
Methodology for Health Care Process Modelling: 

Bringing the Health Care Complexity into Health IT System Development 

Conceição Granjaa, Kari Dyba, Eli Larsena, Stein Roald Bollea, Gunnar Hartvigsena,b 

aNorwegian Centre for Integrated Care and Telemedicine, University Hospital of North Norway, Norway 
bDepartment of Computer Science, The Artic University of Norway, Norway 

 

 

 
Abstract 

Health Information Technology is recognized as a solution to 

manage health care and improve the quality of care. However, 

health IT has only proven its full potential and benefits in spe-

cific fields. The aim of this paper is to propose a methodology 

to comprehensively model health care processes in order to de-

fine health IT system requirements. The proposed methodology 

was successfully implemented in a University Hospital in Nor-

way. By applying the suggested three-stage methodology, it was 

possible to identify the cause for elective surgery cancellations 

at this hospital. Additionally, the preoperative planning process 

was modelled, and its complexity described. Based on the con-

ducted work, it is concluded that the design of health IT systems 

should not be done by computer scientist alone. An interdisci-

plinary team is required to tackle the idiosyncrasies of care 

processes. 
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Introduction 

Surgical departments are simultaneously the major source of 

investment, and the greatest source of revenue for most hospi-

tals [1, 2]. However, the cancellation rate of elective surgeries 

is high, especially in the public sector [3, 4]. It is reported that 

between 10 and 40 % of elective surgeries are cancelled [1, 5-

7]. Surgery cancellations increase costs, reduce productivity 

and efficiency, increase waiting lists, and directly affect the pa-

tients [5, 8, 9]. 

In order to reduce cancellations of elective surgeries, hospital 

managers make a considerable investment on operating theatres 

and on having surgeons and theatre staff available on the agreed 

schedule [1, 10]. At the department level, health care workers 

make huge efforts in planning and scheduling surgeries to allo-

cate the necessary resources. However, studies show that up to 

20 % of elective surgeries are cancelled on the day of surgery 

[9, 11, 12]. Furthermore, it has been shown that 50 % of these 

cancellations might be avoided [1, 3, 13]. 

Health Information Technology (IT) is recognized as a solution 

to manage health care and improve the quality of care. In the 

national strategy plan for electronic collaboration in health and 

care services, the Norwegian Ministry of Health and Care Ser-

vices identified IT as a cornerstone to improve the quality of 

health care [14]. However, health IT has only proven its full 

potential and benefits in specific fields [15-19]. A contributing 

factor for the slow diffusion of health IT may be found on its 

focus on improving individual tasks, rather than supporting 

value added care processes. In this paper it is argued that this is 

replicating the individualistic work patterns inherent to paper 

based care processes, as observed in the case study.  

Health IT orientation to individual tasks reflects the focus of 

health care itself. The majority of clinical departments behaves 

as discrete and independent sets of physicians, nurses, and other 

health personnel instead of a single team. [20]. Partly due to the 

autonomy of most clinical departments, few health care pro-

cesses have been modelled comprehensively enough to provide 

a basis for specifying system requirements to health IT design-

ers. Alternatively, health IT system developers have focused on 

supporting the work of individual care team members by taking 

existing paper-based tools, as their models. The result is that 

most health IT does little to support care teams [21]. 

The causes for elective surgery cancellation are classified in 

two major categories, according to who took the underlying de-

cision to cancel [22]: (a) hospital, and (b) patient related rea-

sons. Hospital related reasons can be further divided in planning 

and medical causes. At our site of research, the University Hos-

pital of North Norway (UNN), the causes for elective surgery 

cancellations are mainly related to the hospital category, as 

demonstrated in Figure 1, in the results section. The hospital 

has reported that more than 50 % of all cancellations at UNN 

are related to inadequate pre-operative planning [23]. However, 

the planning tool on the surgical module in the EHR system has 

been recognized as an unused resource by FIKS (from the Nor-

wegian Felles innføring kliniske systemer, translating as Com-

mon Introduction of Clinical Systems; a project initiated by the 

Northern Norway Regional Health Authority (Helse-Nord), 

who invested € 62.5 million to develop the electronic health 

record for the future) [24]. The same conclusion was also drawn 

by the Lean Project which was initiated by the management at 

UNN as an internal project to reduce the cancellations rate. For 

further reference on the Lean process refer to [22]. 

In this paper, the elective surgery cancellation problem, in a 

University Hospital in Norway, is addressed. Foremost, the rea-

sons for cancellations at UNN were explored. The workflow 

was observed and modelled at different departments. Based on 

the modelling results one department was chosen for an in-

depth study. In-depth and semi-structured interviews with dif-

ferent health care workers involved in the process were con-

ducted. The preoperative process was modelled taking into con-

sideration the perspectives from the physicians, nurses and sec-

retaries involved in the preoperative planning process.  

The aim of the work presented herein, is to propose a method 

on how to comprehensively model care processes to establish a 

basis to health IT requirements. It is argued the necessity of 
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health IT designers to understand the complexity of care pro-

cesses, and their dynamic relation with the environment in 

which it is accomplished. Given the idiosyncrasy of care pro-

cesses, it is recognized that this cannot be a solo work, an inter-

disciplinary team is required. 

This paper is divided in four sections. In the first section, the 

approached problem is introduced, and the case study is de-

scribed. Data collection methodologies, with which the results 

were obtained, are presented and explained in the second sec-

tion. The results are disclosed and interpreted in sections three 

and four. In the last section conclusions about the results are 

drawn, and some indicators of future work in the area foreseen. 

Materials and Methods 

The data presented in this paper was collected based on a three 

stages methodology, as follows:  

Stage 1 - Analyses of historical data on the number of can-

cellations and the reported reason, provided by 

the Lean project at the hospital; 

Stage 2 - Fieldwork, including observation and interviews 

with health care workers at the hospital; 

Stage 3 - In-depth interviews with health care workers at a 

specific department. 

In Stage 1, the number of cancellations and their reported rea-

son by department, shown in Table 1, indicated that there is a 

great discrepancy in the number of cancellations between dif-

ferent departments. However, the data did not evidence a clear 

pattern for cancellations within the different departments. Thus, 

the need to obtain further knowledge on the preoperative plan-

ning workflow at each department was identified. 

In order to obtain this knowledge, three weeks of fieldwork at 

the Surgery and Intensive care clinic was carried out as Stage 

2, conducting observations and unstructured interviews while 

following an anaesthesiologist and an anaesthetist nurse – 

which provide care services at all surgical departments – in their 

daily work. In addition, thirteen structured interviews with phy-

sicians, nurses and administrative personnel were conducted. 

Based on the fieldwork, the preoperative planning workflow 

was modelled at the different departments. From the initial re-

sults it was concluded that the discrepancy in the number of 

cancellations are related to the heterogeneity of work patterns 

observed. It also raised the hypothesis that the variations in the 

number of cancellations may not be related to structural, or or-

ganizational, differences at the department level. It may rather 

be related to the fact that, in order to complete the daily sched-

ule, health care workers need to use empirical and personal 

knowledge. To be able to get an in-depth understanding, on 

what are the real needs of health care workers in the preopera-

tive planning process, the fieldwork observations were nar-

rowed to a single department in Stage 3. 

During the observations, and the interviews, two departments 

at the hospital were described to be more efficient. However, 

the departments still evidenced a representative number of can-

cellations. From these, one department was chosen to proceed 

with the in-depth study. The choice was based on the need to 

gather knowledge about the preoperative planning process and 

reduce local, contextual and department specific complexity, 

without losing the general challenges in the process. The cho-

sen department is not revealed due to ethical reasons. 

In Stage 3, physicians, nurses and secretaries, at the chosen de-

partment, were interviewed. The interviews were semi struc-

tured, done at the workplace and lasted between one to two 

hours. 

Results 

In this section, the results from each stage of the methodology 

proposed in the Materials and Methods section are reported. In 

Stage 1, the historical data on the number and causes for elec-

tive surgery cancellations (Table 1), was analysed. From the 

analysis it is evident that the decisions to cancel elective sur-

geries are mainly taken based on reasons related to the hospital, 

as shown in Figure 1. 

 

 

 

Figure 1- Fractional number distribution of the reasons for 

day of surgery cancellation at UNN.  

■ Patient related reasons ■ Hospital related reasons. 

The historical data also indicated that there is a great discrep-

ancy in the number of cancellations between different depart-

ments, as shown in Figure 2. The results obtained from the anal-

ysis of the historical data were used to define the requirements 

for Stage 2. 

 

 

Figure 2 – Number of elective surgery cancellations by depart-

ment. 

In Stage 2, the preoperative planning workflow at the different 

departments was investigated and modelled. The workflow 

models revealed heterogeneous work patterns. The sequence of 

the activities required to complete the preoperative planning 

process was not consistent among the different departments. 

Furthermore, the preoperative planning process for different pa-

tients had different professionals executing the same activity. 

Additionally, the professional responsible for the activity var-

ied. Based on these results, as well as the empirical nature of 

the daily running at the departments, it was recognized the need 

to narrow the fieldwork to a single department. The focus on a 

single department should facilitate the identification of the real 

needs of health care workers in the preoperative planning pro-

cess, in Stage 3. 
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Table 1 - Number of cancellations and their reported reason by department. 

Reason for cancellation 
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Anesthesiology procedures 4               2 22 3 21 2 4 1   16 75 

Gastroenterology Surgery 10 3  2 22    2 16 34 10 6 1 11 28 6 151 

Cardio/Lung/Vascular Surgery 3 2   2  1   3   3 2 7 3 1 27 

Urology and endocrinology Sur-

gery 8 5   8    3 13 19 4 8 1 4 7 7 87 

Pediatrics 1         1  1 1     4 

Felles koder 2         3  1      6 

Women’s Clinic 5 4  1 19     7 13 4 3 3 4 12 6 81 

Neurosurgery 2 6  1 7 1 2   4 3  1 1 12 10 7 57 

Orthopedics Surgery 14 1  4 18  2 5 1 10 1 7 2 3 4 3 8 83 

Plastic and Hand Surgery 1 5  5 9  1  1 6  1 2 2 5 7 6 51 

Ear-Nose-Throat 20 3 1 1 10    2 15  7 5 3 2 13 10 92 

Ophthalmology Surgery 12 1 1 1 1    1 16 1 8 2 6 2  17 69 

Total 82 30 2 15 96 1 6 5 12 116 74 64 35 26 52 83 84 783 
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In Stage 3, the interviews with physicians, nurses and secretar-

ies showed that the diversity of work patterns is also evident on 

the professional group level. An example of such heterogeneity 

is evident right in the beginning of the process, when the sur-

gery referral is received by the hospital. The physicians have a 

holistic overview of this part of the process. The administrative 

activities on how the referral is handled, and the patients’ path-

way prior to surgery are not always clear to physicians. Nurses 

are more focused on practical activities and the daily running of 

the department. This part of the process is not of their responsi-

bility, hence, they are not aware of the details on how referrals 

are processed. Secretaries work patterns evidenced a clear focus 

on avoiding elective surgery cancellations. They perform most 

of the operational planning work. Being the only professional 

group transversal to the preoperative planning process, they 

make a huge effort to make the patient move forward in the 

process and avoid cancellations. This might also be explained 

by the fact that they are the first line of communication with the 

patient.  

It is our understanding that, in the preoperative planning pro-

cess, the professionals that reveal more engagement in avoiding 

cancellations are nurses and secretaries. However, the infor-

mation required for the patient to proceed in the process is gen-

erated by the physicians. In the next section, will be discussed 

on how this in-depth knowledge of the process is of great im-

portance when defining the requirements for health IT system 

design. 

Discussion 

The preoperative planning is a complicated process that takes 

place in a dynamic environment, where numerous pieces of in-

formation are generated in multiple sources, shared by provid-

ers, and reviewed by various health care workers. The hetero-

geneity of work patterns influences the IT systems’ usefulness 

in healthcare. This is exemplified by the low usage of the exist-

ing planning tool on the surgical module at the hospital, as com-

municated in the Introduction section. This was underlined, by 

a nurse, during one of the conducted interviews: “I prefer the 

system on paper. The information is too dispersed and it takes 

too long to track it, and it is more difficult to take notes.” 

An IT system should, in principle, only support one care pro-

cess at a time. It is not efficient or functional to have different 

versions of an IT system for different departments, and surely 

not for different individuals. To define the requirements for 

health IT systems, IT system designers need to work with a 

standard process. The problem must be object of a thorough 

analysis to identify its real cause. The holistic overview that is 

supporting health IT system design until now is not always suf-

ficient to reveal underlying causes of the problem. Moreover, 

there might exist more than one cause to the problem. Stage 1 

of the proposed methodology allows the characterization of the 

problem and its causes according to their nature, and relate it to 

the structure of the organization. 

To be able to define the requirements for health IT systems, de-

signers need to be fully acquainted with: the purpose of the care 

process; the activities required to accomplish the process; who 

performs the activities; and who is responsible for them. This 

was the aim of Stage 2. Not all these objectives were accom-

plished during the fieldwork. However, from a methodological 

perspective this stage should not be eliminated as it revealed the 

complexity and the multiplicity of care processes at the depart-

ment level. 

The knowledge gathered during Stage 2 was not sufficient to 

answer the questions required for IT system development. 

Therefore, the study was extended through Stage 3 where in-

depth knowledge on the care process was acquired. In this stage 

the required resources for each activity, and who is responsible 

for the activity, were identified. However, it was evident that 

the different professionals that are involved in preoperative 

planning have distinct views of the process. 

The three stages methodology enabled the modelling of the 

complexity and multiplicity in the health care process. This was 

only possible since the fieldwork, and the analysis of the care 

processes, was done by an interdisciplinary team, composed of 

a computer scientist, a social scientist and health care workers. 

Conclusion 

The implementation of the proposed three-stage methodology 

permitted the modelling of the preoperative planning process, 

and to describe its complexity. Furthermore, the proposed 

methodology made it possible to identify the cause for elective 

surgery cancellations at UNN. This will facilitate the develop-

ment of a standard preoperative planning process, as future 

work. Processes that are re-engineered having a full under-

standing of: what they are meant to do; how resources act on it, 

e.g. their responsibilities and competences; how information is 

generated and required; and how they interact with other pro-

cesses, provide the necessary knowledge for health IT to reduce 

inefficiencies and manage complexity. 

Process re-engineering may require new activities and reorgan-

ization of the existing activities. This is a sensitive job that has 

impact on the whole organization. It is concluded that the de-

sign of health IT systems should not be a solo work done by 

software engineers or technical personnel. It is necessary to en-

gage with the health care sector as an empirical field, and an 

interdisciplinary team is required to tackle the idiosyncrasies of 

health care processes. 
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