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Abstract: Although handheld computers are increasingly used in professional areas,
an instrument for evaluating their applicability in different cases and scopes does not
yet exist. There is an urgent need for standardised evaluation methods comprising
handheld specific questions like mobility, different hardware (CE, Palm, Psion), dif-
ferent possibilities for data capture (keyboard versus pen), different displays, or indi-
vidual combination of functionality, to highlight just a few important tasks.

This paper consists of a description of common evaluation methods and their com-
parison. On this basis we present an extension of established instruments for eval-
uation, which was tested in clinical environment. Main focus is laid upon the ISO
9241 Part 10 and the principles of organisation described therein: self-descriptiveness,
controllability, conformity with user expectations, error tolerance, suitability for indi-
vidualisation and suitability for learning.

These standards are integrated into different questionnaires (e.g., IsoMetrics, Iso-
Norm), which are the basis for further development of the adoption to mobile com-
puter evaluation. We give an overview on usability of questionnaires based on ISO
9241 Part 10, together with our extension in the part of the handheld-specific ques-
tions. The results permit a first estimation about the applicability and functionality
of handheld computers in a clinical environment. We evaluate if such an extension
of the ISO-based questionnaire is appropriate for describing the full applicability of
handheld computers.

Keywords: Evaluation of Hospitalinformationsystem, Mobile Computing, Handheld
Computer

1 Introduction

The increasing need for detailed health and patient-related information leads to new meth-
ods of documentation [FW97]. An example is the usage of handheld computers to store
data at the point of care. The benefit of handheld computers is support of the process of
work on the ward and making task management location- and time-independent. More-
over, handheld computers should reduce data redundancies and support solutions that min-
imise the expense of documentation. To date, approved evaluation tools to examine the
applicability of handheld computers in clinical routine do not exist. To remedy that prob-
lem we introduce and compare standardised tools to examine software applicability and
show results from first field trials.
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2 Material and Methods

2.1 Standards and Guidelines

2.1.1 Standards for Software Evaluation

The ”Program Evaluation Standards” was developed by ”The Joint Committee on Stan-
dards for Educational Evaluation” at the Western Michigan University [JCS94]. The stan-
dards are based on four principles useful in the evaluation of software, namely utility,
feasibility, propriety and accuracy. The utility standards are intended to ensure that an
evaluation will serve the information needs of the intended users. To comply with those
standards, the persons involved in or affected by the evaluation have to be identified, so
that their needs can be taken into account. The persons conducting the evaluation should
be both trustworthy and competent to perform the evaluation, so that the evaluation results
achieve maximum credibility and acceptance.

The feasibility standards are intended to ensure that an evaluation will be realistic, prudent,
diplomatic, and frugal. These requirements include the choice of practical evaluation pro-
cedures that make available all the information needed and the possibility of a widely sup-
ported compromise, which is important when cooperating with different interest groups.
Using this methodology, the obvious efficiency of the evaluation can be presented. To
justify resources expended on this user-centred design, an explicit identification and spec-
ification of the requirements is essential to guarantee the necessary usability [JCS94].

The propriety standards are intended to ensure that an evaluation will be conducted legally,
ethically, and with due regard for the welfare of those involved in the evaluation, as well
as those affected by its results. The accuracy standards are intended to ensure that an
evaluation will reveal and convey technically adequate information about the features to
determine worth or merit of the program being evaluated.

The ”Program Evaluation Standards” (2nd edition) were published in 1994 [JCS94] and
picked up by the ”Deutsche Gesellschaft für Evaluation” in September 2001 [Deu02].
Further details on assessment and evaluation of information technologies, especially in the
field of medicine, can be found in the excellent review by van Gennip and Talmon [GT95].

2.1.2 The international Norm ISO 9241 Part 10

The International Standard Organisation has formulated guidelines for ergonomic require-
ments of computer-supported office work. The corresponding standard comprises hard-
ware design, activity and task design as well as dialogue design. The ISO norm 9241 is
entitled ”Ergonomics requirements for office work with visual display terminals (VDTs)”
and consists of 17 parts. Part 10 of this norm [ISO 9241-10: 1996] deals with the arrange-
ment of dialogue systems, and is the first section considering software-specific aspects.
Essentially, this part has its origin in the following three resources [GH02, GHD99]:

1. DIN 66234/8
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2. Checklist of recommendations on human-computer interfaces

3. User Interface Design Goals

ISO 9241 Part 10 consists of seven dialogue principles [Iso02]:

• Suitability for the task,

• Self-descriptiveness,

• Controllability,

• Conformity with user expectations,

• Error tolerance,

• Suitability for individualisation and

• Suitability for learning.

2.2 Tools and Methods

2.2.1 IsoMetrics

The IsoMetrics usability inventory was developed at the University of Osnabrück, Ger-
many and operationalises the ISO-Norm 9241 (Part 10), especially the seven principles
described above.

There are two different questionnaire modes: IsoMetrics short and IsoMetrics long. Iso-
Metrics short is designed for summative evaluation, i.e., for the valuation and rating of an
already existing product. IsoMetrics long is assigned to formative evaluation, offering the
possibility of evaluation during the process of development [GH02, GHD99].

IsoMetrics includes a description of standard procedures for preparing an evaluation, car-
rying out interviews, and rating summative and formative results based on the use of the
questionnaire.

Results are assessed by following three steps for each query of the questionnaire:

1. Rating the truth of statements,

2. Rating the importance of that particular point,

3. Examples of questioned subjects are mentioned to justify their rating and to illustrate
representative weak points of the system.

The next step in evaluating and processing the results employs the Usability Review, which
is aimed at optimisation and task definition [GH02].
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2.2.2 Heuristic Evaluation

By means of heuristic evaluation, the sources of user problems are identified with help of
expert knowledge. The method includes a systematic analysis of each component of the
system by experts who try to discover weak points using their knowledge of rules con-
cerning the design of user interfaces. Special attention is paid to compliance with general
software ergonomic principles (ISO-Norm). Heuristic methods are generally rated as very
effective, based on the high probability of finding a large number of weak points within a
short period. This is especially true if many experts conduct the same evaluation indepen-
dently of each other. The disadvantage of the heuristic evaluation is the possibility of easily
missing program-specific problems, which occur in spite of compliance with ergonomic
rules. Moreover, the user’s mental model of the system is difficult to foresee. Thus, some
of the problems stated might not be as heavily-weighted as they appear [Rgs02].

2.2.3 EVADIS II

EVADIS II was developed by a research group of the GMD, (German society for mathe-
matics and data processing). It focuses on dialogue systems in office and administration
areas. EVADIS II is an example of a combination of various evaluation methods. It con-
sists of five steps, which are described in the procedure rules [Rgs02]:

• Installation and examination of the software,

• Examination and evaluation of the tasks, choice of interesting test questions and
their test tasks,

• Examination of the user properties,

• Evaluation of the software using the specified test tasks,

• Interpretation of results and writing of test report.

An ergonomic expert, who rates the software with checklists and takes note of weak points,
conducts the inspection. He also derives measures for conformity of the software with
predetermined standards [GH02].

3 Results

3.1 Usability of Methods and Standards

The seven principles of the ISO 9241 Part 10 should basically be applied in every dialogue
design and evaluation, although their relevance in different areas of application has to be
taken into account. Aspects to be considered are, among others:

• Goals of the organisation where the user is working
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• Needs of the user group

• Different tasks that should be supported by the application

• Available technologies and resources.

Hence, it is necessary to consider these aspects before or during the evaluation of a soft-
ware product to be able to interpret the acquired data in the correct context.

The principles offer a rough orientation for the evaluation of application software products,
but no guidelines for implementation of non-standard software systems [GH02].

A large number of other organisations publishing standards and guidelines exist, but none
of them deal explicitly with dialogue techniques or graphical user interfaces [Ame02,
NuS02].

The method of choice depends on the data to be evaluated. If rating of the application
system by the user is the main purpose of evaluation, use of a subjective method is rec-
ommended. If the evaluation focuses on observation of factual application instead, the
use of an objective method is preferred. Although an expert using a guideline-orientated
method conducts evaluation of the ergonomic quality of an application system, the quality
of the results always also depend on the evaluator. Thus, this approach cannot generally be
regarded as the best method. Indeed, all methods have their advantages and disadvantages
and must be chosen case-specifically.

The number of presented methods has been reduced to three: IsoMetrics, Heuristic Eval-
uation and Evadis II, because the literature research revealed that other tools cannot be
used for the evaluation of the applicability of handheld computers [Ver02, Ede98, San02,
Tad02, Bur95].

A decision for IsoMetrics could be taken because of the orientation towards the ISO-Norm
9241-Part 10, the clear structure of the questionnaire, and the availability of information,
making IsoMetrics an easily understandable system that does not require expert knowl-
edge.

The disadvantage of the presented tools for use in the domain of mobile documentation
and communication with handheld computers is that they do not include handheld specific
questions. For that reason, the ISO-Norm questionnaire [Prü01] was extended with a
further 14 questions concerning the applicability of handheld computers. ISO-Norm is
based on the same principles as the IsoMetrics questionnaire.

The additional questions deal with the different possibilities for data capture (e.g., the
usage of pen and keyboard), reliability and operation period of the device.

3.2 Comparison of IsoMetrics, Heuristic Evaluation and EVADIS II

While heuristic evaluation can be used right at the beginning of software development and
for the evaluation of prototypes, IsoMetrics (long) can only be used when a functional pro-
totype already exists. Evadis II is appropriate for a completed product evaluation. Another
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use of Evadis II already exists during the phase of software-engineering. For IsoMetrics,
the group of testpersons consists exclusively of users, in contrast to the Heuristic evalua-
tion and Evadis II, where software ergonomic-experts conduct the evaluation.

The detection of weak points is the most important goal of Heuristic Evaluation and Iso-
Metrics, while the goal of Evadis II is the control of norm conformity. IsoMetrics and
Heuristic Evaluation have common properties with respect to liberty of the software type.
Evadis II is designed for the assessment of office software. The strategy for data collection
can be described as pragmatic in Heuristic Evaluation, using a systematic, representative
and valid collection of questions in IsoMetrics and using a systematic and extensive collec-
tion of questions in Evadis II. The degree of formality is estimated as low for the Heuristic
Evaluation. In contrast, Evadis II has a high degree of formality and IsoMetrics is placed
in the middle [GH02].

3.3 Results of sample study in a local hospital

Two meetings for evaluation with the questionnaire took place. All test persons were
assistant dieticians. The ISO-Norm questionnaire [Prü01], which follows the principles
of IsoMetrics, was used for evaluation. In contrast to the IsoMetrics questionnaire, the
questions of ISO-Norm inventory are shorter. The choice of the ISO-Norm questionnaire
allowed an efficient time restriction. The analysis of the questions concerning the seven
principles revealed that important properties of the handheld device were not considered
in the evaluation. Thus the questionnaire did not seem appropriate for the evaluation of
the applicability of mobile computers. An extension of the questionnaire with 14 handheld
specific questions allowed an evaluation of applicability of handheld computers within the
domains of general usability, size, weight, and reliability and operation period. During
the inquiry, it became obvious that a verbal explanation at the beginning was desirable
and could have positive consequences on further motivation. After an introduction, ques-
tionnaires were carefully completed. The test persons were able to seek advice in case of
difficulties concerning the questions. The complete evaluation took 45 minutes for both
the first and second meeting. The test persons’ experience with handheld computer was
based on a daily routine and at least five hours a week. It was already clear at the start of
the interview that handheld computers and installed software found good acceptance and
applicability in daily routine due to a low susceptibility to trouble.

The first test person required explanation on several points during evaluation with the ISO-
Norm-questionnaire, which made apparent the need for further question differentiation to
eliminate possible ambiguities. During the second meeting, there was no need for addi-
tional explanation. The users of the second evaluation meeting used handheld computers
for 25 hours a week, and the test person of the first meeting for only five hours a week.
This distinction could explain the different needs for additional explanation.

A second sample study took place in the University hospital Heidelberg, Germany with
20 test persons. The test persons were physicians, medical students and computer science
students. They tested handheld computers from different manufacturers for the duration
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handheld−specific suitability for the task

self−descriptiveness controllability

Figure 1: The four diagrams depict the applicability of handheld computers: for handheld-specific
questions, suitability for the task, self-descriptiveness and controllability.

of one to three months. As in the previous study, the ISO-Norm-questionnaire with the
handheld-specific extension was used.

The following diagrams (Figures 1-2) give an overview on the applicability of handheld
computers in clinical information systems with respect to the different principles and our
extension for handheld computers.

The second sample study produced a mean value of 5.2 points for the criterion of applica-
bility of handheld computers on a scale from one to seven. On this scale, poor applicability
of a handheld computer and installed software is represented with a one, and very good
applicability with a seven. Suitability for the task reached a mean value of 5.15 points and
controllability, 5.22 points.

The best rating was found in suitability for learning with a value of 6,06 points. By
comparison, suitability for individualisation, error tolerance and self-descriptiveness rated
worst at 4.5, 4.85 and 4.89 points, respectively.

In summary, the study achieved a good overall rating of the handheld computer and the
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Conformity with user expectations Error−tolerance

Suitability for individualisation Suitability for learning

Figure 2: Depiction of applicability of handheld computers within the principle of conformity in-
cluding user expectation, error-tolerance, suitability for individualisation and suitability for learning

installed software.

4 Discussion

4.1 Estimation of the Applicability of IsoMetrics for the Project ”Examination of
the applicability of handheld computers in a clinical environment”

Since the aim of the project is to rate software on a specific tool, a handheld computer,
the IsoMetrics approach might be employed. There is no need to make a comparison
between two versions of a system, so that the summative valuation of IsoMetrics as a
judgement method cannot be used. The weak points of a system are to be discovered and
the principles of optimisation are to be found.

This goal is addressed by formative valuation of IsoMetrics, which begins with the ques-
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Figure 3: Overview of the applicability of handheld computers with respect to the seven principles.

tionnaire evaluation. The questionnaire is designed for a verbal interview with two to four
hours per test person.

According to the ISO-Norm 9241 part 10, all seven principles of the evaluation are in-
tegrated. The definition of the user population and the test tasks depend upon the local
conditions on the hospital ward. The evaluation of the results can be obtained by subdi-
viding into IsoMetrics-dimensions, and a subsequent information rating.

In contrast, the application of a Usability Review is not appropriate, because the partic-
ipants of the project have a different structure and the available interview time does not
reach the minimum defined by IsoMetrics.

In conclusion, the contents of the IsoMetrics long form of the questionnaire within the
project ”Examination of the applicability of handheld computers in clinical environment”
can be used. However, the use of IsoMetrics and ISO-Norm questionnaires specifically
for evaluation of applicability of mobile computers and properties of handheld computers
requires an extension of existing questionnaires.

5 Outlook

The extended ISO-Norm questionnaire will be transferred to the IsoMetrics questionnaire.
We will test the applicability of different manufactures of handheld computers and of
installed software with the IsoMetrics questionnaire including our extension for handheld
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computers. Extensive studies must be conducted to evaluate the usage and advantages
of handheld computers. In particular, the need for additional software, synchronisation,
readability, integration into an existent clinical information system, duration period and
reliability have to be examined.

To obtain results about the applicability of handheld computers in clinical information
systems, even more specific studies have to be considered. A study about the applica-
bility of software for meal orders using a mobile system (OrgaCard) with more than 100
participants is already scheduled.
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