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Abstract 

The benefits of structured data are widely accepted within the 
nursing informatics community. However, despite the exis-
tence of structured data in the form of well-established nurs-
ing terminologies, computer-based nursing record systems are 
yet to achieve widespread adoption and few of the potential 
benefits have yet to be realized. In this paper we argue the 
need for tools and techniques to support the entry of struc-
tured nursing data into computer-based systems. In the ab-
sence of a generally accepted solution, we build on prelimi-
nary work carried out at the 2002 Nursing Terminology Sum-
mit and analyze the results of other studies in order to identify 
a preliminary set of requirements or desiderata for such tools 
and techniques. These requirements are centered on: how 
structured data is presented to users for selection; how to me-
diate between a variety of conceptual structures -
terminologies, information models, user interface models and 
models of the clinical process; and how to reduce the consi-
derable modeling burden through re-use of modeling con-
structs. Further applied research is needed with the ultimate 
goal of developing a general solution that will benefit nurses, 
other professionals and ultimately their patients.  
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Introduction 

Many authors have articulated the need for structured clinical 
data i.e. clinical data that is in a format suitable for automatic 
processing. For example van Ginneken argues that ‘For bene-
fits that go beyond accessibility and readability, structured 
data are essential…’ ([1], p. 226). Powsner et al. acknowledge 
the need for structured, coded data and agree with the view 
that most of the benefits of computer-based records rely on 
such data (as opposed to free text). [2] 

Within the nursing informatics community, this is a widely 
held view. To counter this view to some extent, Powsner et al. 
also acknowledge the value of tradition e.g. ‘flowing prose to 
paint an evocative clinical picture’ ([2], p. 1618) – it could be 
argued that this applies particularly to the discursive tradition 

of nursing records – and point to outstanding issues such as the 
time overhead of collecting data via terminologies and the loss 
of control and flexibility in design. They posit that ‘computer-
based records will be efficient clinical tools only if more time 
is saved in record review and report-writing than is taken in 
entering structured, coded data and operating the record sys-
tem itself’1

We believe that to minimize those disadvantages, i.e. to im-
prove the collection of structured nursing data in the first 
place, will be equally beneficial. A recent Institute of Medi-
cine report suggests a causal link between the availability of 
structured data and the efficiency and accuracy of data collec-
tion: ‘Having clinical data represented with a standardized 
terminology and in a machine-readable format would reduce 
the significant data collection burden at the provider level, as 
well as the associated costs, and would likely increase the ac-
curacy of the data reported.’ [3, p.11] We support this view, 
and assume that there is a need for such structured data within 
nursing, in order to support increasingly diverse and complex 
information requirements. However, we do not believe that the 
mere existence of structured data is an end in itself. Structured 
data, embodied within a number of well-established terminol-
ogies, has been widely available to nursing at least since the 
early 1990s [4-6]. And yet, in common with other clinical sys-
tems, computer-based nursing record systems are far from uni-
versal, and it could be argued that few of the potential benefits 
have been realized [1]. 

 ([2], p. 1619) and set a challenge to systems de-
velopers and purchasers to ensure that the disadvantages of 
collecting structured, coded data are outweighed by better 
presentation and more effective automatic processing of that 
data. 

Our intention within this paper is to explore issues around the 
collection of structured data that is derived from nursing ter-
minologies. It builds on preliminary work initiated at the 2002 
Nursing Terminology Summit that used a number of tech-
niques to inform the provision of support for the entry of struc-
                                                           
1 It is interesting to note and is perhaps a reflection on the current 
‘state-of-the-science’ that while Powsner et al. present a number of 
advantages of computer-based records over paper records, the great 
majority of these concern aspects of data storage and display, rather 
than any improvements to data entry. 
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tured nursing data.[7] While the discussion is focused on nurs-
ing, many of the arguments apply equally to other disciplines. 

Wyatt and Wright present a list of nearly 20 difficulties faced 
by clinicians in using patient data. For example, they argue 
that ‘paper records are organized to assist data entry, not re-
trieval’ (p. 1375). We would argue that this provides more 
than adequate motivation to draw out data entry as a separate 
component of any computer-based patient record system. 
There is of course a need to preserve the context around the 
data, but there is no need to confine the use of data according 
to how it is entered. Nor is there a need to restrict data entry 
according to the structure and form of its ultimate presentation 
e.g. a distinct nursing record or a particular style of table. 

We agree that in terms of clinical records a great deal has been 
written about data recording at the expense of data use. [8] 
However, we would argue that an adequate and general solu-
tion to data entry has not yet been determined and, as data 
entry has such a profound impact on how the entered data is 
subsequently used, there is a need for continued research in 
this area. 

The remainder of this paper takes the preliminary work men-
tioned previously and begins to form a set of requirements or 
desiderata for tools and techniques to support the entry of 
structured data. This set covers among other things: 

• Determining how elements are presented to users  

• Mediating between a variety of models: terminolo-
gies, information models, user interface models, and 
models of the clinical process 

• Promoting and facilitating re-use. 

Requirements for supporting tools and tech-
niques 

Presentation of elements to users   

For structured data to be of value to nursing, it must meet the 
two fundamental criteria of being both useful (e.g., appropriate 
for the task) and usable (e.g., match the capacity of its users to 
use it). [9] The goal therefore with respect to data entry is to 
present candidate structured data to users in a way that meets 
their expectations and that fits with clinical practice. In an at-
tempt to achieve this goal, certain existing and emerging ter-
minologies include relatively global notions such as subsets, 
preferred terms, etc. [10] However, solutions based on termi-
nologies alone can at best be only partial.  On the other hand, 
it would be a mistake to believe that terminologies can be di-
vorced completely from their eventual use. As Rector notes: 
“many terminology developers explicitly dissociate themselves 
from clinical pragmatics…consigning it to ‘implementa-
tion’.”([11], p. 242). 

There is clearly a dependency between terminologies (and the 
structured data they embody) and so-called clinical pragmat-
ics. Only a few studies have examined how clinicians interact 

with terminologies during the data entry task. [12] The ‘im-
plementation’ within computer-based record systems of clini-
cal pragmatics includes, but is not limited to, the structures and 
processes required to support data entry. This is different from 
broader issues of computer-human interface, such as those 
addressed by Poon et al. [13] It is more closely related to how 
structured data from terminology systems is organized and 
how clinical workflow is represented for the benefit of users. 
This is the main focus of this paper. 

In addition to the challenge presented previously to ensure that 
the disadvantages of collecting structured, coded data are out-
weighed by better presentation and more effective automatic 
processing of that data, Powsner et al. set a further related 
challenge:  to present only data that is relevant, while preserv-
ing its original context and permitting access to any remaining 
data not needed immediately.[2] We would argue that the chal-
lenge applies equally in supporting data entry as in supporting 
other informational tasks such as navigation and interpretation. 
Thus there is a need, among other things, for some degree of 
filtering. 

van Ginneken sets out a number of recommendations for sup-
porting the entry of structured data: 

‘These recommendations are: 

• Predictable order of labels, entry fields and data 

• Headings and subheadings in progress notes 

• User-defined views for data entry and look-up’ ([1], 
p. 227) 

The same author goes on to define the content of a so-called 
‘domain model’ i.e. the meta-data required to support data 
entry and presentation within in particular domain. This con-
tent includes: 

• A list of concepts represented by predefined terms 

• Context information to put concepts in a meaningful 
order and for unambiguous interpretation e.g. whether 
an observation is a sign or a symptom 

• Properties associated with concepts in their context 
e.g. value type and multiplicity 

• Constraints, both simple e.g. maximum numeric val-
ue, and complex e.g. systolic blood pressure must be 
greater than diastolic. 

Much of this content had been identified separately in the form 
of an expanded set of requirements by Hardiker et al. at the 
2002 Nursing Terminology Summit through a process of use 
case analysis, scenario development and prototyping. These 
requirements include a need to: 

• Initiate the dialogue 

• Determine what should/should not appear  

• Group related but heterogeneous elements 

• Make links based on professional knowledge 
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• Include elements from outside the terminology 

• Determine which synonyms should appear 

• Determine the level of granularity at which terms 
should appear 

• Determine the order of elements 

• Determine which elements are optional and which are 
mandatory 

• Consider users and their tasks to determine the con-
text of the dialogue. 

These two sets of findings were arrived at independently but 
they share a number of characteristics and it is possible to de-
rive our first requirement.  

Requirement 1: In terms of how elements are presented to 
users, tools and techniques to support the entry of structured 
nursing data should describe and dictate: 

• Which elements should appear 

• Which possible values should appear for each ele-
ment 

• The form in which they should appear 

• The order in which they should appear 

• The context in which they should appear. 

Mediation between different models 

Terminologies 

Several authors indicate a clear need to separate tools and 
techniques to support data entry from the terminologies from 
which the structured data to be entered is derived. van Ginne-
ken argues that ‘a proper domain model for SDE [Structured 
Data Entry] is content independent and allows independent 
development of applications for SDE, based on that model.’ 
([1], p. 234) Further, she states that ‘Controlled medical termi-
nologies seem a logical basis for the support of SDE, but they 
do not represent the information needed to generate intuitive 
user interfaces that anticipate what is relevant to enter in a 
given context’ (p. 234). 

However, while it is all but impossible to conceive of tools and 
techniques to support the entry of structured data that is entire-
ly independent of the terminologies from which the structured 
data is derived, it would appear desirable to somehow de-
couple them. 

Requirement 2: Tools and techniques to support the entry of 
structured nursing data should be de-coupled from the termi-
nologies from which the structured data is derived. 

Hardiker et al. support this view in regards to both so-called 
‘interface terminologies’ and 'reference terminologies' - formal 
terminology systems, such as GALEN [14] or SNOMED®RT 
[15], that can support rich descriptions of clinical encounters, 
data re-use and data comparisons. [7]. They argue that termi-
nologies are designed to perform terminological reasoning, 

and as it is difficult to capture the pragmatics of routine prac-
tice within such systems, there is a need for a dialogue sub-
system (broadly equivalent to van Ginneken’s domain model) 
to manage things that heretofore had been managed by the 
terminologies themselves e.g. non-terminological organiza-
tional groupings or pragmatic associations between concepts. 
However, they also acknowledge the need for and benefits of 
some form of interaction or dependency between their dialo-
gue sub-system and the underlying terminology. van Ginneken 
supports this view: ‘These terminologies however, represent a 
standard, can [sic] be used to enhance the consistency of meta-
data for data entry, and permit semantically more powerful 
retrieval’. ([1], p. 235) 

Thus there is a potential role for terminologies in the construc-
tion of a dialogue sub-system or domain model. There may be 
a role also for so-called reference terminologies, terminologies 
that are independent of interface terminologies, in providing at 
least the major part of the content. Practical experience with 
the Pen & Pad [16, 17] and Telenurse [18] programs would 
appear to bear this out. The collaboration between the College 
of American Pathologists and the UK National Health Service 
to develop SNOMED®CT marks a shift in emphasis towards a 
terminology system with reference and interface characteristics 
to support routine use in computer-based records. [10] How-
ever, its success in supporting the entry of structured data has 
yet to be widely demonstrated. 

Requirement 3: Formal terminologies, stable, extensive and 
independent from interface terminologies should provide the 
major part of the content of tools and techniques to support 
the entry of structured nursing data. 

Information models 

In addition to structuring data, the record itself is a significant 
factor in data collection. Wright et al. recommend formatting 
records so that all information can be recorded at the point of 
elicitation (in order to prevent or at least restrict memory 
lapses). [19] The same authors also point to a set of principles 
of information design. These principles are recommended as a 
foundation to the collection and organization of data and seek 
to aid the interpretation of medical record data. The authors 
acknowledge that ‘To interpret the data correctly…we also 
need the data in the right format and language. The format and 
language depend partly on how clinicians enter data in the 
record…’ (P. 1542) - that is, the presentation of data is depen-
dent in part on how it is entered. The design principles in-
clude: 

• setting the context 

• writing informative headings 

• limiting the information under each heading 

• including ‘signposts and landmarks’ 

• organizing information for more than one profession-
al group 

• making the organization of the material explicit. 



Hardiker N, Bakken S. Requirements of tools and techniques to support the entry of structured nursing data. In: Fieschi M, Coiera E, 
Yu-Chan JL (eds). MEDINFO 2004: Proceedings of the 11th World Congress on Medical Informatics 2004. Amsterdam: IOS Press, 621-
625. 
 

© Do not copy or distribute without permission. 

While these are important considerations, we agree with van 
Ginneken that tools and techniques to support the entry of 
structured nursing data are complementary to information 
models (models that structure data in order to construct 
records or for the exchange of data in the form of messages 
data) i.e. they deal with dialogue or clinical narrative rather 
than any secondary structuring of data. However, given the 
dependency identified previously between data entry and data 
presentation, any support for the entry of structured data must 
consider the design principles above. Dialogue or clinical 
narrative depends not just on the content of information mod-
els; it depends also on their structure. An obvious example of 
when this might be an issue concerns the difference between a 
clinical concept such as ‘Diabetes’ appearing under the record 
or message heading ‘Diagnosis’ and the same concept appear-
ing under the heading ‘Family history’. Such issues are subject 
to negotiation by those responsible for developing terminolo-
gies and those responsible for developing record architectures 
and message structures. The outcome of resolving such issues 
however might comfortably reside in a dialogue sub-system or 
domain model. 

Requirement 4: Tools and techniques to support the entry of 
structured data should embody decisions concerning potential 
conflicts between information models and terminologies. 

User interface models 

As indicated previously, the focus of this paper is on the tools 
and techniques required to support the entry of structured data. 
This is different to the ‘bells and whistles’ of the user interface 
such as navigation controls and menus. [13] van Ginneken 
argues the case for a direct relationship between domain model 
content and interface content. [1] There may of course be a 
dependency between interface structures and terminologies 
e.g. the use of scales requires the identification of a relevant 
and complete set of possible values for points on the scale and 
a mapping between them. However, drawing a parallel with 
the discussion on information models in the previous sub-
section, while there may be a relationship between the dialo-
gue sub-system or domain model and the content of the inter-
face, the relationship to the structures of the user interface 
should be indirect.  

Requirement 5: Tools and techniques to support the entry of 
structured data should be de-coupled from interface structures 
in which the structured data appears. 

Clinical process models 

Clinical process models in the context of this paper require 
little discussion. One of the major motivations behind our de-
sire to specify requirements of tools and techniques to support 
the entry of structured data is to support the clinical process as 
it relates to recording practice. Attempts to embody the clini-
cal process in tools to support data entry have been proposed 
by other researchers. For example, Wilcox et al. describe the 
use at Intermountain Health Care of text-based templates i.e. 
proforma notes with placeholders for entering textual data.[20] 
In its efforts to improve completeness such an approach may, 
at the point of recording, hide or even confuse context. In re-

sponse to the problems associated with text-based data entry, 
Brown et al. propose an alternative – template-based entry of 
structured data. [21] The Brown et al. study demonstrates that 
for certain forms of data, the entry of structured data is pre-
ferred over text entry. However, it would appear from their 
paper that the structured data is very tightly bound up with, 
and even appears to form an integral part of, the data entry 
templates. We believe that this is undesirable, for reasons out-
lined in a previous section. Other studies have demonstrated 
the success of succinct, structured approaches that are less 
closely-coupled to the underlying structured data [1, 16, 17].   
Evolving standards for clinical document architectures, tem-
plates, and archetypes support such notions. [22, 23] 

Requirement 6: Tools and techniques to support the entry of 
structured nursing data should reflect and embody the clinical 
process as it relates to recording practice. 

Facilitating re-use 

In a history of the PROMIS system, perhaps one the first ma-
jor systematic approaches to guiding clinical data entry, 
Schultz describes how clinical content was incorporated into, 
and data entry guided by, frames. [24] In 1967 there were 90 
frames within PROMIS covering cardiovascular problems. 
Seven years later there were approximately 30 000 frames; at 
the time very close to storage capacity. At its peak the system 
is reported to have comprised over double this amount [25]. 

The PROMIS experience, despite its reported success, serves 
to demonstrate that to expect to define in advance the content 
of all possible data entry forms is un-realistic as the number of 
forms will naturally tend to be greater than the number of ele-
ments contained therein. For example, elements will appear on 
more than one form and smaller forms will be combined into 
larger forms. It is also unrealistic to expect to pre-specify in 
advance all possible paths among those data entry forms as the 
number of paths among different forms will tend to be greater 
that the number of forms themselves. For example clinical 
practice does not follow a single path and branching and back-
tracking should be possible. 
Thus, rather than to attempt to specify in advance the content 
of data entry forms and the paths through those forms, we be-
lieve that any tools and techniques to support the entry of 
structured data, in all but the simplest of applications, should 
be generative in nature to allow for re-use of individual ele-
ments and to allow for multiple paths through the dialogue. 
We believe that: it should be possible to re-use elements with-
in a form on a more specific topic; it should be possible to 
embed a form, or the elements therein, within another more 
general form; and it should be possible to specify a dependen-
cy between individual data entry forms or the elements therein. 
Most importantly, it should be possible to perform these func-
tions on-the-fly, rather than attempting to define them in ad-
vance. 
Requirement 7: Tools and techniques to support the entry of 
structured data should be generative allowing for re-use of 
elements and multiple narratives. 
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Summary 

In this paper we have demonstrated the need, within nursing, 
for structured data. Experience bears out the fact that the mere 
existence of structured data is not an end in itself. In order to 
integrate the use of structured data into nursing practice - to 
contribute to the widespread adoption of computer-based 
record systems, and to realize more of the potential benefits of 
such systems - tools and techniques are required to support 
data entry. A survey of relevant research in this area, in addi-
tion to preliminary work conducted at the 2002 Nursing Ter-
minology Summit, has allowed us to begin to specify a tenta-
tive set of requirements for these tools and techniques. These 
requirements focus on how elements are presented to users, 
how to mediate between a variety of conceptual structures and 
how to reduce the modeling burden by promoting and facilitat-
ing re-use. Further research is needed in the form of real prac-
tical applications; without such research it is clear that nursing 
will be impoverished. 
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