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Abstract. This paper discusses how and why to build evidence-based knowledge 
on usability evaluation methods. At each step of building evidence, requisites and 
difficulties to achieve it are highlighted. Specifically, the paper presents how 
usability evaluation studies should be designed to allow capitalizing evidence. 
Reciprocally, it presents how evidence-based usability knowledge will help 
improve usability practice. Finally, it underlines that evaluation and evidence 
participate in a virtuous circle that will help improve scientific knowledge and 
evaluation practice.
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1. Introduction

There is no more need to advocate that taking into account usability during the design 
process can facilitate the usage of Health Technology (HT), can contribute to fulfilling 
HT medical intention and can support the prevention of use-errors leading to patient 
harm. In order to integrate usability in the design process, it is recommended to apply a 
User-Centered Design (UCD) process [1]. Numerous documents have been published
to support the application of the UCD: standards, reference books, publications etc.

Despite the availability of those resources, numerous instances highlight the 
erroneous application or the non-application of the UCD: methods are incorrectly 
applied (e.g. no scenarios used during user testing), or methods applied do not fit the 
context of the evaluation (e.g. heuristics evaluation for summative evaluation). Those 
failures in the design process may lead to usability issues that, in turn, may lead to 
usage problems (e.g. use errors, miscommunication, workarounds, non usage, ordering 
errors) and negative outcomes on the work system and even on the patient (e.g. care 
process hampered and changed, implementation failure, patient harm) [2;3]. One cause 
of those design failures is the difficulty experienced by designers and project'
stakeholders in understanding and applying correctly the UCD and in being convinced 
of the necessity of applying it. Building and sharing evidence-based usability 
knowledge is needed to provide designers and stakeholders with persuasive proofs of 
the necessity of applying correctly usability methods, processes, and knowledge during 
the design process. 

By analogy to the definition of evidence-based medicine by Sackett [4], evidence-
based usability can be defined as "the conscientious, explicit and judicious use of 
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current best evidence in making decisions in design of interactive systems in health 
care by applying usability engineering and usability design principles that have proven 
their value in practice"[5]. Evidence-based usability practice refers to (i) evidence-
based usability design principles (how to design in terms desirable characteristics of 
interface, behavior, and interaction), and (ii) evidence-based usability methods (how to 
design in terms of methods and process to apply). 

The paper at hand focuses on a subset the second type of knowledge: evidence-
based usability evaluation methods. It aims at presenting the main steps to building
evidence-based knowledge about usability evaluation methods, current challenges in 
building this knowledge, and the positive consequences of applying evidence-based 
usability practice.

2. Ask what evidence is searched

Looking for evidence supporting the choice and the application of evaluation methods
calls for evaluating those evaluation methods and their conditions of application. 
Accumulating results from those evaluations must demonstrate the value in practice of 
each evaluation methods. The first step towards evidence is to formulate the question 
that guides the search for evidence, such as: for each step of the design process (e.g. 
formative vs. summative evaluation), which (combination of) method(s) is the most 
cost-efficient? In which conditions of application? Who should perform the evaluations 
(e.g. usability experts, clinicians, or double experts)? How many participants take part 
to the evaluation? etc.

Several attempts to answers to those questions can be found in the literature, books,
and guidelines [6-9]. However, those answers are mainly based on inferences drawn 
from mathematical models [10;11], analyses of the cognitive processes involved in the 
application of the methods, or single studies [6]. Yet, achieving evidence requires 
critically accumulating data from several high quality evaluation studies; currently, 
those answers are not evidence-based. 

3. Perform high quality evaluations

The protocol of the evaluation studies must be designed so that it allows to answer the
question asked: it is necessary to compare methodological options (e.g. types of 
methods, types of performers, type of HT evaluated) and to control as far as possible
others factors. Similarly, the measures collected must be chosen and defined so that to
answer the question asked: e.g. the efficiency of a method can be measured by the 
number of usability issues detected in relation to the cost of the method.

Evaluations performed during case studies are a valuable source of information. 
However, the methodological design of case studies does not allow comparing 
methodological options (e.g. number of participants, types of heuristics used) in 
controlled and standardized conditions. Therefore they cannot be used as a basis for 
building evidence-based usability knowledge. Experimental and quasi-experimental 
designs (e.g. case control) must be favored [12]. Their paradigm provides the 
opportunity to control some factors while manipulating the ones that must be compared. 
For instance, if one wants to know which of heuristic evaluation and cognitive 
walkthrough is the most efficient method at detecting severe usability flaws, both
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methods must be compared while the profile of the evaluators, the material used during 
the evaluation and the technology-itself should be exactly the same in both conditions 
of evaluation.

Scientific literature provides a few instances of evaluation studies designed to 
evaluate evaluation methods. Even if those attempts in the field of HT are increasingly 
reported, they remain seldom (cf. Table 1).
Table 1. Non exhaustive list of publications comparing usability evaluation methods applied to HT.

Reference Purpose
Yen et al. 2009 [13] To compare heuristic evaluation and think-aloud protocol on the number of 

usability flaws detected.
Khajouei et al. 2011
[14]

To assess the effectiveness of cognitive walkthrough and think aloud for 
identifying usability problems and to compare their performance in identifying 
different types of usability problems.

Lacerda et al. 2014
[15]

To compare the impact of using a structured reporting form on the satisfaction 
and the number of usability flaws detected.

Peute et al. 2015 [16] To compare the performance of the concurrent and retrospective think aloud 
methods and to assess their value in a formative usability evaluation.

Khajouei et al. 2016
[17]

To compare heuristic evaluation and cognitive walkthrough for evaluating 
usability of Health Information Technology.

4. Report full and precise results of evaluation studies

The current usability literature in HT often lacks of complete and precise descriptions
of the methods applied (e.g. type of method, profile and number of participants and / or 
evaluators, material, scenario, and heuristics used) and of the results obtained (e.g. only 
a small set of usability issues is reported [18]). A huge amount of studies is wasted 
because the incompleteness of their publication prevents from re-using their results in
order to capitalize knowledge and build evidence. 

In order to improve the completeness of the reports of evaluation studies, several 
reporting guidelines have been published, including one specifically dedicated to 
usability evaluation studies (TRUE-HIT [19]). Only the adherence to such reporting 
guidelines will improve the quality and completeness of the reports and will increase 
the amount of studies from which evidence could be capitalized.

5. Compare and synthesize results

As for other types of evidence-based knowledge, systematic reviews and meta-analyses 
must be performed to gather and compare relevant data from previous evaluations. 
Data gathered can be analyzed from a quantitative perspective (e.g. in terms of number 
of usability issues detected, cost of the evaluation). Qualitative analyses must not be 
overlooked: they help identify operational characteristics to apply a method (e.g. types 
of usability issues detected, advantages and difficulties to apply a method). 

Recently, a few researches attempted to synthesize knowledge about specific 
methodological questions through systematic reviews or meta-analyses:

� Pereira de Araujo et al. [20] intend to identify advantages and problems of 
usability evaluation methods applied to health collaborative systems

� Wills et al. [21] intend to evaluate the impact of usability evaluation and 
subsequent redesign on the task-completion time.
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The very few number of publications available highlights that evidence-based 
usability knowledge is still at its very infancy. The evidence-based knowledge that 
comes from systematic reviews and / or meta-analysis has a limited validity in 
duration: the knowledge may evolve at fast pace depending on the results of new 
publications and on changes in the context of application (e.g. type of technology, 
legislation). Therefore practitioners who apply this knowledge must continuously 
update it in order to always use the best available knowledge.

6. From evidence-based knowledge to evidence-based practice

Evidence-based knowledge is not an end per se. It cannot stand in for the 
methodological and usability expertise of the evaluator. On the contrary, the best 
available evidence-based knowledge must be adapted and contextualized to each 
specific case of application (e.g. technology under evaluation) through the expertise of 
the evaluator (cf. Figure 1). Therefore, once the evidence-based knowledge is available,
it must be incorporated judiciously and correctly into the practice of the evaluator.

Figure 1. Schematic representation of how evidence-based usability knowledge feeds practice. 

7. Discussion: evidence and practice, the virtuous circle

Evidence-based usability knowledge and more precisely evidence-based usability 
evaluation knowledge are at their infancy. It is a recent research topic that suffers from 
a lack of well-designed evaluations of evaluation methods and from a poor report of 
their results. Still, evidence-based usability knowledge and practice must remain a
(long-term) objective for researchers in usability in HT. 

The way towards evidence-based usability practice faces barriers but it is a
laudable and necessary goal. As soon as the quality, the relevance, and the reporting of 
evaluation studies of usability evaluation methods will be improved, the amount and 
the quality of data available for systematic reviews and meta-analyses will increase. It 
will allow building evidence-based usability knowledge, not only about usability 
evaluation methods, but also on design principles (i.e. what are the desirable 
characteristics of the interface, of the behavior of the technology). Finally, once this 
knowledge is built and accessible to designers and evaluators, it will allow to base
usability practice on evidence. In turn, this evidence-based usability practice will 
improve the quality of evaluation studies. In summary, targeting evidence-based 
knowledge and practice will lead to a virtuous circle of evaluation for and by the best 
available evidence (cf. Figure 2). This virtuous circle will support the improvement of 
both usability practice and usability scientific knowledge.

Evidence-based practice in HIT 
usability evaluation

Best evidence on HIT 
usability evaluation

Expertise in evaluation

Applied to the intended 
type of HIT
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Figure 2. Representation of the virtuous circle of usability evaluation for and by evidence-based knowledge.
Arrows represent the improvement of an item. Those improvements consequently improve the following item.

Building evidence-based usability knowledge and practice is very time-consuming
and requires collaborative efforts. It is important that international collaborations on 
this topic be funded and that researchers and practitioners be taught and trained to 
evidence-based practice in order to start the virtuous circle. Ultimately, the 
development of evidence-based knowledge will help convince project's stakeholders of 
the relevance and necessity to consider usability during the design process.
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