. By doing so, we aimed to create a flexible system
design, reduce variability, and optimize flow. The second
strategy meant indirectly enabling parttime work. Follow-

ing this strategy, we reduced variability first to manipulate
system design and to make system design better fit the
parttime work contract.

In the surgery department, we applied both strategies to
the three variability related factors. Firstly, parttime work
was directly enabled through decoupling the complex
doctor–patient relationship. For the scenario, the surgeon
who performed surgery on a patient no longer had to visit
that patient preoperatively and postoperatively. This could
now also be a different surgeon, which enabled, for
example, working according to a day-based contract.
Secondly, parttime work was directly enabled for the
surgeons by decreasing staff inflexibility and splitting their
tasks at the outpatient clinic and transferring some of them
to a nurse specialist. Thirdly, parttime work was indirectly
enabled. Uncertainty in service times was reduced to study
the effect of this decrease in variability on process
performance, especially duration of the workday. No longer
were patients scheduled using general average operation
durations, characterized by large standard deviations.
Instead, for the scenario, the patient population was split
up into subgroups, each characterized by a more homoge-
neous average operation duration and smaller standard
deviation [38].

Table 1 Current situation in the surgery department and endoscopy
department

Surgery department Endoscopy department

Throughput time (in days) Throughput time (in min)
Avg. 36 Avg. 35
Median 34 Median 34
Std. Dev. 7 Std. Dev. 3
Shift exceeded (in min) Morning shift (in min)
Avg. 93 Avg. 203
Median 87 Median 201
Std. Dev. 146 Std. Dev. 9
Room utilization (in %) Workday (in min)
Avg. 63 Avg. 443
Median 62 Median 441
Std. Dev. 9 Std. Dev. 9

Fig. 2 Flowchart of patient flow at endoscopy department (all arrows represent patient flows between activities; all shaded squares represent
activities in which the gastroenterologist performs tasks)
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Since current performance in the endoscopy department
was such, that neither a complex doctor–patient relationship
nor opportunities for task transfer existed, the scenarios
focused on indirectly enabling parttime work through
reducing uncertainty in service times. For the scenarios,
the uncertainty in service times was manipulated (more and
less uncertainty) and the effects on performance were
measured.

3.4 Results scenarios

In case 1, decoupling the surgeon–patient relationship at the
operating theatre decreased throughput time and increased
production (Table 2). However, extra information transfers
among the surgeons may be needed which could add
complexity. In the second scenario, adding a nurse
specialist to take over surgeon tasks at the outpatient clinic
did not significantly influence throughput time. This could
be expected, since no differences were assumed between the
surgeons and the nurses regarding consultation time [39].

Table 3 shows that reducing uncertainty in service times
in the surgery department improved performance. The
predictability of shift duration and utilization of operating
capacity improved. However, planned shift time was still
exceeded, although, much less frequent.

Simulation results of the scenarios in the endoscopy
department made clear that decreasing uncertainty in
service times improved process predictability and perfor-
mance. Not only was the process predictability increased by
this decrease in supply variability. Also, patients flowed
more continuously. Vice versa, the simulations showed that
more variability resulted in increased patient throughput
time, caused by increased queuing. Besides, uncertainty
regarding patient throughput time increased and the
predictability of shift endpoints decreased (Table 4).

4 Discussion

The results of the case study underpin that different
systems, i.e. different system designs, lend themselves for

different parttime contracts. In case 1, the high level of
uncertainty about shift endpoints will conflict with fixed day-
based contracts. Case 1 demands more flexible minimum–
maximum contracts. Also, job splitting is possible in case 1
by splitting tasks at the outpatient clinic from surgery tasks.
Job sharing can be applied in case 1 if the two surgeons that
make up the couple operate as one and perform one full job
together. However, if both surgeons work on more than a
50% basis, more than one job needs to be coordinated which
makes the system more complex. And since process
coordination is already complex in case 1, job sharing seems
less suitable.

The production system in case 2 contains less uncertainty,
so a day-based contract may be applicable, despite the
somewhat uncertain task times. Job splitting is not possible
in case 2, since the gastroenterologists only perform one task
in the system. Job sharing is possible and will not increase
complexity, since the process already takes place in two
clearly defined shifts (morning, afternoon) that the couple
can share. This also makes job sharing attractive if the two
physicians making up a couple want to work on more than a
50% basis.

The simulation scenarios mainly focused on variability
management to optimize patient flow. The results made
clear that directly enabling parttime work can reduce in-
process variability. This way, parttime work can favor
patient throughput times as well as the probability that
scheduled work hours and shift endpoints can be upheld.
Reducing uncertainty first leads not only directly to
improved performance, but also makes it possible to better
implement parttime jobs.

Of course, all production systems in healthcare should
manage variability and standardize patient processes to the
extent possible [24]. However, process standardization may
imply job inflexibility and reduced quality of jobs and work
perception [34]. Therefore, an organization should contin-
uously make a tradeoff between process standardization and
employee flexibility. Adler, Goldoflas, and Levine [32]

Table 2 Reducing staff inflexibility and complexity at surgery
department (250 replications)

Scenario Current
situation

Decoupling
doctor–patient
relationship

Transferring
tasksPerformance

indicator

Throughput time (in days)
Avg 36 33* 36
Median 34 31 34
Std. Dev. 7 7 7

*Significant difference p<0.05

Table 3 Reducing uncertainty in patient scheduling at surgery
department (500 replications)

Scenario Current
situation

Creating
subgroupsPerformance indicator

Shift exceeded (in min)
Avg 93 21*
Median 87 11
Std. Dev. 146 97
Room utilization (in %)
Avg 63 62*
Median 62 62
Std. Dev. 9 6

*Significant difference p<0.05
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mention two job-related structures that can increase the
attractiveness of standardized processes while upholding an
efficient system design: (1) job enrichment (enables work-
ers to become more innovative and flexible in the course of
routine tasks) and (2) job switching (differentiates roles for
dealing with two kinds of tasks). These structures could be
interwoven with parttime work contracts.

In our study we focused on the relation between parttime
work and system design. It should be clear that for deciding
on implementing parttime work more factors should be
taken into account. For example, in our study we did not
pursue the matter of costs associated with parttime work.
Neither did we address the issue of working parttime and
quality of care, in terms of ensuring continuity of care [2].
This continuity may be harmed if more physicians perform
tasks within the same system. Also, no attention was paid to
the human resource strategy necessary to attract enough
staff to truly enable parttime work. A government, like the
Dutch, should not only proclaim to implement parttime jobs
in healthcare and to limit work hours per staff member.
Also, it should facilitate both creating parttime educations
programs and securing enough places in the medical
education programs as well as the specialization training
programs [1, 5]. Hospitals themselves should become
environments that value parttime workers and provide the
opportunities for employing them [5, 8].

5 Conclusions

The study discussed in this paper adds to the current
knowledge about working parttime in healthcare. It shows
that, from a logistical viewpoint, creating opportunities for
working parttime seems very much possible. Enabling

parttime work successfully requires insight into the logistics
of a production system as well a comprehensive under-
standing of the system design. The study underlines that a
parttime contract is an intermediate variable between work
design, system efficiency, variability, and quality of work.
Based on the results of the simulation studies, we can
conclude that offering parttime jobs can introduce flexibil-
ity in system design and can improve the care delivery
process, patient flow, and performance. Thus, parttime
work can be attractive for both physicians and patients.

Regarding the method applied, we can say that the case
studies presented examples from practice and clarified the
relations among system design, variability, work design, and
performance. The case studies results also showed that
systems of different character fit with different work
contracts. Especially, variability is a factor to be reckoned
with in choosing work contracts and designing jobs and
systems. Both managers and doctors should take note of this
when they choose to select parttime work contracts.

The comparability of the two cases discussed in this
paper may be limited, since both had a clinically very
different setting. Also, generalizability is limited since only
two cases were studied. Further research could focus on
comparing departments with the same clinical function, the
same patient mix, but with a different structure. Addition-
ally, it would be interesting to apply the proposed approach
to an entire hospital.
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Table 4 Reducing and in-
creasing uncertainty in demand
and supply in the endoscopy
department (250 replications)

*Significant difference p<0.05

Experiment Current situation Decreasing uncertainty
in task times

Increasing uncertainty
in task times

Performance indicator −20% −30% +20% +30%

Throughput time (in min)
Avg 35 34* 34* 36* 37*
Median 34 33 33 35 36
Std. Dev. 3 2 2 4 5
Morning shift (in min)
Avg 203 202 202 203 204
Median 201 202 202 200 203
Std. Dev. 9 6 5 11 12
Workday (in min)
Avg 443 441* 440* 445* 447*
Median 441 441 442 442 445
Std. Dev. 9.3 5 5 15 18
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