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Abstract 

Health Information Technology denotes an enormous potential 

to improve health care cost effectiveness and quality of care. 

However, health information technology has been failing to 

demonstrate its foreseen benefits, and its involvement in the 

care process is limited to specific fields. Several disadvantages 

of health information technologies have been reported. Partly 

due to the autonomy of most clinical departments, few health 

care processes have been modelled comprehensively enough to 

provide a basis for specifying software requirements to health 

information technology designers. Alternatively, health infor-

mation technology designers 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 in-

formation technology does little for process support. Health in-

formation technology usability, and adoption in daily practice 

is closely related to the systems’ semantic and technological 

interoperability. The trend in the health information technology 

field has been to push as much information as possible to the 

users, with a view to finding a solution. In this paper is dis-

cussed how the context-aware methodology can contribute as a 

solution to this problem, by enabling process support. 
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Introduction 

The potential of Health Information Technology (IT) to im-

prove health care cost effectiveness, and quality of care, has 

been acknowledged for decades [1, 2]. However, health IT has 

been failing to demonstrate its foreseen benefits, and its in-

volvement in the care process is limited to specific fields. Sev-

eral disadvantages of health IT have been reported [3-7]. Addi-

tionally to the factors that contributed to such results, another 

reason may be found on the focus of health IT on improving 

individual tasks rather than supporting value added care pro-

cesses. By supporting individual tasks, IT is focusing on the 

provider. This is a significant contribution to a lower quality 

and high cost health care. On the other hand, process focused 

care is centred on the patient. It integrates the team work (e.g. 

patients, physicians, nurses, caregivers, managers, and admin-

istrative personnel) to provide high quality, and efficient care, 

throughout the full process. Value added care processes are the 

goal of the patient centred health care. 

Health IT orientation to individual tasks reflects the focus of 

health care itself: The majority of clinical departments behave 

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

health personnel instead of a single team [8]. 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 software requirements to health IT de-

signers. Alternatively, health IT designers have focused on sup-

porting 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 for process support [9]. By process 

support the authors refer to the support of interdisciplinary co-

operation along with the patient pathway.  

Hospitals are dependent on a wide and reliable communication 

infrastructure for exchanging different kinds of data, such as 

patient reports, lab tests and working shifts, together with text, 

voice and alarm services. The management of this information 

is difficult and requires considering a wide variety of problems 

that should be avoided in order to properly meet the needs of 

hospital professionals. In such scenario, context-aware systems 

present themselves as a promising approach for health IT de-

signers. 

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

duction, is described how the lack of standardize process mod-

els is affecting health IT. In the Background section, is pre-

sented a brief literature review on evidence that some of the 

health IT, currently implemented in clinical practice, is unsuit-

able to its purpose, and is instigating a negative stigma in 

healthcare workers towards technology. In the third section, is 

presented the context-aware methodology, and, in the last sec-

tion is discussed how this methodology can contribute to pro-

cess support, and improvement of operational management. 

Background 

Several reports of unsuccessful implementations of health IT 

can be found in literature, such as [10-25]. Hereafter, the most 

relevant reports are briefly described. 
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Dünnebeil et al. [18] studied the physicians’ resistance to adopt 

health IT as a barrier for the its diffusion, and explored the fac-

tors that influenced the physicians’ attitude towards IT. The au-

thors argue on the importance of standardization and process 

orientation as facilitators of health IT implementations [18]. 

Ash et al. [23, 24], also reported on unsuccessful health IT im-

plementation due to resistance to change by the staff. This was 

identified to be a problem, especially when change was thrust 

upon them. Various predictable and unpredictable positive and 

negative behaviours were reported as a result [23, 24]. In this 

studies, the effort to establish standards and mandatory treat-

ment processes are pointed as a major influence factor in the 

adoption of health IT. 

The effects that EHR systems have on physicians’ professional 

satisfaction was studied by Friedberg et al. [25]. It was reported 

that for many physicians, the current state of EHR technology 

significantly worsened professional satisfaction in multiple 

ways [25]. Poor EHR usability, time-consuming data entry, in-

terference with face-to-face patient care, inefficient and less 

fulfilling work content, inability to exchange health infor-

mation between EHR products, and degradation of clinical doc-

umentation were prominent sources of professional dissatisfac-

tion [25]. 

The above described work identifies common signs that the im-

plemented technology lacks process support. To complete care 

processes, health personnel work as a team, performing high 

risk tasks under uncertainty and time pressure. Therefore, pro-

cesses that are not modelled and re-engineered consistently and 

without a careful analysis will replicate the existing inefficien-

cies and, ultimately, worsen them or create new ones which 

may lead to loss of patient safety [26]. Processes that are de-

signed having a full understanding of: what they are meant to 

do, how resources act on it, e.g. their responsibilities and com-

petences, how information is generated and required, and how 

they interact with other processes, provide the necessary 

knowledge for health IT to reduce inefficiencies and manage 

complexity. 

Materials and Methods 

Let us start by defining context. To define context, we had to 

investigate some of the definitions given by the research com-

munity [27-31] over the years, and concluded that the most suit-

able definition for our research is [32]:  

“Context is any information that can be used to characterize 

the situation of an entity. An entity is a person, place, or object 

that is considered relevant for the interaction between a user 

and an application, including the user and applications them-

selves.” 

This definition shows the importance of which information is 

relevant or not in a context-sensitive system. A context-sensi-

tive system could, therefore, be defined as a system allowing 

interactions between multiple entities using relevant infor-

mation. In [32] they state that: “A system is context-aware if it 

uses context to provide relevant information and/or services to 

the user, where relevancy depends on the user's task”. This def-

inition shows that a context-sensitive system can change its be-

haviour and send some relevant information according to the 

context, which reflects our view. 

The trend in the health IT field has been to push as much infor-

mation as possible to the users, in order to provide more sophis-

ticated and useful services while, at the same time, making us-

ers more available. During a preliminary research study on the 

Aware Media system [33], they suggested a classification that 

splits the above listed information along three main axes: 

 Social awareness: `where a person is', `activity in 

which a person is engaged on', `self-reported status'; 

 Spatial awareness: 'what kind of operation is taking 

place in a ward', 'level of activity', 'status of operation 

and people present in the room'; 

 Temporal awareness: 'past activities', 'present and fu-

ture activities' that is significant for a person. 

A context-aware system, as shown in Figure 1, comprises two 

main modules: 

 Context engine: This module interfaces with other in-
formation systems and devices to collect raw data. 
These are then fed to an analyser to classify raw data 
and generate context data. 

 Rules engine: This module acts as filter between the 
data and the user. By applying a set of pre-defined con-
ditions that define what, when, and to who the infor-
mation must be presented. Such rules can be defined 
manual or automatically. 

The adoption of context-aware systems based on these defini-

tions is growing in a variety of domains such as, smart homes, 

airports, travel/entertainment/shopping, museum, and offices, 

as mentioned in [34]. 

Discussion and Conclusions 

Health IT usability, and adoption in daily practice is closely re-

lated to the systems’ semantic and technological interoperabil-

ity. Such requires that the systems provide a comprehensive 

platform for process support. On the other hand, to provide this 

platform is required structured knowledge that is not currently 

available in the EHR systems in use in most Norwegian hospi-

tals. The technological interoperability can achieved by de-

scribing clinical guidelines using standardize languages. The 

context-aware methodology described above, can support both 

the knowledge and technological interoperability required. 

A context-aware system can collect data not only from the 

EHR, but also from the other IT existing at the hospital. Such 

data can be then made available in different patient settings, and 

processed, according to rules, to generate new knowledge. A 

context –aware system can also learn from the user interaction 

with the system to automatically improve his/her experience. In 

this manner, a context-aware system is able to provide process 

support by analysing process related data from two categories: 

(1) what is done; (2) how it is done. 

The progression of a patient in a clinical process is determined 

by the completion of the tasks that compose the same process.  
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Figure 1 – Illustration of context-aware systems’ basic architecture. 

 

However, EHR systems are not always updated on the tasks’ 

completion as different individuals evidence different work 

patterns. If technology is able to separate the process related 

data as described above, then it becomes possible to achieve 

adaptive workflows. 

“What is done” can be described on the EHR, by translating 

clinical guidelines using a standardize language like OpenEHR 

archetypes. “How it is done” can be achieved by using machine 

learning techniques, fed with context data, to adjust the clinical 

guideline to the individual user work pattern. The semantic in-

teroperability is achieve through the definition of the data re-

quired to support workflow on the individual level to bring both 

concepts together using OpenEHR archetypes. An illustration 

of the system architecture is presented in Figure 2. 

Context-awareness allows health IT to provide process support 

by manging the complexity inherent to clinical processes while 

supplying the technology with the process standards required to 

ensure usability. 

 

 

 

Figure 2 –Illustration of the proposed context-aware based health IT system architecture. 

 

 

Context-Aware system 

Context engine 

Rules engine 

Devices Information 

Systems 

Collector 

Analyser 

Context data 
Rules data 

Reasoning 

Output data 

User 

EHR Context-Aware system 

Clinical 

Guidelines 

Adaptive 

Workflow 

Models 

Health IT 

Required Data 

Generated Data 

Proceedings of the 14th Scandinavian Conference on Health Informatics, April 6-7, 2016, Gothenburg, Sweden 
59



Acknowledgments 

The authors would like to thank the regional health authority 

Helse-Nord for funding the research project HST 1241-15, and 

HST 1304-16. 

References 

[1] Goldberg HS, Morales A, Gottlieb L, Meador L, Safran C. 

Reinventing patient-centered computing for the twenty-

first century. Studies in health technology and informatics. 

2001;84(Pt 2):1455-8. 

[2] Tanriverdi H, Iacono CS, editors. Knowledge barriers to 

diffusion of telemedicine. Proceedings of the international 

conference on Information systems; 1998: Association for 

Information Systems. 

[3] Simborg DW. Promoting electronic health record 

adoption. Is it the correct focus? Journal of the American 

Medical Informatics Association : JAMIA. 

2008;15(2):127-9. 

[4] DesRoches CM, Campbell EG, Rao SR, Donelan K, Ferris 

TG, Jha A, et al. Electronic health records in ambulatory 

care--a national survey of physicians. The New England 

journal of medicine. 2008;359(1):50-60. 

[5] Furukawa MF, Raghu TS, Spaulding TJ, Vinze A. 

Adoption of health information technology for medication 

safety in U.S. Hospitals, 2006. Health Aff (Millwood). 

2008;27(3):865-75. 

[6] Pedersen CA, Gumpper KF. ASHP national survey on 

informatics: assessment of the adoption and use of 

pharmacy informatics in U.S. hospitals--2007. American 

journal of health-system pharmacy : AJHP : official 

journal of the American Society of Health-System 

Pharmacists. 2008;65(23):2244-64. 

[7] Jha AK, DesRoches CM, Campbell EG, Donelan K, Rao 

SR, Ferris TG, et al. Use of electronic health records in 

U.S. hospitals. The New England journal of medicine. 

2009;360(16):1628-38. 

[8] Knox GE, Simpson KR. Teamwork: the fundamental 

building block of high-reliability organizations and patient 

safety. Patient safety handbook. 2004:379-414. 

[9] Poggio FL. End-to-end medication management. A game 

of 20 questions can show whether your hospital is ready 

for the project. Healthcare informatics : the business 

magazine for information and communication systems. 

2004;21(8):30-1. 

[10] Starling J, Foley S. From pilot to permanent service: ten 

years of paediatric telepsychiatry. Journal of telemedicine 

and telecare. 2006;12(suppl 3):80-2. 

[11] Whitten P, Holtz B, Nguyen L. Keys to a successful and 

sustainable telemedicine program. International journal of 

technology assessment in health care. 2010;26(02):211-6. 

[12] Zanaboni P, Wootton R. Adoption of telemedicine: from 

pilot stage to routine delivery. BMC medical informatics 

and decision making. 2012;12(1). 

[13] Berg M. Implementing information systems in health care 

organizations: myths and challenges. International journal 

of medical informatics. 2001;64(2):143-56. 

[14] Heeks R. Health information systems: Failure, success and 

improvisation. International journal of medical 

informatics. 2006;75(2):125-37. 

[15] May C, Mort M, Mair FS, Finch T. Telemedicine and the 

future patient: Risk, Governance and Innovation: 

Economic and Social Research Council; 2005. 

[16] May C, Ellis NT. When protocols fail: technical 

evaluation, biomedical knowledge, and the social 

production of 'facts' about a telemedicine clinic. Social 

science & medicine. 2001;53(8):989-1002. 

[17] Mort M, Smith A. Beyond information: Intimate relations 

in sociotechnical practice. Sociology. 2009;43(2):215-31. 

[18] Dünnebeil S, Sunyaev A, Blohm I, Leimeister JM, Krcmar 

H. Determinants of physicians’ technology acceptance for 

e-health in ambulatory care. International journal of 

medical informatics. 2012;81(11):746-60. 

[19] KS. IKT i helse- og omsorg 2008-2012 - strategi- og 

handlingsplan. Oslo: 2008. 

[20] Andreassen HK. What does an e-mail address add?-Doing 

health and technology at home. Social science & 

medicine. 2011;72(4):521-8. 

[21] Schreurs N. Fiasko eller fremtid? Computerworld. 2012. 

[22] Wyatt JC, Sullivan F. eHealth and the future: promise or 

peril? Bmj. 2005;331(7529):1391-3. 

[23] Ash JS, Sittig DF, Dykstra RH, Guappone K, Carpenter 

JD, Seshadri V. Categorizing the unintended 

sociotechnical consequences of computerized provider 

order entry. International journal of medical informatics. 

2007;76:S21-S7. 

[24] Ash JS, Berg M, Coiera E. Some unintended 

consequences of information technology in health care: 

the nature of patient care information system-related 

errors. Journal of the American Medical Informatics 

Association. 2004;11(2):104-12. 

[25] Friedberg MW, Chen PG, Van Busum KR, Aunon F, 

Pham C, Caloyeras J, et al. Factors affecting physician 

professional satisfaction and their implications for patient 

care, health systems, and health policy: Rand Corporation; 

2013. 

[26] Koppel R, Wetterneck T, Telles JL, Karsh BT. 

Workarounds to barcode medication administration 

systems: their occurrences, causes, and threats to patient 

safety. Journal of the American Medical Informatics 

Association : JAMIA. 2008;15(4):408-23. 

[27] Bisgaard JJ, Heise M, Steffensen C. How is Context and 

Context-awareness Defined and Applied? A Survey of 

Context-awareness. Department of Computer Science, 

Aalborg University. 2004:31-40. 

[28] Lieberman H, Selker T. Out of context: Computer systems 

that adapt to, and learn from, context IBM Systems 

Journal. 2000;39(3,4):617 - 32. 

Proceedings of the 14th Scandinavian Conference on Health Informatics, April 6-7, 2016, Gothenburg, Sweden 
60



[29] Schilit B, Adams N, Want R, editors. Context-aware 

computing applications. Mobile Computing Systems and 

Applications, 1994 Proceedings, Workshop on; 1994. 

[30] Dey AK. Understanding and using context. Personal and 

ubiquitous computing. 2001;5(1):4-7. 

[31] Dourish P. What we talk about when we talk about 

context. Personal and ubiquitous computing. 

2004;8(1):19-30. 

[32] Abowd GD, Dey AK, Brown PJ, Davies N, Smith M, 

Steggles P. Towards a Better Understanding of Context 

and Context-Awareness.  Proceedings of the 1st 

international symposium on Handheld and Ubiquitous 

Computing; Karlsruhe, Germany. 743843: Springer-

Verlag; 1999. p. 304-7. 

[33] Bardram JE, Hansen TR, Soegaard M. AwareMedia: a 

shared interactive display supporting social, temporal, and 

spatial awareness in surgery.  Proceedings of the 2006 

20th anniversary conference on Computer supported 

cooperative work; Banff, Alberta, Canada: ACM; 2006. 

[34] Hristova A. Conceptualization and Design of a Context-

aware platform for user centric Applications [Master]. 

Trondheim: Norwegian University of Science and 

Technology; 2008. 

 Address for correspondence 

Conceição Granja 

University Hospital of North Norway 

Norwegian Centre for Integrated Care and Telemedicine 

P.O. Box 35, N-9038 Tromsø, Norway 

 

e-mail: conceicao.granja@telemed.no 

Proceedings of the 14th Scandinavian Conference on Health Informatics, April 6-7, 2016, Gothenburg, Sweden 
61




