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5.1. Abstract 

5.1.1 Objectives 

Decision Support Telemedicine Systems (DSTSs) are at the intersection of the 
disciplines telemedicine and clinical decision support systems (CDSSs). The objective of 
this paper is to provide a set of characterizing properties for DSTSs. This characterizing 
property set (CPS) can be used for typing, classifying and clustering DSTSs.  
 

5.1.2 Methods 

We performed a systematic keyword-based literature search to identify candidate 
characterizing properties. We selected a subset of candidates and refined them by 
assessing their potential in order to obtain the CPS. 

5.1.3 Results 

The CPS consists of 14 properties, which can be used for the uniform description and 
typing of applications of DSTSs. The properties are grouped in three categories that we 
refer to as the problem dimension, process dimension, and system dimension. We 
provide CPS instantiations for three prototypical applications. 

5.1.4 Conclusions 

The CPS includes important properties for typing DSTSs, focusing on aspects of 
communication for the telemedicine part and on aspects of decision-making for the 
CDSS part. The CPS provides users with tools for uniformly describing DSTSs. 
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5.2. Introduction 

In this information age, health care practitioners are struggling with a number of 
problems. We touch on three important problems here. Research in medicine has led to 
a large body of new medical knowledge of new diagnostic, therapeutic and surgical 
procedures. Failing to keep up to date with this new information is a problem of 
information overload. Another related problem is data overload, indicating failure to 
interpret large amounts of available data. This problem is especially prevalent in medical 
domains in which large amounts of raw data are generated for each patient. Intensive 
Care is a good example of such a domain, where physiological patient data are 
continuously electronically measured and recorded by bedside equipment. Finally, 
health care suffers from problems related to communication. Communication problems 
are especially pronounced in multi-disciplinary or so-called shared-care settings, such as 
diabetes care. 
 
Information systems are often devised to address these problems. In this paper we focus 
on the merger of telemedicine and clinical decision support systems (CDSSs) in what we 
call Decision Support Telemedicine Systems (DSTSs). Examples of common forms of 
telemedicine are telemonitoring and teleconsultation systems, while common forms of 
CDSSs are reminder systems, and systems supporting the diagnostic process, e.g. [1]. 
There are several factors promoting the merger of these information technologies. 
Together, CDSS and telemedicine can address the three above-mentioned problems. 
CDSSs can potentially reduce data overload by automatic data interpretation, and 
information overload by information selection. At the same time, telemedicine can help to 
convey data and information across distance or organizational boundaries. Both 
technologies share the requirement that information should be electronically available. 
This means that an information infrastructure promotes the application of both 
technologies at the same time. 
 
Telemedicine and CDSSs are intricate notions themselves. This accounts for the wide 
spectrum of terms introduced which are related to telemedicine, and also for the 
availability of a great number of different frameworks for describing (primarily non-
clinical) DSSs as exemplified in [2]. Although the number of DSTSs is increasing, little 
has been published about them. The domain of DSTSs is an emerging technology and, 
due to its potential, deserves an approach that considers it as such. To effectively merge 
telemedicine and CDSSs, a unifying conceptualization is required.  
 
Such a conceptualization can be obtained by identifying and describing a set of 
characterizing properties for DSTSs. This paper suggests a characterizing property set 
(CPS) which can be used for typing, classifying and clustering DSTSs. We now clarify 
important relevant terms. We denote the unique set of property-value pairs of an object 
as its type. The identification of these property-value pairs for a system is referred to as 
typing the system. For instance, suppose a block object has two properties: ‘color’ and 
‘size’. The value domain of ‘color’ consists of ‘red’, ‘blue’ and ‘green’, while the value 
domain of ‘size’ consists of ‘small’, ‘medium’ and ‘large’. In this case a block object can 
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have 9 possible types, a block having ‘red’ as its color and ‘small’ as its size is an 
example of one type of block. When we cluster different types together we obtain 
classes. For example, all red blocks can be considered as forming one class, regardless 
of their size. The classification of an object means assigning a class to that object. 
 
The CPS forms an extendable basis allowing users to type future and current DSTSs in 
terms of the property-value pairs. These types can serve as the basis for activities such 
as scoring, benchmarking, classification and clustering. To enhance the management of 
these properties, we group them according to whether they describe the problem, 
system, or behavior of a system.  
 
We demonstrate the use of the CPS by typing three prototypical DSTSs: an online 
website offering a decision support service, a decision-supported call-centre, and a 
system providing telemonitoring at the home. 
 
A notable related work to ours is 3LGM² [3,4], which is a meta-model for modeling 
human-computer systems in healthcare. In its three-level structure, 3LGM² links models 
at a domain layer, logical tool layer and physical layer. 3LGM² is different from our work 
in that it provides general concepts rather than concepts that are specialized to 
telemedicine and CDSSs. Another difference is that 3LGM² is more focused on physical 
implementation and allows further specification of the domain tasks, qualities important 
in later phases of software engineering.  
 

5.3. Methods 

We performed a systematic literature search, focusing on both telemedicine and CDSS. 
We used the Ovid search engine to perform a search on Medline (1966-May 2004), 
Embase (1980-May 2004) and Cinahl (1982-May 2004). The search was restricted to 
articles in English language journals. The keywords used are: ‘decision support’, ‘expert 
system’, ‘telemedicine’, ‘telehealth’, ‘e-health’, ‘review’, ‘overview’ and ‘framework’. A 
total of 1584 studies were identified. Then, based on the titles and abstracts, we applied 
the following inclusion criteria: 
 

� Articles address telemedicine, CDSS or both. 
� Articles are (systematic or non-systematic) reviews or overviews, or contained 

frameworks to describe them. 
� Articles are not limited to one specific application. 

 
Application of these criteria resulted in the inclusion of 65 full-text articles in our study. 
While reviewing the literature, special attention was paid to definitions and conceptual 
frameworks. More extensive information about the search queries and articles included 
can be requested from the authors. 
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Most properties that were found were not explicitly named as such in the literature, but 
required us to distill them. For example, telemedicine is often said to be either real-time 
or store-and-forward (or a mixture). While this has to do with the property of 
communication synchronicity, this property is not often named as such. Sometimes, 
however, the literature includes explicit properties, such as in [2,5]. The potentially useful 
properties we found were classified according to their orientation as belonging to one of 
three dimensions: problem dimension, process dimension, and system dimension. 
 
Choosing the right number of properties to be selected is not straightforward. Parsimony 
and elegance on the one hand, imply the selection of fewer properties, while 
completeness and correctness on the other hand, tend to require a larger number of 
properties [6]. Therefore, based on our personal judgment we assessed the ability of 
candidate properties to describe a range of prototypical DSTSs that we encountered in 
the literature ranging from simple web-based CDSSs to complex automated monitoring 
systems. This assessment led to a selection and refinement of the candidate properties 
resulting in the CPS. 
 

5.4. Results 

5.4.1 Definition 

Based on analysis of the literature we defined a DSTS as: “A computer-based system 
aiding health care professionals and patients in making decisions by providing problem 
specific advice involving the remote communication of medical information”. The term 
“remote” implies crossing application-dependent critical boundaries. These boundaries 
are often geographical or organizational in nature but can also relate to responsibility, 
intellectual property rights and legal issues. Therefore, the mere fact that an intelligent 
application is based on an intra-hospital network does not warrant it as a telemedicine 
system, and hence, also not as a DSTS.  
 

5.4.2 The Characterizing Property Set 

The initial literature search resulted in a collection of 26 of what we considered 
potentially useful properties. The problem dimension, process dimension and system 
dimension were assigned, respectively, 10, 4, and 12 properties. After refinement 
through the assessment process, a total of 14 properties have been chosen, of which 5 
are related to the problem dimension, 3 are related to the process dimension, and 6 are 
related to the system dimension. Most of the properties that were not chosen, were 
either at a low level of granularity (e.g. whether a device uses RS-232 or RS-449 
connectors) or did not fall within our three dimensions, such as social- and ethical-
related properties. The number of properties related to aspects of communication turned 
out to be about the same as the number of properties related to aspects of decision-
making. Below, we address the properties in each dimension. 
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Dimension Attribute name Value Domain 

 Problem agentRole e.g. nurse, system administrator,  medical specialist, 
… 

 purpose e.g. quality of care, efficiency, … 

 medicalDomain e.g. dermatology, cardiology, … 

 medicalTask e.g. diagnosis, prognosis, monitoring, … 

 site e.g. home, teaching hospital, … 

Process activityPattern Active, passive 

 adviceMode Suggestive, critiquing 

 synchronicity Synchronous (real-time), Asynchronous (store and 
forward) 

System availability Public, private 

 dataResource e.g. electronic patient record, literature database, … 

 dataType Alpha-numeric, still or moving images, audio 

 integration Stand-alone, integrated 

 knowledgeRepresentation e.g. frames, rules, first-order logic, bayesian nets, … 

 reasoningProcess e.g. decision theoretic approaches, rule-chaining, … 

Table 1. The CPS of DSTSs. 

Problem dimension 

Properties categorized as belonging to the problem dimension are related to the medical 
problem, and the environment in which the DSTS is introduced. The property 
“agentRole” is used to specify human agents that are involved in the DSTS. For 
example, the human agent “Nurse” may have different roles within the system such as 
taking the history of a patient or entering information in a CDSS. The property “purpose” 
specifies the purpose for which the DSTS is introduced. For instance, a typical purpose 
of teledermatology is reduction of unnecessary referrals of patients to dermatologists 
and speeding up the referral process. Examples of other purposes are effectiveness of 
care and accessibility of care. The properties “medicalDomain” and “medicalTask” are 
used for specifying the medical domain(s) in which the DSTS is situated, and the 
medical task(s) with which it is concerned, respectively. Examples of medical domains 
are dermatology, radiology and emergency care, while prevention, diagnosis, treatment, 
and monitoring are examples of medical tasks. Finally, the property “site” specifies the 
location of an agent. 

Process dimension 

Properties from the process dimension are related to the behavior and dynamic aspects 
of the DSTS. The property “activityPattern” distinguishes between CDSSs that respond 
only to user events aimed at activating the CDSS, and CDSSs that can initiate action 
after being triggered by events occurring normally, but without explicit user intervention. 
A monitoring system is an example of a system that should mostly be active, while a 
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diagnostic CDSS is often passive to prevent it from being perceived as obstructive to the 
medical professional’s workflow. “adviceMode” allows distinction between critiquing 
CDSSs that provide feedback only after the user has entered his or her own preliminary 
decision, and suggestive CDSSs that can provide support prior to having received 
information regarding the user’s preliminary decision. “synchronicity” allows distinction 
between so called real-time systems and store-and-forward systems. Video-
conferencing is a technology often applied in telemedicine serving as an example of 
real-time telemedicine, while e-mail is an example of a store-and-forward communication 
technology. 
 

System dimension 

The system dimension properties are descriptive characteristics related to (physical) 
components of the DSTS. The property “availability”, suggested by Wyatt [7], is used to 
distinguish between publicly available systems and systems whose usage has been 
restricted to health professionals. “dataResource” specifies any device or software 
application entrusted with the storage and retrieval of data such as an electronic patient 
record (EPR). Note that this property can also have “manual entry” as a value. 
“dataType” refers to the data-type of the information that is communicated. Data can be 
alphanumeric, (moving) images, or audio. “integration” denotes whether a CDSS in a 
DSTS has specifically been developed to be used within a telemedicine environment, or 
that this is not the case. “knowledgeRepresentation” denotes the representation of 
knowledge in the knowledge-base of the CDSS. Examples of knowledge representations 
are frames, rules, first-order logic, flow-charts, neural networks, Bayesian nets, and 
mathematical models. “reasoningProcess” denotes the type of reasoning the CDSS 
applies. Examples are Bayesian statistics, rule-chaining, pattern recognition, and 
decision theoretic approaches. Note that these categories might overlap, and hence 
more than one value can be chosen. 
 

5.5. Examples: Putting the CPS into use 

To illustrate the use of the CPS, we apply it to three actual DSTSs. The first example 
concerns an application of an online decision support tool, a typical form of a DSTS. An 
instance of this type of DSTS is the cardiac risk calculator as provided by the Mayo 
Clinic website [8]. The result of applying the CPS to type this system is shown in Table 
2. 
 
In the third example we apply our CPS to a web-based approach for electrocardiogram 
monitoring at the home of the patient as described in [11]. In this form of DSTS, the 
patient is required to obtain his or her electrocardiograms (ECG) using the available 
equipment. This information is sent to a monitoring centre, where an intelligent agent 
performs analysis of the signal. The agent then sends a summary report containing 
advice to the patients and the doctor using e-mail. Additionally, the system allows for 
easy retrieval of patient information at the site of the patient and doctor. Table 4 shows 
the result of applying our CPS to type this system. 
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Dimension Attribute name Value 

Problem agentRole Consumer 

 purpose Quality of care 

 medicalDomain Cardiology 

 medicalTask Prevention 

 site Home 

Process activityPattern Passive 

 adviceMode Suggestive 

 synchronicity Store-and-forward 

System availability Public 

 dataResource Manual entry 

 dataType Alpha-numeric data 

 integration Stand-alone 

 knowledgeRepresentation Rules 

 reasoningProcess Rule-chaining 

Table 2. Applying the CPS to the Mayoclinic.com cardiac disease risk calculator. 

The second example is NHS Direct [9,10], a typical decision supported call-centre. The 
result of typing NHS Direct is shown in Table 3. 
 

Dimension Attribute name Value 

Problem agentRole Patient, nurse 

 purpose Accessibility of care 

 medicalDomain General, emergency care 

 medicalTask Triaging 

 site Home, call-centre 

Process activityPattern Passive 

 adviceMode Suggestive 

 synchronicity Real-time 

System availability Public 

 dataResource Manual entry 

 dataType Audio 

 integration Stand-alone 

 knowledgeRepresentation Rules 

 reasoningProcess Rule-chaining 

Table 3. Applying the CPS to the NHS Direct decision-supported call-centre. 
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Dimension Attribute name Value 

Problem agentRole 

 purpose Quality of care (continuity) 

 medicalDomain Cardiology, home-healthcare 

 medicalTask Monitoring 

 site Monitoring centre, home, hospital 

Process activityPattern Active, but configurable 

 adviceMode Suggestive 

 synchronicity Store-and-forward 

System availability Private 

 dataResource Manual entry, extraction from electronic 
patient record  

 dataType Alpha-numeric 

 integration Integrated 

 knowledgeRepresentation Unknown 

 reasoningProcess Unknown 

Table 4. Applying the CPS to electrocardiogram monitoring in the home. 

In Table 4, the properties “knowledgeRepresentation” and “reasoningProcess”, have not 
been assigned a value since information about these properties has not been reported in 
[11]. 
 
We now shortly touch on how the CPS can be used to type and classify instances of 
DSTSs. The values of the properties in Tables 2 and 3 hint at some similarities. Since 
we defined a type as a unique set of property-value pairs, the DSTSs of Table 2 and 
Table 3 have a different type. However, if we define a class consisting of all systems 
having the same values for the properties activityPattern, adviceMode and dataType, 
then both of these systems will belong to this class. 

5.6. Discussion and Conclusion 

In this paper 14 important properties of DSTSs have been identified which form the 
Characterizing Property Set (CPS) which has then been illustrated in typing three 
systems. The CPS can be used for uniformly describing, comparing, classifying and 
clustering DSTSs by making their types explicit. Additionally, the list of properties might 
serve as a checklist during system development especially in the analysis phase. 
 
The CPS introduced in this paper can easily be extended with properties that are related 
to the existing ones. For example, although the CPS does not currently contain 
properties related to aspects such as security, data-compression and communication 
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standards, adding them should not pose serious problems. Examples of well-known 
standards and protocols are the DICOM standard [12] for the exchange of images, HL7 
for the exchange of general medical information, and the communication protocol Hyper 
Text Transfer Protocol (HTTP). Additional information about standards related to DSTSs 
can be found in [13,14]. By the same token, if a property is not relevant to a family of 
applications under consideration, it can be left out. 
 
It is useful to delineate a frame around our topic of interest by mentioning some of its 
bordering aspects. Important examples of such bordering aspects are ethical, legal and 
financial issues. These issues warrant a special separate treatment. We refer the 
interested reader to the literature [15-19]. Evaluation of telemedicine and CDSSs is 
another topic that frequently forms the focal point in different articles that we 
encountered, but which is outside the scope of this paper. Readers interested in 
evaluation aspects are referred to the literature [20-25].  

5.6.1 Future research 

A logical next step in further research is the development of a conceptual model that 
describes the concepts underlying the anatomy of DSTSs and that organizes the 
properties from the CPS. Other possible future research consists of developing a 
modeling language specific to the domain of DSTSs. This modeling language can be an 
extension of UML that provides additional primitives relevant for communication and 
decision-making. It is expected that the CPS presented in this paper will form a good 
basis for the development of a DSTS-specific modeling language. 
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