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Abstract
Healthcare is a service commonly associated with lacking performance in relation to output and the economy of production. 
Contingency theory and complex systems thinking are approaches here combined to study the logistics of healthcare service 
flows. Contingency theory directs attention to networked interdependencies while complex systems thinking concerns process 
emergence and flexible resource use in supporting logistics. This hybrid form of analysis gives conceptual direction to infor-
mation technology development and use to support the logistics of healthcare services. Three small examples of healthcare 
service as logistics processes in their as-is state are provided and analysed based on the developed analytical framework. 
These illustrate in detail what exemplifies complexity in this industry. Given the inherently complex nature of many types 
of healthcare services, this discussion concerns how to conceptually model information systems in healthcare services as a 
complex system. This chosen complexity-sensitive approach of service logistics constitutes a basis for information technology 
enabled healthcare service development sensitive to this type of service provision directing focus to the emergent features of 
healthcare service needs. It is also a basis for further investigation into this topic of information technology use to support 
the inherent logistical complexity of healthcare services.

Keywords Healthcare services · Service logistics · Systems modelling · Information systems · Interdependencies · 
Contingency theory · Case study

Abbreviations
BD  Big data
EMT  Emergency medical technician
GP  General practitioner
IoT  Internet of things
IPD  Inpatient department
IS  Information systems
IT  Information technology
ODP  Outpatient department
PO  Purchasing order

PR  Purchasing request
SCM  Supply chain management

1  Background

1.1  Background

Contemporary management of healthcare services involves 
using large amounts of time and resources. Healthcare 
management normally follows a predominant deterministic 
approach. This means that detailed planning visible as more 
or less rudimentary budgets based on historical data leave 
practitioners having to solve operational medical issues as 
they arise based on intuition combined with use of often 
archaic and difficult to use computer software. Given the 
lack of time most healthcare practitioners have in their prac-
tice, learning to develop healthcare service is mainly found 
as trial and error cognitive processes. Healthcare services 
vary greatly in their predictability. They always have some 
degree of uncertainty associated with them. Then this ad-hoc 
scenario at healthcare institutions and in the increasing use 
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of home treatment of patients can hardly be characterised as 
logistically optimal. Healthcare service involves logistics to 
support the treatment of patients through the timely provi-
sion of goods, people, and tools to appropriate locations in 
healthcare facilities [1]. Research has shown that this form 
of service provision has shortcomings in current healthcare 
efforts which include quality of process coordination, treat-
ment cycle time, inventory management, and information 
management infrastructure practices [1–5]. This study calls 
attention to how information systems (ISs) support health-
care services with focus on sensitivity on the particularities 
of this form of logistical production. Here we step out of the 
daily challenges of the healthcare practitioners and provide 
conceptual rethinking on the logistics of healthcare serves as 
a complex phenomenon that demand in practices appropriate 
information systems to support this characteristic of being 
veiled in uncertainty.

Healthcare is a member of the services industry where 
information is critical in supporting the particularities of the 
service. Therefore, the first step is to identify healthcare par-
ticularities that impact IS development to support healthcare 
logistics. These particularities are evoked through a com-
bined use of contingency theory [6] pointing to interdepend-
encies found within healthcare supply chains and how these 
impact ISs used in the healthcare industry. Studying how and 
why different interdependent activities relate to each other 
suggests important reasons for greater collaboration within 
the healthcare supply chain. In addition to the theoretical 
development of logistics services as a complex system, this 
approach is beneficial to healthcare management practition-
ers. Rather than following the predominant deterministic 
view of logistics services that follows a planning paradigm, 
it provides a fundamental and alternative understanding of 
managing healthcare services as emergent logistical process. 
This implies a focus on resource transformation and use as 
local and emergent dependent on its more slowly changing 
organizational context. In practice, this implies providing 
basic conceptual models on reorganising healthcare services 
through facilitating and using flexible resources. This is a 
starting point for developing healthcare operations.

Regarding technical particularities, Kritchanchai [7] 
points to the importance of data standardization, pooling 
data in centralized locations, track and traceability function-
alities, and standard data exchanges as fundamental in the 
development of healthcare services. Furthermore, proper 
healthcare involves intensive patient – doctor interactions 
in diagnoses and treatments. Healthcare service is a complex 
system consisting of a set of interactive emergent processes.

These two factors: 1) interdependency to point out par-
ticularities of networking in healthcare services; and 2) 
complexity pointing to uncertainties in healthcare service 
processes; are the two conceptual building blocks in the ana-
lytical framework of this study. Binding interdependency 

and complexity together provides ample direction to devel-
oping how information flow may better support the provision 
of healthcare services to its users. Engelseth and White [8] 
initially developed the conceptual framework of this work 
through a conceptual study. In this study we provide more 
detail to the cases, more through analysis and finally con-
ceptually model the healthcare services process pointing to 
how healthcare services may be treated as complex systems.

The next section introduces the four important topics 
integrated in this paper to create an analytical frame of 
reference: 1) The status quo of healthcare services; 2) healthcare 
service particularities through focus on interdependencies; 3) 
complexity focusing on the emergence of value-producing 
healthcare; and 4) information use in healthcare service 
networks.

1.2  Status quo

Errors are abundant in healthcare services – often due to poor 
information quality. Medication errors can occur [9–12]; these 
authors found that transitions from one healthcare setting to 
another increase the risk of medication errors due to lack of 
communication and, consequently, information loss. These 
errors can cost human lives, prolong hospital stays, and 
may have serious financial implications for health services. 
To meet these challenges in offering safe and high-quality 
healthcare, inter-professional health systems need to undergo 
organizational paradigm changes [13]. People receiving home 
care services usually have multiple morbidities, functional 
impairment, cognitive impairment, and polypharmacy [14, 
15] which increase the risk of cognitive impairment, falls, 
hip fractures, hospitalizations, adverse drug reactions, and 
mortality 16 17, 18].

Palmer et  al. [19] found that the implementation of 
new interventions, worked out together with healthcare 
providers and patients with mental illnesses, could be 
suitably arranged by the management of the institutions to 
better manage practicalities and logistics. Inter-professional 
collaboration helps streamline patient pathways and foster 
the flow of knowledge and good practices between the 
professionals and their employing organizations [20]. 
Effective communication is considered a key factor for 
successful collaboration [21]. The informants reported 
more efficient but less personal (and therefore less effective) 
communication between general physicians and nurses after 
the introduction of E-messaging between them [21]. This 
implies that face-to-face personal communication does 
have value in a healthcare setting. In healthcare services, 
there is a fundamental need to develop ethically founded 
patient-responsive flows of treatment. This also demands 
increasing managerial sensitivity to the inherent complexity 
of healthcare service production.
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1.3  The structure of healthcare services

Interdependency points out the organisational reasoning for 
interacting in a network structure. Healthcare services are thus 
viewed as emergent in their complex organizational context, 
a product of interaction. Pointing out interdependencies of 
organizational relationships among actors helps describe the 
structure of the network within which healthcare is carried 
out as an activity. At a fundamental level, following Parsons 
[22] view of organizations, an environmentally contingent 
understanding of production as embedded in organizational 
layers of the supply chain may be accounted for through: 
1) operations; 2) management; and 3) institutions. 
Operations include logistical processes, the activities that 
produce value. This understanding implies that services are 
produced, managed, and evaluated by customers as well as 
suppliers. Institutionalized behaviours resulting from an 
established discourse represent the context of production. 
Interdependencies may, according to Thompson [6], be either 
pooled, sequential, or reciprocal. Following Thompson [6], 
the structure of an industry network (its “supply chain”) 
may be characterized by describing the importance of these 
interdependencies in relation to each other. In services, either 
pooled or reciprocal interdependencies are dominant. This 
understanding was elaborated from a strategic perspective by 
Stabell and Fjeldstad [23] who conceptually modelled how 
services may be developed either as a value network (pooled 
interdependencies dominant) or as a value shop (reciprocal 
interdependencies dominant).

Furthermore, according to Pfeffer and Salancik [24] and 
Leonardi [25], interdependencies can be managed, increased, 
or reduced; or the dominant interdependency in a dyadic 
relationship can be changed. This implies that, over a long 
term, the context of services production may be modified 
by focusing on changing interdependencies. For instance, 
reciprocal interdependency may be reduced in services by 
increasingly standardizing resources such as information, 
knowledge, goods, facilities and tools. This may strengthen 
the foundation for increasing pooled interdependence in the 
supply chain. Pooled interdependency provides opportunities 
for limiting the role of the more manual mutual adjustments 
in business relationships. This increases the automation 
in providing supply chain services. This would have 
consequences regarding the role of people since human 
sensemaking is more limited with pooled interdependencies.

In their generic form, services are commonly classified 
as intangible, heterogenic, inseparable, and perishable. 
However, this static classification provides, according to 
Spring and Araujo [26], limited analytical value mainly 
because it does not consider the importance of the typi-
cally emergent processes network interactions of which 
services production consists. This implies that service pro-
duction demands a different mode of organizing [27, 28]. 

In services, human “sensemaking” [29], which produces 
logistical decisions, is often still a manual task. Therefore, 
people emerge as a key factor in service production. The 
people resource and human interaction are, therefore, fun-
damental to achieving an acceptable quality of service that 
provides an organization with a competitive advantage in 
the marketplace [30, 31].

Sampson and Froehle [32] also underpin the importance 
of people when they state, in their effort to conceptualize 
service processes, that “…with service processes, the 
customer provides significant inputs into the production 
process.” Service production cannot start before the 
customer provides the supplier with input. This implies 
reciprocal interdependency between the supplier and the 
customer. According to Sampson and Froehle [32], three 
types of customer inputs can be found in services: 1) 
customer identity; 2) physical resources, such as customer 
belongings, tools, and other tangible objects; and 3) pertinent 
information. These inputs are pooled and, in combination, 
produce a service. Another distinct feature of supply service 
is that some supply chains can be characterized having a 
“hub and spoke” (as well as a feedforward) like structure. 
Furthermore, service industry supply chains are, according 
to Sampson and Froehle [32], short, as well, since more than 
three tiers (a triadic form of collaboration) of organizations 
is rarely found in a service supply chain.

Regarding operations of service provision, Sampson 
and Froehle [32] cite empirical evidence of quality issues 
predominantly found in supply chains to include random 
arrivals, inconsistent specification, and varying input qual-
ity that influence service capacity, demand management, 
and quality management. Bicheno and Holweg [33] discuss 
typical forms of waste (in lean thinking this is often labelled 
using the Japanese word muda) found in services seeking to 
become lean which are represented by: 1) delay; 2) dupli-
cation; 3) unnecessary movement; 4) unclear communica-
tion; 5) incorrect inventory; 6) poor customer service; and 
7) transaction and production errors.

Following Stabell and Fjeldstad [23], building on 
Thompson’s [6] contingency theory, services with predom-
inant reciprocal interdependency involves costly manual 
exchanges. Reducing the costs of service processes involves 
minimizing the need for intensive interaction typical of 
reciprocally interdependent relationships. As already noted, 
interdependencies can be managed, including changing the 
fundamental nature of a relationship context for interaction. 
In healthcare services, there are various points of interac-
tion between patients and healthcare service suppliers, and 
resource capacity is a cornerstone in providing timely ser-
vices. This involves pooling various resource-types such as 
people, tools, and goods. Following Bicheno and Holweg 
[33], an efficient and effective lean service is supported by 
a set of pooled heterogeneous and complementary resource 
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tools such as reservation systems, price incentives, promo-
tion of off-peak demand, and customer self-service.

1.4  The complex processes found in the logistics 
of healthcare services

Healthcare as an environmentally contingent service is 
always to some degree complex. This section sheds light 
on the concept of complexity as the foundation to further 
understand healthcare services and its use of information 
technology (IT) in such industrial settings. Complexity is 
associated with uncertainty, as evident through observing 
process emergence. Logistics is in the case of services con-
cerned with transformation as changes in resource pooling. 
This pooling is a planning problem associated with creat-
ing for the actor a context of flexible resources paired with 
knowledge on how to use these resources efficiently. In line 
with Lichtenstein’s [36] view of generative emergence, this 
implies the intentional and complex creation of organiza-
tions. It includes agency as a part of the emergence concept 
and consists of two drivers: 1) intent to create value; and 
2) methods for doing so [33]. In this space of interaction in 
the supply chain, human perception is in perpetual change, 
(i.e., fluid). “Space and time are phenomenal, that is, they 
are intra-actively configured and reconfigured in an ongoing 
materialization of phenomena” [34]. Organizing information 
means focusing on agency in complex systems to seek value 
as the overarching purpose within the system, and describing 
the tools used by the agents to reach these goals. Agency is 
the capacity of individuals to act independently and to make 
their own free choices in context [35]. In healthcare services 
agency represents predominately managerial action of the 
networked human knowledge resource. Agency is relational, 
to other networked agents in a healthcare system. Networked 
agents represent the supply structure, a context for produc-
ing healthcare services manifest as emergent processes. 
Such service provision, returning to Parsons [22] view, is 
the institutionalized behaviour that is the most evident ele-
ment of this context. Professional culture embeds learned 
healthcare service activities, a discourse. In services agency 
is increasingly important since production and exchange are 
in the same flow as different aspects of the healthcare ser-
vice. According to Lichtenstein [36] agency simply implies 
agents in action or agents who possess “… a self-conscious 
motivation to cause order to arise.” These agents are the 
actors who must learn how to use as a continuous pooling 
facilitated by observation in the near context and supported 
by an information system facilitating this search for immedi-
ate process direction.

Agents in networked interactions represent the root of 
organizational complexity [37]. According to Lichtenstein 
[36] agency provides the grounds for exploring how emer-
gence may also involve the creation of organizations. Our 

research approach regards this system complexity as being 
well matched to the problem of creating viable ISs. ISs may 
contain multiple resources supporting different forms of 
agency limiting human intervention, and these elements 
can be interconnected within defined system boundaries 
to define a common functionality. A core functionality of 
an IS, either with predominately pooled interdependency 
or reciprocal interdependency, is to effectively interconnect 
the agents. Since IT is relatively cheap currently, the prime 
concern may seem to be more the IS’s effectiveness than its 
efficiency, however not forgetting the importance of patient 
(customer) value, an effectiveness measure.

Complexity can be defined, according to Rzevski and 
Skobelev [38] as: “… a property of an open system that 
consists of a large number of diverse, partially-anonymous, 
richly-interconnected components, often called agents, has 
no centralized control and whose behaviour emerges from 
the intricate interaction of agents and is therefore uncer-
tain without being random.” Rzevski and Skobelev [38] 
also point out that the key features of complexity are open-
ness, diversity, partial autonomy and interconnectedness 
of agents; lack of centralized control, and emergence. This 
component interlinking fosters interdependence. System 
complexity is not necessarily a random chaotic “thing” out 
there. The behaviours of complex systems, most effectively 
operating at the “edge of chaos” are not “random” and do not 
arise purely by chance. A complex system implies produc-
tion process emergence and services produced evolve, taking 
this approach, based on interactions within its boundary and 
interactions with its environment across its boundary.

A complex system can be influenced by design, or, more 
likely, thoughtful interventions that may, with sufficient 
time, lead to improved behaviours; one must consider tak-
ing a different approach and try to intervene again. Typi-
cally, these responses are exhibited by patterns that may be 
observed but are often difficult to interpret. Simple, direct 
responses often cannot be reliably correlated with particu-
lar interactions or interventions. So, although there is cause 
for hope, the challenges are great. However, much can be 
learned about the patterns of a complex system by applying 
the tools of agent-based modelling and simulation in a vir-
tual imitation of the complex system that operates in parallel 
with the original – perhaps in an accelerated period [39].

In services, exchange is highlighted [6, 23] because 
production often takes place as interwoven production and 
exchange flows since the people producing the service are 
also the ones negotiating with the customer how to design 
and carry it out. It is a process where consumption and pro-
duction may be more or less simultaneous. This is the case in 
the healthcare industry where highly competent practition-
ers and/or leaders such as doctors and nurses both manage 
and produce. In healthcare services, managers may there-
fore have dual roles that include producing the service, not 
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only managing it. As discussed, exchange may often involve 
– in cases of reciprocally interdependent relationships com-
monplace in patient treatment such as sickness diagnostics 
– demanding mutual adjustments through inter-professional 
and inter-personal communication.

1.5  Information use in healthcare service network

IT represents the scope of IS potential. In supply chains 
Information technology (IT) represents a generic technology 
resource; a potential use for all participating agents. When 
taking a supply chain management (SCM) perspective, IT’s 
resource base importantly includes integrated information 
hardware and software design, development, and use. Three 
aspects of IS potential are commonplace in current research 
on “cutting-edge” IT use in industry. This includes features 
of connectivity focused on the Internet of Things (IoT) 
expanded to include connectivity associated with people and 
documents [41,40]. Second, features of what is commonly 
considered as big data (BD) [41] are commonly discussed. 
This directs attention to complex or large amounts of data 
challenging the design of data-processing application soft-
ware. Such data is characterized by: 1) volume (quantity of 
generated and stored data); 2) variety (type and nature of 
the data); 3) speed (rate at which the data is generated and 
processed); 4) variability (inconsistency of the data); and 
5) veracity (quality of captured data) [42]. These features 
add up to, arguably, data complexity rendering BD by itself 
as an inadequate formulation to describe features of this 
technology-driven change in data capture, processing, and 
use. Data is not information, but the foundation of creating 
data comprehensible by people – which we call information. 
Third, IT may be applied to integrate various resources in 
multi-tier service supply chains. This includes applications 
supporting track and trace functionality adapted to support 
service provision which create the grounds for producing 
customer value in a multi-tier, complete supply chain [43]. 
IT is central in this endeavour. However, the institutional 
barriers to achieving this goal are hampered by incompatible 
interconnection abilities due to the disparity and diversity of 
most of the ISs in place [44]. This seems to be a fertile area 
for standards development among hospitals and other care 
giving organizations. Also, the public needs to be disabused 
of their likely penchant for privacy in withholding any of 
their personal and health information which tends to prevent 
sharing of trend-able data that might greatly help improve 
the general health of the public.

Safeguarding caregivers from routine mistakes in treat-
ment is another critical area for improvement. Here, it is 
advisable to have some redundancy in staff and procedural 
overlap in checking details as patients are treated. Instead of 
recording specific regimens manually with pen and paper, IT 
should be able to realize this checklist process in a simple, 

less time-consuming, and more accountable way. ISs of this 
sort should be designed to be so user-friendly that doctors 
and nursing staff can be relieved of most of the time-wasting 
data-entry and retrieval tasks in order to concentrate more 
on interacting with patients on a personal level. This implies 
great care in preparing the IT applications in consultation 
with practitioners who can guide the development toward 
more useful capabilities.

One of the prime features of a healthcare network struc-
ture is that agents must interact in order to produce this kind 
of service and, thereby, secure value for the customer. ISs 
support this need by providing and messaging information 
to help agents integrate. The level of integration in a supply 
chain is important in describing how an IS interconnects its 
users, both within and among firms (internal and external 
integration). This information connectivity is a form of sup-
ply chain functionality that supports integrating not merely 
the things advocated by IoT, but also relevant documentation 
(information artefacts used to message and store information 
both in paper and electronic form), and people (who possess 
both labour and knowledge resources). Especially in ser-
vices, where pooled interdependency necessarily is impor-
tant [22], it is more than moveable artefact-type resources 
such as tools or goods that need to be pooled. In addition, 
information and people need to be combined in a seamless 
manner to create the service.

In the artificial intelligence field, researchers and devel-
opers are investing large sums and working very hard to 
create robots that mimic human behaviour, and it is clear 
that robots are taking over more and more jobs that dis-
place many workers [45]; this is one automation-related 
outcome of IoT. One of the ironic qualities of standards 
is that there are so many of them; standards efforts often 
result in more complication which tends to divide people 
rather than bring them together. Along with the rise of 
social media, younger people seem to care less about pri-
vacy, and many of us are shopping more and more online, 
not caring much about how our habits and preferences 
are adding to the information available to profiteers for 
exploitation. Security is also hampered by trying to protect 
too much rather than realizing the benefits of informa-
tion sharing and being mindful of only what really needs 
to be protected. Theoretically, at least, information in its 
electronic form can be easily and inexpensively stored, 
processed, retrieved and transmitted using IT resources. 
An important change in recent management thinking is 
associated with applying the concept of BD. However, 
we are critical of this term since it cloaks (for analyti-
cal purposes) the true nature of electronic information 
embedded in a supply chain. Certainly, BD has analytical 
potential at a general management level; but in the special-
ized management context of a service supply chain, it is 
not the nature of data as being diverse, changing, speedy, 
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inconsistent, and of varying quality that is a management 
challenge; this would essentially demand BD analytics 
to solve this problem. On the contrary, these features, as 
characteristics of IT enabling IS development, represent 
a vast potential when considered from a SCM perspec-
tive. This realization needs to be integrated into existing 
and future SCM software rather than merely representing 
particular IT resources being used automatically from an 
organizational side-line. This is predominantly because in 
SCM it is not the hidden data (which is of essential value 
to agents that needs to be mined) but real-time data related 
to production flow. These data are embedded in a tech-
nological context paired with fluctuating customer value 
perceptions. In healthcare logistics, the essentials of this 
mixed exchange and production flow must be properly vis-
ualized and managed to better effect desirable outcomes.

The key stakeholders, doctors, nurses, technicians, 
administrators, patients, pharmaceutical drug suppliers, 
insurers, etc., associated with healthcare production flow 
must meet regularly and communicate what works and 
what doesn’t within and at the interfaces of their respec-
tive domains. This is a necessary but insufficient process 
for improving healthcare logistics. As specific problems 
and potential solutions are identified to elucidate a vision, 
specific goals, and desirable outcome spaces, stakehold-
ers should consult state-of-the-art technologists to suggest 
attractive (helpful and affordable) IT-based enablers that 
might be applied. Then limited experimentation using such 
IT augmentations should be conducted as safely as pos-
sible to see how well they work over a reasonable period 
of time. To the degree these initiatives are successful; they 
will be adopted more widely. If further problems arise as a 
result of this experimentation, then different interventions 
need to be considered and applied. All of this critically 
depends on the abilities of everyone to share information, 
build trust, and strive for open mindsights, keeping the 
health and well-being of patients as the ultimate goal. IS 
development takes place in an inter-organizational entity we 
term “the healthcare service chain.” As an organizational 
structure this approach founded on SCM directs attention 
to a normative quest where integration supporting collabo-
ration between supply chain agents is believed to be the 
prime route towards improving the quality of the health-
care services. This vision is founded on enhancing through 
considering networked interdependencies the particularities 
of healthcare services as already discussed. Furthermore, 
this approach needs, as discussed in the preceding section, 
integrate a fundamental view, that collaborating to produce 
this service should be understood as a complex system. This 
means that from a strategic perspective ISs in healthcare 
services must be designed to facilitate interaction in pro-
cesses more than detailed planning of the process.

2  Methods

The provided case narratives exemplify current practice in 
healthcare services. The first subcase provides a narrative 
of commodity flow at a Thai hospital. The second subcase 
concerns the treatment flow of a psychiatric patient focus-
ing on consequences of unexpected and poorly informed 
changes of the flow. The third subcase addresses the 
standardized organization of information flow related to 
moving patients between hospitals and home care facili-
ties in Norway. Together, these subcases provide different 
windows into issues regarding integration and information 
connectivity in healthcare service supply chains. Each sub-
case is individually analysed based on the literature review 
provided in Sect. 2. These cases, were as described in the 
introduction, presented in brief as examples in a preced-
ing published conceptual study of complexity in health 
care services [8]. Here these cases are described in further 
detail to support conceptual modelling.

The first subcase, to be described in Subsection 4.1, 
took place in one of the state-owned hospitals in Thailand. 
To understand the logistics flow of medical commodities 
in the hospital, one type of frequently-used medicine was 
selected and studied, in depth, within its supply chain. 
Information gathering included five face-to-face semi-
structured interviews conducted with the procurement 
manager, the warehouse manager, pharmacists in the 
outpatient department (OPD) and inpatient department 
(IPD), and the hospital’s supplier. Interview questions 
were aimed at investigating the flow business processes, 
including the medicine’s operational flows across each 
function, inventory management, and the IT applied. 
Resulting narratives were recorded, and the key issues 
were highlighted. Then, a focus group consisting of the 
same target group from the hospital and a representative 
from the supplier was formed. They drafted a business 
processes model and offered that to the participants for 
verification. Subsequently, several problems were raised 
and an overall consensus was reached.

The second subcase, to be described in Subsection 4.3, 
involved an authentic incident that occurred in an outpa-
tient psychiatric clinic in a Norwegian Hospital Trust; it 
represented customary priority setting procedures. One of 
this paper’s co-authors is directly involved in these prac-
tices, including their development. The associated narra-
tive is a brief account of this researcher’s contributions.

Patients are granted the right to medical assistance 
in two categories: 1) the right to consultation, perhaps 
including examination or testing; and 2) the right to 
further medical treatment. Having these two categories 
relieves pressure on the patient waiting list by separating 
the consultation and medical treatment allocations. Thus, 
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the hospital can offer patients a single consultation with 
ensuing options of either denying treatment by a special-
ist directly providing treatment via medications, physical 
or psychiatric therapy, advice, and so forth, or (thirdly) 
by transferring the patient to a general practitioner (GP) 
for treatment. These first two options facilitate improved 
scheduling that may benefit other patients. Unfortunately, 
the third option may lead to breaches of any established 
treatment closing deadlines, thereby complicating the 
administrative system operated from the Norway Hospital 
Trust overseen by supervisory authorities.

Ahead of a patient being granted the right to medical 
assistance, the clinicians make ongoing assessments of 
the patient’s need for examination, treatment, and follow-
up [46]. In general, the considerations of severity, benefit, 
and resource-use are relevant for assessing prioritization 
throughout a clinical pathway, which is particularly impor-
tant to be aware of if the right to medical assistance has 
been granted in the form of examination and/or testing. 
Interspersed with this are the clinicians’ subjective assess-
ments, based on their own medical discretion, and unfore-
seen events within the hospital. The priority setting guide-
lines give clinicians, who consider the referrals, directions 
to measure waiting time, from receiving the referral until 
starting consultation or treatment. These waiting times are 
recorded in the patient administrative system, and waiting 
list statistics and related information is generated. Waiting 
time statistics can be used by health authorities in bench-
marking acceptable wait times or comparing waiting times 
or wait lists among hospitals. However, the numbers shown 
in these statistics do not highlight or distinguish recording 
errors or internal defaults.

The third subcase presented in Subsection 4.5 took place 
when general practitioners (GPs) and nurses in a home care 
system in a Norwegian municipality described how they 
communicate with the staff at a state-owned hospital. First, 
a face-to-face focus group interview was conducted with a 
group of four GPs in a municipality-driven office taking care 
of patients living at home. The GPs were asked about how 
they communicate with the staff at the state-owned hospital 
and the nurses in the home care system about the patients 
being moved between the hospital and homes. A group of 
five nurses in the home care system was also interviewed 
about their experiences related to cooperating and commu-
nicating with physicians at the hospital and the GPs when 
patients need help. The narratives were recorded and the key 
issues were highlighted. The findings were drafted and given 
to the participants for verification.

More generally, we remark that case studies provide a 
means for highlighting and extracting practical principles 
and methods for shaping and accelerating progress in solving 
pressing real world problems. Case studies inform burgeon-
ing theories such as those associated with complex systems 

engineering where people are considered part of the sys-
tem to be conceived, developed, fielded, and operated; or 
extant systems targeted for improvement upgrades [47]. This 
paper advocates for the importance and value of case stud-
ies in advancing improvements in healthcare supply chains 
and their management. In particular, a case study template 
(somewhat abbreviated) that can be used as a guideline in 
reporting on case studies of complex healthcare systems is 
found in a work in [47].

3  Results

Three problematic subcases are presented in this section: 
1) the logistical flow of hospital commodities; 2) waiting 
lists; and 3) effective communication in emergency situa-
tions. In reading these subcases and the issues they raise, 
consider how they could be expanded into full-fledged case 
studies. The subcases are following its description analysed 
individually and then conceptually modelled following com-
plex systems thinking. The sub-analyses point to features of 
organisational structure, the healthcare process, and IT use.

3.1  Subcase 1: The logistical flow of commodities 
at a hospital

The study took place in one of the state-owned hospitals 
in Thailand. To understand the logistical flow of medical 
commodities in the hospital, interviews were conducted 
and focus groups were employed. Hospital commodities 
were physical artefacts, logistical goods that were typically 
applied in services at such institutions. The questions were 
aimed at investigating how medical commodities flow and 
were managed. The study found that all medicines and 
their active ingredients were managed by pharmaceutical 
groups. There were three major medical functional areas in 
the hospital: 1) the storerooms, 2) the central warehouse, and 
3) the procurement department. Four medicine storerooms 
were located in the OPD, and one medicine storeroom was 
located in the IPD.

The hospital had two principal ISs for inventory manage-
ment: one in a back office and the other in a front office. 
The back-office IS was used for managing inventory at the 
central warehouse. As the warehouse pharmacists received 
medicines, data associated with these were recorded in the 
back-office IS section.

The front-office IS was used to manage financial and 
inventory data at the front office and the storerooms. 
Although both ISs were employed for different purposes, 
they were synchronized once a day at midnight in order to 
transfer information between them. Figure 1 depicts this 
medical supply chain.
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Currently, the procurement department deals directly with 
various suppliers from both public and private sectors. The 
procurement process is accomplished after both purchasing 
requisition (PR) and purchasing order (PO) documents are 
approved. PR takes approximately three to four weeks; this 
varies depending on the volume and intricacies of procure-
ment activities. A PO requires three more days. PR and PO 
documents are accomplished [fulfilled] manually. The only 
information technologies used are E-mail, facsimile (fax), or 
telephone. The hospital staff needed to spend a considerable 
amount of time on this process, and human errors inevitably 
occurred.

For instance, one important type of hospital commodity 
– medicines sent by suppliers – are delivered to the central 
warehouse. The warehouse pharmacists are responsible 
for manually checking the deliveries against the POs and 
storing these medicines in the warehouse. All the relevant 
information (e.g., data involving the amount of medicine, 
the supplier, batch number, etc.), is recorded in the back-
office IS at the warehouse. Then the warehouse distributes 
medicines to each ward (OPD or IPD) storeroom accord-
ing to their existing PR requests. The medicine requisitions 
(PRs) from each ward to the central warehouse are prepared 
by each storeroom’s pharmacist. Based on their experience, 
each pharmacist estimates the quantity of each medicine 
to replenish the stock in each ward. This depends upon the 
level of stock left in each storeroom and other conditions 
such as seasonal diseases, emergency requests, new govern-
ment regulations, etc. Each storeroom pharmacist executes 
their demand order (PR) manually via a request slip to the 
central warehouse every day at 9 a.m. The warehouse col-
lects all these requests and supplies the appropriate like 
amounts to each ward later in the day. In the storeroom, 

all the relevant product information, (e.g., transaction data 
involving usage level, inventory level, etc.) is recorded in 
the front-office IS area.

3.2  Subcase 1 analysis

Managing goods flows is a core feature of logistics. Here, the 
flow of goods supports the core healthcare service provision. 
This is a physical flow of goods. One of the key aspects of 
this flow is the overstocking problem as described in the nar-
rative below. This was a classical logistical problem remi-
niscent of the “beer game” created by Jay Forrester [48] 
and further publicized by Peter Senge [49]. One factor that 
contributes to the exacerbation of the problem is the natural 
and persistent time delays that may occur between steps in 
the overall logistical supply chain process. Possible mitiga-
tions to this phenomenon would be to endeavour to apply IT 
more effectively to not only reduce the manual labour of the 
participants but also to speed up the process, thereby reduc-
ing the human errors as well as the time delays. A probable 
solution, following Lee et al. [50] and Lee [51], is to further 
supply chain integration on various functions such as order-
ing policies, forecasting, information sharing, etc., facilitated 
by a more seamless information flow.

This subcase’s narrative seems to show that the front-
office and back-office ISs are integrated and that the infor-
mation flows smoothly. In practice, however, the IT applied 
here did not satisfy quality requirements regarding place, 
time, and form. For instance, the storeroom pharmacists 
admitted that the actual physical stocks and their represen-
tations in the IS might differ. When the recorded amounts are 
transferred to the back-office IS, that system calculates and 
suggests the replenishment levels to the storeroom. Since 

Fig. 1  Medical supply chain
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the volume of goods in the system is not accurate, the back-
office administrators often increase the suggested replen-
ishment levels based on their own experiences with over-
stock allowances. This tends to cause overstocking in the 
storerooms. Moreover, when the central warehouse supplies 
these overstock levels to the storerooms; they consequently 
also request higher replenishment levels from suppliers. This 
results in the internal supply chain’s exceedingly high inven-
tory levels.

Noticeably, the role of IT here could have helped facilitate 
quality information sharing but this would still not have been 
sufficient since the medicines inventory management system 
was continuously manually overruled by the administrators. 
This implies that IT is a necessary but not sufficient source 
of process improvement in healthcare services. Such IT-
enabled development must be coupled with organizational 
change. Interconnectivity is still a fundamental requirement 
for this organizational change to happen.

This process is summarized by the qualitative model of 
Fig. 2 following the “systemigram” style depiction advo-
cated by Boardman and Sauser [52]. Unfortunately, one 

link from the Storeroom Overstocking “bubble” crosses 
two other links. One goal in preparing these systemigrams, 
sometimes difficult to satisfy, is to keep this type graph pla-
nar with no crossing links.

3.3  Subcase 2: The waiting list paradox

The waiting list is typical of healthcare service allocation 
in many economies. This creates a need to carry out trade-
offs that may be related to time in queues compared with 
criticality of healthcare treatment for the patient. Trade-offs 
involve societal points of view. The general public inevitably 
set limits to healthcare because publicly-financed healthcare 
services compete with other forms. Thus, healthcare needs 
are met under conditions of not only government regulations 
but also market competition; thus, implying significant 
resource constraints. Clinical care service flows involve 
prioritization rules that are based on a combination of 
partially contradictory factors including expected benefits of 
healthcare, cost effectiveness, and individual circumstances. 
A patient treatment flow is shown in Fig. 3.
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Figure 3 depicts a healthcare service process in general 
terms and does not reveal emergent characteristics of such 
a flow. It can be considered a general guideline for patient 
treatment as discussed in the following example. This nar-
rative starts with a GP referring his 40-year old patient to 
a psychiatric outpatient clinic, a specialized healthcare ser-
vice. The patient exhibited moderate to severe symptoms 
of depression, and the GP expressed uncertainty about 
diagnosing the patient’s condition. On the referral form, 
the GP underlined the level of urgency of the healthcare 
considered necessary, and asked for an assessment of the 
medical condition within a week. A multi-disciplinary team 
of specialists, who considered the referral, was to decide 
whether the patient should be granted the right to necessary 
medical examination and subsequent assistance, or whether 
the referral was to be rejected. Based on principles of prior-
ity setting criteria for psychiatric disorders, together with 
available clinical guidelines regarding depression, and the 
patient characteristics, nature and severity of symptoms 
described in the referral, the multidisciplinary team did not 
identify any suicidal tendencies, and decided to offer the 
patient the right to examination and an appointment with 
a psychiatrist within four weeks. The team transferred the 
patient to a psychiatrist, who met him for a single consulta-
tion within the four-week deadline. Thus, the priority setting 
criteria for medical treatment and examination services to 
be rendered within a justifiable time limit was met. Upon 
referral, the patient was taken off the official medical waiting 
list. Instead, the patient was placed on an internal personal 
waiting list of the specialist institution.

However, when the psychiatrist first considered the 
patient to be suffering severe depression and wanted to 
prepare a treatment program for him, the psychiatrist also 
became ill and had to cancel the next consultation. Pending 
the recovery of the psychiatrist, the patient did not get a new 
appointment or a new therapist. The patient administrative 
system formally recorded this (partial) healthcare service 
as being fulfilled within a prescribed time limit, because he 
had the first consultation; but the system did not detect that 
the patient was no longer included in the outpatient clinic’s 
patient portfolio. After nine months, as the psychiatrist was 
still on long-term sick leave, the patient’s wife called the 
outpatient clinic and requested a new appointment for her 

husband who was still on sick-leave and influenced by severe 
depression symptoms. This illustrates an apparent paradox: 
A patient was recorded as finishing treatment in the general 
waiting list, despite still being ill, because the status of the 
patient recorded in a local waiting list was not taken into 
consideration as data in the general waiting list.

3.4  Subcase 2 analysis

From this narrative, we can conclude that there is a need 
to plan for unforeseen contingencies in healthcare supply 
chains. In this subcase, the psychiatrist who was designated 
to treat the patient fell ill. Leaders and managers must rec-
ognize that the unexpected will inevitably occur in complex 
environments, and that a process for addressing such events 
needs to be defined in advance with as much appropriate 
detail as possible. Although it is impossible to predict pre-
cisely the circumstances of such events in healthcare man-
agement, there needs to remain an awareness concerning 
a certain degree of uncertainty in events that may particu-
larly surprise the actors. In such scenarios, having a pro-
cess already in place that is automatically triggered will at 
least have the benefits of saving some time and unnecessary 
consternation.

One of the key problems depicted is organizational. There 
were two ISs used in this subcase: one general, and one 
local. Since they are connected to each other (where the 
output from the general system is playing the role as input to 
the local system), this cloaks transparency. What goes on in 
the psychiatrist treatment session is hidden from the general 
system which disables control from a larger perspective. In 
this subcase, it was the patient’s wife who needed to solve 
this information discrepancy.

The scope of possibilities for discrepancies needs to 
be expanded to include an examination of the implicit 
assumptions that ignore the possibility that a caregiver 
might be taken out of service. As in all good engineering 
practices, one must consider what might go wrong in a 
well-intentioned process. In fact, stakeholders should 
sometimes devote more attention to this aspect rather than 
to optimistically expect satisfactory results from established 
plans or recent interventions. Therefore, healthcare services 
need to secure transparency through interconnection and 

Fig. 3  Patient treatment flow
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informational subsystems; and these subsystems also need 
to handle uncertainty through use of flexible information 
resources that create sufficient transparency to reveal 
discrepancies or changes in the healthcare supply chain. 
A conceptual model of this process is provided in Fig. 4. 
Again, there is one non-planar link.

3.5  Subcase 3: The emergency flow 
and inter‑professional communication 
about patients moving between hospital 
and home care

When people in Norway get critically ill, they or their repre-
sentatives could call the emergency number 113 and get help 
from skilled staff working in an ambulance. These emer-
gency medical technicians typically would bring the patient 
to a hospital where physicians and nurses will assess what 

treatment is recommended and applied, and how long the 
patient needs to stay. See Fig. 5.

If people get sick at home without needing an ambulance 
but still feeling symptoms resembling an emergency, the pre-
assigned physician is called first. Typically, then the patient 
visits the physician at his/her office to discern whether to be 
hospitalized. See Fig. 6.

If hospitalization is required, the hospital staff diagnoses 
the patient and considers when to move the patient back 
home. In some situations, the patient may be provided home 
care delivery or sent to a nursing home when there is a non-
life-threatening ailment. However, the home care system is 
not prepared to take care of patients with much more seri-
ous diseases. Nevertheless, some home care patients later 
become critically ill.

The hospital and general physicians and the home care 
nurses usually communicate by electronic messaging. 
Yet, these messages and even phone calls, often used for 
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clarification, do not accurately impart and capture all the 
relevant information and knowledge required. In addition, 
nurses feel an increased risk of misunderstanding without 
any inter-professional and inter-personal contact or meet-
ings. Therefore, both nurses and physicians advocate for the 
importance of working together in person which naturally 
leads to further clarifications as well as new information 
and knowledge.

The physicians also express their need for inter-professional 
information exchange to manage taking care of all the critically 
ill patients in the home care system – especially those who 
never visit them. Both the nurses and the physicians feel a 
responsibility for enhancing routines, and for following up with 
all the critically ill patients living at home.

3.6  Subcase 3 analysis

There is a dearth in the number of favourable ways to clarify 
responsibilities among the different professions involved. 
Communication is often pointed out as the most important 
factor for inter-professional cooperation – both by the nurses, 
and, even more, by the general physicians or GPs. However, 
electronic communication cannot substitute for the positive 
effects of meeting each other face-to-face to experience the 
often subtle but invaluable cues. This third narrative shows 
the importance of integration in the supply chain to support 
the healthcare service flow. It can be described following a 
timeline, meaning decisions are sequentially interdepend-
ent. In the two scenarios illustrated in Fig. 5 and Fig. 6, an 
initial decision renders what type of flow is followed based 
on a first-step evaluation of degree of criticality. In both 
scenarios, time is critical, but in varying degrees. Patients 
sent directly to hospitalization are clearly more time-critical. 
Furthermore, cogent decisions imply resource pooling, pri-
marily with information resources integrated with commu-
nication resources. To properly administer patient flows, the 
appropriate agents must be informed of the recommended 
treatments.

Accordingly, the role of agency is a core feature and con-
cern in analysing healthcare flows. Clearly, such flows are 
impaired by uncertainty, and the natural thing to do is to 
determine treatments through relationships characterized as 
reciprocally interdependent. This interdependency, is how-
ever, clearly toned down since time is the main critical factor 
in healthcare emergencies. Intense interaction takes time, 
and, therefore, reciprocal interdependency in emergencies 
is likely inferior to predominately pooled interdependent 
service production. Pooled interdependency is amenable 
to increasing the automation of the healthcare service flow 
since this involves standardizing the activities such as diag-
nosis, sensemaking, treatment, and information sharing.

This process is qualitatively modelled in Fig. 7, this time 
with two non-planar links.

These systemigrams attempt to capture the verbal essence 
of the three subcase processes discussed above but the dia-
grams certainly could be improved upon with additional 
effort. The color-coding is intended to be a clarifying fea-
ture. More importantly, these graphs purport to suggest the 
current process shortcomings and what might be done to 
improve these situations. Again, further case studies, par-
ticularly those that test the veracity of these systemigrams, 
are encouraged. The authors will be very interested in any 
results that are obtained along these lines.

4  Discussion

All three micro-level models of the preceding section 
involve inter-personal communications which is usually 
most effective, if practicable, if conducted face-to-face. 
The Enneagram discussed below can greatly facilitate 
that practice. In addition, we also provide a more general 
systemigram model that attempts to conceptually and 
qualitatively model the whole healthcare supply chain.

Medication management is one of the key aspects of 
patient safety in healthcare systems, and medication safety 
still continues to be a major challenge [4, 15]. The fun-
damental suggestion here is to endeavour to apply the so-
called Enneagram [53] to facilitate comprehensive inter-
professional communication that does not leave anything 
out (even the “elephant in the room”). This process, which 
has been tried successfully in many venues, is depicted in 
Fig. 8 [53]. A bulleted list which at least partially explains 
this figure follows.

• Point 0 (Identity): Who are we? What is our identity? 
What is our history, individually and collectively?

• Point 1 (Intention): What are we trying to do? What are 
our intentions? What is the future potential?

• Point 2 (Issues): What are the problems and issues facing 
us? What are our dilemmas, paradoxes and questions?

• Point 3 (Relationships): What are our relationships like? 
How are we connected to others we need in the system? 
What is the quality of these connections? Are there too 
many or too few of them?

• Point 4 (Principles and Standards): What are our princi-
ples and standards of behaviour? What are our ground-
rules, really? What are the un-discussable behaviours that 
go on, over and over?

• Point 5 (Work): What is our work? On what are we physi-
cally working?

• Point 6 (Information): Do we know what’s going on? 
How do we create and handle Information?

• Point 7 (Learning): Are we learning anything? What are 
our learning processes? What is the future potential?
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• Point 8 (Structure and Context): How are we organized? 
What is our structure? Where does the energy come 
from that makes things happen in our organization? Is 
our hierarchy deep or flat? What’s happening in the larger 
environment, in which we’re living and trying to thrive? 
Who are our competitors and what are they doing? What 
is the context or surrounding environment in which we 
are living and working?

• Point 9 (Our New Identity): After we’ve moved through 
these questions, how has our identity changed? Have 
we expanded and grown? What new things do we now 
know? What new skills do we now have? [54]. Note: 
Above text has been changed to read as “us,” not “them.”

In trying out this Enneagram discussion tool, the recom-
mendation is to cover the points in the order 1, 4, 2, 8, 5, 7, 
and repeat, as necessary. We think you will find this process 
really works well.

Much of the above material might be summarized by 
Fig. 9 in a simplified qualitative modelling attempt, drawing 
mightily upon the work of White [55], to depict the logistical 

supply chain problem and some initial solutions to improve 
the overall situation.

In healthcare logistics viewed as a complex system, 
management must consider how to handle processes where 
components are continually in flux regarding not only the 
more easily measurable time, place, and form features, but 
also how they are interconnected (pooled), and how they 
are perceived. Healthcare services, as logistics in a supply 
chain system, emerges through analysis as complex pro-
duction. Although the narratives display ample room for 
improvement, the status quo is hardly stable. It has under-
gone improvements, although this is not explicit in the nar-
ratives. Healthcare services as structure follows a timeline of 
change in two dimensions: 1) the service provision itself is 
an expression of logistical transformation; and 2) the struc-
ture of the logistical service production is the main arena 
for development. IS development should be sensitive to 
these two dimensions of change in operations and structure. 
Operations follow a sequential interdependency typical of 
logistical transformation, much as in manufacturing, one 
task following the other to produce a service output such 
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as patient treatment. This sequentially in healthcare never 
follows a clean line. Networking produces healthcare ser-
vices in an unruly environment. Organising in this setting 
is dependent on interaction. The healthcare actor therefore 
always perceives production as more or less uncertain. This 
is why healthcare as a complex service includes both pooled 
and reciprocal interdependency, because the decision-making 
has room for many options, and with increasing uncertainty, 
the agents are dependent on help from outside, increasing 
reciprocal interdependency. At the structural level, man-
aging interdependencies through resource standardisation 
facilitates increased pooled interdependency, thereby econ-
omising interaction to produce the healthcare service. ISs 
represent a key resource in the transformation, the facilitation 
of increased pooled interdependency. Hand-in-hand with this 
effort, the IS facilitates improved sequential interdependency, 
evident as improved process traceability, informing about 
preceding operations, and tracking, knowing where various 
heterogeneous resources are currently to facilitate pooling. 
All this facilitates sending the patient onwards into the flow.

Interaction as “co-creation” in healthcare logistics ser-
vices is conceptually important. Co-creation implies, follow-
ing Thompson (1967), a power structure in the network char-
acterized by reciprocal interdependency mutually adjusting 
through using intense technology to adapt through interac-
tion in business relationships. It is a setting demanding an 
inter-subjective and therefore emergent understanding of the 
meaning of “production.” The role of ISs here is to precisely 
support this process emergence in healthcare services. This 
involves: 1) data registration; 2) sharing of information on 
this emergent process’s properties which, thereby, supports 
agency in sensemaking; and 3) managing this process in real 
time. A key attribute of such an IS, is connectivity through 
computer–human interfaces expressed as visualization tech-
niques that interconnect different supply chain agents. This 
means seeking and implementing an ethically viable poten-
tial for automating agency, service provision interaction in 
a non-deterministic way.

Healthcare services need to be regarded as a complex 
system where human beings (in this case: patients, physi-
cians, nurses, suppliers, and administrators) are pooled 
and reciprocally involved in providing and experiencing a 
variety of services and remedial treatments. Existing poli-
cies and procedures are oriented mainly toward helping 
sick people to get well instead of instituting incentives and 
rewards for keeping people healthy as the higher priority. 
Admittedly, migrating healthcare more toward the latter 
mindsight is largely in the domain of government legisla-
tive and institutional executive actions and beyond the scope 
of logistical supply chain improvements. But healthcare 
providers already have the power to take a more holistic 
approach in establishing improved methodologies that can 
facilitate, along with carefully selected information system 

technologies, more effective interpersonal communication 
and networked interactions among all parties and elements 
of this complex system. That is what has been emphasized 
and explored.

Most healthcare services are well-intentioned and at least 
partially effective, according to the literature, and direct 
observations of existing practices. However, it is also clear 
from interviews and analysis that systemic and systematic 
flaws significantly hinder higher quality healthcare, particu-
larly in situations where time is a critical factor (e.g., in 
emergencies). Sure, one might prevent many emergencies 
by keeping people healthier, but as outlined above, that is 
not the way the system operates. So, taking a broader and 
more humanistic view of the technically-speaking logisti-
cal supply problem, leveraging pooled as well as reciprocal 
interactions, emphasizing additional attention to contingen-
cies, and better applying information system technology are 
among the advocated principles to help caregivers deliver 
better services (their primary function) while alleviating 
their secondary administrative burdens.

5  Concluding remarks

The preceding conceptual modelling lays grounds for further 
investigation using simulation tools as supporting imple-
menting new IT-supported healthcare processes through a 
continuous trial and error process. This implies also that the 
provided models may be refined based on such experiences. 
Since there is not yet a well-established and accepted theory 
that thoroughly considers the role of information in service 
chains when taking a complex systems perspective, further 
detailed case studies are of paramount importance in creat-
ing desirable outcomes. The processes need to be modelled 
enhancing features of process emergence. We really would 
like a better understanding of what works and what does not 
work in practice. Good case studies can significantly illumi-
nate many issues. Three subcases, the: 1) logistical flow of 
commodities at a hospital; 2) waiting list paradox; and 3) 
emergency flow and inter-professional communication about 
patients moving between hospital and home care have been 
described and analysed. These should help set the stage for 
additional examples and more in-depth case studies in future 
work. The latter are certainly recommended, hopefully to be 
conducted as action research, meaning the research reports 
on process changes. Therefore, this substantiates reasons for 
reporting on trying out and sometimes failing in designing 
and using a healthcare service system from a complex sys-
tems approach.
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