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Abstract. Electronic health records are gradually replacing conventional paper-
based health records. For a doctor, it is a working instrument, which can
significantly reduce the time spent on paper work. At the same time, patients can
benefit from accessing the electronic health records even though they usually do
not have a medical background. Therefore, when specifying a graphical user
interface (GUI) it is necessary to take into account the requirements of the
different users: e.g. the functionality for the doctors and the presentation of data in
an understandable manner for the patients. The study aims to review and analyze
metrics used to evaluate the usability of user interfaces in health information
systems. A literature review was performed to identify existing metrics. The scope
of the search included the analysis of existing usability evaluation metrics that are
applied both in healthcare and other domains, where standards for storage and
presentation of information are applied. The analysis focused on metrics that are
applicable for evaluating GUIs of health information systems. Several approaches
and standards have been studied. Finally, a set of metrics and evaluation methods
that provide holistic evaluation facilities for graphical user interfaces has been
identified.
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Introduction

Nowadays, conventional paper documents, relegated to the background, yield to more
useful and convenient electronic documents. In healthcare domain, the prevalence of
electronic health records (EHR) is growing rapidly and leads to the necessity of
designing effective and friendly user interfaces [1-3].

Currently, healthcare professionals are the main users of EHRs [4]. However, there
are strong indications that the involvement of patients will improve healthcare, and that
a personalized access to the patient’s electronic health record will support patient
empowerment [5, 6]. Therefore, when specifying a graphical user interface (GUI) it is
necessary to take into account the requirements of the different user groups: e.g. the
functionality for the doctors and the presentation of data in a simple and understandable
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manner for the patients. In that context, the development of complex methods for
evaluating the effectiveness and usability of EHR systems is a critical issue [7]. The
methods must provide a balanced evaluation of the solution.

1. Methods

To analyze usability evaluation methods, a systematic review of evaluation metrics was
performed. The review aimed at defining the current state of the art of usability
evaluation in medical and other domains in order to specify the most holistic and
effective evaluation methods. The search included the following scientific databases
and journals: Medline, Cochrane Library, CINAHL, EMBASE, sciencedirect.com and
ACM Digital Library. The following queries were used: “usability evaluation”,
“usability metrics”, and “GUI evaluation”. The reviewed papers were purposefully
chosen to cover the whole process from the first works on the EHR usability evaluation
to the most recent projects. The papers also represent different domains not limited to
the healthcare. The search was performed in November-December 2011. All papers
that seemed eligible were read by two researchers. Any differences of interpretation in
the evaluation were solved by discussion.

The queries resulted in 1363 papers, 13 of them were chosen conforming the
following research criteria:

Inclusion criteria:

e Papers have to propose a usability evaluation method.

e Papers have to describe a practical application of usability evaluation

methods.

e  We also included usability evaluation standards in the review.

Exclusion criteria:

e  Papers which concern medical devices and sensors usability;

e  Papers that address usability only of certain interface elements

2. Results

Sixteen papers regarding usability metrics applicable in healthcare that met the
requirements of the research were analyzed in detail [3-18]. Among the papers were the
National Institute of Standards and Technology (NIST) guidelines for usability
requirements specification: Common Industry Specification for Usability -—
Requirements (CISU-R) [8] and ISO 9241-11 Guidance on usability [9].

Usability of a computer system can be defined as the capacity of the system to
allow users to carry out their tasks safely, effectively, efficiently and enjoyably [9]. ISO
9241-11 defines usability as "The extent to which a product can be used by specified
users to achieve specified goals with effectiveness, efficiency, and satisfaction in a
specified context of use." Being a complex concept, system usability can be broken
down to common components, which contain in all definitions useful for any domain
[10]. In the current review, we paid the attention on the effectiveness, efficiency, and
satisfaction, while the safety was not considered. There are numerous methods that can
be used to evaluate the usability of a system, and these methods can be classified to one
of three categories: inspection, testing, and inquiry [11]:
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e In the usability testing approach, users work on typical tasks using the system
(or the prototype) and the evaluators use the results to see how the user
interface supports the users to do their tasks.

e In the usability inspection approach, usability specialists examine usability-
related aspects of a user interface.

e In inquiry methods, usability evaluators obtain information about users' likes,
dislikes, needs, and understanding of the system by talking to them, observing
them using the system in real work, or letting them answer questions.

The analysis of the papers resulted in a summary table that contains types of
metrics with the examples of performance metrics and their possible application for
EHRs (Table 1).

The metrics presented in the paper are applicable mostly to systems that provide
GUI for one media (for example desktop) or can be used to evaluate usability of each
media separately.

Most modern EHR systems offer a multi-client (e.g. doctors, nurses, patients) and
multi-media (e.g. desktop, smartphone, touchpad, TV) GUI. Therefore, a set of
usability metrics must consider that the same software can provide different usability
potential for different devices and users. To be able to evaluate such systems, the
usability evaluation method should be developed in order to enable the application of
existing metrics and the introduction of a new group of metrics regarding the multi-
view potential of EHR systems. Standard based visualization methods that are being
developed at the moment [1, 2] require in addition to usability evaluation the metrics to
evaluate their potential to process the standard based data.

3. Discussion

New approaches in healthcare such as patient empowerment [19] require holistic
evaluation to consider the requirements of different actors. At the moment we lack
evaluation guidelines providing a set of usability evolution metrics that could extend
the Guideline for good evaluation practice in health informatics (GEP-HI) [20] to
provide holistic evaluation of user interfaces in health information systems and
integrate this into the overall evaluation of medical software. A number of
implementations of clinical information systems failed because of the users’ reluctance
[21]. As the users’ acceptance can make or break a clinical information system it is
essential that all the users’ perspectives are considered within the development and
evaluation process. The topic of standard based interface solutions evaluation also
requires a future development to enable evaluation of the ability to process standard
based data and produce optimal user interface.

4. Conclusion

The review analyzed current methods and metrics for evaluating the usability of
graphical user interfaces and their possible application for the EHR systems. The
analysis identified metrics that are applicable for the healthcare domain. The usability
evaluation methods and metrics that are generally accepted can also be applied for the
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Table 1. Usability evaluation metrics for electronic health records systems.

Type | Metric Class Performance Metrics Healthcare application
Essential Efficiency Time to complete tasks: — Creating a Chart Note
(EE) — % of tasks totally — Scheduling a Patient
Estimates how closely a completed, Visit
», | Biven user 1nt§rface — % of tasks half — Prescribing a drug
2" | design approximates the completed; ~ Findi Patient in th
-2 | ideal expressed in the —  Comparison of task inding a Fatient in the
& | use case model pars . Data Base
= completion  quality — Sending a  Secure
with  software  to Message to a Patient
task completion
quality without
software.
Layout Appropriateness | Surveys: — Prescribing a drug
(LA) — % of participants — Ordering a Lab Test
Favors arrangements who respond they (e.g. LDL cholesterol)
where visual can always, most of — Handling a Drug-Drug
components that are the time, rarely, or Interaction Alert (e.g
most frequently used in never perform digoxin-quinidine ©
succession are closer representative warfarin-erythr on;y cin)
together, reducing the tasks. . :
expected time of — Screening/Prevention .
2 | completing a mix of (e.g. mammograms in
S | tasks females 65 years old)
2 — Finding a Patient in the
3 Data Base
E‘ Task Concordance (TC) — % of participants — Creating a Chart Note
Measures how well the able to complete — Prescribing a drug
expected frequencies of tasks; — Screening/Prevention
ta.sks mach their — Comparison of task (e.g. mammograms in
glfﬁcultyfl favors a completion  ability females 65 years old)
esign where more : . Lo
frequent tasks easier are :letl? socft)\:ﬁlgleeﬁg - FD 1ndlr]13g a Patient in the
made easier (e.g., fewer ability without ata Base
steps) software;
— % of errors.
Task Visibility (TV) — number of positive — Scheduling a Patient
The proportion of comments; Visit
interface objects or — number of negative — Ordering a Lab Test
elements necessary to comments; (e.g. LDL cholesterol)
H Z?em\f;lsei::)eleattc)ail}:f;?er — % of participants — Handling a Drug-Drug
51 who made positive Interaction Alert (e.g.
ag comments; digoxin-quinidine,
< — % of participants warfarin-erythromycin)
@ who made negative — Screening/Prevention
comments. (e.g. mammograms in
females 65 years old)
— Sending a  Secure
Message to a Patient
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EHR software. The reviewed papers have shown that usability evaluation is mostly
performed for a certain user group, despite an EHR system supports for example
communication between doctors and patients. In this case, the evaluation is focused on
the patients. A complex approach to evaluation will allow the development of
interfaces that will improve the performance of all user groups.

References

[1] K. Atalag, H.Y. Yang, From openEHR Domain Models to Advanced User Interfaces: A Case Study in
Endoscopy, Health Informatics New Zealand Conference, Wellington, 2-4 November 2010.

[2] H. van der Linden, T. Austin, J. Talmon, Generic screen representations for future-proof systems, is it
possible? There is more to a GUI than meets the eye, Computer methods and programs in biomedicine
95 (2009), 213-226.

[3] T. Fonseca, C. Ribeiro, C. Granja, Vital signs in intensive care: automatic acquisition and consolidation
into electronic patient records, J Med Syst 33, 1 (2009), 47-57.

[4] J.B. Smelcer, H. Miller-Jacobs, L. Kantrovich, Usability of Electronic Medical Records, Journal of
Usability Studies 4, 2 (2009), 70-84

[5] R. Fensli, V. Oleshchuk, J. O’Donoghue, P. O’Reilly, Design Requirements for a Patient Administered
Personal Electronic Health Record, In: A.N. Laskovski (Edr.) Biomedical Engineering, Trends in
Electronics, Communications and Software, InTech, Rijeka, Croatia, 2011.

[6] R.L. Edsall, K.G. Adler, An EHR User-Satisfaction Survey: Advice From 408 Family Physicians, Family
Practice Management 12, 9 (2005), 29-35.

[7] A.W. Kushniruk, V.L. Patel, J.J. Cimino, Usability testing in medical informatics: cognitive approaches
to evaluation of information systems and user interfaces, Proc AMIA Annu Fall Symp 1997, 218-22.

[8] M.E. Theofanos, Common Industry Specification for Usabilty — Requirements, Available from:
http://www.nist.gov/manuscript-publication-search.cfm?pub_id=51179

[9] ISO 9241-11 Ergonomic requirements for office work with visual display terminals (VDTs) - Part 11,
Available from: http://www.it.uu.se/edu/course/homepage/acsd/vt09/1SO0924 1 partl 1.pdf

[10] J. Nielsen, Usability 101: Definition and Fundamentals - What, Why, How (Jakob 's Alertbox),
Available from: http://www.useit.com/alertbox/20030825. html

[11] J.J. Cimino, S.A. Socratous, Just tell me what you want!: The promise and perils of rapid prototyping
with the World Wide Web. In J.J. Cimino (Edr.) Proc AMIA Annu Fall Symp 1996, 719-723.

[12] Usability evaluation — Usability evaluation methods. Available from: http://www.usabilityhome.com/

[13] J. Haas, T. Bright, S. Bakken, P. Stetson, S.B. Johnson, Clinician perceptions of the usability of eNote,
Proc AMIA Symp 2005, 973.

[14] G. Gigerenzer, W. Gaissmaier, E. Kurz-Milcke, L. Schwartz, S. Woloshin, Helping doctors and patients
make sense of health statistics, Psychological Science in the Public Interest 8 (2007), 53-96.

[15] K.W. Brodlie, L.A. Carpenter, R.A. Earnshaw, J.R. Gallop, R.J. Hubbold, A.M. Mumford, C.D. Osland,
P. Quarendon, Scientific Visualization, Techniques and Applications, Springer Verlag, Heidelberg,
1992.

[16] N. Segall, J.G. Saville, P. L'Engle, B. Carlson, M.C. Wright, K. Schulman, J.E. Tcheng, Usability
evaluation of a personal health record, AMIA Annu Symp Proc (2011), 1233-42. Epub 2011 Oct 22.

[17] F. Bakhshi-Raiez, N.F. de Keizer, R. Cornet, M. Dorrepaal, D. Dongelmans, M.W. Jaspers, A usability
evaluation of a SNOMED CT based compositional interface terminology for intensive care, Int J Med
Inform (2011) Oct 24. [Epub ahead of print]

[18] A.W. Kushniruk, E.M. Borycki, S. Kuwata, J. Kannry, Emerging approaches to usability evaluation of
health information systems: towards in-situ analysis of complex healthcare systems and environments,
Stud Health Technol Inform, Vol. 169, 915-9, IOS Press, Amsterdam, 2011.

[19] A. Riet, M. Berg, F. Hiddema, K. Sol. Meeting patients’ needs with patient information systems:
potential benefits of qualitative research methods. /nt J Med Inf 64, 1 (2001), 1-14, (Nov).

[20] P. Nykénen, J. Brender, J. Talmon, N. de Keizer, M. Rigby, M.C. Beuscart-Zephir, E. Ammenwerth,
Guideline for good evaluation practice in health informatics (GEP-HI), Int J Med Inform 80, 12
(2011):815-27 (Dec), Epub 2011 Sep 14

[21] K. Brodlie, L. Carpenter, R. Earnshaw, J. Gallop, R. Hubbold, A. Mumford, C. Osland, P. Quarendon,
Scientific Visualization, Techniques and Applications, Springer Verlag, Heidelberg, 1992.



