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Abstract- This paper deals with the design problems in 
healthcare information systems on how to adapt to dynamic 
factors and diversities so as to reach the interoperability 
between healthcare actors. Those dynamic factors and 
diversities are caused by, for example, constant suggestions 
from users, changes in the applied technologies, and 
after-learning related stepwise progresses. We suggest applying 
Web services technology, especially the idea of Semantic Web to 
tackle the problem of diversity in healthcare branch. In order to 
tackle the problem of dynamic changes during the design 
process, we suggest an evolutionary design methodology based 
upon an organic development metaphor – embryonic 
prototyping approach (EmA). We demonstrate our idea by the 
project IMIS that is to design a semantic Web service for the 
diabetic healthcare.  

Keywords: interoperability; semantic Web service; diabetic 
healthcare; EmA design 

I. INTRODUCTION 
It is a problem to adapt the dynamic factors and wrap the 

diversities in developing service information systems. Those 
dynamic factors are caused by, for example, constant 
suggestions from users, changes in the applied technologies, 
and after-learning related stepwise progresses. There are 
usually different organizations providing similar or related 
services to the same group of users. These various services 
and applications in different organizations lead to the 
difficulty of interoperability among them. For example, in 
healthcare area, hospitals, county councils, municipalities and 
other social organizations cooperate with each other, while 
using their own disparate systems. Therefore, it is very crucial 
for E-health systems designer to find a strategy to deal with 
the dynamic factors and diversities in the healthcare 
information system design process. 

In our application IMIS1 (Integrated Mobile Information 
System for Healthcare), we aim at building a web-based 
service information system to aid the activities in diabetic 
healthcare. IMIS is to integrate two kinds of users into one 
shared platform: The first group is the patients (healthcare 
receivers). The IMIS is to provide the diabetic patients with a 
mobile-network communication platform for homecare 
supervision, self-treatment, and preparation before 

 
1  IMIS (http://www.ipd.bth.se/imis):  Integrated Mobile Information 

Systems for Healthcare, a project funded by The Swedish Agency for 
Innovation Systems (http://publiceng.vinnova.se/main.aspx).  

face-to-face diagnoses. The second group of users is various 
care providers. The IMIS is to provide all care providers 
(doctors, nurses, relatives, etc.) with the same 
mobile-network communication platform as the patients to 
access and share the same and right information on the right 
time for a seamless co-operative work among organizations 
and among persons.  

Due to the large varieties of healthcare services, the 
‘services selection’ in the beginning of the design is very 
important. It is a decision on what functions the system 
should include. However, this decision is usually difficult to 
make in the initial stage of system design. In our approach, we 
adapt an EmA strategy (Embryonic prototyping approach) [1]. 
In this approach, the services selection is the co-operative 
work conducted by the users and designers, and it penetrates 
the whole process of system development. Thus, the design of 
healthcare information system for diabetic healthcare is a 
dynamic cooperative process between designers and users.  

The diabetic health care is a diverse system that involves 
various actors. We know that diabetes is a serious disease that 
may lead to almost all kinds of complications and bring 
serious consequences including death. Diabetes healthcare 
involves not only many medical organizations but also 
various social organizations, for example, home care center 
from the county council, home service from the municipality 
etc [15]. The diversity of diabetes, the same as other chronic 
diseases (heart diseases, aneuria, and senile diseases) causes 
serious difficulty for the healthcare information systems 
designers.  

Diversity brings interoperability problem to the diabetic 
healthcare system. The various medical and social 
organizations have implemented their own computer systems 
to aid their work. However, these systems are not 
interoperable. For example, the data and information cannot 
be shared among healthcare actors. In this paper, we will 
introduce our approach to tackle the above problems. 

II. APPLY WEB SERVICES TO WRAP THE 
DIVERSITIES 

As a response to the diversity and interoperability problem, 
we introduce Web services technology. Web services models 
provide the designers of service information system with an 
ideal platform to tackle these problems. Web service 
standardizes the way that we access data, instead of 
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standardizing the data itself.  This will allow designers to 
integrate the existing data sources from different service 
providers into the designed Web services, and not to 
reproduce the data. Thus, the Web services technology are 
designed to wrap and expose existing resources and provide 
service-to-service and application-to-application 
interoperability [8]. Web Services technology has been 
applied in many areas to tackle various problems e.g. 
construction product catalog [8], healthcare domain 
knowledge [4], security exception management [14], Web 
Map Service (WMS) [12] etc. 

To reach the automated interoperability of 
service-to-service, we need to introduce the idea of Semantic 
Web.  A Semantic Web is an expansion of the current web, in 
which information is given well-defined meaning, better 
enabling computers and people to work in cooperation. The 
Semantic Web provides a common framework that allows 
data to be shared and reused across application, enterprise, 
and community boundaries [3].  

Facilities to put machine-understandable data on the Web 
are becoming a high priority in healthcare branches. The full 
interoperability among various service providers can be 
realized only if data created by each can be shared and 
processed by automated tools as well as by people. The 
Semantic Web provides a vision: the idea of having data on 
the web defined and linked in a way that it can be used by 
machines not just for display purposes, but also for 
automation, integration and reuse of data across various 
applications.  

Though Web services can wrap the diversities of an 
E-service system through enabling interoperability among 
services, it cannot tackle the dynamic factors in E-service 
system development. This requires a methodology that can 
take dynamic factors into the system development, such as 
constant suggestions from users, changes in the applied 
technologies, and after-learning related stepwise progresses. 
In the next, we introduce Embryonic Approach (EmA)  [1] to 
tackle this dynamic problem in design. 

III. EMBRYONIC APPROACH TO DYNAMIC 
DESIGN 

EmA considers system development as an organic process. 
The system is considered as an ‘embryo’ in the beginning. 
The system development is also the process of the ‘embryo’ 
growing to ‘mature’. In order to start from small and to grow, 
EmA has two vital components to start with: 1) a sustainable, 
expandable, and adaptive system structure, and 2) an 
embedded learning mechanism – online feedback. 

The sustainable, expandable and adaptive system structure 
is the platform where ‘growing’ can be realized. The system 
should start with this structure to absorb broad social 
dynamics and can expand itself. It can be regarded as a 
skeleton of an organic system. In practice, the effort to find 
this skeleton could lead to each designer proposed category 
claiming to be the most appropriate for one specific domain. 

However, the EmA requires that great effort first should be 
made in the selection of a competent structure or category that 
is most suitable for the purpose at hand, instead of paying 
attention to the content or the power of each function. Perhaps 
such a task is most difficult in social services and 
administrative businesses, because the work in those fields is 
very poorly structured which at the same time being very 
dynamic. Of even great disadvantage is that the social 
sciences, which relate to the service activities, usually do not 
provide a tangible and programmable structure for service 
information system development.  

The embedded learning mechanism – build-in 
communication and on-line feedback is to design a 
communication tool within the designed system. The EmA 
provides continuous support to participants regarding 
communication and feedback. EmA suggests that a 
communication channel should be built into the designed 
system to provide the users with the capabilities of submitting 
on-line feedback. This channel could be for example an input 
textbox at the bottom of each page that can be used to send 
messages to the designers. On-line feedback can provide 
vision, encouragement, and a feeling to users and designers 
that ‘we are all in the same boat and should work together.’ It 
creates a sense of partnership where users’ interests are taken 
seriously by the designers.  

IV. A DEMONSTRATION 
As we mentioned in the introduction of our IMIS project, 

we are developing Web services to diabetic healthcare. We 
will build up a prototype that is based upon Web services 
technology and we apply EmA approach in design. There are 
some important properties of IMIS prototype that we think 
are necessary to bring up for discussion here: 1) a sustainable 
infrastructure, 2) the interoperability for healthcare actors; 3) 
the dynamic design based on feedback learning.  

A. Sustainable Infrastructure 
The first vital component of EmA is developing a 

sustainable infrastructure to support the interoperability of 
different healthcare information systems through 
semantically enriched Web services. For this purpose, a 
generic structure of human activity system [5] will be applied 
as Web service ontology to describe both the service 
cooperation and individual messages in the decentralized 
web.  

The human activity system we adopted comes from 
Activity Theory. Activity Theory is a philosophical and 
cross-disciplinary framework for studying different forms of 
human practices as development processes, with both 
individual and social levels interlinked at the same time. The 
key concept of Activity Theory is the activity system. An 
activity system embodies the necessary components to 
achieve one common objective within a context. An activity 
system comprises six components, namely, object, subject, 
tool, community, rule, and division of labor. For more details 
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about Activity Theory, please refer to [5, 6, 9-11]. 
According to the six components of human activities, we 

suggest that the sustainable structure should include the 
following six interrelated databases:  
1) Database of diabetic patients (object database) that 

includes all necessary information about the diabetic 
healthcare, such as contact information, medical journal, 
diet foods, motions habits etc. 

2) Care providers’ database (subject database) that includes 
all care providers’ information, such as doctors, nurses, 
relatives, home services, dietitian etc. 

3) Tools database that includes all kinds of help functions 
for conducting the healthcare, such as appointment 
booking, alarm function, monitoring function, 
prognosing and analyzing tools, communication tools. 

4) Community database that links all related actors such as 
diabetic associations, diabetic advises community, other 
related services community, and personal contacts 
community. 

5) Rules, laws, contracts database that includes all legal, 
cultural documents in healthcare. This can also be 
agreements and guarantee about privacy, security, 
economical and service qualities.  

6) Labor division database that specifies who (care 
providers) do what (to the care receivers). This 
specification is to guarantee that all kinds of needs of the 
patients have been completely and seamlessly provided 
by the healthcare communities. 

Based upon the above six databases, we have to build up 
interrelationships between them in order to perform 
systematic functions, since many healthcare activities are 
conducted by cooperative operations among several 
components. Activity Theory has provided us with very rich 
relationships by linking all the components through concept 
‘mediation’, ‘contradiction’, ‘networking’ etc. (details see 
[2]) 

B. Interoperability for Healthcare Actors 
IMIS is to provide interoperability for different healthcare 

actors as a shared platform through Web services. As we 
mentioned above, the diabetes leads to many kinds of 
complications, and it is beyond the medical area. Therefore, 
to share information, it is not only connecting a hospital to its 
branch clinics but to an array of internal and external agencies 
with disparate data sources and applications. Various kinds of 
organizations are involved, e.g. insurance entities, 
government agencies, home service organization from the 
municipality etc. In most cases today, these related 
organizations are not allowed to share the database from the 
healthcare actors for some security and privacy reasons. 

Doctors today are more and more specialized in their own 
medical areas. That means, the diabetic patients’ records (of 
the complications) are kept in many places (hospitals) by 
many care providers (doctors). What is more, there is more 
than one standard to represent these records/information, 
which creates an interoperability problem among healthcare 

actors.  
IMIS approach the above interoperability problem from the 

end-users’ perspective. It focuses on the process of use rather 
than recording and documentation of electronic health 
records. In other words, the approach allows a standard way 
of accessing the data rather than standardizing it. What IMIS 
aims at is not to re-create the database to store the patients’ 
information or to standardize the input documentation, which 
is not a realistic approach. Instead, we will create a meta 
database to cover databases from the different healthcare 
actors, e.g. hospitals, home care center from county council 
etc. This meta database is the ontology that the IMIS Web 
service is based on. A standard way of accessing and 
exchanging data from different databases will be created and 
adopted through the Web services technology.  

Then the interoperability problem among different 
healthcare standards will be handled at the semantic level 
through ontology mapping and semantic mediation. The 
related organizations can access each other’s 
database/information of healthcare actors via the Web service 
of IMIS. As Fig.  1 shows, the IMIS Web service provides 
access channels to all the healthcare actors. With Semantic 
Web of IMIS, all these organizations can get their desired 
information without any pre-knowledge of other healthcare 
actors’ database. Thus, the diabetic healthcare actors can 
work on an interoperable level.  

 
Fig.  1 IMIS Web service tackles the interoperability both within healthcare 
domain and with the related organizations.  

C. Dynamic Design Based on Embedded Feedback 
Learning 
The design of IMIS Web services with interoperability is 

regarded as an evolutionary and learning process. To 
practically implement this learning and evolutionary progress 
in design, IMIS introduces an embedded feedback and 
communication mechanism for all actors involved, especially 
the users (Fig.  2). Technically, the embedded feedback and 
communication is to associate all Web pages of IMIS with a 
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user feedback area, where the users can write down their 
feedback about their use of the system (prototype), and click a 
button to send them to the designers. The feedback fields will 
automatically associate the feedback with some other related 
information, e.g. information of the current page, information 
of the users (this requires a login of the users), etc.  

 
Fig.  2 Embedded feedback and communication mechanism in IMIS 
prototype design. On every Web page of IMIS (prototype), there is a ‘User 
Feedback Area’ on the bottom  

Another important point of the embedded feedback and 
communication is that the designers should response to the 
users’ feedback in a timely fashion. It is recommended that 
the revision based on the users’ feedback should be done no 
longer than two weeks. Some small bugs should be fixed 
within one or two days. The point is to make the users feel 
that they are making progress in the system development.  

Coupling feedback directly into the designed system, 
misunderstandings and confusion between users and 
designers can be greatly reduced, because all concepts and 
objects mentioned in a feedback message are always related 
to a concrete context presented in the current display. Since 
users’ involvement in design process often implies intensive 
communication and feedback related to development issues 
and therefore this communication must be based on or guided 
by a sustainable and comprehensive architecture of the 
designed system as mentioned in the above point 1).  

This embedded feedback and communication link provides 
a dynamic input to the development of the Web services. It is 
a channel to enable learning from each other in the so-called 
user-centered design, prototyping approach, and participatory 

design. This communication and feedback is perhaps the only 
way to identify users’ dynamic needs [7].  

V. CONCLUSION 
Though our project IMIS is still an ‘embryo’, it has the 

potentiality to ‘grow’. We believe that the Web service 
technology has provided the designers of healthcare 
information systems with great opportunity to reach 
interoperability and service-to-service cooperation.  
Nevertheless, technology provides only a tool, and we must 
have a methodology to use the tool to design the targeted 
system.  EMP suggests an evolutionary design methodology 
to ‘start small and grow’ [13]. Major questions are raised, 
such as ‘where to start?’ and then ‘how to let the system 
grow?’ EMP answers the questions by starting with a 
sustainable infrastructure and an embedded feedback learning 
capacity (self-learning) of the developed system – an embryo 
metaphor. 
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