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Abstract

Purpose – Integration, that is, the coordination and alignment of tasks, is widely promoted as a means to
improve hospital performance. A previous study examined integration and differentiation, that is, the extent to
which tasks are segmented into subsystems, in a hospital’s social network. The current study carries this
research further, aiming to explain integration and differentiation by studying the rules and coordination
mechanisms that agents in a hospital network use.
Design/methodology/approach – The current case study deepens the analysis of the social network in a
hospital. All planning tasks and tasks for surgery performance were studied, using a naturalistic inquiry
approach and a mixed method.
Findings –Of the 314 rules found, 85% predominantly exist in people’s minds, 31% are in documents and 7%
are in the information system. In the early planning stages for a surgery procedure, mutual adjustment based
on hospital-wide rules is dominant. Closer to the day of surgery, local rules are used and open loops are closed
throughmutual adjustment, thus achieving integration. On the day of surgery, there is mainly standardization
of work and output, based on hospital-wide rules. The authors propose topics for future research, focusing on
increasing the hospital’s robustness and stability.
Originality/value – This exploratory case study provides an overview of the rules and coordination
mechanisms that are used for organizing hospital-wide logistics for surgery patients. The findings are
important for future research on how integration and differentiation are effectively achieved in hospitals.
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1. Introduction
Literature in the field of health care calls for a more integrative approach to the logistical or
operational system of hospitals (Drupsteen et al., 2013; Kodner and Spreeuwenberg, 2002;
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Lega et al., 2013). There is wide consensus that an integrated perspective in hospitals, which is
a central concept in supply chain management, lean strategies and in other operations
management theories, can contribute to the improvement of hospital performance (Aronsson
et al., 2011; Borges et al., 2019; De Vries and Huijsman, 2011; Litvak et al., 2008; Ludwig et al.,
2010; VanMerode et al., 2004; Villa et al., 2009). This approach includes aligning activities and
planning resources from the perspective of the total system, taking hospital-wide processes
and resources into account (Aronsson et al., 2011). This is considered important in addressing
the widely felt need to improve the quality, accessibility and affordability of health-care
systems (Przywara, 2010) and of hospitals in particular, given the fact that hospitals are a
major cost item in the health-care system (Morgan and Astolfi, 2015).

There are few studies that focus on the impact of adapting integrative practices with
regard to improving system-wide performance (Borges et al., 2019). In a previous scoping
study (Van der Ham et al., 2018), we found that research on logistics in hospitals typically
focuses on one specific logistical flow (patients, material or staff) or on specific departments,
but not on the system as a whole. Furthermore, De Vries and Huijsman (2011) point out that
little is known on how integration can be achieved in health-care settings.

Ludwig et al. (2010) found evidence thatmore efficient hospitals score high on cooperation,
while efficient departments within a hospital do not necessarily contribute to the hospital’s
overall efficiency. Lawrence and Lorsch (1967) state that not only is integration important,
but also that differentiation is essential in order for integration to be effective. They define
integration as “achieving unity of effort among the various subsystems in the
accomplishment of the organization’s task” (Lawrence and Lorsch, 1967, p. 4).
Differentiation refers to “the state of segmentation of the organizational system into
subsystems” (Lawrence and Lorsch, 1967, pp. 3–4). Based on these definitions, hospitals that
perform well and in which departments cooperate well may have the right degree of
integration as well as differentiation in place.

Research in the field of social network analysis (SNA) also addresses integration (Provan
and Sebastian, 1998; Kilduff andTsai, 2003;Monge and Constractor, 2001). In a previous SNA
case study of Slingeland Hospital in the Netherlands, we described the network structure of
the logistical system, which includes both integration and differentiation (Van der Ham et al.,
2020). This SNA showed that the hospital’s network structure differs from its formal
organizational structure, with tasks being performed mainly across functional silos and that
nurses, physicians and coordinators perform integrative tasks.

However, we agree with Beuving and De Vries (2015) that by reducing human action to
structural positions in the network, little is revealed aboutwhat actually happens between the
agents in the network. We should look specifically at what rules and mechanisms agents use,
in order to understand the social network structure, that is, the integration and differentiation
observed in the SNA.

Literature pertaining to social networks and integration often refers to coordination
between people, groups or organizations as a core activity in organizations (Provan and
Sebastian, 1998; Kilduff andTsai, 2003;Monge andConstractor, 2001). According toMintzberg
(2012), there are different types of coordination that connect differentiated activities, which
themselves result from the division of labor. Each type of coordination mechanism requires
different interactions between agents. Coordination mechanisms are based on rules. Beuving
and De Vries (2015) use the metaphor of dancing to explain that dancers follow the rules of
dancing that have been set by previous dancers, while at the same time dancers still respond to
each other, thereby varying within these rules. Accordingly, the structure of the hospital’s
social network may be explained by describing the rules that the agents use and by studying
the coordination mechanisms that determine the interactions between these agents.

This study deepens the previous SNA study; it aims to explain the integration and
differentiation in a hospital by studying the rules and coordination mechanisms that agents
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use. This topic is important because, despite the fact that there are several promising SNA
studies that address the issue of integration (Provan and Sebastian, 1998; Kilduff and Tsai,
2003; Monge and Constractor, 2001; Uddin and Hossain, 2011; Benham-Hutchins and Clancy,
2010; Haythornthwaite, 1996), Kilduff and Tsai (2003) state that little is known on how
coordinating mechanisms facilitate differentiation and integration.

Themain research questions are: what are the rules and coordinationmechanisms that are
used in the hospital’s operational system and how do these explain the social network
structure, that is, the integration and differentiation?

2. Methods
2.1 Setting
The study design is based on the case study research method devised by Yin (2014).
Slingeland Hospital was selected for this case study because it is a relatively small Dutch
hospital with a highly rated performance and no large transformations took place during the
time of research. Additional selection criteria were good access to people and data. Slingeland
Hospital has around 1,600 staff members and 120 physicians. It services around 200,000
people in the area and has 350 beds, which is below the average number of 450 beds for Dutch
hospitals (VanHulst and Blank, 2017). Slingeland Hospital performs higher onmost logistical
indicators than the average Dutch hospital, according to a Dutch benchmark (Coppa
Consultancy, 2012). With an average of 89% operating room (OR) utilization in 2016,
Slingeland has higher ORutilization than the 82%average of Dutch hospitals that participate
in the national benchmark. For other parameters such as lateness and average surgery time,
Slingeland performs better than the average hospital that participates in the Dutch
benchmark.

2.2 Study design
This study was designed to determine what rules and coordination mechanisms are used for
the coordination of tasks and why and how this takes place. A naturalistic inquiry approach
was followed, aiming to develop a deeper understanding of how the hospital’s network
functions (Beuving and De Vries, 2015). Data were collected from multiple sources and then
analyzed through data triangulation, following a mixed method approach.

The study includes all departments that contribute to either the intake, diagnosis,
preparations for or performance of the surgery or the aftercare of surgery patients. Figure 1
shows all the tasks performed,which relate either to the planning or to performing of surgeries,
including all activities that take place between patient intake and discharge. In this study, we
focus on planning tasks 1, 2, 3, 6 and 11 and tasks directly related to performing surgery,
including preparations and aftercare, being 14, 15, 17, 20, 21 and 22. The main reason for this
selection is that these tasks involve coordination, as illustrated by the central position of these
tasks in Figure 1. These tasks are performed by agents of outpatient departments, the nursing
departments, the Operating Theatre Complex (OTC) and the holding and recovery areas.

The Ethics Committee of Maastricht University reviewed the study design and the data
protection aspects of the work that was undertaken. The Committee stated that according to
Dutch law, this study did not need a full review of the Ethics Committee, because no humans,
that is, patients were involved. Nevertheless, the Committee stated that the work was
undertaken in a manner that conformed to the ethics and data protections standards of
Maastricht University.

2.3 Collected data
Data were collected from four different sources: the Hospital Information System (HIS),
documentation, observations and interviews. The collection and analysis of data from theHIS
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and documentation took place in January 2018 andMarch 2019. Observations and interviews
took place between March 2018 and June 2019.

HIS data were collected in order to determine the system’s output, to observe the system’s
rhythm and what resources were used for surgery patients. The HIS data include
registrations of surgeries performed in 2018, including date of surgery, resources involved
and timestamps of different stages in the surgery patient’s process and in which nursing
wards patients stayed before and after surgery.

Documentation was collected in order to find rules that are written down. In total 55
documents were collected, including management reports, planning schemes, working
procedures, emails and internal presentations. In addition, planning rules were listed between
February and May 2019 by one outpatient secretary and the clinical bed planner. This
activity was part of the preparations for the implementation of a central planning department
in which surgeries are planned, as of June 2019, by central planners.

Planning and controlling activities were observed over 18 observation days in order to
find additional local documents on working procedures and any unwritten rules. The 18
observations took place at three outpatient departments, three nursing departments, the
holding area, three surgeries in the OR, the recovery area, with the OTC day coordinator, at
the preoperative screening department, two planning meetings and twice at the workplace of
the clinical bed planner. During each observation, the activities of the hospital staff were
observed and several unplanned informal conversations with staff took place, as they
explained what tasks they performed. The sequence of events for each observation, together
with relevant parts of the conversations, were reported in an observation report.

All collected data were then further explored in 25 interviews, looking specifically for
unwritten rules. For the interviews, we selected people who are involved in planning
activities, including the application controller of the OR, the OTC capacity planner, 11
secretaries of the various outpatient departments, the OTC day coordinator and one cluster
manager. For each interview, a topic list was prepared, including questions on rules, rhythm,
interaction and performance. In addition, a data dashboard was prepared for the interviews
with the outpatient secretaries. The dashboard includes HIS data on the number of surgeries
and surgeons, planned and emergency surgery percentages, the yearly andweekly pattern of

3 to 6 months
ahead

2 to 12 weeks 
ahead

1 day to
2 weeks 
ahead

day of surgery
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E

Figure 1.
Tasks in scope
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sessions and surgeries, the waiting list development, the percentage of types of surgeries that
are performed by one or multiple surgeons and variations in surgery time. In addition, a table
was prepared including the average age of patients, utilization rates of OR sessions, the
deviation percentage between planned surgery time and actual surgery time, the number of
surgeries with particular planning rules, how many patients stayed on each nursing ward
and which anesthesiology techniques were used. These data were used in the interviews in
order to find unwritten rules and deeper explanations for how agents act. All interviews were
recorded and transcribed ad verbatim.

2.4 Data analysis
All 94 qualitative data sources, that is, documents, observations and interviews were
structured in five data matrices that include the three main topics of rules, rhythm and
interaction. One datamatrixwas constructed for each of tasks 1, 2 and 3. One datamatrixwas
made for tasks 6 and 11 and another for tasks 14, 15, 17, 20, 21 and 22, because with regard to
coordination activities, these tasks are strongly connected.

The rules that are used for each task, that is, from each data matrix, were then listed. First
of all, for each rule the sources in which the rule was found were registered. Rules were then
labeled as hospital-wide or local. A hospital-wide rule is used throughout the entire hospital
system and a local rule exists for one particular department, group of people or person. In
order to assess whether rules are written or unwritten, we indicated whether the rule itself is
registered (R) or the output of applying the rule is registered (O) in a document or in the HIS, or
if it exists in the mind of hospital staff.

Furthermore, one or multiple coordination mechanisms through which each rule in the
hospital is applied were registered. Coordination mechanisms include (1) mutual adjustment,
(2) direct supervision and standardization of (3) work processes, (4) output, (5) skills and (6)
norms (Mintzberg, 2012). A rule is applied through “mutual adjustment” if an agent interacts
with other agents regarding what a rule entails or if the rule is applied through
communication in a specific situation. There is “direct supervision” if a rule is set and
monitored by people with formal authority. Rules are the result of “standardization of work”
when they result from specified or programmed working processes. They are related to
“standardization of output” when rules include specified output in terms of predetermined
standards for services or performance. When coordination results from rules regarding
specified skills and knowledge, this is labeled as “standardization of skills.” Finally, when
rules result from a common culture or ideology, they relate to “standardization of norms”, in
which case rules related to behavior are set.

The classification of the rules and coordination mechanisms was validated by a second
researcher. He reviewed all rules and the associated coordination mechanisms, based on
Mintzberg (1979) and an agreed set of criteria for operationalization of those mechanisms.
Rules that were classified differently by the reviewer were then discussed by the prime
researcher and the reviewer. During the discussion, the differences in interpretations of
Mintzberg’s definitions of coordination mechanisms were corrected or the classification was
substantiated with the collected data. Consensus was reached on all rules with regard to the
coordination mechanism that is used for a rule.

3. Results
3.1 Output of the network
In 2018, a total of 9,846 patients who required surgery were diagnosed in one of nine
outpatient departments. In total 344 different types of surgery procedures were performed,
by 48 different surgeons and 14 assistant surgeons in eight different operating rooms.
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Patients were cared for in 12 different nursing departments. Of all surgeries, 82% were
planned beforehand, that is, they were not emergency surgeries. Patients flowed through a
series of locations, as shown in Figure 2.

There is a variable rhythm in the system, as shown by Figures A1 and A2 in Appendix A.
In 2018, the number of surgeries varied from aminimum of 20 to a maximum of 242 surgeries
a week, as shown in Figure A1 in Appendix A. The number of surgeries per week varies by
25% on average. Per medical discipline, variability is larger with an average relative
standard deviation of 41% (parameter 12 in Table 3. Types of surgery procedures were
performed between 1 and 729 times per year in 2018, with an average of 23 times. Of all types
of surgeries, 5% were performed once a week or more on average.

3.2 Tasks and flows
The main task of the logistical system is to get the right patient, surgeon, anesthesiologist,
nurses, materials and infrastructure together at the right time and in the right place. In order
to succeed in this, planning and scheduling of resources in relation to patient demand take
place, as presented by tasks 1, 2, 3, 6 and 11. Everything that has been planned is performed
on the day of surgery through tasks 14, 15, 17, 20, 21 and 22. All tasks are described in more
detail in Appendix B.

In the ORmaster schedule (task 1) and clinical bed plan (task 2) operating time, space and
beds are allocated to medical disciplines. After the OR master schedule is set, surgeons and
anesthesiologists schedule when they will work in the outpatient department and in the OR
(task 3). The patient is planned for in task 6, along with the surgeon who will perform the
surgery. In task 11, the final OTC planning is checked and revised. After that, the patient
enters the hospital for the surgery, and a series of tasks are performed from the intake of the
patient (task 14) until aftercare (task 21).

Tasks are differentiated on the basis of multiple rules. First of all, tasks throughout the
patient process are allocated to different departments. In outpatient departments the patient
is diagnosed and planned for. The intake, preparations and aftercare take place in nursing
wards, and actual surgeries are performed in the OTC. Second, the care for patients is
differentiated according to medical disciplines. This is most visible at the start of the process,
when the patient enters the hospital in one of the outpatient departments, each of which is
associated with a medical discipline. For nursing wards, the medical discipline, the expected
the length of stay (e.g. the Daycare Department), the age (e.g. the Pediatric Department) and
the acuity (e.g. the Intensive Care Unit) of the patients are differentiation criteria.

As a result of differentiation, in 2018, patients flowed past the locations shown in Figure 2,
using 122 different routes. Each route is a unique combination of either an outpatient
department or the Emergency Department to a ward, the OTC and a ward for aftercare.
Table A1 in Appendix A shows howmany patients from each medical discipline flowed past
each location.

Figure 2 shows that planning tasks 1, 2, 3, 6 and 11 are performed in parallel. The OR
master schedule provides input to the planning for beds (task 2), to the schedule for surgeons
and anesthesiologists (task 3) and to the planning of patients (task 6). Patients enter the
hospital for an unknown number ofweeks before the surgery takes place and are registered in
the surgery planning between 2 and 12 weeks ahead of the surgery day, with an average of
45 days. So, the OR master schedule, the clinical bed plan and surgeon’s schedules are set
before the patient demand is known. In addition, because surgeon’s schedules are not shared
with agents outside the medical disciplines, information on when surgeons operate emerges
from task 6. As a result, the ORmaster schedule and clinical bed plan are adapted and there is
feedback between tasks 6, 2 and task 1, as illustrated by the dotted lines in Figure 2. On the
day of surgery, tasks are performed in a fixed order, which is based on howpatients flow from
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Performed tasks and
patient flows over time
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one location to the other, as shown in Figure 2. Controlling this chain of events is done largely
in the OTC (task 22) by the OTC day coordinator, who receives feedback from tasks 14, 5, 17
and 20.

3.3 Rules and coordination mechanisms
In Appendix B, the rules, coordination mechanisms and interactions that are used for
performing the tasks are listed. Table 1 shows that 31% of the total 314 rules are captured in
documents; 7% are in the HIS, but most rules (85%) predominantly exist in the minds of the
agents in the network. Rules can both be written down and reside in people’s minds, in which
case they are written down in an often local document and shared throughout the hospital
through social interaction. In total 82% of the documents are not generally known, as these
are local or personal documents such as checklists, emails, memos or delivered in internal
presentations. Besides being in documents, 16% of all rules are more or less written down
because the consequence of applying a rule is registered in the HIS, as, for example, the OR
master schedule.

Tasks are mainly coordinated through standardization of work (67%) and mutual
adjustment (49%) as shown by Table 1. Other rules refer to output (18%), and a minority of
rules relate to skills (4%) or norms (2%). There is no direct supervision. For 38% of rules,
more than one coordination mechanism is used, and this explains why the total percentages
do not add up to 100%. In particular, on the day of surgery (tasks 14–22), standardization of
both working procedures and output go hand in hand with mutual adjustment. For example,
rule 285 states that the nurse anesthetist takes the patient to the recovery area and executes
the Time Out Procedure (TOP) with a recovery nurse. The TOP is coordinated by
standardization of work and output, because both the process and required output are
specified. The TOP has to be performed through mutual adjustment between the nurse
anesthetist and the recovery nurse, because they perform the TOP together, thereby
responding to each other.

In the early stages of planning (tasks 1 and 2), mutual adjustment using hospital-wide
rules is the dominant coordination mechanism, whereas closer to the day of surgery there is
more standardization of work, based on both hospital-wide and local rules. On the day of
surgery, there is also standardization of output, which includes hospital-wide rules that need
to be met in order for the patient to be operated on.

3.4 Coordination and interaction per task
Tasks 1 and 2 are performed using mainly hospital-wide rules in a highly connected social
network structure in which almost all agents interact with one another, as shown by the
interaction matrices in Appendix B. Hospital-wide rules are largely based on space and time
structures that are largely taken for granted by all agents in the hospital. The time structures
relate to universal and national time structures, such as the distinction between weekdays
and weekends, public holidays and annual national conferences for physicians. In addition,
time is structured by defining working hours and by allocating operating time on the basis of
historically acquired rights to operating time by medical disciplines. Space structures result
from the infrastructure, that is, the physical building and the presence or absence of specific
equipment in operating rooms. As a result, the OR master schedule remained largely
unchanged throughout 2017 and 2018; 82% of the allocated OR sessions in the first quarter of
2017 are identical to those in the last quarter of 2018.

In addition, hospital-wide rules define how to negotiate through mutual adjustment on
allocated operating time, which is defined inOR sessions and on beds. Both of these have to be
requested or returned via the OTC capacity planner and the clinical bed planner. There are
norms and output measures as to how and how often a medical discipline may or may not

Integration in a
hospital’s
logistical
system

73



Ta
sk

Ta
sk

 d
es

cr
ip

tio
n

N
um

be
r

of
 

ru
le

s

Hospital-wide

Local

Document

el ur SI H

t upt uo SI H

People's knowledge 

Mutual adjustment

1
M

ak
e 

O
R

 M
as

te
r S

ch
ed

ul
e

53
48

5
26

0
16

48
36

2
M

ak
e 

cl
in

ic
al

 b
ed

 p
la

n
51

51
0

12
0

10
46

35
3

Sc
he

du
le

 s
ur

ge
on

s 
an

d 
an

es
th

es
io

lo
gi

st
s

34
5

29
15

0
0

38
20

6 
an

d 
11

Pl
an

 p
at

ie
nt

 a
nd

 c
on

tro
l p

la
nn

in
g

10
6

64
42

39
4

20
87

37
14

-2
2

Pr
ep

ar
e 

pa
tie

nt
 o

n 
w

ar
d,

 p
re

pa
re

 p
at

ie
nt

 
on

 h
ol

di
ng

, p
er

fo
rm

 s
ur

ge
ry

, a
fte

rc
ar

e 
on

 
re

co
ve

ry
, a

fte
rc

ar
e 

on
 n

ur
si

ng
 w

ar
d,

 
co

nt
ro

l O
TC

 p
ro

gr
am

70
51

19
5

19
3

47
26

To
ta

l
31

4
21

9
95

97
23

49
26

6
15

4
%

70
%

30
%

31
%

7%
16

%
85

%
49

%

H
os

pi
ta

l-
w

id
e 

or
 

lo
ca

l

N
um

be
r o

f r
ul

es
 p

er
 

in
fo

rm
at

io
n 

ca
rr

ie
r

C
oo

rd
in

at
io

n 
m

ec
ha

ni
sm

Direct supervision

kr o wf o noit azi dr adnat S

Standardization of output

Standardization of skills

Standardization of norms

0
26

3
0

2
0

35
0

1
3

0
31

0
0

0
0

72
18

8
1

0
45

35
4

0

0
20

9
56

13
6

0%
67

%
18

%
4%

2%

Table 1.
Rules and coordination
mechanisms per task

JHOM
35,9

74



request or return OR sessions or beds, but these are discussed or put aside under certain
circumstances, through mutual adjustment. Table 3 shows that most medical disciplines
request and return OR sessions. As a result, in 50 weeks in 2018, the ORmaster schedule was
different from the initial schedule. The initial ORmaster schedule and clinical bed plan, which
are recorded in Excel and printed on paper, deviate from the allocated OR sessions and beds
that are registered in the HIS.

Surgeons and anesthesiologists are scheduled within each medical discipline (task 3),
thereby predominantly following local rules. These rules are not set in the HIS, but in local
documents, computer systems or through oral agreements between agents. Documents or
systems are not shared hospital-wide nor are they easily accessible to agents outside the
outpatient department. There is a multitude of locally defined scheduling methods, for
example, surgeons are either scheduled on fixed days or not, perform surgery part of the day
or all day, distribute shifts in different ways and so on. These rules are set and applied within
each medical discipline through mutual adjustment.

When surgeries for patients are actually scheduled (task 6), the overview of the inflow of
patients and what resources are needed starts to build up. Hospital-wide rules state that
medical disciplines plan patients using their own methods (e.g. rules 158 and 165), using
standard surgery coding and surgery times set in theHIS.Within the outpatient departments,
the secretaries match the patient’s wishes and the surgeon’s orders, thereby following a
multitude of local rules with regard to demand management, resource allocation to surgeries
and national regulations and norms. For 80% of the 344 types of surgery procedures, one or
more specific rules are used; this includes 52% of all performed surgeries. Rules relate to
individual patients as well as individual surgeons, as illustrated by rules 147–157 in
Appendix B. Secretaries often use a preliminary planning schedule, which is mostly kept in
personal paper notebooks, on whiteboards or in the secretaries’minds, before registering the
surgery in the HIS. By looking at the HIS and by interacting with the outpatient secretaries
and surgeons, the OTC capacity planner and the clinical bed planner monitor the planned
patients and try to control the overall planning in order to prevent any possible instability, for
example, shortages of beds, cancellations of surgeries or lateness in the OTC. In the two
weeks before the surgery date, the preoperative secretaries, the outpatient secretaries and the
OTC capacity planner and ward team leaders meet up to check whether all rules have been
met in order to proceed with the surgeries as planned (task 11).

Tasks that are performed on the day of surgery include mainly hospital-wide rules that
result from the TOP, which is a series of standard checklists that is used in every step of the
patient process, from intake until discharge, and which is laid down in the HIS.What needs to
be done for patient transfer is standardized and registered in the HIS, but exactly when and
by whom activities are performed is determined during task performance, through mutual
adjustment. In order to maintain stability, the OTC day coordinator monitors the progress of
surgeries, both by looking at the HIS and by observing the holding area, the recovery area
and ORs. He uses several local rules for detecting any potential factors that may endanger a
smooth patient flow in the OTC.

3.5 Rules, coordination and interaction over time
In the planning process, initially drafted hospital-wide schedules are adjusted as time passes
and reality unfolds. Table 2 shows that 3–6 months ahead, coordination is mainly based on
hospital-wide rules (75%), through standardization of work (67%) and mutual adjustment
(66%). Then, from threemonths to oneweek before surgery, 40%of the rules applied are local
rules and 68% are part of standard working procedures. In this phase, the OTC capacity
planner and the clinical bed planner coordinate local planning through mutual adjustment.
On the day itself, there is predominantly hospital-wide standardization of work and output
(see Table 2).
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Figure 3 shows that more agents become involved in the interaction as the surgery date
approaches. Twelve agents are involved from the start (tasks 1 and 2), six months ahead, and
373 agents interact only on, or about, the day of surgery. Besides a time horizon of one day,
these 373 agents have a space horizon of one department or they go one step up- or
downstream, for example, a ward nurse who takes the patient to the holding area. Surgeons
and one anesthesiologist are involved from months before until the day of surgery, and they
work in multiple locations in the hospital. As shown in Figure 3, over the long term (task 1),
nine surgeons and one anesthesiologist are involved in coordination. In the short term, they
coordinate on the day of surgery (tasks 14, 15, 17, 20, 21, 22). In between those two time
horizons (tasks 3 and 6), surgeons and anesthesiologists coordinate locally.

4. Discussion
In a previous SNA study (Van der Ham et al., 2020), we described the Slingeland Hospital’s
social network structure, that is, the integration and differentiation that shape the network. In
the current study, the social network structure of SlingelandHospital was further explored by
studying the rules and coordinationmechanisms that explain the interactions observed in the
social network analysis.

In order to coordinate the patients’ process from hospital admission to discharge, and to
schedule the use of all necessary resources, 314 rules were found. Long-term schedules and
plans are the result of applying hospital-wide rules, which were set in the past and by time
and space structures. In the shorter term, these schedules are subsequently adapted to the
circumstances through negotiation by agents in the social network. Circumstances unfold
when the local schedules for surgeons are made and when patients are planned for surgery in
the OTC. Standardized ways of working are adapted to the circumstances as they present
themselves, thus requiring mutual adjustment. There is continuous interaction between
agents to observe the expected future and current state of the system, which often changes
given the variable rhythm of the system. In addition, there is no reliable central view of all
local rules and schedules, as these reside mostly in people’s minds. Most agents interact
shortly before or on the day of surgery.

The OR master schedule, the clinical bed plan and the surgeon’s schedules create open
loops, because they are not based on future patient demand. As time passes, the loops are
closed through mutual adjustment, by adapting these schedules to the reality of the actual
demand and availability of resources. The OTC capacity planner and the clinical bed planner
continuouslymonitor the current situation and raise issues thatmay endanger the stability of
the system with other agents, that is, outpatient secretaries and surgeons. Any remaining
open loops on the day of surgery are closed by the OTC day coordinator, nurses, nurse
anesthetists, surgeons and anesthesiologists.

Central to literature pertaining to surgery planning is the idea of being able to structure
time, space, demand, resource availability and uncertainty (Demeulemeester et al., 2013;
Hulshof et al., 2012; Zhu et al., 2019). Many studies use formal and mathematical methods to
create a controllable future state of the system. In contrast, in this case agents work in a
negotiated order (Parhankangas, 2005), in particular for planning tasks. Copp et al. (2005,
p. 525) state that in negotiated orders, there are “ongoing processes of negotiation” and agents
“alternately create, maintain, transform, and are constrained by social structures.” There is
coordination between autonomously acting parts, and people coordinate themselves and each
other in their social network rather than through “managers”who coordinate from the top or
by a fixed and formalized set of rules.

In this study, Mintzberg’s (1983) notion that standardization of skills is the dominant
coordination mechanism for professional organizations such as hospitals is much
less observed for organizing hospital-wide logistics. Interestingly, in his later work,

JHOM
35,9

78



O
ne

lo
ca

tio
n

Lo
ca

tio
n

up
-o

r d
ow

ns
tre

am
ag

en
t

To
da

y
D

ay
s

W
ee

ks
M

on
th

s

Sp
ac

e
ho

riz
on

Ti
m

e 
ho

riz
on

N
ur

se
 a

ne
st

he
tis

t

O
TC

 d
ay

co
or

di
na

to
r

28
8

19
As

si
st

an
t s

ur
ge

on

W
ar

d
nu

rs
e

O
ut

pa
tie

nt
se

cr
et

ar
y

1 4

3

H
ol

di
ng

nu
rs

e

51
O

R
 n

ur
se

10
R

ec
ov

er
y

nu
rs

e

9
Su

rg
eo

n

1
An

es
th

es
io

lo
gi

st

O
TC

 c
ap

ac
ity

pl
an

ne
r

1

O
TC

cl
us

te
r m

an
ag

er
1

O
T

te
am

le
ad

er

C
lin

ic
al

be
d

pl
an

ne
r

1

19

34

3
W

ar
d

te
am

le
ad

er

40 12

M
ul

tip
le

lo
ca

tio
ns

Figure 3.
Time and space

horizon of the agents

Integration in a
hospital’s
logistical
system

79



Mintzberg (2012) advocates for more coordination through mutual adjustment and
standardization of norms. Following Mintzberg’s line of thinking, this raises the question
of onwhat idea, belief or towhat endsmutual adjustment is based. Perhaps there is expansive
learning, a concept introduced by Engestr€om (2001), in which engaged agents with
differentiated tasks produce newpatterns of activity, driven by their shared responsibility for
patients. In addition, stabilizing the system appears to be an importantmotive for integration,
especially because this is mainly done by agents with no formal responsibility for (large parts
of) the system as a whole. This apparent need for stabilization may have to do with the
absence of the concept of Takt time as a coordination mechanism. Takt time is the desired
time between units of output, to be synchronized to the customers’ demand, as described by
Munavalli et al. (2017). Takt time is considered important for the synchronization and
integration of activities and for stabilizing the system (Munavalli et al., 2017). From this
perspective, interactions in the social network could be there to respond to patient demand in
the second instance, because the initial hospital-wide schedules are not based on patient
demand. When surgeons plan patients, the open loop character of the system emerges and
agents who observe this try to close these loops.

Perhaps this self-organizing, adaptive and learning organization is a good thing, as stated
in literature and given the highly rated performance of Slingeland Hospital. There could,
however, be a downside. The hospital’s performance may be vulnerable and potentially
unstable, leading to critical events, as mentioned by Ren et al. (2008). The multitude of very
detailed, conflicting or specific rules may hinder the overview of the system and hide possible
open loops. In the SNA (Van der Ham et al., 2020), it was observed that the OTC capacity
planner and the OTC day coordinator have a very central position in the network. This study
shows that, together with the clinical bed planner, their integrative actions result frommutual
adjustment and not from direct supervision. This can be a very challenging task for which
extraordinary skills or even a certain personality is required.When these agents are absent or
leave the hospital, the network may not only fall apart, but their knowledge of hospital-wide
and local rules may disappear from the hospital, as most of those rules are unwritten. In
addition, the lack of direct supervision by management may lead to a disconnection between
the strategic and operational parts of the hospital. Relevant bottom-up feedback could be
missed by top management, and operational agents may not respond to top-down
management input, thus creating more open loops. This may hinder, for example, effective
cost control of the hospital.

This exploratory case study provides an overview of the rules, coordination mechanisms
and variables that are used for organizing the hospital-wide logistics for surgery patients.
The main contribution of this study is that it reveals the rules and the coordination
mechanisms that are used in a hospital, and it shows that the combination of these creates
open loops, for which integration is achieved. In line with Yin (2014), the findings should be
used for “analytic generalization” (Yin, 2014, p. 40), and the lessons learned provide input to
working hypotheses for future research. Clearly, the limitations of this study should be taken
into account when drawing up hypotheses. The rules as described here may be temporary,
and not universal, in time as well as given the environment of this particular hospital.
Furthermore, from this study we cannot conclude how the coordination mechanisms relate to
the hospital’s performance.

Given the findings of this exploratory study, there are several issueswe propose to explore
further. First of all, we observe that the variability and uncertainty, which are inextricably
characteristic of hospital logistics (Aronsson et al., 2011; Demeulemeester et al., 2013; lega
et al., 2013; Hulshof et al., 2012; Munavalli et al., 2017; VanMerode et al., 2004; Villa et al., 2009;
Zhu et al., 2019), are managed through local rules and standards and by mutual adjustment
processes. Integration is the result of actions of agentswho try to stabilize the hospital system
through mutual adjustment. We should further explore how integration and differentiation
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can be organized in hospitals in a more structural way. It is the question of what degree of
integration and differentiation works and accordingly, how a closed loop system can be
achieved within a certain network structure.

Further, we have to learn more about whether variability is the cause or the effect of the
current way of working or both. We need to understand how and when to close the loops – in
other words, how to use and facilitate mutual adjustment in these uncertain circumstances. In
relation to this, it would be interesting to further explore which network structure and what
rules and coordinationmechanisms could facilitate Takt timemanagement and thus facilitate
stabilizing the hospital system. In addition, we need to explore how all this contributes to the
hospital’s performance.

We believe it is important to further develop Slingeland Hospital’s logistical system in
order to make it more robust, for example, by creating redundancy in the network, and
possibly even improve its stability and performance. We should not leave the logistical
organization of hospitals entirely up to the personal initiatives of some individuals nor
discard informal mutual adjustment processes as a whole, for their apparent chaotic
character. We propose three different approaches for future research.

First of all, if mutual adjustment is to be combined with standardization of norms
(Mintzberg, 2012), we need to understand what the norms of agents in hospitals are with
regard to logistics. Mintzberg’s norms (2012) refer to engagement in health care as a calling,
but what thismeans for hospital logistics has to be specified further. A second approach is to
study how the interplay between rules, coordination mechanisms, social network structures
and hospital performance evolves over time. When circumstances change, both externally
and internally, new rules may emerge and old ones be abolished, possibly as the result of a
learning process. A third approach is to develop amultiagent systemmodel in which the role
of the OTC capacity planner is supported or even performed by an intelligent real-time
scheduler, as proposed for outpatient clinics by Munavalli et al. (2020). In this approach, the
relation between coordination and performance is explored by developing formal
negotiation processes and studying the effects of Takt time management in computer
simulation models.
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